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SECTION A 

 

1) A drop of black ink is transferred on the dotted line on a chromatography (filter) paper which 

is allowed to stand in liquid acetone.  Three colours were seen at the end of the experiment 

as shown below. 

 

 
 

a) What is the role of acetone in this experiment? 

 

____________________________________________________________________ (1) 

b) From the diagram above, identify:  

i) the most soluble component of black ink; 

 

____________________________________________________________________ (1) 

ii) the least soluble component of black ink. 

 

____________________________________________________________________ (1) 

c) When the experiment is repeated using water instead of acetone, the drop of black ink 

remained on the starting line and only blue was seen a few centimetres above the dotted 

line.  Draw ONE conclusion from this experiment. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

d) Predict whether the black ink used in this experiment boils at a single temperature or a 

range of temperatures.  Give ONE reason for your answer.   

 

_______________________________________________________________________

____________________________________________________________________ (2)  

 (Total: 6 marks) 

blue 

green 

purple 

chromatography paper 

acetone 
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2) Hydrogen is produced when dilute hydrochloric acid is added to zinc powder according to the 

equation: 

Zn (s) + 2 HCl (aq) → ZnCl2 (aq) + H2 (g) 

 

a) Calculate the volume of hydrogen, measured at standard temperature and pressure, that 

may be collected when reacting 26.0 g zinc powder with excess hydrochloric acid.     

 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

____________________________________________________________________ (6) 

b) The hydrogen gas produced in part (a) is placed in a container such that the pressure is 

kept the same but the temperature is increased to 20 °C.  Will the new volume be larger 

or smaller than in part (a)?  Explain. 

 

_______________________________________________________________________ 

_______________________________________________________________________

____________________________________________________________________ (2) 

(Total: 8 marks)  

 

 

3) The word bank below presents some metals. 

 

iron potassium silver zinc aluminium 

 

a) Complete the table that follows by choosing a suitable metal from the word bank above.   

 

(i) 

 

is the most reactive with water. 

 

 

(ii) 

 

gives no reaction with copper(II) sulfate solution. 

 

 

(iii) 

 

forms a white protective layer when exposed to air. 

 

             (3) 

b) Give a balanced equation to show the reaction of zinc powder with silver nitrate solution. 

 

____________________________________________________________________ (2) 

(Total: 5 marks)  
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4) A student adds sodium hydroxide solution to a small amount of iron(II) sulfate solution in a 

test tube.  An immediate precipitate is observed. 

a) Give a balanced ionic equation, including state symbols, to represent the reaction. 

 

_______________________________________________________________________

____________________________________________________________________ (3) 

b) What is the colour of the precipitate? 

 

____________________________________________________________________ (1) 

c) On standing, a change in the colour of the precipitate is noted.  Explain. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

d) Give ONE reason why the above experiment shows that iron may be considered a 

transition element. 

 

____________________________________________________________________ (1) 

(Total: 6 marks) 

 

 

5) Magnesium chloride and chloromethane are both chlorides. 

a) Showing outer electrons only, draw dot-and-cross diagrams to show the bonding in 

magnesium chloride, MgCl2, and chloromethane, CH3Cl. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

magnesium chloride, MgCl2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

chloromethane, CH3Cl 

              

 (Total: 4 marks) 
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6) The compounds given below are hydrocarbons that belong to the same homologous series. 

 

A C5H12 B C3H8 C CH4 D C4H10 

 

a)  Give the general formula which applies to this homologous series.  

 

____________________________________________________________________ (1) 

b)  Give the name of substance B.  

 

____________________________________________________________________ (1) 

c)  From the list above, choose ONE hydrocarbon that has isomers and draw TWO of its 

isomers. 

 

 

 

 

 

 

             (2) 

 

d)  Compounds A, B, C, and D have different boiling points.  Arrange the hydrocarbons in 

order of their boiling points, starting with the one with the lowest boiling point. 

   

____________________________________________________________________ (1) 

e)  These hydrocarbons are good fuels. 

i) State ONE reason why these hydrocarbons are good fuels. 

 

____________________________________________________________________ (1) 

ii) Why should these substances be burnt in a plentiful supply of air or oxygen? 

