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Thermodynamic vs. Kinetic Control

Chemical reactions may yield different products depending on the 
conditions under which they are carried out. High temperatures and 
long reaction times favor the most stable (thermodynamic) products, 
whereas low temperatures and short reaction times favor the most 
easily formed (kinetic) products. For example, the kinetic product in 
Diels-Alder cycloaddition of cyclopentadiene and maleic anhydride 
is the endo adduct, whereas it seems likely that the less-crowded exo 
adduct is the thermodynamic product.
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Here you will first obtain pathways for reactions leading to both 
endo and exo adducts using the PM3 semi-empirical model and then 
follow these by 3-21G Hartree-Fock energy calculations to get a better 
estimate of the difference in activation energies.

1. Build the endo Diels-Alder adduct of cyclopentadiene and maleic 
anhydride and minimize ( ).

2. Select Constrain Distance from the Geometry menu (or click 
on ), and click on bond a in the figure above. Click on the icon 

 at the bottom right of the screen (it will then turn to ). Click 
on .

3. Select Properties from the Display menu, and click on the 
constraint marker for bond a. The Constraint Properties dialog 
appears, with the value of the constraint for bond distance a 
(1.54Å) given in a box to the right of Value. Change this to 1.5Å 
by typing 1.5 inside the box and then pressing the Enter key. 
Check Dynamic inside the dialog. This leads to an extended 
form of the Constraint Properties dialog, that allows the single 
constraint value to be replaced by a sequence of constraint values. 

5 mins/15 mins
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Type 2.7 (2.7Å) into the box to the right of to and press the Enter 
key. Set Steps to 13. Type 13 and press the Enter key. You have 
specified that bond a will be constrained first to 1.5Å, then to 
1.633Å, then to 1.767Å, etc. and finally to 2.7Å.

 You need to repeat the process starting with step 2 for bond b. 
When you are done, both bonds a and b will be constrained from 
1.5Å to 2.7Å in 13 equal steps. Close the Constraint Properties 
dialog.

4. Bring up the Calculations dialog and select Energy Profile from 
the top menu to the right of Calculate, and Semi-Empirical and 
PM3 from the two bottom menus. Click on Submit at the bottom 
of the dialog. Name it cyclopentadiene+ maleic anhydride endo.

5. When completed the job will give rise to a new file 
cyclopentadiene+maleic anhydride endo.M001 containing the 
10 steps that make up the energy profile. Open this file.*

6. Bring up the Spreadsheet, and click on Add... at the bottom. 
Select E from among the entries, kJ/mol from the Energy menu, 
and click on OK. Next, click on  and click on one of the two 
CC bonds varied in the energy profile. Click on  at the bottom 
right of the screen. Click on . Finally, bring up the Plots dialog, 
and select Constraint (BondX)** from among the items in the X 
Axis menu and E (kcal/mol) from the Y Axes list. Click on OK. 

*     To avoid confusion, it is a good idea to close the original file cyclopentadiene+maleic 
anhydride endo.

**   Bonds are numbered in the order they were formed upon initial construction of the molecule.
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 Identify both the reactant and transition state from the plot and 
estimate the activation energy for the cycloaddition reaction.

7. Repeat steps 1 to 6 for the exo adduct. Compare the activation 
energy for exo addition to that for endo addition (above). What 
is the kinetic product?

8. Remove all molecules and dialogs from the screen.

9 to 11 optional

9. Open cyclopentadiene+maleic anhydride endo.M001 ( ) and 
make a copy ( ). Name it cyclopentadiene +maleic anhydride 
endo Hartree-Fock. Enter the Calculations dialog and specify 
a Hartree-Fock 3-21G energy calculation. Submit. When 
completed, perform the same spreadsheet and plot operations 
you did for the PM3 calculations.

10. Repeat the above procedure for the exo adduct and compare the 
two activation energies. What is the kinetic product?

11. Remove all molecules and dialogs from the screen.
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