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1.  As you know, the noble gases are very unreactive. There are, in fact, two distinct reasons why a 

substance might be unreactive: 
1. Molecules made from that substance might be unstable.   

e.g.  In class, we saw the MO explanation for the nonexistence of Ne2. 
2. Molecules made from the unreactive substance might be stable in complete isolation, but 

react with each other (or with other materials) in a thermodynamically favorable manner.  
In other words, reactions like 2 NeX → 2 Ne + X2 might be favorable for any X. 

These two cases can be distinguished experimentally, because in the first case we can’t make the 
molecule at all, while in the second we can make it in specially designed experiments in the gas 
phase at ultralow pressures and detect it spectroscopically.          [12 marks] 

 (a) Using the data in the table, construct a valence MO energy level diagram for NeF.       [10 marks] 
 Your diagram should include all valence electrons.     

Label all orbitals, but you do not need to draw pictures of them.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Based on your valence MO energy level diagram, state whether or not NeF is a stable molecule, 

and briefly justify your answer.  Is Reason #1 or Reason #2 applicable to the lack of reactivity of 
Ne with F2?                     [2 marks] 

 
 
 
 

Orbital energies (Ry) 
 2s 2p 
F -2.95 -1.37 
Ne -3.56 -1.59 
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2. Briefly explain how photoelectron spectroscopy works.  What information does photoelectron 

spectroscopy give us about a molecule’s orbitals?              [4 marks] 
 
 
 
 
 
 
 
 
 
 
 
3. Boron is an intrinsic semiconductor, while aluminium is a metal.          [6 marks] 
(a) Sketch the band diagrams implied by this information.  Clearly label each band.         [4 marks] 
 
 
 
 
 
 
(b) Briefly discuss the feature(s) of these diagrams that cause the different electrical properties of 

boron and aluminium.                 [2 marks] 
 
 
 
 
 
4.                   [6 marks] 
(a) When valence bond theory is applied to OF2, what is the hybridization of the central atom?  
 Show any work you do in arriving at your answer to this question.           [3 marks] 
 
 
 
(b) Briefly explain what hybridization is and why it is necessary in valence bond theory.    [3 marks] 
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5. The following is a Lewis diagram for one resonance structure of the cyclobutenediylium dication 

(C4H4
2+):               [22 marks] 

 
(a) How many valence σ MOs and how many valence π MOs would this ion have?           [2 marks] 

  ______ valence σ MOs   ______ valence π MOs 

(b) Draw all the π MOs. You can either sketch each MO, or you can use the symbols +/-/0 to 
describe the contributions of the p orbitals on each atom.             [4 marks] 

 
 
 
 
 
 
 
 
 
 
 
(c) Next to each MO that you drew in part (b), classify it as bonding, antibonding, or nonbonding.   

                   [4 marks] 
(d) How many valence π electrons are there in the cyclobutenediylium dication?          [1 mark] 
 
 
(e) Sketch a valence π MO energy level diagram based on your classification of the MOs in part (b) 

of this question. Label each MO and populate your diagram with electrons.          [4 marks] 
 
 
 
 
 
 
 
 
 

question 5 is continued on the next page… 



NAME:___________________________ Section:_____      Student Number:__________________ 
 
5.  continued… 
(f) Calculate the carbon-carbon bond order in this ion (σ and π combined).          [2 marks] 

  
 
 
 
 
 
(g) Is this ion paramagnetic or diamagnetic?               [1 mark] 
 
 
(h) Would bonding be stronger, weaker, or about the same if the ion gained two π electrons? 

Explain.  Note that adding two electrons would give you a neutral molecule called 
cyclobutadiene.                  [3 marks] 

 
 
 
 
 
 
 
 
 
(i) What molecular property could you measure and compare in the dication and in the neutral 

molecule to confirm your theoretical prediction in part (h)?             [1 mark] 
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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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