
Intermolecular Forces 

Forces that bind individual non-
reacting molecules in gases/liquids 



Intermolecular Interactions (Forces) 

Why would I bother about intermolecular interactions ? 

They are weak ; few KT……., KT is the measure of thermal energy 
 
Much weaker than chemical bonds 

In real world there is nothing ideal !! 

Ideal Gas ??!!! Real Gas ??!!! 

Argon Gas No condensation without 
 
No gas -> liquid->solid transition 
  
intermolecular/interatomic/inter-particle forces 
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Intermolecular Forces 
Intermolecular forces are attractive/repulsive forces between molecules. 

Intramolecular forces hold atoms together in a molecule. 

Intermolecular vs Intramolecular 
•  41 kJ to vaporize 1 mole of water (inter) 

•  930 kJ to break all O-H bonds in 1 mole of water 
(intra) 

“Measure” of intermolecular 
force 

boiling point 
melting point 

Generally, 
intermolecular 
forces are``````` 
much weaker than 
intramolecular 
forces. 

No Phase change without intermolecular forces 



A phase is a homogeneous part of the system in contact with 
other parts of the system but separated from them by a well-
defined boundary. 

2 Phases 

Solid phase - ice 

Liquid phase - water 



Assume only 2 body potential, 3- body effects are ignored 

Total potential energy of the system 

Sum of pairwise potential energy  
of interaction 

Solving Schrodinger Eq. for such a 
system is not easy 

Use classical electrostatics 

F(r) = − dV (r)
dr

Intermolecular force 

e-clouds repel V (r)

A typical intermolecular potential 



Various categories of 
intermolecular interactions (forces) 



Ions in electrolyte solution….. 

How do they interact ?? 

Through Coulomb interaction 
 
 

Like charges repel  
opposite attract 
 
Long Range 
 
 

DNA &  
counterions 

V (r) = (q1e)(q2e)
4πε0r

rq1e Z2e



What about uncharged species ?? 

Species 1 and 2 has permanent dipole moment  

Chlorobenzene 

µ

Dichlorobenzene 

Ortho meta para 

A dipole is an arrangement of charges +q and –q separated  
By a distance l 
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Interactions between two dipoles! 

Depending on the relative  
Orientation – magnitude and  
Sign of force will vary 

Vd−d (r) = − 2µ1
2µ2
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  α (E) =α0E0 + βE1 + γ E2

Induced Dipole in presence of an 
electric field: Polarizability 

Induced dipole moment in a atom or molecule 
due to the polarization of charge distribution 

   µ
!"
=α E
!"

;   α → Polarizability (molecular  property)

βà Hyperpolarizability; γà2nd order hyperpolarizability 
   µ
!"
=α0E + βE2 + γ E3

α àMeasure of the extent to which a charge distribution 
around an atom or a molecule can be distorted in presence 

on an uniform electric field (due to ion, another dipole) 

Loosely relate polarizability to volume à units of volume!  



Induced dipole-induced dipole interaction (dispersion) 

What about molecules (or closed shell atoms)   
with no permanent dipole moments ? 

How does one methane molecule interact  
with another methane molecule? 

Argon, hydrogen undergoes condensation !! 

Benzene is a liquid at room temperature !! 

µ = 0

µ = 0



Instantaneous electronic fluctuations – 
transient dipoles!  



Interaction 
type 

Distance 
dependence of 
potential 
energy 

Typical 
energy/
(kJ mol-1) 

Comment 

Ion-ion 1/r 250 Only between ions 

Hydrogen bond 
 

1/r 20 Occurs in X-H..Y, 
where X,Y=N,O or 
F 

Ion-dipole 1/r2 15 
Dipole-dipole 1/r3 

 
 
1/r6 

2 
 
 
0.3 

Between 
stationary polar 
molecules 
 
Between rotating 
polar molecules 

London 
(dispersion) 

1/r6 2 Between all types 
of molecules and 
ions 

Interaction potential energies 



Various intermolecular Interactions 
as a function of distance 



What type(s) of intermolecular forces exist 
between each of the following molecules? 

HBr 
HBr is a polar molecule: dipole-dipole forces.  There are 
also dispersion forces between HBr molecules. 

CH4 
CH4 is nonpolar: dispersion forces. 

SO2 
SO2 is a polar molecule: dipole-dipole forces.  There are 
also dispersion forces between SO2 molecules. 



Empirical intermolecular potentials 

At shorter distances electron distribution of molecules begin to overlap 

Quantum Mechanics must be used to calculate the interactions 

Lennard-Jones potential 

e-clouds repel V (r)

V (r) = 4ε σ
r
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Such calculations are extremely  
difficult to perform 

Empirical potentials are  
frequently used 



Hydrogen bonding 

Not all molecules can form hydrogen bond 

Molecule should have at least one hydrogen, 
bonded to a more electronegative atom.  

Carboxylic acid 



Definition of Hydrogen bond 
Under certain conditions an atom of 
hydrogen is attracted by rather 
strong forces to two atoms instead 
of only one, so that it may be 
considered to be acting as a bond 
between them. 

Linus Pauling (1939) 

The hydrogen bond is an attractive 
interaction between a hydrogen 
atom from a molecule or a molecular 
fragment X–H in which X is more 
electronegative than H, and an atom 
or a group of atoms in the same or a 
different molecule, in which there is 
evidence of bond formation 

IUPAC definition (2011) 

X-H…….Y-Z 

H  bond H  bond 
donor 

H  bond 
acceptor 



More Examples…. 

Phenol-water 
Phenol-methanol 

Intra-molecular H-bonding 

DNA 



Do Hydrogen bonds really exist ??? 

High Resolution atomic force spectroscopy 


