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Supramolecular interactions
Interaction Strength (kJ mol-1) ExampleInteraction Strength (kJ mol ) Example

Ion-ion 200-300 Tetrabutylammonium chloride

Ion-dipole 50-300 Sodium [15] crown-5

Dipole-dipole 5-50 Acetone

Hydrogen bonding 4-120 D-H---A

Cation-π 5-80 K+ in benzeneCation π 5 80 K  in benzene

π-π 0-50 Benzene, graphite

d W l < 5 ( i bl d d A l l t lvan der Waals < 5 (variable, depends on 
surface)

Argon, molecular crystals

Solvophobic Depends on solvents Cyclodextrin inclusion 
dcompounds



Ionic and dipolar interactions
i i• ion‐ion 

• ion‐dipole (50‐200 kJ mol‐1)

• dipole‐dipole (5‐50 kJ mol‐1)
– despite being weakest dipole‐dipole interactions result p g p p
in alignment

orientation dependent





5









9



10



Hydrogen bonding
• most important non covalent interaction in the• most important non‐covalent interaction in the 
design of supramolecular architectures

• special kind of dipole dipole interaction• special kind of dipole‐dipole interaction

• strength depends upon the type of electronegative 
atom that the H is attached to
– typically 4‐120 kJ mol‐1

– majority 60 kJ mol‐1
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H‐bonding geometries (primary interactions)
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H‐bonding geometries (secondary interactions)
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Types of H‐bonds
Interaction / 
property

Strong Moderate Weak

D-H…A Mainly covalent Mainly 
l t t ti

Electrostatic
electrostatic

Bond energy (kJ 
mol-1)

60-120 16-60 <12

Bond length (Å)
H….A
D….A

1.2-1.5
2.2-2.5

1.5-2.2
2.5-3.2

2.2-3.2
3.2-4.0

Bond angle 
(degrees)

175-180 130-180 90-150

Example HF complexes Acids C-H….A
H5O2

+ Alcohols
DNA/RNA

D-H….π

geometry type of D and A strength length and nature of H‐bond
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geometry, type of D and A  strength, length and nature of H bond



π interactions
ti• cation ‐ π

– alkaline and alkaline‐earth metals

– typically between 5 – 80 kJ mol‐1

• π – π (attraction between π‐electron cloud on one 
ring and σ‐framework on other ring)
– face to face

– edge to faceg

– graphite, DNA
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van der Waals interactions
L d i t ti• London interaction
– instantaneous dipoles attract

– polarisability of the molecule

– r‐6 dependence

• exchange and repulsion interaction
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Hydrophobic effects
l i f l f• exclusion of non‐polar groups from aqueous 

solution

• binding of organic molecules by cyclophanes

• cyclodextrins in water

• enthalpic and entropic factors
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