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What is spectroscopy ?
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CO vibration – rotation band at 4.3 micrpn



Problem : solve the Heisenberg equation for a molecule : H Ψ(qi, Qi) = E Ψ(qi, Qi) 
 Find the eigenvalues E of the Hamiltonian operator H
Heisenberg, W. (1925) Über quantentheoretische Umdeutung kinematischer und mechanischer Beziehungen. 
Zeitschrift für Physik, 33, 879-893.

Due to the large differences in masses of the nuclei and of the electrons, the Born-Oppenheimer approximation 
stipulates that the electronic part of the wave function can be decoupled from the nucleus part with qi the 
electronic and Qi the nuclear coordinates

The total energy of the molecule is the sum of :

• An electronic part

• A vibrational part

• A rotational part 

wich can be solved independently

Max Born; J. Robert Oppenheimer (1927). "Zur Quantentheorie der Molekeln". Annalen der Physik. 389 (20): 457–
484.
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The Born-Oppenheimer approximation

https://doi.org/10.1002%2Fandp.19273892002
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Electronic structure

Recipe: freeze the nuclei at fixed position and solve  the electronic
Schrödinger equation :  

Where Hel = Te+Vne+Vee

is the potential energy of the electrons. The

Term associated to the electric repulsion of 

the nuclei is simply an additional constant Vnn.

Example for a diatomic molecules
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Lines, bands, systems : the components of spectra

See
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Rigid rotor model of diatomic molecule

Vibration of diatomic molecules

Classification of polyatomic molecules

The rotation of polyatomic molecules
See
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Concept of normal vibrations - fundamentals

Types of bands

See



Additional complexities : internal motions

Molecules with internal motions have additional complexity in their
spectroscopy

Examples :

• NH3 : inversion motion

• CH3-OH : methanol

• CH3-SH : methylmercaptan

• CH3-C=OH : acetaldehyde
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