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_______________

PRE-LEAVING CERTIFICATE EXAMINATION, 2006
_______________

CHEMISTRY – HIGHER LEVEL
TIME: 3 HOURS

_______________

400 MARKS
_______________

Answer eight questions in all
These must include at least two questions from Section A

All questions carry equal marks (50)
_______________

Information

Relative atomic masses: H = 1, C = 12, N = 14, O = 16, Na = 23, Cr = 52

Molar volume at s.t.p. = 22.4 litres

Avogadro constant = 6 × 1023 mol-1

*P15*
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Section A

Answer at least two questions from this section [see page 1 for full instructions]

1.  In an experiment 11.44 grams of hydrated sodium carbonate (Na2CO3.xH2O) were weighed out 
and dissolved in deionised water. The solution was then made up to 250 cm3 in a volumetric fl ask. 
20.0 cm3 of this solution was transferred to a conical fl ask and titrated against a standard 0.20 M 
hydrochloric acid solution using a suitable indicator.

 (a) Describe the procedure for dissolving the hydrated salt and making up the solution to 250 cm3 
in the volumetric fl ask.  (15)

 (b) Name the piece of equipment that should be used to transfer the 20 cm3 of hydrated sodium 
carbonate to the conical fl ask. Describe the correct procedure for rinsing this piece of 
equipment and transferring the solution to the conical fl ask.  (12)

 (c) Name a suitable indicator for this titration.   (3)

  What colour change is observed at the end point?  (3)

  After carrying out a number of accurate titrations using the 20 cm3 of sodium carbonate 
solution the mean titration fi gure was found to be 32 cm3 of the 0.20 M hydrochloric acid 
solution.

  The titration reaction is:

  Na2CO3   +  2HCl                 2NaCl   +  H2O  +  CO2  

  (d) Calculate the concentration of the sodium carbonate solution in moles per litre and hence in the 
250 cm3 volumetric fl ask.  (9)

 (e)  Calculate the weight of water in the original sample and hence the percentage of water of 
crystallisation in the hydrated sodium carbonate.  (8)

  [Relative atomic masses:    H = 1, Na = 23, C = 12, O = 16]
  

_____________________________

2. The extraction of clove oil from cloves is carried out by steam distillation using the apparatus 
 shown in the diagram.

 (a) Describe steam distillation and explain why clove 
  oil is extracted in this way. (11)

 (b)  Explain why it is preferable to use whole cloves 
  instead of ground cloves in the pear shaped fl ask. (6)

 (c) State the purpose of the tube marked X in the 
  diagram. (3)

 (d) When suffi cient product has been collected what 
  safety precaution must be taken? (6)

 (e) Describe the appearance of the product and give 
  the correct name for such substances. (12)

 (f)  State one use of clove oil. (6)

 (g) Name a process which could be used to isolate 
  and collect a pure sample of the oil. (6)
    

_____________________________
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3.  To calculate the heat of reaction (∆H) for the reaction between hydrochloric acid (HCl) and a 
solution of sodium hydroxide (NaOH), the following experiment was carried out in a school 
laboratory using the apparatus shown in the diagram.

 (a) Very accurate values for heats of combustion may 
  be found in industry using another piece of 
  equipment. Name this piece of equipment. (6)

 (b) Name a suitable material for the container. Explain 
  your choice of material. (6)

 (c) What precautions must be taken in order to obtain 
  an accurate value for the fi nal temperature reached 
  when the two solutions are mixed? (6)

 (d)  In the experiment 50 cm3 of 1 M hydrochloric acid 
  (HCl) and 50 cm3 of  1M sodium hydroxide (NaOH)  
  were mixed. The temperature rise was recorded as 
  6.8 K. Assuming the densities and heat capacities 
  of both solutions are the same as that of water 
  calculate the heat produced by the reaction. 

  [ Density of water is 1g /cm3: specifi c heat capacity 
  of water is 4.2 kJ kg -1 K-1.] 
   (9)

 (e) How many moles of hydrochloric acid were used 
  in the experiment? Calculate the heat of reaction 
  (∆H) when 1 mole of each solution is used. (12)

 (f)  Draw an energy profi le diagram for the 
  experiment and label all the parts. (11)

__________________________________________________________________________________
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Section B

[See page 1 for instructions regarding the number of questions to be answered]

4 Answer eight of the following items (a), (b), (c), etc.    (50)

 (a) What is the oxidation number of sulfur in Na2S2O3.?

