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Section A 
Q1. Answer any 10 parts; all parts carry equal marks 
 
 (i)  Identify the element X in each case: 24

12X and 58
28X.  

 
 (ii)  Which orbital in each of the following pairs is higher in energy? 
   

a. 5p or 5d;  b. 4s or 3p; c. 6s or 4d 
 

(iii)  What is the difference between an atoms atomic number and its mass number?   
Quote an example from the periodic table to support your answer. 

 
(iv)  Explain the term resonance with reference to chemical bonds. 

 
(v)  Draw Lewis symbols for each of the following elements: Ca, P, Br and Fr. 

 
(vi)  Define the term standard enthalpy of formation. 

 
(vii)  In each of the following cases, indicate the sign (i.e. > 0 or < 0 or = 0) of q and w 

respectively and predict whether you expect the internal energy (E) to increase, 
decrease or remain the same 

 
a. A system releases heat and does work on the surroundings   

 
b. The surroundings do work on the system without a transfer of heat. 
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(viii)  Comment briefly on the following statement “A catalyst increases the rate of a 

reaction but it is not consumed because it does not participate in the reaction”.  An 
example would be helpful in your comment.  

 
(ix)  Identify 2 factors, which influence the rate of a chemical reaction.  
 
(x)  The kinetic data for the reaction 2N2O (g) → 2N2(g) + O2(g) is shown. 
  

Time (min) 0 60 90 120 180 
[N2O] (M) 0.250 0.218 0.204 0.190 0.166

 
Without performing calculations, explain how this data would be used to determine 
the rate (instantaneous rate) of the reaction at 100 minutes? 

 
(xi)  Will the pH of a solution of the weak acid Hydrofluoric acid (HF) increases, 

decreases or remain the same when Sodium Fluoride (NaBr) is added to it? Show 
the appropriate equations to justify your answer.  

 
(xii)  What is the pH of a buffer solution made by dissolving 0.10 moles of Formic acid 

(HCOOH) and 0.10M Sodium formate (HCOONa) in 1L of water?  Ka (HCOOH) = 
1.8 x 10-4.   

 
(xiii)  Using the IUPAC system, name and draw 2 possible structural formula which 

correspond to the molecular formula C4H10 .  
 
 (xiv)  Complete the following reaction equation and name the product 
 
     CH3C ≡ CCH2CH3 + H2 →  ?  
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SECTION B 
 

Q2. (a)  (i) Distinguish between ionization potential and electron affinity (2 marks) 
 

(ii) The figure below shows the ionization potential of the first 20 elements of 
the periodic table.  Explain the general trend. Account for minor 
irregularities especially the group II elements Be and Mg, which have 
slightly larger values than expected.  Also account for irregularities in the 
group VI elements O and S that have slightly smaller values than might be 
expected  

 
 

 
 (6 marks) 

 
(b)  Name the four quantum numbers; indicate what each number specifies about the 

atomic orbital?  Give all possible values of each quantum number.           (12 marks) 
 
 

Q3. (a)  (i)  Name and arrange in order of increasing strength, the different  
types of intermolecular forces that occur between molecules  (3 marks) 

 
(ii)  Write a brief note on each type identified.  Include in your answer the exact 

type of force(s) involved and the type(s) of molecules that would typically 
form each type of intermolecular force     (9 marks) 

 
 (b)  (i)  Explain why electronegativity (EN) generally increases from left to right  
    within a period of the periodic table and why EN values may be used to  
    determine bond polarity?       (4 marks) 
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(ii)  By performing the appropriate calculations, arrange the following bonds in 
order of increasing polarity: C  Cl, CH, CMg, CO, CS  (2 marks)  

 
(iii)  Give one example each of a pure covalent bond and an ionic bond.  Use EN 

values to justify your examples      (2 marks) 
 

Q4.  (a)  Write a note, which compares a typical strong acid-strong base titration curve with a 
 weak acid-strong base titration curve.  In your answer, include fully labelled 
sketches  of both titration curves        (9 
marks) 

 
(b) A 1.00g sample of Acetylsalicylic acid (aspirin) is dissolved in 0.300L of water  

 at 25°C.  
 

