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Chemical bonds types

Chemical bond Nature of interaction Structure
Bond energy, 

kcal/mol

Covalent bond Sharing of electron pair 50-150

Ionic bond Coulomb attraction 50-100

Hydrogen bond Sharing of H atom 8-42

Metallic bond
Metal ions with free 

electrons

Weak bond Van der Waals attraction 1-8

“Mechanical 
bond”

Topological entanglement 
covalent bonds

Catenanes

Rotxanes
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Catenanes
< 1%

Rotoxanes
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First statistical synthesis of catenanes and rotoxanes 2
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Template synthesis

Jean-Pierre Sauvage
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Synthesis of [2]catenane using metal coordination 4



Topologically challenging structures 

Solomon link
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[3]Catenane Trefoil knot
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Synthesis and translational motion in [2]rotaxane

James Fraser Stoddart
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Electrochemically controllable motion
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Extension and contraction in a daisy-chain rotaxane structure
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9Rotaxane-based molecular “elevator”



Unidirectional, light-driven molecular motor
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