 (b) How could you confi rm the presence of sulfi te (SO3
2-) ions in an aqueous solution?

 (c)  Draw the structure and give the name of an acid of molecular formula C3H6O2.

 (d) Defi ne the relative atomic mass of an element.
                37      - (e)  How many (i) neutrons and (ii) electrons has   17 Cl
                  –

 (f)  Write the (i) conjugate acid and (ii) the conjugate base of HSO4.  

 (g) What colour change will occur if concentrated hydrochloric acid is added to the following 
equilibrium mixture? Give the reason for your answer.

                                    2-              2+                 -     CoCl 4     +         6H2O             Co(H2O)6    +     4Cl

 (h) Defi ne the octane number of a fuel.

 (i) Account for the different shapes of water (H2O) and beryllium hydride (BeH2) molecules.

 (j) Give the name and molecular formula of a compound which causes permanent hardness in 
water.

 (k) Answer part A or B

  A 

  What is the greenhouse effect, and state one gas which contributes to it.

or
  B  

  Give two properties usually associated with transition elements or their compounds.   
 

_____________________________

[Refer to the data provided in the mathematical tables pages 44 – 46  for this question].

5. (a) Defi ne electronegativity.          (6)

 (b) Describe and account for the trend in electronegativity values of the elements (i) across the 
second period and (ii) down any group in the periodic table of elements. (15)

 (c) Use electronegativity values to predict the bond type in the following compounds.

  (i) NaBr

  (ii)  NH3

  (iii)  CS2        (9)

 (d) Describe using dot and cross diagrams the bonding in the ammonia molecule. What word 
describes the shape of ammonia?       (12)

  What type of intermolecular forces would you expect to fi nd in ammonia. State how it affects 
(i) the boiling point of the gas and (ii) the solubility of the gas in water.   (8)

–

–

– –

?
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6.    C2H6   C2H4  CH3CHO  CH3COOH

          A     B        C            D

 (a) Name the compounds labeled A, B, C and D.     (12)

 (b) Name the compound which only contains planar carbons.     (6)

 (c)  Compound B may be converted to 1,2 dibromoethane. Name the reagent used. What type of 
reaction is this?  Outline the mechanism for the conversion of B to 1,2 dibromoethane.  (21)

 (d) Compound D is an isomer of an ester. Name the ester and draw its structural formula.  (6)

 (e) Name an aromatic hydrocarbon and give one use for this compound.   (5)

 
_____________________________

7 (a) Defi ne (i) heat of combustion and (ii) heat of formation of a substance.   (12)

  The combustion of ethanol is described by the following balanced equation:

  C2H5OH   +     3O2                      2CO2     +   3H2O        ∆H = - 1360 kJ mol-1.

  The standard heats of formation of carbon dioxide and water are -394 and -286 kJ mol-1 
respectively. Calculate the heat of formation of ethanol.     (12)

 (b) What is meant by the fractional distillation of crude oil? Name 3 fractions produced by this 
process and state one use made of each.      (14)

  Explain the term auto ignition. List two ways auto ignition may be prevented in petrol engines. 
          (12)

_____________________________

8.  (a) Vinegar and washing soda are everyday examples of household acids and bases. Name another 
example of a household acid and a household base.         (6)

  Write a balanced equation for the reaction between solutions of vinegar and washing soda.  (6)

  If a titration was carried out between these two solutions, name the indicator if any that should 
be used to get an accurate end-point. Give a reason for your answer.      (9)

 
 (b) Defi ne pH.             (3)

  Calculate the pH of a 0.005M solution of ethanoic acid. The value for Ka for ethanoic acid is 
1.8 × 10-5.              (12)

 (c) Water is said to be hard if it is diffi cult to form lather with soap. Name and give the molecular 
formula of two compounds which when dissolved in water cause hardness. (6) 

  Outline a test which may be carried out on scale deposits from a kettle that help identify it’s 
nature.                (8)

 

_____________________________



Page 6 of 7

9.  (a) What is meant by the term equilibrium? Why is it described as a dynamic state?  (8)

  The following reversible chemical reaction shows the formation of sulfur trioxide.

