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Course Grading 

Midterm Exam:                      25 % 
 

Final Exam:                            25 % 
 

Presentation:                         30 % 
 

Classroom Performance:        20 % 
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Introduction :  
                     Definition of Nanotechnology 
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A 55-Year Old Prediction 
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1911-1988 
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Richard Feynman's talk 
“There’s Plenty of Room at 
the Bottom.” at the 1959 
meeting of the American 
Physical Society at Caltech.  

Richard Feynman 

Lindquist, N. et al, Reports on Progress in Physics (2012) 
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The Scale of Things: Nanometers and More 

(Courtesy National Nanotechnology Initiative) 
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Magnified “Nano” Length Scale 
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Definition of Nanotechnology 
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• Ceramics are brittle. 
    Seashell’s nano structure gives 3000x damage tolerance. 
 
 

• 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. 
    Carbon nanotubes are ballistic 

Surprises at the Nanoscale 
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     Microscale vs. Nanoscale 

Microscale Fish Bowl 
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Drug Delivery 



     Nature is the Ultimate Nanotechnologist 

Dry Adhesive (Gecko Feet) 
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     Learning from Nature – Form is Function 

“Gecko” Adhesive 
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Geim, A. K. et al, Nature Letters (2003) 

2μm 



• 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: 

         ~2010 — 

Timeline for Beginning Industrial Nanotechnology 
Prototyping and Commercialization 
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Top-Down Photolithography  

Qi, M. et al, Nature (2004) 
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Top-Down Fabrication 

mems.sandia.gov/scripts/index.asp 

3D printing technology 
http://thetechjournal.com/science/ 
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Alien Technology’s Fluidic Self-Assembly 

• $0.5/piece radio frequency identification (RFID) 
• 10B tags/yr production capacity 15 



Bottom-Up Self-Assembly 

Jiang, P. et al, Chem. Mater. (1999) 
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Bottom-Up Fabrication 

(http://aussie-opal.com/lr2mulbl.jpg) 
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Current Patterning Technologies 

(MRS Bulletin, 30, 202, 2005) 
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What Does Assembly Mean? 
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Storage Unit 

or 

Picky Style 

Free Style 



What Does Self-Assembly Mean? 
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Pyramid I need a “Self-Assembly”  
                 technology. 



Advantages of Self-Assembly Over  

                                              Top-Down Fabrication: 
 

• Inexpensive – less equipment investment 
 

• Simple to implement 
 

• Inherently parallel – large scale fabrication 
 

• High throughput 

Why Shall We Care About Self-Assembly? 

20 



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 
agitation. 

5 Principles Governing Self-Assembly 
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• Molecular self-assembly: ionic, covalent, hydrogen, 
non-covalent and metal-ligand bonding interactions. 

 

 
 

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

Molecular vs. Materials Self-Assembly 

Driving Forces: 
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Lower free energy & greater structural stability 



Scope of Material Self-Assembly 

500 nm 

Graphene 
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Directing and Hierarchical Self-Assembly 

Hierarchical Assembly Directing Assembly 

Type I. Structure-directing 
additives induced assembly 

Primary building blocks associate 
into more complex secondary 
structures that are integrated 
into the next size level in the 
hierarchy. Type II. Template 

directed assembly 
24 
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Dragonfly Compound Eyes 



• 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/cgi-bin/jhome/107640323 
 
• Websites: 
     ♦ National Nano Initiative 
           http://www.nano.gov/ 
 
     ♦ Nanotechnology on Zyvex: 
           http://www.zyvex.com/nano/ 

Directing and Hierarchical Self-Assembly 
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