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The Inspiration: Biological Molecular Motors
Flagellar Motors of Bacteria: Energy-Driven Rotation About An Axis



The Inspiration: Biological Molecular Motors
Flagellar Motors of Bacteria: Energy-Driven Rotation About An Axis



Ronald D. Vale, R. D.; Milligan, R. A. The Way Things
Move: Looking Under the Hood of Molecular Motor
Proteins, Science, 2000, 288, 88-95.





The Inspiration: Biological Molecular Motors
F1F0 ATP Synthase: Energy-Driven Rotation About An Axis



Adaptation Of A Biological Motor To A ŅProof-of-PrincipleÓ
Nanotechnological Application

Noji, H.; Yasuda, R.; Yoshida, M.; Kinosita, Jr., K. Direct Observation of the Rotation of F1-
ATPase, Nature, 1997, 386, 299-302.



Angew. Chem. Int. Ed. 
Engl. 2000, 39, 3348-3391



1There's Plenty of Room at the Bottom
An Invitation to Enter a New Field of Physics

This classic talk was given by Richard Feynman on December 29th 1959 at the annual meeting of the American 
Physical Society at the California Institute of Technology (Caltech) and was first published in the February 1960 
issue of Caltech's Engineering and Science, which owns the copyright. 



Molecular Machines

• Gears
• Axles
• Switches
• Ratchets



Tritycene Molecular Gears

Mislow, K., "Molecular machinery in organic chemistry." 
Chemtracts: Organic Chemistry 1989, 2, 151.



A Fast "Molecular Piston"*

Brouwer, A. M., et al., "Photoinduction of Fast, Reversible Translational Motion 
in a Hydrogen-Bonded Molecular Shuttle", Science. 2001, 291, 2124-2128.

*Inspired by J. Fraser Stoddart and others
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On-Off Two State Reversible Switches

365 nm

435 nm

Feringa, B. L., et al., "Chiroptical Molecular Switches", Chem. Rev. 2000, 100, 1789-1816





Kelly, T. R.; Sestelo, J. P. "Rotary motion in single-molecule machines," Structure and Bonding (Berlin, Germany) 2001, 99, 19-53.
Kelly, T. R. "Progress toward a Rationally Designed Molecular Motor," Acc. Chem. Res. 2001, 34, 514-522.



Designing Molecular Motors:
What Do We Need To Do?

Two Fundamental Principles Of All Motors

1) Asymmetry of Motor Produces
    Directionality of Motion

2) Put Energy In, 
    Get Directed Molecular Motion
    And Useful Work Out



Biological  Rotary Motors: 
Principles Exemplified
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Ross Kelly:  120 Degree Directed Bond Rotation

Kelly, T. R.; Sestelo, J. P. "Rotary motion in single-molecule machines," Structure and Bonding (Berlin, Germany) 2001, 99, 19-53.
Kelly, T. R. "Progress toward a Rationally Designed Molecular Motor," Acc. Chem. Res. 2001, 34, 514-522.







Synthetic Molecular Motor 
Research Goals

• Understand and control motion 
on a molecular scale

• Design and synthesize 
molecular systems capable of 
controlled unidirectional motion

• Understand and mimic efficiency 
only found in biological motors

• Incorporation of synthetic motors 
into materials and devices
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"standard" chirality at sp3  carbon

chirality without a stereogenic atom: biaryl atropisomerism
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Proposed Motor: Chemically Driven
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Proposed Motor: Chemically Driven 
Stepping Motor
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Designing Molecular Motors:
What Do We Need To Do?

Two Fundamental Principles Of All Motors

1) Asymmetry of Motor Produces
    Directionality of Motion

2) Put Energy In, 
    Get Directed Molecular Motion
    And Useful Work Out



Adaptation Of A Biological Motor To A ŅProof-of-PrincipleÓ
Nanotechnological Application

Noji, H.; Yasuda, R.; Yoshida, M.; Kinosita, Jr., K. Direct Observation of the Rotation of F1-
ATPase, Nature, 1997, 386, 299-302.



hν

Photochemically-Driven Movement of a Particle?

Particle "swims" 
towards or away 

from light



Application of Molecular Motor 
“Molecular Mixers” in Microfluidics?

Molecular
Mixers
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