  2SO2     +      O2         2SO3       ∆H = - 196 kJ mol-1

  Use Le Chatelier’s principle to predict the levels (high or low) of temperature and pressure to 
maximize the yield of sulfur trioxide when equilibrium is established.  (6)

  State giving reasons the effect of the following on the yield of sulfur trioxide (i) raising the 
temperature, (ii) decreasing the pressure and (iii) decrease in the concentration of sulfur 
dioxide.           (18)

 (b) Write the equilibrium constant expression for the reaction above.   (6) 

  In an experiment 3.5 moles of sulfur dioxide and 4.25 moles of oxygen were mixed in a 3 litre 
vessel at a certain temperature. It was found that there was 2.5 moles of sulfur trioxide in the 
equilibrium mixture. Calculate the value of the equilibrium constant (Kc) at this temperature. 
         (12)

_____________________________

10. Answer any two of the parts (a), (b) and (c).

 (a) Ethanoic acid (CH3COOH) is prepared by oxidising ethanol (C2H5OH) according to the 
following balanced redox equation.

  3 C2H5OH     + 2Cr2O7
2-   +    16 H+          4Cr 3+   +  3 CH3COOH  +  11 H2O

  In the experiment 29.8 grams of Na2Cr2O7. 2H2O were reacted with 5.52 grams of ethanol. 
Show that the ethanol is the limiting factor in this experiment.   (12)

  If 4.8 grams of ethanoic acid were formed after purifi cation, calculate the percentage yield. 
[Relative atomic masses: H = 1, C = 12, O = 16   Na = 23 Cr = 52]   (13)

 (b) Defi ne activation energy.         (4)

  Explain how an increase in temperature can affect the rate of a chemical reaction.   (6)

  Catalysts work by providing an alternative reaction route which has a lower activation energy. 
Finely divided iron acts as a catalyst in the following gaseous reaction.

               Fe
    N2           +       3H2           2NH3

  Name the type of catalysis this reaction represents. Use this reaction to explain the surface 
adsorption theory of catalysis.       (15)

 (c) What is an ideal gas?          (5)

  Write the equation of state for an ideal gas. Calculate the universal gas constant using this 
equation given that standard temperature is 273K, standard pressure is 1.013 × 105 N m-2 and 
molar volume is 22.4 litres.        (20)

_____________________________

(g)(g)(g)
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11. Answer any two of the parts (a), (b) and (c).

 (a) Explain the terms (i) energy level, (ii) atomic 
  orbital and (iii) ionisation energy. (9)

  Explain how the emission spectra of elements 
  may be explained by the presence of energy 
  levels in an atom.  (12)
 
  Name the scientist pictured on the right who proposed 
  the idea of energy levels. (4)

 (b) Defi ne oxidation number.         (4)

  Using oxidation numbers, identify which species is being oxidised and which species is being 
reduced in the following reaction.       (12)

    MnO4
-    +    Fe2+     +     H+              Mn2+     +    Fe3+   +   H2O 

  Hence or otherwise balance the equation.       (9)

 (c) Answer part A or part B

  A   

  What is ozone? Use chemical equations to show how ozone is formed on the stratosphere.  (9)

  What is the benefi cial effect of the ozone layer?      (6)

  What are CFCs?           (3)

  State three uses of CFCs. Explain how CFCs destroy the ozone layer.   (7)

or

  B  

  Sodium is extracted from it’s ores by electrolysis using the Down’s cell. (see diagram) 

  Calcium chloride is added to the sodium ore before electrolysis. 

  Why is this necessary? (6)

  What materials are used for the (i) anode and (ii) 
  the cathode? (6)

  Write the equation for the reaction which occurs 
  at the cathode. (3)

  What is the purpose of the steel gauze separating 
  the two electrode compartments? (6)

  State one use of sodium. (4)

__________________________________________________________________________________
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