ChE 6842 - Developments and

Applications of Nanostructured Materials
Instructor: Hongta Yang (hyang@nchu.edu.tw), 711 ChE

Lecture: Monday, Period 2-4, 305 ChE
Office hours: Monday, 3 PM-5PM or by appointment.
Website: http://web.nchu.edu.tw/~hyang/

References: 1). Nanochemistry: A Nanochemistry by
Geoffrey A. Ozin and Andre C
Arsenault (2005)
2). Nanomaterials:Synthesis, Properties
o) and Applications by A. S. Edelstein and
R. €. Cammarata (2002) 1
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Introduction :
Definition of Nanotechnology
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A bH-Year Old Prediction
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Nobel Prize Winner Richard Feynman on nanotechnology at the
physics national conference (AIP):

“There's Plenty of Room at the Bottom”

.considered the possibility of direct manipulation of individual atoms
as a more powerful form of synthetic chemistry.

m .The world of quantum mechanics with discrete energy, wave-like
behavior, and statistical existence.
AR
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Richard Feynman

Richard Feynman's talk
"There's Plenty of Room at
the Bottom." at the 1959
meeting of the American
Physical Society at Caltech.

There's Plenty of Room at the Bottom 1pm
An invitation 1o Entor a New Fioks of Physics —

By Richard P. Foynmann
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Lindquist, N. et al, Reports on Progress in Physics (2012)



he Scale of Things:
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Magnified "Nano"” Length Scale

Gold Particles
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Definition of Nanotechnology

e It is the understanding and control of matter at dimensions
of roughly 1 to 100 nanometers, where unique phenomena
enable novel applications.

e It involves imaging, measuring, modeling, and manipulating
matter at this length scale.

e At the nanoscale, the physical, chemical, and biological
properties of materials differ in fundamental and valuable
ways from the properties of individual atoms and molecules
or bulk matter. Nanotechnology is directed toward
understanding and creating improved materials, devices, and
systems that exploit these new properties.

0
glﬁgﬁg (Adapted from National Nanotechnology Initiative) g
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Ceramics are brittle. TR g
Seashell's nano structure gives 3000x damage tolerance.

e Color is inherent to a material.
Quantum Dots’ color depends on size.

* Liquids act like liquids.

Magnetic nanoparticle solutions have shape.

« Copper & Silver are best electrical conductors.
nCar'bon nanotubes are ballistic o8
o

CELE Y.
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Microscale vs. Nanoscale

Drug Delivery



Nature is the Ultimate Nanotechnologist
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Learning from Nature - Form is Function

E 1)) n" . .
oy Gecko" Adhesive Geim, A. K. et al, Nature Letters (29203)
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imeline for Beginning Industrial Nanotechnolog

Prototyping and Commercialization

« First Generation: passive nanostructures. in coatings,
nanoparticles, bulk materials (nanostructured metals,
polymers, ceramics):

~ 2001 —

« Second Generation: active nanostructures. such as
transistors, amplifiers, targeted drugs and chemicals,
actuators, adaptive structures:

~ 2005 —

« Third Generation: 3D nanosystems and systems of systems.
with heterogeneous nanocomponents, complex networking
and new architectures:

E ~2010 —

B 27514
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Top-Down Fabrication
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http://mems.sandia.gov/scripts/index.asp
http://thetechjournal.com/science/
http://thetechjournal.com/science/

Alien Technology's Fluidic Self-Assembly

1.  Wafer Fab - “NanoBlock” IC’s

Processed Silicon Chip or Integrated °. Fluidic Self-Assembly (FSA)
Wafers containing Circuitis cutinto a Chips are placed into an

chips specific shape from indented plastic substrate
the wafer
substrate -: chip strap
e . ‘ . =L :l: = e
4. Strap °. Inlay
Metal is printed on the The strap is then attached
substrate to connect to to a metallic antenna and
the chip, creating a strap attached to an adhesive

label — making an RFID tag

E » $0.5/piece radio frequency identification (RFID)
427545« 10B tags/yr production capacity
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Bottom-Up Fabrication
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Current Patterning Technologies

Top-Down

Bottom-Up
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photolithography ~ EUV/XIL
e-beam lithography
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microcontact printing '
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What Does Assembly Mean?

Storage Unit

AN 18
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What Does Self-Assembly Mean?

ea‘p
roystonrobertsgn.co.uk

I need a "Self-Assembly”
technology.

AN 19
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Why Shall We Care About Self-Assembly?

Advantages of Self-Assembly Over
Top-Down Fabrication:

Inexpensive - less equipment investment

Simple to implement éégé%‘%g%
Inherently parallel - large scale u‘gA,
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5 Principles Governing Self-Assembly

1. Building blocks, scale, shape, surface structure.

2. Attractive and repulsive interactions between
building blocks, equilibrium separation

3. Reversible association-dissociation and/or
adaptable motion of building blocks in
assembly, lowest energy structure.

4. Building block interactions with solvents,
interfaces, templates.

5. Building-block dynamics, mass transport and
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Molecular vs. Materials Self-Assembly

Driving Forces:

* Molecular self-assembly: ionic, covalent, hydrogen,
non-covalent and metal-ligand bonding interactions.

Lower free energy & gater‘ structural stability

* Materials self-assembly: capillary, colloidal, elastic,
electric, magnetic and shear, etc.

o
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Directing and Hierarchical Self-Assembly

Directing Assembly Hierarchical Assembly
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additives induced assembly

T Primary building blocks associate

R V==

s into more complex secondary
structures that are integrated
intfo the next size level in the

n Type II. Template hierarchy.
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Dragonfly Compound Eyes
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Directing and Hierarchical Self-Assembly

* Web of Science (literature search engine):
http://portal.isiknowledge.com/?DestApp=WOS&Func=Frame

« Journals:
¢ Nano Letters
http://pubs.acs.org/journals/nalefd/index.html

¢ Small
http://www3.interscience.wiley.com/cqi-bin/ jhome/107640323

« Websites:
¢ National Nano Initiative
http://www.nano.gov/

¢ Nanotechnology on Zyvex:
http://www.zyvex.com/nano/
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