TECHNOLOGICAL APPLICATIONS
OF NANOPARTICLES
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Optical transitions in semiconductors

OPTOELECTRONIC PROPERTIES
OF NANOCRYSTALS
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QUANTUM CONFINEMENT
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the charge carrier
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o to a small material
0D Quantum Dot volume




MAGNETIC PROPERTIES OF NCs
MAGNETIC FIELD

BULK;
Multidomain

Nanostructured ferromagnetic materials
behave as single magnetic domain
NANOCRYSTALS: whose magnetization can be easily
Single domain ‘ influenced by thermal fluctuations of the
local environment, depending on the
particle size and on a variety of surface

effects.
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Once the synthesis is stopped by
lowering the reaction Large interphase between

temperature, a surfactant coating the two materials

layer around the NCs remains
tightly bound to their surface and
guarantees their full solubility in a Lattice constants do not

variety of organic solvents. err significantly
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SELF CLEANING GLASSES

photecatolyie proces

In the phatacatahetic protens, UV kbt from tha we enespines the
Sua o valt- cloaneng plass to bl il awly brook dewn pd looven
At el sthes s matena! Lo UV Lght i nbwada st rers o
thoudy days or in shaded Breca, tha protess werls non-1iog
thouphout the dgy,

rydrophilic procew

The coating’s pdraphelic property muie water dropiets sprecd et of
shawt, gcrows the verfooe of the ghass  Becmwse of ths, when rin ar o
It vprry af wates ity 1he werdew, e water halps to more effectrenly
rinba ey boorened dirt This sheetimg srtann, whurh wadn. thres ghaut
the day and night, helga the windew dry guickly with minkmal spotting
asd rtrecking.



NANOMATERIALS IN EVERY-DAY LIFE
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Oberammargau sk Jackets
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Sketch of the mechanism responsible for
the reversible wettability changes of the
flms made of the OLAC-capped TiO2
nanorods.
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@ Biomumetics and Bio-inspired Systems
Impact on Space Transportation. Space Science and Earth Science
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What Is All the Fuss About
Nanotechnology?

Nanotechnology influences almost
every facet of every day life such as
security and medicine.




BUT, IS IT POSSIBLE
TO USE NANOTECHNOLOGIES
FOR BENEFIT PEOPLE,
ESPECIALLY
IN DEVELOPING COUNTRIES?



TOP 10 APPLICATIONS OF NANOTECHNOLOGY
FOR DEVELOPING COUNTRIES

1.
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Energy storage, production and
conversion

Agricultural productivity
enhancement

Water treatment and remediation
Disease diagnosis and screening
Drug delivery systems

Food processing and storage
Air pollution remediation
Construction

Health monitoring

. Vector and pest detection and

control



AGRICULTURAL PRODUCTIVITY
ENHANCEMENT g
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Nanoporous zeolites for slow-
release and efficient dosage
of water and fertilizers for
plants, and of nutrients and
drugs for livestock

Nanocapsules for herbicide
delivery

Nanosensors for soil quality
and for plant health
monitoring

Nanomagnets for removal of
soil contaminants B

A molecular nanomagne




AGRICULTUR AND WATER

® Nanomembranes for water
purification, desalination, and
detoxification

® Nanosensors for the detection
of contaminants and pathogens

® Nanoporous zeolites,
nanoporous polymers, and
attapulgite clays for water
purification

® Magnetic nanoparticles for
water treatment and remediation

® TiO, nanoparticles for the
catalytic degradation of water
pollutants



FOOD PROCESSING AND STORAGE

® Nanocomposites for
plastic film coatings used in
food packaging

® Antimicrobial
nanoemulsions for
applications in
decontamination of food
equipment, packaging, or
food

® Nanotechnology-based
antigen detecting
biosensors for identification
of pathogen contamination



AIR POLLUTION AND REMEDIATION
1907:

“Who should do science? People who don't like to live in
crowded environments, people who like to go to the high
mountains to enjoy the fresh air, to be in harmony with

nature.” — Albert Einstein

1994:

“Is this still the role of scientists? Isn’t their role today more
about cleaning the polluted cities than escaping to the
mountains?” — llya Prigogine, (Nobel Prize in Chemistry, 1977)



AIR POLLUTION AND REMEDIATION

O toluene

xylene
o formaldehyde

—— excited by
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Photocatal yst

