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1. Consider the following molecule in accordance with valence bond theory:         [5 marks] 

 

 

 

              

(a) What is the hybridization for each of the carbon atoms in this molecule? [3 marks] 

 

Carbon # Hybrid orbital  Carbon # Hybrid orbital 

C1   C7  

C2   C8  

C3   C9  

C4   C10  

C5   C11  

C6   C12  

 

(b) How many  bonds are there in this molecule? [1 mark] 

 

 

 

 

 

(c) How many  bonds are there in this molecule? [1 mark] 
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2.                            [24 marks] 

 (a) Construct a valence molecular orbital diagram for NO
+
. Label all atomic and molecular orbitals on  

your diagram and include tie lines to show the linear combinations that form each molecular 

orbital. Place the correct number of valence electrons into the atomic orbitals as well as the 

molecular orbitals. It is not necessary to draw pictures of the orbitals for this part of the question. 

[9 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) On the diagram above, clearly label the highest occupied molecular orbital(s) of NO
+
 as the 

“HOMO”(s). In the space below, draw a picture of this/these molecular orbital(s). Clearly 

indicate the phase, location of the nuclei, and relative amounts of electron density on each atom. 

[3 marks] 

 

 

 

 

 

(c) On the diagram above, clearly label the lowest unoccupied molecular orbital(s) of NO
+
 as the 

“LUMO”(s). In the space below, draw a picture of this/these molecular orbital(s). Clearly 

indicate the phase, location of the nuclei, and relative amounts of electron density on each atom. 

[3 marks] 
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2. continued 

(d) Write the valence orbital occupancy (i.e. electron configuration) in line notation for NO
+
. 

 [1 mark] 

 

 

(e) Provide a molecular formula for one neutral diatomic molecule that is isoelectronic with 

NO
+
. [1 mark] 

 

 

 

(f) Draw the Lewis structure for NO
+
. What NO bond order does your Lewis diagram predict? 

[2 marks] 

 

 

 

 

 

(g) What bond order does your MO treatment predict for NO
+
? Does it agree with the bond order 

from the Lewis diagram? [2 marks] 

 

 

 

 

 

(h) What is the bond order if we add an electron to NO
+
 (i.e. what is the bond order in neutral 

NO)?  [1 mark] 

 

 

 

 

(i) Is the NO bond strengthened or weakened in NO versus NO
+
? Briefly explain why or why 

not. [1 mark] 

 

 

 

(j) Which of the following molecules is paramagnetic: NO
+
, NO, NO


. [1 mark] 
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3.                  [15 marks] 

 The valence molecular orbital diagram for planar nitryl fluoride, NO2F (nitrogen is the central atom) 

is shown below. Note that the  or  character of each MO is indicated, but NOT the nature of the 

overall interaction (i.e. whether it has bonding, antibonding, or non-bonding character).  

       

 
 

(a) Draw the Lewis structure of NO2F. Include any possible resonance structures for this molecule. 

[2 marks] 

 

 

 

 

 

 

 

 

 

(b) What is the bond order for NO (hint: ignore the NF) in NO2F according to your Lewis 

structure(s)? [1 mark] 
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3. continued 

(c) Five orbital pictures for NO2F are provided below (they are all in the same orientation). Four of 

them belong to  MOs, while one is a  MO. In the space below each picture, identify the four  

MOs and one  MO, and assign the correct labels for the  MOs only (the sigma MO can just be 

labeled as  to differentiate it from the  MOs).  [5 marks] 

                                                                          
 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                
 

  

 

 

 

 

 

 

 

F 
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3. continued. 

(d) Of the four  MOs shown: [4 marks]               

Which should be considered as bonding  MOs? Justify your answer. 

 

 

 

 

Which should be considered as antibonding  MOs? Justify your answer. 

 

 

 

 

Which should be considered as non-bonding  MOs? Justify your answer. 

 

 

 

 

 

(e) Fill in the valence electrons for the MO diagram of nitryl fluoride. How many electrons are in  

MOs? How many are in  MOs? [2 marks] 

 

 

 

 

 

(f) How many normal modes of vibration should NO2F have? [1 mark] 
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4.                               [6 marks] 

 Provide definitions for the following terms, and where appropriate give an example of each.                        

 

(a) intrinsic semiconductor 

 

 

 

 

 

 

 

 

(b) extrinsic semiconductor 

 

 

 

 

 

 

 

 

 

(c) ultraviolet photoelectron spectroscopy 
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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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