
Lecture #8: Vibrational Partition Functions  (18.4, 18.7) 
 
I Boltzmann Distribution of Vibrational States 
II. Vibrational Partition Functions for Polyatomic Molecules 
 
 
I. Boltzmann Distribution of Vibrational States 
 Vibrational energies relative to bottom of well are the H.O. energies: 
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For 
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into Eq. 3 
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Equation 3 may be expressed in terms of vibrational temperature 
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  is kB is expressed in cm-1 K-1, 0.695038 cm-1 K-1. 
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 Determine the average vibrational energy vibE  via 
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 Using this vibE  and the same chain rule U = Θ/T, show that (Hint: R = NKB) 
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The fraction of molecules in the υth vib. state = the probability in that state (See lec 6) 
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Example 1 – The fundamental frequency of NO is 1904 cm-1and kB= 0.695038 cm-1 K-1. 
What is the vibrational temperature Θ of NO? 
What fraction of NO molecules are in the first excited state at 300K? 
What fraction of NO molecules are in the second excited state at 1000K? 
If the fraction of NO molecules in the first excited state is 3.83×10-2 what is the 
temperature? 
 
II. Vibrational Partition Functions for Polyatomic Molecules 
 
For a polyatomic molecule with α normal modes (α =3N-5 linear,3N-6 nonlinear). The 

total vibrational energy is given by ,...2,1,0
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jν  is the frequency associated with the jth normal mode. For example a bent triatomic 

molecule has 3 normal modes: ν1 = symmetric stretch, ν2 = bending, and ν3 = 
antisymmetric stretch.  The energy would be given by: 
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Possible values of εvib are: 
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The partition function of each mode is given by Eq. 4, since energies are additive then 
qvib is given as the product of the qvib for each mode: 
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If the characteristic vibrational temperatures of NO2 are 1900, 1080, and 2330 K, what 
are the values of 321

~,~,~ ννν and in cm-1 units? Note Bk
~

= 0.695038 cm-1 K-1. 
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This is the 
characteristic 
vibrational 
temperature for the jth 
mode. 



Utilizing 
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The derivative wrt T leads to the vibrational heat capacity for a polyatomic: 
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