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DNA
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PROTEINS



Examples : Carriers
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MEMBRANES and TRANSMEMBRANE CARRIERS
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ENZYMES



ANTENNA UNITS REACTION CENTER
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THE PHOTOSYNTHETIC APPARATUS
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ATP Synthase and KINESIN

https://youtu.be/kXpzp4RDGJI

https://youtu.be/y-uuk4Pr2i8
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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

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

«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


Jean-Pierre Sauvage
Sir J. Fraser Stoddart

Bernard L. Feringa

"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

Nobel Prize in Chemistry, 1987

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


Prof. Vincenzo Balzani, 

Emeritus Professor 

University of Bologna

The missed Nobel Prize





DYNAMIC COMBINATORIAL CHEMISTRY

Preparation of a large number of different compounds (ideally) at the same 
time starting from a series of Building blocks – Dynamic Combinatorial Library







From Supramolecular Chemistry to Nanotechnology
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Supramolecular Chemistry: From Molecules to Nanomaterials, 8 Volume Set
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http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Philip+A.+Gale
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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

Program

*Prof. Benoit Colasson (2-3h?)
Université Paris Cité





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/mol1-5 10-50 100-150 50-200 200-500

Weak (Reversible) Intermolecular Interactions

Reminder: to convert kilojoules to calories, divide by 4.18



 

Electrostatic Interactions 

Charge-Charge Interactions 100-350 kJ/mol 

Dipole-Charge Interactions 50-200 kJ/mol 

Dipole-Dipole Interactions 5-50 kJ/mol 
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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

B

B

A H

A H

− +
− +

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



Covalent Reversible reactions





Selection of a host by a separately introduced guest

Selection of a guest by a separately introduced host 



 

Hydrophobic Effect 







Chelate Effect 



 

The general rule is that five-membered rings are more
stable, the optimal ring size for maximum stability and
chelate effect is influenced by the specific metal ion's size
and coordination preferences, as well as the ligand's
electronic and steric properties.

The bond angles in a (flexible) five-membered ring are
closer to the ideal tetrahedral geometry, resulting in
minimal strain compared to smaller or larger rings; the
space offered is compatible with wider range of cations.

tn = NH2CH2CH2CH2NH2

en = NH2CH2CH2NH2



 

Macrocyclic Effect 



Macrocyclic Effect 

Stability: Cyclic System 104 higher than the Acyclic one



In general, positive allosteric cooperativity can be achieved either by making the first
binding event less favorable or by making subsequent binding events more favorable
(e.g. conformational changes, electronic polarization of the receptor, or long-range
electrostatic interactions between the ligands.)

Chelate cooperativity in the assembly of a supramolecular system is driven by the
difference in strength between the intermolecular and intramolecular interactions
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