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Course Web Pages

http://www.cs.duke.edu/education/
courses/spring06/cps296.5/
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COMPSCI 296.05 (Spring 06)

 Background Nanotechnology, What is BioNanoTech?
 Biomacromolecules (Nucleic acid and protein structure, MAGE)
 Methods and Instruments: Molecular biology, chemistry, microscopy

(AFM, TEM, SEM, STM, etc.)
 NanoMaterials (nanoparticles, nanotubes, nanowires, nanocrystals,

block co-polymers)
 DNA Engineering. DNA-Based Nanofab. Algorithmic Self-Assembly.
 DNA-Based Computing. RNA Nanotech.
 Protein & Peptide Design & Engineering. In vitro evolution.
 Molecular Robotics. Molecular Diagnostics. Molecular Electronics.
 BioNano with Protein, Virus, Cell Building Blocks.
 Impacts: biosensors, molecular theraputics, nanoelectronic,

nanooptical, nanochemical, molecular manufacturing.
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Length Scales



B. Top-Down and Bottom-Up

Picture credit: (top) Felice, Lancaster (2003) (bottom, left) F. Dewarrat, Univ. of Basel (2002),
(bottom, right) C. Niemeyer [Angew. Chem. Int. 40,4218-4158 (2001)]
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Moore’s Law Motivation
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Goodsell, cellular machinery

 Molecular
machines

 Bioinspired
engineering
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Nano and BioNano
 Nanotech--atomic

control of matter
 Bionanotech--

control of matter on
low nanometer
scale with
inspiration,
principles, or
materials borrowed
from biology.



1/16/06 LaBean  COMPSCI 296.05

Goodsell, Bionanotech (Jan.04)

 The Quest for Nanotechnology.
 Bionanomachines in Action.
 Biomolecular Design and

Biotechnology.
 Structural Principles of

Bionanotechnology.
 Functional Principles of

Bionanotechnology.
 Bionanotechnology Today.
 The Future of

Bionanotechnology.
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Drexler, Engines of Creation (1986)

 Engines of Construction
 Engines of Abundance
 Engines of Destruction

“gray goo problem”
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 Nay-Sayers    Crichton

 Nano OOC scenario
 Evolutionary-group-

chaos-theory-alife
 BioNano-back-to-bio
 Far-fetched but

based on sound
science…
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Nay-Sayers: ETC group
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NBIC Convergence
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Milestones 1/3
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Milestones 2/3
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Milestones 3/3
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Feynman, 1959
 There's Plenty of Room at the Bottom

 Encyclopaedia Britanica on the head of a pin requires
only 25,000 fold reduction

 Read- stamp, evaporate, shadow, EM
 Write- focused ion beam, lithography
 Atomic info: 2D surface, 3D atomic crystal
 Biological information density
 Need better EM
 Physical arrangement of atoms -> chemistry
 Miniturize computers (heat, power, speed)
 Miniturize machines (smaller->smaller->smaller)

 Parallalism
 Molecular electronics
 Mechanical tolerance

Only TOP-DOWN view [no self-assembly]



1/16/06 LaBean  COMPSCI 296.05

Drexler vs Smalley

 Drexler
 Molecular assemblers will

provide atom-by-atom
manufacturing

 Smalley
 “fat fingers problem”
 “sticky fingers problem”


