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Modern Physics (Phys. IV): 2704

Professor Jasper Halekas
Van Allen 70
MWF 12:30-1:20 Lecture




Covalent Vs lonic Bonding

Pure (nonpolar) Polar covalent bond: Ionic bond:
covalent bond: electrons shared electron transferred
electrons shared unequally
equally
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Electronegativity difference



Concept Check

What will happen if a molecule is placed in an
ambient electric field?

Will always rotate to align with E-field

Will rotate to align with E-field if covalent
Will rotate to align with E-field if ionic

Will not be affected by E-field




Concept Check

What will happen if a molecule is placed in an
ambient electric field?

Will always rotate to align with E-field
Will rotate to align with E-field if covalent

Will rotate to align with E-field if ionic
Will not be affected by E-field




Covalent Vs. lonic Bonds

https://phet.colorado.edu/en/simulation/molecule-polarity
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Electric Dipole Moment

Note:
Blue is negative

/.
\\\ Red is positive

Electric dipole
points from —to +

Bond dipole points
from + to —under
some conventions



Torque on Electric Dipole

) -
/ ,—) F
>
E) Note:
- ’ Blue is negative
. 9. X Red is positive
F <_. ................................. \
> T
'\ d sin @
p T=PxE
: ~ 1 ross  external
g E | dipole ¢
- roduct P
moment field




Water Dipole
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Diatomic Molecule Potential Energy

Vs. Nuclear Separation

nuclear-nuclear
repulsion increases
energy E(R) goes up
Y 42 / A

nuclear-electron
o attraction decreases
ransition

energy energy E(R) goes up
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Quantum Harmonic Oscillator
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x=0 represents the equilibrium
separation between the nuclei.



Concept Check

In a harmonic oscillator, a single mass is
attached to a spring fixed at one end. In
molecular vibration, both masses move. How
does this change the frequency of oscillation?

Increase

Decrease

Stay the same
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Molecular Hydrogen Vibrational

Energy Levels

hw=o0.54eVforH,
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Spring Constants

Round Wire Springs -Spring Constant 4.9~29.4 N/mm-

-2 MISUMI
- | Volume Discount | Days to Ship: Same Day or more
7 T Stock Items Included

CAD: 2D/3D

1]

li\/n‘\ n



Molecular Vibrations




Molecular Rotation




Diatomic Molecule Rotation

Rotations around
the y and z axes are\z\
indistinguishable.
They're called
degenerate
rotations.

— {_—— Rotation around
the x-axis
carries little
kinetic energy:;
we disregard it.










