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Classical Mechanics of Rotations Classical Mechanics of Rotations 

Principal rotational Principal rotational 
moment of inertia:moment of inertia:
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Diagonalization:
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* * Principal rotational constants:Principal rotational constants:
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* * Rotational energy:Rotational energy:
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* * Rotational tops:Rotational tops:

LinearLinear tops:tops:

Spherical tops:Spherical tops:

Symmetric tops Symmetric tops –– prolateprolate::

oblate: oblate: 

Asymmetric tops:Asymmetric tops:

nearnear--prolateprolate::

nearnear--oblate:oblate:
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Diatomic and Linear Molecules  Diatomic and Linear Molecules  
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* * Energies and Energies and eigenfunctionseigenfunctions



* * Selection rulesSelection rules
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* * Degeneracy:Degeneracy: (2J+1)(2J+1)

* * Population of rotational states:Population of rotational states: determine relative intensitiesdetermine relative intensities
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* * Centrifugal distortion:Centrifugal distortion: due to nondue to non--rigidity of moleculesrigidity of molecules
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Centrifugal force

← balanced by restoring force Fr =k(re-rc)

After some mathematics,

EJ = BJ(J+1) – D[J(J+1)]2 + H[J(J+1)]3 +…
D, H: centrifugal distortion constant
D= 4Be

2/ωe
2 (Kratzer relationship)

EJ ≈ [B-DJ(J+1)]J(J+1)]= BeffJ(J+1)

VibrationalVibrational and electronic state dependence of B, D:and electronic state dependence of B, D:
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* * VibrationalVibrational angular momentumangular momentum

““occur when two degenerate bending modes are excitedoccur when two degenerate bending modes are excited””
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Symmetric Top Molecules  Symmetric Top Molecules  

* * Hamiltonian of 3Hamiltonian of 3--D rotations:D rotations:
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* * MoleculeMolecule--fixed coordinate versus spacefixed coordinate versus space--fixed coordinate:fixed coordinate:

by Euler angles (θ, φ, κ), direction cosines (αi, βi, γi)

( , , ; , , ) ( , , ; , , )x y z X Y ZMFC x y z J J J SFC X Y Z J J J⇔

CH3Cl

“(θ, φ) angles define the orientation of molecular z-axis (B, C)
and κ angle define the internal orientation of x-y axes (A)”

Commutation relationship:
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* * EigenfunctionsEigenfunctions and AM operators:and AM operators:
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* * Energies and transitions:Energies and transitions:
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Energy levelsEnergy levels Allowed transitions

Example: Example: 
CFCF33CP spectrumCP spectrum

Intensity pattern by Intensity pattern by 
nuclear spin statisticsnuclear spin statistics



Asymmetric Top Molecules  Asymmetric Top Molecules  

* * Hamiltonian operatorHamiltonian operator
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“Due to (J+)2, (J-)2 in Hrot, K is not good quantum number.
But we use symmetric top basis set (|JKM>) to describe 
asymmetric top problem. Also, we use prolate and oblate 

limiting cases to label asymmetric top states”



* * Matrix methods:  Energies Matrix methods:  Energies 
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* * Labeling of energy levels  Labeling of energy levels  
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Degeneracy: (2J+1)  for each |JK>

“… each J state has (2J+1) nondegenerate K states…”

Correlation diagram:

Asymmetry parameter:
B A C prolate oblate
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2 1 ( ), 1( )κ κ− −

= → = − +
−



Energy levels and labels of asymmetric top



* * Selection rules:Selection rules:

J M K0, 1, 0, 1, ?∆ = ± ∆ = ± ∆ =

(i) a-type transitions (μa≠0, μb= μc=0):
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(ii) b-type transitions (μb≠0, μa= μc=0):
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(iii) c-type transitions (μc≠0, μa= μb=0):
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* * Structure determinationStructure determination

Diatomic molecules:
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Polyatomic molecules:
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““So many So many ααii’’ss to be determinedto be determined””
→→ Isotope exchange is neededIsotope exchange is needed

(more accurate than crystallography!!!)(more accurate than crystallography!!!)


