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Molecular motors, which directly convert energy (in a variety of forms) into movement, 

are fundamental examples of mechanical ‘nanomachines’, and while examples of such 

nanomachines abound in Nature, such as the FoF1-ATPase rotary motor or the linear 

motor proteins kinesin and dynein, our current exploitation of molecular motion by 

wholly synthetic systems is limited to liquid crystal technologies.  In order to one day 

design and create useful, task-performing synthetic nanomachines it is helpful to consider 

how biomolecular nanomachines functions. Taking the example of Kinesin, this motor 

protein transports various cargos around the interior of cells by ‘walking’ along 

microtubule ‘tracks’ via a series 8.3 nm processive ‘steps’.  In much the same way that 

kinesin uses a track to restrict its motion to a single dimension (either forward or 

backward), then mechanically interlocked molecules (MIMs) such as rotaxanes and 

catenanes show promise in developing molecular-machine-type technologies, since there 

topologies allow restricted but large amplitude motion of submolecular components.  For 

instance, in a rotaxane the primary motion of the macrocyle subcomponent is limited to 

along the axis of the thread subcomponent (often referred to as translocation), and 

perhaps a more accurate description, especially in hydrogen-bond assembled systems, is 

that of a brownian particle (the macrocycle) moving along a 1-D potential energy surface 

(the axis of the thread). The average relative displacement of these components is 

determined by the affinity of the macrocycle (the Brownian particle) for complementary 

binding stations positioned along the axis of the thread (which act as energy minima 

along the PE surface).  A large amplitude (typically 1 nm) change in average 

displacement of submolecular components is brought about by altering the affinity of one 

of the binding stations (which either raises or lowers a local energy minima) for the 

marcocycle, such that biased Brownian motion drives the system to a new global energy 

minima.  The first part of this presentation will outline several such examples of 

hydrogen-bond assembled rotaxanes in which the relative position of submolecular 

components can be controlled using an external stimulus.  The next part of the talk will 

demonstrate how to we have been able to output this nanoscale motion to the 

macroscopic world, which in one example was used to a drop of liquid up an incline 

(Figure 1).    

Is it possible to create synthetic linear molecular nanomachines that are not based on 

rotaxane architecures, perhaps taking inspiration from the non-interlocked biomolecular 

nanomachine kinesin? In order to acheive this, it is worth considering what happens if we 

remove the stopper groups from hydrogen-bond assembled [2]rotaxanes. In this case, the 

(four) principle interactions between a tetraamide macrocycle and a non-stoppered thread 

are weak (in the order of several Kcal) such that the components would not remain 

mechanically associated.  While kinesin uses multipoint binding to ensure mechanical 

association with the track (and hence ensure processivity), an easier way would be to use 

much stronger transition metal-ligand interactions between submolecular components.  

Consequently, the second half of the talk will start by discussing MIMs which are 

assembled using transition metal-ligand interactions, and then describe a two-station 

[2]rotaxane  in which the relative position of submolecular components is controlled 

though stimuli responsive metal-ligand binding events. The final part of the talk will 

discuss how we wish to exploit these interactions to create wholly synthetic ‘walking’ 

nanomachines.  



 

 

 

Figure 1. Macroscopic transport by light responsive, rotaxane based molecular 

machines. 
 


