Take another look at the
spatial distributions of the
wavefunction solutions to
the rigid rotor Hamiltonian
- the spherical harmonics.

A. What information does
the quantum number J
encode?

B. What information does
the quantum number m
encode?
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CHM 305 The Quantum World

Lecture 11: Molecular Spectroscopy

McQuarrie Ch. 5, 6



Last time we talked about: angular momentum

* Lay out definitions for classical circular
motion and angular momentum

* Discuss rotations of classical and quantum
mechanical rigid bodies

* Write down the Schrodinger equation and its
solutions for the quantum rigid rotor in
spherical coordinates

e Make connections to rotations of diatomic
molecules and the hydrogen atom

H = _EV?
21

H(6, ) = Ev(0, o)
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Road map for today’s lecture

Overall goal: use harmonic oscillator and rigid rotor to model the frequencies of
light that molecules absorb

1. Harmonic oscillator ¢ vibrational/infrared spectroscopy
transition energies, selection rules

beyond the HO approximation (anharmonicity) @\ VW@

2. Rigid rotor €& rotational/microwave spectroscopy
transition energies, selection rules
beyond the rigid rotor approximation (centrifugal distortion)

2. Harmonic oscillator-rigid rotor <= rovibrational spectroscopy
and rotation-vibration interaction



The basic principle of absorption spectroscopy

scan the frequency of light to
record an absorption spectrum

light can drive

source of a transition R
light with tunable between states
energy 1 and 2 if .5 \
@
E =hv E, —E; =hv g
&
ast

°:
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transmitted radiation =
sample/analyte

beam source

: incident radiation

Emission Absorption Transmission Detection

https://commons.wikimedia.org/w/index.php?curid=12659294



Different frequencies of light drive different molecular transitions

g — ——

nuclear - molecular electronic
i . i i structure
spin ratation vibration

‘ )
Radiation Type Radio Microwave Infrared Vlsmle Ultrawolet X- ray Gamma ray
Wavelength (m)  10° 05x107° 012

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

104 108 1012 10'® 106 1018 1020
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Rovibrational transitions

rotational
states

vibrational
states

Vibrations

 Harmonic oscillator model

* Transitions driven by infrared
light = IR spectroscopy

Rotations

* Rigid rotor model

* Transitions driven by
microwave light = microwave
spectroscopy

Can also drive “rovibrational”
transitions that change both n
and J guantum numbers
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