Modeling the piston-like movement in a rotaxane-based molecular machine
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The possibility to manufacture synthesizable and controllable nanoscale devices has opened up an active area of research. Rotaxanes, pseudorotaxanes and other similar inclusion complexes offer a series of attractive probe molecules to mimic macroscopic devices, such as machines and switches, in a molecular scale1. The aim of our work is to investigate a piston-like movement of a organic guest in a rotaxane-based molecular machine. We have selected an inclusion complex between1,5-dimethoxynaphthalene and cyclobis(paraquat-p-phenylene), which is one of the experimentally known host-guest systems,2,3 to simulate the process. 

 It has been found, that the overall process of  threading and dethreading of the guest can be modulated by changing the chemical environment of the system. However, experimentally the detailed analysis of the piston movement is a complicated task. Computational methods provide effective tools for a systematic study of the sophisticated operations carried out by molecular machines.

To understand the energetics behind the process, we modeled the potential energy behavior of 1,5-dimethoxynaphthalene/cyclobis(paraquat-p-phenylene) system by investigating the dethreading of the guest from the rotaxane macrocycle. The dethreading process was followed by monitoring the change of distance (d) measured from the center of the piston molecule to the center of the macrocycle ( Figure 1). The potential energy maximum was found at a distance of 2.0Å. This corresponds to the primary energy barrier, which has to be overcome to operate the machine. The effect of the movement on the geometrical parameters of the macrocycle was also studied.
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