Induced Dipole- Induced Dipole

Interaction (Dispersion force)

Transient induced-dipole moments — electronic polarizabilies
has to be involved - Due to correlated motion of electrons
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V ( r ) ~ I j Temperature No (KT) terms!
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Termed London Forces, or dispersion! \) ,U 0 - \)

core of a quantum-mechanical effect!
Can be extremely strong force if a large |
number of molecules are involved —
higher alkanes are solid at 300K



Instantaneous electronic fluctuations — transient
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dipoles!

Roughly spherical atoms of an ideal gas
should not be attracted nor repelled by
one another. H _ H |
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No polarization

A real gas atom can have an instantaneous 6 B . 6+ -
dipole. Partial charges on one atom cause
a neighboring atom to distort due to the 4 \
electrostatic attractions/repulsions of their u H el H
electron clouds. \
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Instantaneous dipole

on molecule A

v
Attractions between opposite 6 B . 6+ 6 - ' 6+
partial charges of neighboring l ' I '
induced dipoles cause atoms to 4 r
“stick together” for a very short ”
time.

Induced dipole on
molecule B




Attractive ‘Potentials for Various
Intermolecular forces
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Energy of interaction

L7: Good potential to model intermolecular

Lennard-Jones Potential™ very
suitable as a model for van der
waals’ forces
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* Did Lennard and Jones come up
with this potential function
independently or they worked
together??



Comparison of Various Interactions
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Distance dependence of intermolecular

potentials
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After modification by all the constants involved



Distance dependence of various intermolecular

potentials
Typical Energies / kcal mol!
Type of interaction r,=>5 A ri=10 A ri= 15 A
10Nn-10n — 66.41 - 22.14
ion-dipole -4.15 -0.46
dipole-dipole -10.52 -0.019
ion-induced dipole =.0:79 - 0.0098
dipole-induced dipole ~0.0124 - 0.000017
1 1
<V>Ion—Dip ' r_4 <V>dip-dip r_6
1 1
V) . o~ Vy o~
ion—ind _dip 4 dip—ind _dip 6
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Revisiting ‘Electronic Polarizability!
Induced dipole moment in a atom or molecule

due to the polarization of charge distribution

u Induced E

a - Electronic Polarizability (molecular property)

=aFE

‘Polarizability of a molecule (or atom)is a measure of its ability to respond to
an uniforms electric field and acquire an (induced) dipole moment (a vector!)
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Hy = Hy + Hy T H,

While (induced) dipole moment is a vector, Polarizability is a tensor - No
specific direction, but has directionality !!



The Polarizability tensor: 3x3 mﬂt"é?&C
/ &

M Uy, 1y, - may not be the same

<HIZ> = azz XE <lqu> = axx XE </'lly> = ayy
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Applied electric field can induce a dipole moment which
may not be parallel to the field. Induced dipole depends
on all the elements of the polarizability matrix/

o a, a, U Non-centrosymmetric

XX Xy

] :
:gyx a’yy ayz+ molecules

%]ZX Q’Zy a, a a,. * a, 0,

Polarizability is a 3x3 matrix (tensor or rank 2)
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Estimate relative magnitudes of polarizability
components

Mg = :uE _:uE:O =aE

B ), [] E. [ Average of the electronic
P+ ]’]xx Xy a Xz |_—_'—> ~ ‘Polarizability ~ 1/3 xTrace of
B T = ] a “| = + matrix— sum of diagonal elements.
Rt :gyx Yy vz “[ 1= = (considering off-diagonal elements
%ulz E Ehzx Y a, |:E Z E relatively small)
E, E,=0 E, E, =0
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Test case using Anthracene: Calculate |1, by
¢ applying Ex, By, Ez ¢

z
T

Anthracene molscule aligned along z direction




—=— |nd-Dipole-z
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Caleulate U, 1, U

—=a— |Ind-Dipole-y
—e— |nd-Dipole-z

—a— |nd-Dipole-x



Apply E: Calculate L, U, W,

—=— |nd-Dipole-x
e Ind-Dipole-y




Diagonal elements of polarizability: O

Induced Dipole moment (Debye)
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Diagonal terms of the polarizability matrix
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aZZ > ayy > aXX



Off-Diagonal elements () are small

Off-diagonal terms of the polarizability matrix
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