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2. a) Tunneling effects are possible for any reaction step in which a very small motion 
of a hydrogen atom occurs and nothing else. Under these circumstances, H can 
tunnel through the barrier to motion along the reaction coordinate instead of 
passing over it. In this reaction, 

 
Step A doesn’t involve hydrogen. No tunneling effect possible. 
 
Step B involves H motion, but the H2 comes from a long way away. Tunneling is 

unlikely. 
 
Step C splits the H-H bond. In the product, the H’s don’t look much farther away 

from each other than they were in the starting material. Tunneling in this step 
is likely. 

 
Step D moves an H atom to carbon, with no other bonds changing. There are 

some other very small motions in the molecule, but I would say tunneling is 
possible here. 

 
Step E involves solvent, not H motion. No tunneling possible. 
 
Step F involves H motion, but there is a lot of other motion here too. Tunneling 

seems possible, but not likely, here. 
 
Step G involves solvent motion. No tunneling possible. 
 
 
Rubric for 2(a): 
 

5 points for C. 
5 points for D. 
3 points for F. 
 
 
 

b) Deuterium tunnels more slowly than hydrogen. As a result, kH2/kD2 should always 
be greater than one. 

 
Rubric for 2(b): 
 

4 points for each box. 
 



c) Using HD instead of D2 as a reactant introduces an interesting new variable for 
each step of the reaction: If there is a choice between H or D moving to make 
product, which one moves, and what products are formed? 

 
Step C: 
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In the case of step C, both atoms move, and it is likely that the pathways are not 
distiniguished by the isotope orientation at the beginning. So, 2a/2b = 1. 
 
 



Step D: 
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In the case of step D, only one H/D moves. If the H moves, 2a is produced; if the 
D moves, 2b is produced. H tunnels faster than D, so 2a/2b > 1. 

 
 

Rubric for 2(c): 
 

6 points for each box. 
 

 




