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Figure 1 Representative examples of artificial molecular machines
and biomolecular machines (color online).
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Figure 2 The concept of supramolecular muscles and their application
examples. (a) Schematic representation of rotaxane-type molecular
muscle; Reproduced with permission from ref. [39]. Copyright 2014
American Chemical Society. (b) Scheme of the nanoparticle actuators
based on [c2]daisy chain molecular muscle; Reproduced with permis-
sion from ref. [41]. Copyright 2018 Elsevier; (c) The molecular
structure of the extended/contracted molecular muscle; (d) The self-
assembly structure of molecular muscle based on light-driven molecular
motors; Reproduced with permission from ref. [45]. Copyright 2018
Nature Publishing Group (color online).
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Figure 3 Examples for supramolecular channel for transmembrane
ions transportation. (a) Molecular structure and schematic illustration of
rotaxane-type ionic channel. (b) Molecular structure and schematic
illustration of synthetic ionic channel based on light-driven molecular
motors; Reproduced with permission from ref. [66]. Copyright 2021
American Chemical Society. (¢) Molecular structure and schematic
illustration of foldamer-type ionic channel. Reproduced with permission
from ref. [69]. Copyright 2014 American Chemical Society (color
online).
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Figure 4 The concept of supramolecular machinery framework and
several examples. (a) Molecular structure of the used metal organic
framework; (b) transmission electron microscopy image of the two-
dimensional framework; (c) Schematic representation of the molecular
pump acting on the surface of metal organic framework; Reproduced
with permission from ref. [72]. Copyright 2021 American Association
for the Advancement of Science. (d) Structure of the motorized metal
organic framework and the concept of molecular factory; Reproduced
with permission from ref. [73,75]. Copyright 2019 Nature Publishing
Group. (e) Light-responsive motorized porous framework. Reproduced
with permission from ref. [76]. Copyright 2023 Elsevier (color online).
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Abstract: What is the future of artificial molecular machines? A recognized trend is toward the futuristic smart
applications of “actively living” soft matter materials. Several recent examples by fundamental researches have been
reflecting the preliminary principle, especially those based on supramolecular chemistry. Introducing noncovalent
assembling sites onto artificial molecular machines is a promising way to enable discrete molecular machines to act as
an ensemble that amplifies dynamics from molecular levels to supramolecular and even macroscopic level. This strategy
has been proven robust in designing stimuli-responsive supramolecular soft matter and even enabling materials that can
perform mechanical work as an output. This paper will focus on the topic of “supra-molecular machines”, summarizing
the state of the art and providing personal perspectives on the future possible opportunities and challenges of this field.

Keywords: molecular machines, supramolecular chemistry, self-assembly, soft matter, smart materials

doi: 10.1360/SSC-2024-0035

761


https://doi.org/10.1038/nchem.2258
https://doi.org/10.1126/science.abk1391
https://doi.org/10.1038/s41565-019-0401-6
https://doi.org/10.1039/D2SC02282F
https://doi.org/10.1038/s41565-019-0414-1
https://doi.org/10.1016/j.chempr.2023.08.004
https://doi.org/10.1002/anie.202104285
https://doi.org/10.1002/anie.202315990
https://doi.org/10.1002/anie.202003673
https://doi.org/10.31635/ccschem.023.202302900
https://doi.org/10.1021/jacs.9b00941
https://doi.org/10.1038/35020524
https://doi.org/10.1021/jacsau.2c00292
https://doi.org/10.1360/SSC-2024-0035

	超分子机器的现状与发展趋势
	� �� 引言�
	� �� 超分子机器的内涵�
	� �� 超分子机器的雏形�
	� .1�� 超分子肌肉�
	� .2�� 超分子液晶弹性体�
	� .3�� 超分子离子通道�
	� .4�� 超分子框架机器�

	� �� 总结与展望�


