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The idea of constructing molecular-level machines was first seriously considered
by Nobel Laureate in physics, Richard Feynman. In his famous address, “There’s plenty
of room at the bottom™ in 1959,"? he suggested the possibility of such machines and uses
for them. More recently, microfabrication using photolithography and etching techniques
has led to micromachines such as gears, bearings and even motors smaller than a human
hair.*

This miniaturization of components for the construction of micromachines, which
is an essential feature of modem technology, is usually pursued by a “top-down” approach.**
The main idea of this approach is to make large things smaller. However, this approach,
which requires physicists and engineers to manipulate progressively small pieces of
matter, has some limitations.” For example, the bulk properties of materials change as the
size shrinks to dimensions equivalent to just a few atoms. In addition, we simply cannot
expect that the current miniaturization trend can be maintained forever.’

An alternative strategy is offered by a “bottom-up™ approach.® This approach is
receiving attention because it holds the potential to overcome the limitations of typical
top-down approach. The central idea of this approach is that functional devices can be
synthesized through the rational assembly of atoms or molecules, which are the smallest
possible building blocks.

To design molecular machines, a common approach is to restrict the degree of
freedom of submolecular components so that they can move with respect to each other
through discrete, large amplitude internal motions under external stimuli.” Rotaxanes and
catenanes are archetypal example of such molecules.'*" Rotaxanes are a molecules
composed of a macrocycle ring and a dumb bell-shaped component. The macrocycle ring
encircles the linear rodlike portion of the dumbbell-shaped component and is trapped
mechanically around it by two bulky stoppers.“'® Thus, the two components cannot
dissociate from one another, even though they are not linked covalently. The first
rotaxane was made in 1967 by Harrison by using a inefficient statistical approach.”
Template-directed approaches make it possible to synthesize rotaxanes in higher yields.**
Catenanes are molecules composed of two or more interlocked macrocylic components.
Just as for the catenanes, the two or more macrocycles are not linked by covalent bonds
but instead are held together mechanically. “'° The first catanane was made in 1960 by
Wasserman by using cyclization reactions and taking advantage of the random
occurrence of linear molecules that self fold around themselves."

In order to control the motion of these that molecular machines, three types of
stimuli are most often used; chemical control,, photochemical control and
electrochemical control. One example of electrochemically-controlled motion is
exhibited by a solid based reconfigurable switch(Fig. 1).'* The system is fabricated from
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a single monolayer of a bistable [2]catenane that is anchored with amphiphilic
phospholipid counterions and sandwiched between a polycrystalline Si electrode and a
Al/Ti top electrode(Fig. 2). The switch is open (i.e., no current flows) at an applied
voltage of +2 V, and closed at -2 V, and can be used for several months without loss of
response.

Si

Fig. 2. Molecular-based device

These molecular machines also suffer from limitations;* among these are that it
has not yet proven possible to construct rotors that move unidirectionally, to design
systems that exhibit continuous motion, or to make devices with long life times. One of
most serious problems is to create organized arrays of molecular machines. To solve this
problem, several attempts have been to attach the machines to a support or a surface.
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