
 
 
 

 
 
 
 
 

Page 1 of 8 

Faculté des sciences  |  Faculty of Science 
Département de chimie  |  Department of Chemistry 
Pavillon d’Iorio Hall 
10 Marie-Curie Ottawa ON   Canada    K1N 6N5 
' 613-562-5728 7 613-562-5170  chminfo@uOttawa.ca 
 

 
 
 

MIDTERM 2: CHM 2311 – Introduction to Structure and Bonding 
 
 
Professor: Jaclyn Brusso  
 
Date: March 20, 2014   
 
Duration: 80 minutes 
 
Name:____________________________________________________         
 
Student Number:____________________________________________ 
 
Instructions:  

 
- Be sure to print your name and ID number clearly on this test booklet.  
- This is a closed book examination. 
- Please write legibly and show your work to receive credit for your answers. Partial marks in 

some cases may be awarded for partially correct work.  
- For remarking, the exam must be written in pen. 
- There are 6 questions. You are expected to answer all 6 questions. 
- There are 8 pages. Please make sure you have all 8 pages. NOTE: the last two pages are DATA 

SHEETS. You may tear them off. 
- At the end of the exam, turn in this test booklet and the data sheet. 

GOOD LUCK! 
 
 

Question Grade 
1          /10 
2          /3 
3          /13 
4          /16 
5          /4 
6          /6 
	
   	
  

TOTAL          /18 
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1. Determine the point group for each of the following molecules/shapes. (1 mark each; no partial 
marks).  
 

 
(a) 

 

       
 

 
Td 

 
(f) 

 
 PF5 
 

 
D3h 

 
(b) 

  

       
 

 
C2v 

 
(g) 

 
 B(OH)3 

 
C3h 

 
(c) 

 
eclipsed H3C–CCl3 
 

 
C3v  

 
(h) 

 

 
 

 
Ci 

 
(d) 

 

       

 
C3v 

 
(i) 

 

       

 
D6 

 
(e) 

 

 

 
C2h 

 
(j) 

 

 

 
C2v 

PP
P

P

Te
F

F

F

F

O

Br F

F

Cl

Cl

Br
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2. Determine whether the following molecules are chiral. Rationalize your response using 
symmetry/point group arguments. (3 marks) 
(a)   NH3  

   Answer: achiral 
 

(b)   

              
 
Answer: chiral 

 
A molecule is chiral if it has no symmetry operations (other than E) or if it only has a proper 
rotation axis. Which point groups does this include? 
 

3. Complete the character tables below. (13 marks; ¼ mark per blank) 
 
(a)  

D3d E 2C3 3C2’	
   i	
   2S6	
   3σd 

A2g 1 1 -1	
   1	
   1	
   -1 

A1u 1 1 1	
   -1	
   -1	
   -1 
   
 (b)  

C2h E C2 i σh  

Ag 1 1 1 1 xy 

Bg 1 -1 1 -1 xz 

Au	
   1	
   1	
   -1	
   -1	
   z	
  

Bu	
   1	
   -1	
   -1	
   1	
   x,y	
  
  
 (c)  

D4 E 2C4 C2	
   2C2’	
   2C2”  

A2 1 1 1	
   -1	
   -1 z 

A1 1 1 1	
   1	
   1 z2 

B1 1 -1 1	
   1	
   -1 x2-y2 

E 2 0 -2	
   0	
   0 (x,y) 

H

F

Br

Cl
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4. (16 marks) Answer the following questions considering the molecule IF5.  
(a) What is the point group for this molecule? (1 mark) 
(b) Assign all symmetry operations associated with this point group. (4 marks)  
(c) Derive the irreducible representations for the following functions: z, xy, x2-y2 and (x,y). (1 

mark each; no partial marks)  
(d) Assign symmetry labels to each of the irreducible representations from (c). (1 mark each; 

no partial marks)  
(e) Build a character table including the information from parts a-c. (1 mark; no partial 

marks) 
(f) Is this a complete character table? Why? (1 mark) 
(g) What is the order of this point group? (1 mark) 

 
Answer: 
 

(a) C4v 
(b) top row of character table; ½ mark for each symmetry element listed in the character table 
(c) four rows in the character table; 1 mark for each irreducible representation, no partial 

marks 
(d) left hand column of character table; 1 mark each, no partial marks 
(e) 1 mark for correctly drawing the table including the point group and symmetry elements, 

functions and symmetry labels (order of symmetry elements and functions does not 
matter).  

(f) no because the number of irreducible representations (4) does not equal the number of 
classes (5). 

(g) h = 8 
 
 

C4v E 2C4	
   C2 2σv 2σd	
    

A1 1 1	
   1 1 1	
   z 

B2 1 -1	
   1 -1 1	
   xy 

B1 1 -1	
   1 1 -1	
   x2-y2 

E 2 0	
   -2 0 0	
   (x,y) 
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5. Consider a hypothetical homonuclear diatomic, which has atomic and molecular orbital energies 

as shown in the table below.  
 

Orbital	
  Energies	
  
s-­‐orbital	
   -­‐5.5	
  eV	
  
σ	
  MO	
   -­‐7.3	
  eV	
  
σ*	
  MO	
   -­‐3.9	
  eV	
  

 
(a) Based on what you know about MO Theory, are the energy levels of the MO’s reasonable? 

Explain. (2 mark) 
 

Answer: No these are not reasonable energy levels for the atomic and molecular orbitals because 
ΔE’ < ΔE  
ΔE = -5.5 eV - (-7.3 eV) = 1.8 eV 
ΔE’ = -3.9 eV – (-5.5 eV)  = 1.6 eV 

 
 
 

(b) If the atoms making up the molecule have two electrons in their s-orbitals, would the resulting 
homonuclear diatomic be stable or unstable? Explain. (2 marks)  

 
Answer: Because ΔE > ΔE’ filling with four electrons would result in an overall stabilization of 
0.2 eV; thus the molecule would be stable if the orbital energy levels were as outlined in the 
table.  
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6. Consider the possible interactions between p-orbitals in O2. Using diagrams, demonstrate which 
interactions lead to bonding and which do not. For the interactions that lead to bonding, what type 
of molecular orbitals do they result in? (6 marks) 
 
Answer: 

 

  
 

  
all other combinations lead to orthogonal overlap and therefore result in non bonding MO’s 
 

 
 
 

✔ 

✔ 

✔ 

✔ 

✔ 

✔ 
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DATASHEET 
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