Lecture 10. The Dispersion Force and van der Waals Interaction

Last Lecture:
* Intermolecular interactions are contributed by charge (q), dipole (u) and induced dipole (a)
* Following interactions have power law r~°:

* Keesom: u-u

* Debye: u-a

* London dispersion: a-a
—>This lecture will discuss about the “elusive” dispersion interaction
Perspectives:
* What us the origin of the interaction between non-polar molecules?

* How is the dispersion interaction compared with the other types of interaction

* Can you engineer such forces / interactions?



Interaction between Nothing and Dancing Charges:
A Brief History of vdW-Casimir Effect

a van der Waals (quasistatic fields) b Casimir-Polder (waves/retardation) ¢ Casimir effect (macroscopic bodies)
P,
Fluctuating D !
dipole "

IREEL

.3

IoNNHENALYN '[I
‘ varieony

¥dQ Nva O 4

\

J.D. van der Waals Fritz London Hendrik Casimir Dirk Polder Evgeny Lifshitz
1873 1930 1948 1948 1954




Semi-Classical Theory of London Dispersion .
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Semi-Classical Theory of London Dispersion

Interactions between transient dipole moments of Bohr atoms (o oot = T W Vi PLonOar
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Unifying All Components of vdW Interactions
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Strengh of London Dispersion Interactions

Melting point T, of Nobel gases qso | =0 /K = e



Comparison Between Dispersion Interactions vs Keesom / Debye Interactions
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Revisit of Old Equations
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YOURE TRYING To PREDICT THE BEHAVIOR
OF ? JUST MODEL
ITAS A - AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT RR
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LIBERAL-ARTS MAJORS MAY BE ANNOYING SOMETIMES,
BUT THERES NOTHING MORE OBNOXIOUS THAN
A PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.



Modern Theory of Dispersion Interactions — Frequency Dependency

Why is the coefficient of w,, different? = Time in Electrodynamics instead of Electrostatics!
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Modern Theory of Dispersion Interactions — Frequency Dependency
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Modern Theory of Dispersion Interactions — McLachlan Model

McLachlan Model (microscopic)

0 0
A b E v . Matsimee freoeesey

/ 2t TN

6kgT oy (ivy ) as(ivy,) \ﬂ\, =
Wyaw () n
47rz—:0 r e2(ivp) ( V)
/\
*
Dipolar + Electronic Only Electronic 'e) Deb\,e_ x Kw O% Lo'd’)ﬂ
- Polarizabilities Polarizability N-=
=
3
% —-i <—a, + u/3kT n Z /\ LOV\O(O/)
E Polar molecule
8 Vi VoY Vo Vise
2 [
Nonpolar molecul o N LI\A
§ 3 1 1 ] ] 1
L R4
0 10 10 10 10" 10 10" 108 10
Static Microwave Infrared Visible uv

Frequency, v(s™")



Modern Theory of Dispersion Interactions — McLachlan Model
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Modern Theory of Dispersion Interactions — McLachIan Model
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McLachlan Model: Revisiting Previous Questions
1. Coefficients of dispersion interactions
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Macroscopic Many-body vdW — Lifshitz Theory

Some drawbacks of London theory:

Lack of many-body effect Retardation Effect Geometric Uniformity
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Hamaker Constant in Lifshitz Theory

McLachlan Egs —> Bulk system: Naive approach
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Hamaker Constant in Lifshitz Theory
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Can van der Waals Interaction Be Repulsive?

If the dielectric functions €, €, €5 of materials 1, 2 and medium 3 form cascade.

l.e.g,<g; <§,

Repulsive long-range Casimir interactions in liquid
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