CH3OCOC6H4COOH (aq) + H2O (l)  H3O+(aq) + CH3OCOC6H4COO- (aq)  
  Acetylsalicylic acid  

 
(i) Calculate the pH of the solution given the Ka for aspirin is 3.56 x 10-4 and its 

molecular mass is 180g.       (7 marks) 
 

(ii)  Will the pH of the aspirin solution increase or decrease if a few drops of 
dilute NaOH are added to the solution.  Justify your answer by explaining 
how the equilibrium adjust with the addition of the NaOH.   (4 marks) 

 
 
Q5. (a)  Given ∆H°

f for Na2O (s) is – 415.9 kJ mol-1, use the attached tabulated data to  

  calculate ∆H° for the following reactions  

  
   (i) NH3 (g)   +  HCl (g)      →      NH4 Cl (s) 
   (ii) Na2O (s)   +  2HCl (g)    →     2 NaCl (g)  +  H2O (l)   (4 marks) 

 
(b)  The catalytic oxidation of ammonia to nitric oxide is represented by the equation: 

4NH3(g) + 5O2(g)  4NO(g) + 6H2O(g).   Perform the appropriate calculations to:  
 

(i) Prove the reaction releases approximately 900kJ    (2 marks) 
(ii) Determine the enthalpy change (∆Η°rxn) in underwritten reactions  

 
  12NH3(g) + 15O2(g)  12NO(g) + 18H2O(g)    (2 marks) 
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  2NO(g) + 3H2O(g)  2NH3(g) +  2½O2(g)     (2 marks) 
 

(c)  Write an equation that can be used to calculate ∆S° for each of the following 
reactions.  Without performing calculations, indicate whether ∆S° is less than, 
greater than or equal to 0 in each case.  Justify your answers  

 
(i)  CaCO3 (s)    CaO (s) + CO2 (g)    

 
(ii)  CS2 (l)     CS2 (g)      

 
(iii)  2Na2O2(s) + 2H2O(l)       4NaOH(aq) + O2(g)   

 
      (6 marks)  

 

 (d)  For a reaction to occur spontaneously as written, which of the following must be 

true? Give a reason your answer 

 

i) The entropy of the system must increase 

 

ii) The enthalpy of the system must decrease 

 

iii) The free energy change (∆G) must be negative 

 

iv) The value of the reaction quotient Q, must exceed that of the equilibrium 
constant Kc 

(4 marks) 
  

 

Q6. (a)  The first step in the synthesis of nitric acid involves the conversion of ammonia 

(NH3) to nitric oxide (NO) at a high temperature 

 
4NH3(g) + 5O2(g)  4NO(g) + 6H2O(g) 

 
(i)  Show how the rate of consumption of O2 is related to the rate of consumption 

of NH3?         (2 marks) 
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(ii)  How are the rates of formation of NO and H2O related to the rate of 
consumption of NH3?       (2 marks) 

 
(b)  At elevated temperatures, nitrous oxide (N2O) decomposes as follows:  

 
 2N2O(g)  2N2(g) + O2(g)   
 

Given the reaction data in the table 
 

Time / min 0 60 90 120 180 
[N2O] / M 0.250 0.218 0.204 0.190 0.166

 
(i) Prove the reaction obeys first order kinetics    (8 marks) 
(ii) Determine a value for the rate constant            (2 marks)  
(iii) What is the half-life of this reaction?               (2 marks) 

 
 
 (c)  The rate of the reaction A + B2 + C  Products is directly proportional to the 

concentration of B2, independent of the concentration of A and directly proportional 
to the concentration of a substance C 

 
(i) Write the appropriate rate law      (2 marks) 
(ii) Identify the order with respect to each of the three reactants   (2 marks) 

 
  

SECTION C 
 
Q7. (a)  Write a comprehensive note, which compares organic and inorganic compounds.  In 

 particular account for the differences in properties such as solubility, melting and 
 boiling points and conductivity                  (8 marks) 

 
 (b)  Write a note on alcohols, which includes the following information  
 

(i) General structural formula      (1 mark) 
(ii) The differences between primary, secondary and tertiary alcohols  

(3 marks) 
(iii) Why alcohols possess both acidic and basic properties   (2 marks) 
(iv) How the melting points, boiling points and solubility of alcohols compare 

with those of alkanes and alkenes of similar molecular weight  (6 marks)  
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Where appropriate, use examples and structural formulae to support your answer. 

 
Q8. (a)  (i)  Describe the method of liquid/liquid extraction    (6 marks) 
 
  (ii)  Explain the symbol KD       (2 marks) 
 
  (iii)  List ideal properties for the extraction solvent    (3 marks) 
 

(iv)  Identify two extraction solvents and indicate whether they are heavier or 
lighter than water        (4 marks) 

 
(b)  The amount of acid extracted can be determined quite readily be determining the 

amount of acid that remains in the aqueous layer by titration with a standard solution 
of Sodium Hydroxide.  Titres of 5.2cm3 and 3.8cm3  NaOH respectively were 
obtained when a 20cm3 portion of Trichloroethanoic acid was extracted with 1 x 
20cm3 and 2 x 10cm3 of extraction solvent.  Using this data, comment on whether 
one or several extractions are best 

 
Note the volume of NaOH required to neutralize 20cm3 of 0.1M Trichloroacetic acid 
is 23.9cm3         (5 marks) 
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