Detoxification

Preparation of mult-funcional integrated calalyst

Eaﬁricnﬁnn of multifunctional
integrated nanocatalyst

idsorption/decomposition
system at low lemperaiure




ENERGY STORAGE, PRODUCTION
AND CONVERSION

CHALLENGES:
v. 1.7 — 2 BILLION PEOPLE IN THE WORLD,
HAVE NO ACCESS TO ELECTRICITY;

v. ONE THIRD OF THE WORLD'S
POPULATION RELIES PRIMARLY ON

TRADITIONAL, NON-RENAWABLE,
CONTAMINATING FUELS;

v THE RICHEST PEOPLE IN THE WORLD USE
NEARLY 25 TIMES AS MUCH ENERGY PER
PERSON AS THE POOREST PEOPLE




Urgent Need for an Alternate Source of Fuel
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John F. Bookout (President of Shell USA) ,“Two Centuries of Fossil Fuel Energy”

International Geological Congress, Washington DC; July 10,1985. Episodes, vol 12, 257-262 (1989).
R.E. Smalley MRS Bulletin 30, 412-417 (2005)

J. Rifkin, The Hydrogen Economy (Tarcher, New York, 2002).



Why hydrogen?

e Highest energy per unit mass for
any material (2860 kcal/kg)

e Abundant

e No pollution

SOLUTIONS

— @ Novel hydrogen storage
systems based on carbon
nanotubes and other lightweight
nanomaterials

® Photovoltaic cells and organic
light-emitting devices based on
guantum dots

® Carbon nanotubes in composite
film coatings for solar cells

® Nanocatalysts for hydrogen
generation

® Hybrid protein-polymer
biomimetic membranes



H, Production Stationary
(Generation

H, / Reformate

-H, Purification.
Storage,
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CDC for H, Storage

DOE Target (by 2010)
6.5 wt.%

A hydrogen fuel cell
(internal combustion
engine) car will require 4 (8)
kg or 225 (450) liters of
hydrogen to travel 400 km.

H, gas
at 1 atm.
pressure,
25°C
> 48,000 liters -
Note: DOE target is system \ ' Hz at | H quuid ,4'
target and will include the . 5,000psi.. g2 ':
density of accessories 200 liters at 20K DOE target

depending on the materials 105 liters 67 liters
requirement

Volume of 4 kg of hydrogen stored in different ways

L. Schlapbach and A.Zuttel, Nature, 2001, v.,414, p. 353



Hydrogen Storage Technology

[ ¥
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Liquid Storage Hydrogen Storage
¥
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Nanotechnology push:
eCarbon support research
eNanotubes
eGraphitic carbons
eNovel nanocarbons
e Catalyst particle size
minimization - surface area
maximization
eHydrogen storage

R.V. Hull, L. Li, Y. Xing and C.C. Chusuei, Chem.
Mater., 18, 1780-1788 (2006).



Photovoltaics

e Capture larger spectrum of solar energy

By 2035 photovoltaics could produce about 10 percent of the world's
electricity

e Play a major role in reducing carbon dioxide emissions

e Nanomaterials used: Nanodots and Nanorods

\.

http://www.physorg.com

http://www.konarkatech.com



HEALTH, DISEASE DIAGNOSIS AND SCREENING




DRUG DELIVERY
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Typical Functionalisation and Derivatisation

Physics Chemistry Colloidal chemistry Biology
Core Biocompatible Fuctionalisation Spacer Derivatisation

Mn:Z 1S C:mtmg Carboxyl Drug, Proteine,..
Fe.O PVA, Amino
2 Thiol

A Biotin
O—CHy—CH—0—(CHy)s— 0~ CH,— CH— CH,~—NH

e L &

ot o VAT ke Thsforrin Avidin
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8 nm 10 nm 2—30 nm




BIOCONJUGATION METHODS
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Chan, W.C.W. et al. Biomedical Photonics Handbook 2003, 58/1-58/14
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Inorganic or Organic
bead with nanoparticles

Nanoparticle

Parts of DNA. Proteins Virus

| Cells || Bacteria

1 nm 10 nm 10° nm 10° nm 104 nm 10° nm

Nanoparticles Beads




BIOLOGICAL APPLICATION IN CANCER THERAPY

Composite Nano-particle/

Insoluble polymer core

Circulation of blood

=

Soluble polymer surface

Active drug

Tumour

Nanoparticle drug delivery Ref. The Engineer, 30 May-12 June 2003, p 15



DEVELOPMENT OF MULTIFUNCTIONAL
TOOLS FOR in vivo APPLICATIONS

TISSUE

L] ** Blood vessel
°

TISSUE

| magnat |

O = tumor mass
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= magnetic-fluorescent
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MAGNETIC AND FLUORESCENT SYSTEM: GENERAL CONSIDERATIONS

