
Solution 1.35 
 
In elementary kinetic theory of gases [21], k is related to the number of “degrees of freedom” of 
the gas: k ≈ 1 + 2/N, where N is the number of different modes of translation, rotation, and 
vibration possible for the gas molecule. 

Example: Monotomic gas, N = 3 (translation only), thus k ≈ 5/3 

This explains why helium and argon, which are monatomic gases, have k ≈ 1.67. 

Example: Diatomic gas, N = 5 (translation plus 2 rotations), thus k ≈ 7/5 

This explains why air, nitrogen, oxygen, NO, CO and hydrogen have k ≈ 1.40. 

 
But NH3 has four atoms and therefore more than 5 degrees of freedom, hence k will be less 

than 1.40.  Most tables list k = 1.32 for NH3 at about 20°C, implying N ≈ 6. 
 
The lowest k known to this writer is for uranium hexafluoride, 238UF6, which is a very 

complex, heavy molecule with many degrees of freedom. The estimated value of k for this heavy 
gas is k ≈ 1.06. 
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