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SECTION A (Answer any 8 parts from Question 1) 

Question 1 [40 Marks] 

 

i) Provide a detailed explanation and a labelled concentration versus time diagram 

that illustrates the concept of Chemical Equilibrium.      [5 marks] 

 

  

ii) For the following chemical equations write out the equilibrium constant (Kc) 

expressions and from the Kc values provided, comment on whether reactants or 

products will dominate for each reaction:  

 

a. NH3 (g) ⇌ ½ N2 (g) + ⅔ H2 (g); Kc = 0.0602 at 500℃ 

b. SO3 (g) ⇌ SO2 (g) + ½ O2 (g);  Kc = 280 at 740℃               [5 marks] 

 

                   

iii) The following reaction was studied: 

  

PCl5 (g) ⇌ PCl3 (g) + Cl2 (g)  
 

The equilibrium concentrations were found to be:  

[PCl5] = 0.032M; [PCl3] = 0.185M; [Cl2] = 0.62M. The reaction was performed in 

a 1L flask at 540℃. 

Calculate and comment on the Kc value for this reaction. [5 marks] 

 

 

iv) Explain the difference between a strong acid and a weak acid and give examples 

of both.           [5 marks] 

 

 

v) Calculate the: 

 

a.  [OH-]aq in limes that have a [H3O+] of 1.3 x 10-2 mol/L. 

 Note: Kw = 1.0 x 10-14 (mol/L)2. 

b.  [H+] of an acid with a pH of 4.6. 

c.  pH of a solution that contains 4.56g of H2SO4 dissolved in 1L of solution. 

           [5 marks] 

 

vi) Calculate the pKa of the following: 

 

a. Formic acid Ka = 0.00018 

b. Oxalic acid  Ka = 5.9 x 10-2 

c. Citric Acid  Ka = 8.4 x 10-4         [5 marks] 

 

 

vii) Illustrate (providing a fully labelled diagram) the pH profile that is obtained when 

a strong acid is titrated against a weak base.       [5 marks] 
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viii) Describe the following terms providing diagrams and examples where 

appropriate: 

 

a. Saturated and Unsaturated hydrocarbons. 

b. Electrophiles and Nucleophiles. 

c. Primary (1o), secondary (2o) and tertiary (3o) alcohols.               [5 marks] 

 

 

ix) Draw the two main conformational isomers observed in cyclohexane and compare 

their relative energy values.                   [5 marks] 

 

 

x) Draw the following molecules: 

 

a. 4-ethyl-2,3-dimethyl-5-propyloctane 

b. 2,2,3,3-tetramethylpentane 

c. butylcyclopentane           [5 marks] 

 

 

xi) Draw 5 possible structural isomers of a compound with the formula: C8H18 

                    [5 marks] 

 

 

xii) Put these alkanes in order of increased boiling points and explain your reasoning: 

2,2-dimethylpropane, n-pentane and 2-methylbutane.      [5 marks] 
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SECTION B (Answer 1 question from this section) 

Question 2 [30 marks] 

 

i) Define Le Chatelier’s Principle.         [5 marks] 

 

 

ii) Predict whether the reaction shifts to the right, left or has no change with these set 

of stresses applied: 

 

N2 + 3H2 ⇌ 2NH3 + heat   ΔH = -92 kJ 
 

a. Reduce concentration NH3 gas 

b.  Decrease pressure 

c.  Increase concentration N2 gas 

d.  Increase temperature          

e. Add Iron catalyst           [5 marks] 

 
 

iii) Explain what is meant by the reaction quotient (Qc) for a chemical reaction and 

calculate Qc for the following reaction whose equilibrium constant (Kc) value is 

51 at 448℃ is carried out in a 1L container. 

 

H2 (g) + I2 (g) ⇌ 2HI 

 

The concentrations of each substance after 1.5 hours are as follows:  

 

[HI] = 2 x 10-2 M; [H2] = 1 x 10-2 M; [I2] = 3 x 10-2 M.  