SIZE
In vivo Cdll M agnetic separ ation
experiments separ ation of target molecules
>
nm |- + | um

PREPARATION METHOD

| nor ganic synthesis Direct reaction Encapsulation
<

PERFORMANCE: MAGNETIC AND FLUORESCENT PROPERTIES

Depending on the choice of the components of the system

BIOCOMPABILITY

Depending for the application in vivo or in vitro



PREPARATION OF
FLUORESCENT-MAGNETIC HYBRID NANOSTRUCTURES:
STATE OF THE ART

ENCAPSULATION

Gaponik N., Langmuir, 2004. 20 (1449)
Yoon T.J., Small, 2006. 2 (209)

DIRECT REACTION

Kircher M.F., Cancer Research, 2003. 63 (8122)
Veiseh O., Nano Letters, 2005. 5 (1003)

INORGANIC SYNTHESIS

Gu H.W., J. Am. Chem. Soc., 2004. 126 (5664)
Wang D.S., Nano Letters, 2004. 4 (409)




Mesoporous Silica Beads Embedded with Semiconductor
Quantum Dots and Iron Oxide Nanocrystals

PREPARATION
STRATEGY n. 1 STRATEGY n. 2

A

“.--",';'-..';-, Lol ! | Silica Substrates  FURTHER STEPS
6090890
'uﬂ,'n G €
PR *SONICATION
: *MAGNETIC SEPARATION
Bifunctional *POLYMER COATING FOR WATER

Silica Microbead

Anal. Chem.2006, 78,5627-5632

SOLUBLE BEADS



PREPARATION

PVF APSS
TEOS Si-PEG
-l_-l-’- I|_+
B base
APS-FITC
A B

Antibody V' aea y
@ — Thie
HE HS

* AbCD-10

* Ab e, i SIZE: 60 nm




Cytoplasma accumulation confirmed Membrane localization confirmed
also by TEM




Superparamagnetic Fe203 Beads-CdSe/ZnS
Quantum Dots Core-Shell Nanocomposite Particles
for Cell Separation

g
d ekt

Nano Lett., Vol. 4, No. 3, 2004



Covalent attachment of anticycline E to the luminescent/magnetic particle
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OH H
Carbowd-Modified EDAC CO-Acylisourea  Antibody with Bound via
G particlas Intermediate  Available Amine Armide Bond

fluorescence (a) and transmission (b) microscopy images of anticycline E
labeled luminescent/magnetic nanoparticles bound to M CF-7 breast

cancer cells. Nano Lett., Vol. 4, No. 3, 2004
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Traditional View: Increasing Pore Size

Increases Specific Capacitance
Ideal pore size

Too small pore size Too large pore size (~ 3x solvated ion size)

O
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electrolyte ions + its A>A ASA,
solvation shells Energy ~ C

Power ~ \%

Surface




Are nanoparticles harmful?

. Evidence exists that nanoparticles may be
toxic to biological systems.

. When ordinary materials are made into

nanoparticles they tend to be more chemically
reactive.

. Particles may be able to gain entry into the
body via a number of routes: skin, lungs etc.




“The places where [diverse scientific] activity is high,
where many scientists are interacting, where there are
outstanding people...those are the circumstances that

are going to pay off the most.”

— Charles H. Townes (Nobel Prize in Physics,1964)
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Nanocrystalline Solar Cells: The Materials

Materials:

1. (2) F-SnO.,glass slides

2. lodine and Potassium
lodide

3. Mortar/Pestle

4. Air Gun

5. Surfactant (Triton X 100
or Detergent) ik

6. Colloidal Titanium
Dioxide Powder

7.  Nitric Acid

8. Blackberries,
raspberries, green citrus
leaves etc.

9. Masking Tape

10. Tweezers

11. Filter paper

12. Binder Clips

13. Various glassware

14. Multi-meter

Amphiphilic
sensitizer dye Polymer gel
Nanocrystalline electrolyte doped Platinized
TCO-coated Ti0, film with 17715 TCO-coated glass
glass : \
O g
w ¥
H» 9
Q.
-:-.,." B ..1 .....
L&
'-'-hi
oné )
¢ n‘- ‘ |3 """ }
a o
§ T
M )
?f o -
4 d
| External circuit
Electrons



Catalysis

Micro-/nano-electronics & optical devices
optics, ultrafast optical

switches

data storage (magnetic, optical)
Analytical analysis

Sensors

Monitoring toxic chemicals

Energy storage and conversion

Fuel cells

Nanocrystal assemblies drastically expands the range of
applications

Collective optical or magnetic properties due to long-range
dipolar interactions



