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Lecture 9. Electrostatic Nature of Intermolecular forces

Questions to be answered

• What is the origin of intermolecular and surface forces?

• How to predict the strength?

Perspectives

• Basic derivations of intermolecular interactions

• Understanding the power laws of different interactions

• Comparison between different interactions



Extension of Coulomb’s Law

I very
large -> Taylor expansion

r=0, E

Taylor expansion:f(x)(exa
=f(x) +f(x)(x

- x) +2f"klarx

=>NE)=(FEIrEs (r.)
Sir die

-s. I+ Start...)
ne -
Monopole Dipole

-> total charge go ISCHd

-> dipole moment no f r.S(r)d



Extension of Coulomb’s Law
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Dipole Moment
Diople moment orientation: From -q to +q

Unit:

Examples:

H2O: Bohr atom:
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The Electric Polarizability
How much can the electron cloud be displaced under electric field?  Polarizability

1. Electronic polarizability Case: Bohr atom
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The Electric Polarizability
2. Dipolar polarizability (comes from orientation of permanent dipole)
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The Electric Polarizability
2. Dipolar polarizability (comes from orientation of permanent dipole)
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The Electric Polarizability
Case krsTnE(B1)
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Interplay Between Charge Components

• q: charge (0th order)
• u: dipole moment (1st order)
• α: polarizability (2nd order)
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Charge-Charge (Coulomb) interaction: q-q
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Charge-Charge (Coulomb) interaction: q-q
FCC
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Charge-Dipole (Coulomb) interaction: q-u
Angle-dependent energy: -E =
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Charge-Dipole (Coulomb) interaction: q-u
Angle-averaged energy: (Boltzmann-stat)
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Dipole-Dipole (Keesom) interaction: u-u
Angle-dependent energy:
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Dipole-Dipole (Keesom) interaction: u-u
Angle-averaged energy:
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Charge-Induced Dipole interaction: q-α
Internal energy:
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Dipole-Induced Dipole (Debye) interaction: u-α
How to get angle-dependent energy:
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Dipole-Induced Dipole (Debye) interaction: u-α
Angle-averaged energy:
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Overview of Interaction terms

Power law comparison (excluding q-q):

q-u: u-u:

q-α: u-α:

Scaling comparison εr (excluding q-q):
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Overview of Interaction terms
Consider 2 molecules with permanent charge qi, dipole moment ui and electronic polarizability α0,i (excluding q-q):
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Induced Dipole-Induced Dipole (London) interaction: α-α

• Why can non-polar molecules still interact?
• How to explain the coefficient?
• What components are involved in vdW interactions?

We will answer these questions in the next lecture!

Keesom+Debye + London
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