
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 





 



 



 



 
 
 
 
 
 
Here is a cute chemical creature generated by AI.  Nothing for you to do  
here but I wanted to bring you a smile during the exam! 



 



 
 
 

 



 
 

 
 



 



 



 



 





 



 



 
 
We have seen a number of molecules that contains a three-atom, delocalized pi bond (a “pi-way”).  In 
partcular, we have seen a carboxylate ion, enolate ion, and of course, amides.  Each of the three atoms 
donates a 2p orbital and these add to make the delocalized pi bonds.   
 
 
 
 
 
 
 
 
When the three 2p orbitals add together, there are three pi molecular orbitals formed that extend over all 
three atoms.  Now we will consider a related situation in which there are four atoms involved, not three.  
 
 
 
 
 
 
 
The molecule has the common name acrolein and the IUPAC name of propenal.  It is highly reactive in 
two important reactions we will learn: A Michael reaction and the Diels-Alder reaction.  It is used as a 
herbicide and it is easily polymerized to make plastics.  Because of this reacticity, it is highly toxic so it 
needs to be handled with extreme care. Below are the four molecular orbitals of the delocalized pi 
bonding (“pi-way”) of acrolein. 
 

 
 

A) Of the above orbitals, fill in the circle to indicate which is the lowest in energy. 

 
B) Of the above orbitals, fill in the circle to indicate which is the highest in energy. 



 
C) For the above analysis, fill in the circle to indicate how many different 2p orbital wave functions 

were involved in creating the molecular orbitals shown.  

 
 

D) In acrolein, would the bond indicated by the arrow rotate freely at room temperature? 
 
 
 
 
 
 
 
 

E) In the molecule shown below that is related in structure to acrolein, would the bond indicated by 
the arrow rotate freely at room temperature? 

 
 
 
 
 
 
 

F) Consider the molecule shown below.  It also has extensive delocalized pi bonding.  Fill in the 
circle to indicate how many 2p orbital wave function are involved in creating the pi molecular 
orbitals (“pi-way”) of this molecule. 

 
 
 
 
 
 
 

G) In the same molecule, would the bond indicated by the arrow rotate freely at room temperature? 
 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
A good way to get ready for a 5K race is to remember that avoiding a running 
injury means being patient and increasing your distance slowly.  Start by running as 
far as you can comfortably.  Do not push it at the beginning.  Let’s say you can run 
1 mile before feeling too out of breath.  Run that 1 mile 2-3 times a week at first, 
making sure you have no foot or leg pain.  If you do have foot/leg issues, try new 
running shoes fit by a professional (The Loop or Rogue Running are great running 
stores for this).  After you are comfortable running 1 mile for a week, try 1.25 miles 
for 2-3 times the next week.  Then run to 1.5 miles, then 2.0 miles, then 2.5 miles 
each 2-3 times for a week.  It will then be time for the race and you will make it!!! 


