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The original inspiration: 

Supramolecular systems in Nature   

 
DNA 





The original inspiration: 

Supramolecular systems in Nature   

 
PROTEINS 



Examples : Carriers 
The original inspiration: 

Supramolecular systems in Nature   

 
MEMBRANES and TRANSMEMBRANE CARRIERS 



The original inspiration: 

Supramolecular systems in Nature 

   
ENZYMES 



 

 

 

 

 

 

 

 

 

 

 

 

 

ANTENNA UNITS REACTION CENTER 

The original inspiration: 

Supramolecular systems in Nature   

 
THE PHOTOSYNTHETIC APPARATUS 



The original inspiration: 

Supramolecular systems in Nature   

 
ATP Synthase and KINESIN 

https://youtu.be/kXpzp4RDGJI 

https://youtu.be/y-uuk4Pr2i8 



The original inspiration: 

Supramolecular systems in Nature   

 
METHANE CLATHRATE (Siberian craters) 



Supramolecular Chemistry - definitions  

 

 

• the chemistry beyond the molecules:  molecules are already formed 

 

 

• the chemistry of molecular assemblies and of the intermolecular bond: 

association of molecules 

 

 

•  the chemistry of the non covalent bond: weak interactions 

Bottom-up approach 
 

Nano objects 
 

Smart and functional materials 



Nobel Prize in Chemistry, 1987 

«for their development and use of molecules with  

structure-specific interactions of high selectivity» 

Donald J. Cram             Jean-Marie Lehn                  Charles J. Pedersen 

http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/  

http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/cram.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/lehn.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/pedersen.html


The Nobel Prize in Chemistry, 2016 

"for the design and synthesis of molecular machines" 

 

 

https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/ 

J-P. Sauvage                    Sir J. F. Stoddart              B. L. Feringa 

https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/sauvage.html
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/stoddart.html
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/feringa.html


The missed Nobel Prize 

Prof. Vincenzo Balzani, Emeritus Professor University of Bologna  
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Supramolecular Chemistry: From Molecules to Nanomaterials, 8 Volume Set 

Jonathan W. Steed (Editor-in-Chief), Philip A. Gale (Editor-in-Chief), Wiley.  

 

Bibliography 

http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Jonathan+W.+Steed
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Philip+A.+Gale


Bibliography 

Eric V. Anslyn, Dennis A. Dougherty 
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https://www.google.it/search?hl=it&tbo=p&tbm=bks&q=inauthor:"Dennis+A.+Dougherty"


Non-covalent Interactions 
Analytical Methods in Supramolecular Chemistry – a snapshot 
 
Receptors for Cations 
Receptors for Anions 
Examples from the Literature – Paper Discussion 
 
Cavitands 
Covalent Molecular Containers 
H-bonded Molecular Containers 
Applications and examples from the Literature – Paper 
Discussion 
 

 

Program 



Registrazione delle lezioni su MsTeams 
 

Helicates 
Cantenanes 
Rotaxanes 
Knots 
Paper Discussion 
 
Molecular Machines 
(chemical/electrochemical/photochemical stimuli) 
Paper Discussion 
 
Out of Equilibrium Systems (2h?) 
Paper Discussion 

(Dr. Giulio Ragazzon ISIS – Institut de Science et d’Ingenierie 
Supramoleculaires, Strasbourg, France) 

Program 



Material on Moodle 



Material on Moodle 

RECORDING ON MSTeams 
 



Oral Exam (Discussion of a Literature Paper) 





•  Electrostatic 

 

•  - 

 

•  Cation-/ Anion-/CH- 

 

•  H Bonding 

 

•  Halogen Bonding 

 

•  Metal-Ligand Coordination 

 

•  Reversible Covalent Bonding 

 

•  Chelate Effect 

  

•  Macrocyclic Effect  

 

•  Hydrophobic Effect   

Weak (Reversible) Intermolecular Interactions 



 

 

 

 

 

 

 

 

 

weak interactions strong interactions 

Van der 

Waals H bond 

-  

charge-charge metal-ligand covalent 

kJ/mol 1-5 10-50 100-150 50-200 200-500 

Weak (Reversible) Intermolecular Interactions 



 

Electrostatic Interactions  

Charge-Charge Interactions 100-350 kJ/mol  

Dipole-Charge Interactions 50-200 kJ/mol  

Dipole-Dipole Interactions 5-50 kJ/mol  



x x 
d 

q1 q2 

 apolar medium  e  small (~ 2) 

 polar medium  e  big (H2O ~ 80) 
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Cation- Interactions   

d = 2.4 Å 





3.5 A
H

- Interactions up to 50 kJ/mol  

face to face 

edge to face 

• C.A. Hunter and J.K.M. Sanders, The Nature of π - π interactions, J. Am. Chem. 

Soc., 1990, 112, 5525;  

• E.-l. Kim, S. Paliwal and C.S. Wilcox, Measurements of molecular electrostatic 

field effects in edge-to-face aromatic interactions and CH- π interactions with 

implications for protein folding and molecular recognition, J. Am. Chem. Soc., 

1998, 120, 11192. 



H Bond 4-120 kJ/mol 
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B

A H

A H

d- d+
d- d+

permanent dipoles

A, B : electronégative or
electron deficient atoms
A, B electronegative or 

electrondeficient atoms 









In 2009 the International Union of Pure and Applied Chemistry (IUPAC) started a project  

(project no. 2009-032-1-100) having the aim “ to take a comprehensive look at 

intermolecular interactions involving halogens as electrophilic species and classify them” 

http://www.halogenbonding.eu/ 

http://www.iupac.org/web/ins/2009-032-1-100 

 

An IUPAC recommendation defining these interactions as halogen bonds was issued  

in 2013 when the project was concluded: This definition states that  

 

“ A halogen bond occurs when there is evidence of a net attractive interaction between  

an electrophilic region associated with a halogen atom in a molecular entity and a  

nucleophilic region in another, or the same, molecular entity. ” 

Halogen Bond 

http://www.halogenbonding.eu/
http://www.iupac.org/web/ins/2009-032-1-100
http://www.iupac.org/web/ins/2009-032-1-100
http://www.iupac.org/web/ins/2009-032-1-100
http://www.iupac.org/web/ins/2009-032-1-100
http://www.iupac.org/web/ins/2009-032-1-100
http://www.iupac.org/web/ins/2009-032-1-100
http://www.iupac.org/web/ins/2009-032-1-100


 

 

 

 

 

 

 

 

 

 

 

 

X B
X : electron-poor halogen atom 

B : Lewis base (neutral or anionic) 

- Very directional (180°, but also other 

geometries) 

- As strong as H-bond 

- Often encountered in solid state, more rarely 

in solution 

Halogen Bond 







Anion- Interactions   

Proposed by three research groups of theoreticians independently in 2002 based on  

their theoretical calculations, anion −π interactions are defined as attractive interactions 

between negatively charged species and electron-deficient aromatic rings. 

 

 

Typical anion−π interaction indicates the attraction of an anion species to the centroid  

of an aromatic ring. 

 

 

In comparison to a plethora of theoretical calculations of anion−π interactions,  

experimental studies on these intriguing noncovalent bond interactions are limited. 













Metal-Ligand Interaction 





 

Hydrophobic Effect  







 

Chelate Effect  



 

Macrocyclic Effect  



Macrocyclic Effect  

Stabilià: Sistema Ciclico 104 superiore Sistema Aciclico 




