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1.                  [16 marks] 

(a) Develop the valence molecular orbital energy level diagram for 𝐵𝐵2.          [7 marks] 
Your diagram must include: 

• labeled molecular orbital energy levels (you don’t need to draw pictures of the MOs) 
• identification of each molecular orbital as bonding, nonbonding or antibonding 
• electrons in the appropriate molecular orbitals 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Calculate the bond order for 𝐵𝐵2                 [1 mark] 
 
 
 
 

(c) Identify and sketch the HOMO and LUMO of 𝐵𝐵2.            [4 marks] 
 HOMO:     LUMO: 
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1. …continued  
(d) Sketch the UV photoelectron spectrum of 𝐵𝐵2. Assume that the UV photon used has enough energy 

to remove electrons from any of the valence orbitals. While you won’t be able to put numbers on 
the horizontal axis, do indicate what quantity is plotted along this axis and the direction in which 
this quantity increases. The vibrational “frequency” of the neutral 𝐵𝐵2 molecule is 1051.3 cm−1. 
Indicate how the relevant feature(s) of the spectrum relate to this frequency.         [4 marks] 
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2. Consider a piece of sodium.  Use the symbol N to represent the number of sodium atoms.[7 marks] 
(a) Draw a band diagram for sodium.  Indicate the atomic orbital(s) that contributed to the band(s) in 

your diagram.                  [3 marks] 
 
 
 
 
 
 
 
 
 
 
 
(b) Indicate how many states exist in each band on your diagram.             [1 mark]  
 
 
 
(c) Indicate how many electrons occupy each band on your diagram.             [1 mark]  
 
 
 
(d) Is sodium a conductor, semiconductor or insulator?  Justify your answer with reference to your 

band diagram.                  [2 marks] 
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3. Consider beryllium oxide (𝐵𝐵𝐵𝐵𝐵𝐵) according to molecular orbital theory.       [20 marks] 
(a) Draw the Lewis diagram for 𝐵𝐵𝐵𝐵𝐵𝐵.                 [1 mark] 
 
 
(b) Complete the valence molecular orbital energy level diagram below by:          [9 marks] 

• drawing and labeling the molecular orbital energy levels (you don’t need to draw pictures 
of the MOs themselves) 

• identifying each molecular orbital as bonding, nonbonding or antibonding 
• populating the diagram with the appropriate number of electrons  
• labeling the HOMO and LUMO 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Write the valence orbital occupancy (electron configuration) for 𝐵𝐵𝐵𝐵𝐵𝐵.            [1 mark] 
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3. …continued 
(d) Draw each of the sigma-symmetric valence molecular orbitals of 𝐵𝐵𝐵𝐵𝐵𝐵.                     [4 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(e) When 𝐵𝐵𝐵𝐵𝐵𝐵 acts as a Lewis acid, do you expect it to react at 𝐵𝐵𝐵𝐵 or at 𝑂𝑂?  Justify your answer with 

reference to the relevant molecular orbital.              [3 marks] 
 
  
 
 
 
 
 
 
 
 
(f) Does the bond order implied by your MO diagram agree with that predicted from your Lewis 

diagram?  Explain briefly.                [2 marks] 
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4.                 [16 marks] 
(a) Draw a Lewis diagram (with resonance structures, if appropriate) of 𝑁𝑁𝑁𝑁2−.          [3 marks] 
 Include any non-zero formal charges on the appropriate atom(s). 
 
 
 
 
(b) Use VSEPR theory to predict the shape of 𝑁𝑁𝑁𝑁2−.             [1 mark ] 
 
 
(c) Develop the π MO energy level diagram of 𝑁𝑁𝑁𝑁2−.             [4 marks] 

Your diagram must include: 
• labeled molecular orbital energy levels  
• identification of each molecular orbital as bonding, nonbonding or antibonding 
• electrons in the appropriate molecular orbitals 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Does the π bond order implied by your π MO diagram agree with that predicted from your Lewis 

diagram(s)?  Explain briefly.                [2 marks] 
 
 
 
 
 
  



NAME:___________________________ Section:_____      Student Number:__________________ 
 
4. …continued 
(e) Draw the π MOs.  Show both a top view and a side view for each π MO.  Label each picture so 

that it is clear which π MO it shows.               [6 marks] 
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5. The following is a graphic of methyl anthranilate, a compound that occurs naturally in grapes and 

gives them some of the characteristic grape aroma and flavor. It is the main flavoring agent in 
grape Kool-Aid.                [6 marks] 
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 The following questions are to be answered using valence-bond theory. 
(a) What is the hybridization of the nitrogen atom?              [1 mark] 
 
 
(b) What is the hybridization of the carbon atoms in the ring?             [1 mark] 
 
 
(c) How would valence-bond theory describe the bonding in the C=O group of this molecule?  Make 

sure to provide the description of both the sigma and pi bonds.           [4 marks] 
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Overflow Page   
If you use this page for any answers, please clearly indicate which question is being answered and make 
sure you note on the page for the question itself that the answer continues here. 
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Developed by Prof. R. T. Boeré (updated 2016) 

 
 

 
 
Table of atomic orbital energies. All energies are in Ry. 

  1s  2s  2p  
H  -1.00    
He  -1.81    
Li  -4.77  -0.40   
Be  -8.9  -0.69   
B  -14.5  -1.03  -0.42  
C  -21.6  -1.43  -0.79  
N  -30.0  -1.88  -0.95  
O  -39.9  -2.38  -1.17  
F  -51.2  -2.95  -1.37  
Ne  -64.0  -3.56  -1.59  

All energies are from J.C. Slater, Physical  
Review (1955) 98, 1039-1045. 

 
 


