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Redox-induced ring displacement
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Photoinduced electron transfer
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Light excitation powers the reversible shuttling movement of the
ring component of a rotaxane between two stations located at a
1.3-nm distance on its dumbbell-shaped component. The photoin-

duced shuttling movement, which occurs in solution, is based on a
“four-stroke” synchronized sequence of electronic and nuclear
processes. At room temperature the deactivation time of the
high-energy charge-transfer state obtained by light excitation is
~10 ps, and the time period required for the ring-displacement
process is on the order of 100 us. The rotaxane behaves as an
autonomous linear motor and operates with a quantum efficiency
up to =12%. The investigated system is a unique example of an
artificial linear nanomotor because it gathers together the follow-
ing features: (i) it is powered by visible light (e.g., sunlight); (ii) it
exhibits autonomous behavior, like motor proteins; (iii) it does not
generate waste products; (iv) its operation can rely only on in-
tramolecular processes, allowing in principle operation at the
single-molecule level; (v) it can be driven at a frequency of 1 kHz;
(vi) it works in mild environmental conditions (i.e., fluid solution at
ambient temperature); and (vii) it is stable for at least 103 cycles.

molecular machine | nanoscience | photochemistry | rotaxane |

supramolecular chemistry 3=

Scheme 1.  Structural formulas of rotaxane 1%, its dumbbell-shaped com-
ponent 26+, and model compound 32+,
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Lighting up nanomachines

Euan R Kay and David A. Leigh
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In contrast to metors in
nature, artificial ones
generally require one input
10 cause motion, followed

by another to reset the
motor. Often these inputs are
chemical fuels, and therefore
generate waste products,

as well as requiring
intervention at each stage.
Now Balzani et al. report an
autonomous motor powered
simply with light (Prec. Nat!
Acad. Sci. 103, 1178-1183;
2008). The motor consists

of a rotaxane —aring
threaded around a dumbbell-
shaped component of two
electron-acceptor sites, or
‘stations’, for the ring to
move between, with a bulky
stopper group on each end.
Absorption of a photon at

Light e

T

a stopper group initiates
electron transfer tothe
station where the ring rests,
causing displacement to the
second station. An electron
can then transfer back to
the stopper group from the
now-free first station,and
the ring can return to its
original position. The motor
works analogously toa
four-stroke engine, with fuel
injection and combustion,
piston displacement,
exhaust removal and
piston-replacement steps,
The motors of Balzani et al.
rely exclusively on
intramolecular processes
and light absorption,

and therefore do not
consume chemicalfuel or
produce waste.
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Light drives molecular motor

A molecular motor powered by sunlight alone has been pre-
pared by chemists in Italy and in the U.S. (Proc. Natl. Acad. Sci.
USA 2006, 103, 1178). Vincenzo Balzani and Alberto Credi of
the University of Bologna, J. Fraser Stoddart of the University of
California, Los Angeles, and their coworkers believe their device
is unique for several reasons. Because it’s powered solely by vis-
ible light, the motor’s movement—the shuttling of a crown ether
back and forth two points on the

handle of a dumbbell-shaped structure

presaay i dditional chemicals

and produces no waste products. Also, the
shuttle’s movement relies on intramolecu-
lar pmccsses, so it could, in principle, be
operated at the single-molecule level. The
motor moves when a ruthenium complex
(green sphere) at one end of the dumbbell
absorbs a photon and transfers an electron
to a 4,4“bipyridinium moiety (blue bar)
within the dumbbell’s handle. This reduction prompts the crown
cdm(pmkumk)wmuve 1. 3nmlon3,3—dumthyl-44—bxpyndm~
ium unit (red bar) in the d. Th

to its original position via a back electron-transfer process.

ed the protein to an ap-
proach called STAFE (simulta-
neous incorporation and adjust-
ment of functional elements)
in conjunction with directed

ity). The result was evMBLS,
a designed enzyme with the
ability to hydrolyze B-lactam
amldc bonds, a type of activity
onwhich bacterial resistance to
PB-lactam antibiotics is based.
Key to the change was the re-
placement of several of the en-
zyme’s surface loop structures.
The researchers say they hope
the technique can be extended
to convert other structures into
enzymes that catalyze diverse
reactions, including some not
found in nature.

Down-to-earth
NMR spectrometry
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Nano Motor Powered by Solar
Energy

Chemists at the University of Bologna
(Italy), UCLA, and the California
NanoSystems Institute  (both  USA)
have designed and constructed a rotax-
ane-based molecular motor of nanome-
ter size that is powered only by sun-
light. The system is built up from a
dumbbell-shaped component, which is
more than 6 nm long, and a ring com-
ponent of a diameter of approximately
1.3 nm. The ring component is trapped
on the rod portion by two bulky stop-
pers, which are attached to the ends of
the rod so that the ring cannot slip off.
The rod portion of the dumbbell con-
tains (two “stations™ that can be called
“A” and “B”. The absorption of sun-
light by one of the two stoppers, a
light-harvesting  species, causes the
transfer of one electron to station A.
which is deactivated as far as wanting
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Exchanging the position of the stations
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Connecting the photosensitizer in a noncovalent manner
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Exploiting different metal complex photosensitizers

Collaboration with Steve Loeb
University of Windsor, Canada Chem. Eur. J. 2006, 12, 3233



Towards artificial molecular transporters
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Towards artificial molecular transporters
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Photochemical Expulsion of the Neutral Monodentate Ligand L in
Ru(Terpy*)(Diimine)(L)2*: A Dramatic Effect of the Steric Properties of
the Spectator Diimine Ligand

Laboratoire de Chimie Organo-Minérale, UMR 7513 du CNRS, Université Louis Pasteur,
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