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Conceptual diagram showing a molecular motor in action. A porphyrin dimer
rotates in the direction indicated by the solid arrow through injection of electric
current into the dimer from the probe of a scanning tunneling microscope.
Credit: NIMS

A research group jointly fabricated molecular motors on a metal
substrate using supramolecules, and successfully reversed their rotation
by rearranging bonding between molecules that constitute a
supramolecule.
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A molecular motor is a kind of nanomachine vital in sustaining everyday
activities of living organisms. It is a dream of nanotechnology
researchers to fabricate a mechanical system driven by nanomachines in
the same manner that biological systems develop molecular motors in a
self-organizing fashion. While molecular motors already have been
created on substrate surfaces using organic molecules, they had a major
issue in that they were incapable of switching their rotational direction.
This issue is caused by their structural rigidity associated with strong
bonding among the molecules that comprise a motor.

In this study, the joint research team fabricated structurally flexible
molecular motors using a supramolecule, and succeeded for the first
time in manipulating the rotational direction of the motors. A
supramolecule has a complex structure, consisting of several molecules
that are loosely connected to each other by hydrogen bonds and/or other
kinds of weaker bonds relative to covalent bonds. A motor made of a
supramolecule rotates in one direction when electric current is injected
into the molecule. In addition, the team succeeded in reversing the
motor's rotational direction by rearranging motor parts via application of
electric current under certain conditions. The team accomplished this
because supramolecule-comprising molecules were bonded by moderate
strength, which is neither too strong nor too weak. Moreover, since the
team applied the principle of self-organization in biological systems to
the fabrication of molecular motors, they believe that mass production
of the products is feasible.

Building on these positive outcomes, the team will aim to create
nanomachines with superior functionality at a larger scale. Also, studies
on the behavior of artificial molecular motors may help understand the
detailed mechanism of how naturally-occurring molecular motors in 
biological systems work.

This research was published in Nano Letters, an American Chemical

2/3

https://phys.org/tags/molecular+motor/
https://phys.org/tags/organic+molecules/
https://phys.org/tags/molecules/
https://phys.org/tags/biological+systems/


 

Society journal, on June 22, 2015.

  More information: "Current-Driven Supramolecular Motor with In
Situ Surface Chiral Directionality Switching" Nano Lett., 2015, 15 (7),
pp 4793–4798 DOI: 10.1021/acs.nanolett.5b01908
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