     

Comment on the direction in which the reaction will proceed.  [10 marks] 

 

 

iv) At 760K, the value of Kc for the reaction:   

 

PCl5 ⇌ PCl3 + Cl2,  
 

is 33 mol/L. Calculate the equilibrium concentrations for all species if 10 moles of 

PCl5 are placed in a 1L flask at 760K and allowed to reach equilibrium.   

          [10 marks] 
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Question 3 [30 marks] 

i) Provide fully labelled diagrams that represent the pH profile arising from a) the 

titration of a strong acid with a strong base and b) the titration of a weak acid and 

strong base. Show the equivalence point and, where appropriate, the half-

equivalence point.                     [8 marks] 

 

 

ii) Calculate the pH of a 0.100M solution of acetic acid, CH3COOH. The Ka value is 

1.77 X 10-5. 

           [10 marks] 

  

iii) Identify the acid, bases and their conjugate pairs in the following reactions: 

 

a. HCO3
- + OH-  ⇌ H2O +CO3

2- 

b. C2O4
2- + HC2H3O2 ⇌  HC2O4

- + C2H3O2
- 

c. PO4
3- + HNO3 ⇌ NO3- + HPO4

-       [4 marks] 

  

iv) a. Describe the composition of a typical buffer and explain how the buffer works 

 to maintain an approximately stable pH. 

b. Calculate the pH of a buffer made from 0.32M of HNO2 and 0.20M of NO2
-.  

The Ka for HNO2 is 4.6 x 10-4.       [8 marks] 
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SECTION C (Answer 1 question from this section) 

Question 4 [30 marks] 

 

i) Estradiol is a human steroid consisting of carbon, hydrogen and oxygen only. If 

6.81g of estradiol is combusted in excess oxygen, 19.80g of CO2 and 5.40g of 

H2O are produced. 

 

a. Calculate the mass of carbon, hydrogen and oxygen in the sample of estradiol. 

           [5 marks] 

b. Determine the empirical formula of estradiol.      [5 marks] 

c. If the molecular weight is 272.38g/mol-1, what is the molecular formula?            

           [5 marks] 

d. Write a balanced equation for the combustion of estradiol.    [5 marks] 

 

 

ii) Name these molecules:  

 

       a.  

 

 

 

 

 

 

b.  

 

 

 

   

 

 

               c.  

 

 

   

  

          [5 marks] 

 

 

iii) Draw these molecules:  

        

a. 2-bromo-2-methylbutane 

b. 5,6-diethyl-7-methyl-3-octene 

c. 1-ethyl-3-methyl-2-propylcyclopentene      [5 marks] 
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Question 5 [30 marks] 

 

i) State Markovnikov's rule.         [2 marks] 

 

 

ii) The table below gives the names and structures of three isomeric alkenes. 

 

Name Structure 

1-butene CH3CH2CH=CH2 

2-butene CH3CH=CHCH3 

methylpropene 

 
 

a. Give the molecular formula and empirical formula of 2-butene.    [2 marks] 

b. Draw the structures and give the names of the two geometrical isomers of 2-

 butene.           [4 marks] 

c. Outline the mechanism for the reaction between methylpropene and HBr and 

 explain why there are two different products, one major and the other minor. 

                            [8 marks] 

 

iii) For the following molecule: 

 

a. Label each double bond as E or Z.        [2 marks] 

b. Draw all the possible products of complete electrophilic addition with HBr.    

           [4 marks] 

 

iv) Draw the structure of the alkene that would form 1,2-dibromo-3-methylbutane 

when reacted with bromine.            [2 marks] 
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v) Draw and name the major product for each of these reactions: 

a. 

 

 

 

 

 

 

 

 

 

b. 

 

 

 

      

 

 

 

 

c. 

 

 

 

      

   

 

 

 

d. 

 
 

 

 

 

     [6 marks] 
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