
2004 Reaction Dynamics – Handout: 2. Density of states for molecular motions 

Translational density of states  [Relative translation: m → µ ] 
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Rotational density of states 
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Vibrational density of states 
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   Γ(n) = (n – 1)!,  Γ(1) = Γ (2) = 1 

   
µπ

ν fk
2
1

=   (vibrational frequency) (2.3.2) 

 

0 20000 40000
10-3

10-2

10-1
H2O

classical origin
dissociation
limit → OH + H

E / cm–1

ρ 
/ (

cm
–1

)–1

0 20000 40000
10-3
10-2
10-1
100
101
102
103
104
105
106
107

CH3OH

classical origin
dissociation
limit → CH3O + H

E / cm–1

ρ 
/ (

cm
–1

)–1

 
Fig. 2  Comparison of ρ by eq. 2.3.5 (––) and exact ρ (·····). ( H2O [left] / CH3OH [right] ) 

Problem-2.2   
Estimate the vibrational density of states for ethane [D(C-C) = 377 kJ mol–1] at around 

dissociation threshold by eq. 2.3.5. Use the following vibrational frequencies [Unit: cm–1; Values 
in parentheses are degeneracy of the vibration.] 

2954, 1388, 995, 289, 2896, 1379, 2969(2), 1468(2), 1190(2), 2985(2), 1469(2), 822(2) 
Note that the εcl in eq. 2.3.5 is the energy from classical origin. 

  