 

____________________________________________________________________ (1) 

 (Total: 7 marks) 
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7) Sea water can be polluted with excess sulfates from sources such as insufficiently treated 

waste water.  In an experiment, the sulfate concentration of sea water was calculated as 

follows: 

 a sample of 250 cm3 of sea water was taken; 

 dilute hydrochloric acid was added; 

 aqueous barium chloride was added; 

 a precipitate formed; 

 the precipitate was collected, dried, and weighed. 

 

Ba2+
 (aq) + SO4

2-
 (aq) → BaSO4 (s) 

 

a) What is the colour of the precipitate? 

 

____________________________________________________________________ (1) 

b) Suggest a suitable separation technique to collect the precipitate. 

 

____________________________________________________________________ (1) 

c) In one experiment, 2.91 g of precipitate were collected.   

i) Calculate the number of moles of barium sulfate in this mass. 

 

________________________________________________________________________

___________________________________________________________________ (2) 

ii) What is the number of moles of sulfate ions in 250 cm3 of the sea water sample?  

 

___________________________________________________________________ (1) 

iii) Calculate the concentration, in mol dm-3, of sulfate in the sea water sample. 

 

________________________________________________________________________

___________________________________________________________________ (1) 

d) If dilute hydrochloric acid were not added, more mass would precipitate on addition of 

barium chloride.  Explain.  

 

________________________________________________________________________

___________________________________________________________________ (1) 

(Total: 7 marks) 
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8) Water is an important substance in everyday life.  Under different conditions it can exist in 

different states. 

a)  State TWO ways how the behaviour of the water particles in steam is different from the 

behaviour of the water particles in ice.   

 

_______________________________________________________________________

____________________________________________________________________ (2) 

b)    

i) When excess liquid water is added to some sugar in a beaker, the sugar dissolves 

completely.  Explain what happens in terms of the particles present.   

 

_______________________________________________________________________

____________________________________________________________________ (1) 

ii) In part (b)(i), identify the: 

 

Solute:  ________________________________________________________ (1) 

Solvent: ________________________________________________________ (1) 

c)  When a small amount of water is added to some solid substances, a saturated solution 

may be produced. What happens when a saturated solution is warmed gently?   

 

____________________________________________________________________ (1) 

(Total: 6 marks)  

 

 

9) A group of students conclude that in order for iron to rust two conditions are necessary.   

a)  State these TWO conditions.  

 

____________________________________________________________________ (2) 

b)  How can each of the following iron objects be protected against rusting?  Mention ONE 

different method for each: 

 

i) a garden bench;  ______________________________________________ 

ii) a gate;     ______________________________________________  

iii) moving parts in an engine.  ___________________________________ (3)  

  (Total: 5 marks) 

  

 
6 
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10) Excess dilute nitric acid is added to magnesium carbonate in a conical flask which is 

connected to a glass syringe.  Three experiments were carried out, as shown in the table that 

follows. 

 

MgCO3 (s) + 2HNO3 (aq) → Mg(NO3)2 (aq) + H2O (l) + CO2 (g) 

 

Experiment Magnesium carbonate Concentration of nitric acid 

A 2g, powder 0.8 mol dm-3 

B 2g, chips (granules) 0.8 mol dm-3 

C 2g, powder 1.0 mol dm-3 

 

a) On the same axis below sketch graphs to show the volume changes of the carbon dioxide 

gas produced in each of the experiments.  Label the graphs A, B, or C according to the 

respective experiment. 

 
     (3) 

b)  Why is graph A not expected to be exactly the same as graph B?       

 

_______________________________________________________________________

____________________________________________________________________ (1) 

c)  Consider the following reaction: 

CaCO3 (s) ⇋ CaO (s) + CO2 (g) 

  The symbol ⇋ shows that a dynamic equilibrium may be set up in the reaction. 

i)  Explain the term dynamic equilibrium.  

 

____________________________________________________________________ (1) 

ii) Why is the above equilibrium not reached if the container is left open?    

 

____________________________________________________________________ (1) 

(Total: 6 marks) 

Time (s) 

Volume of 

CO2 (cm
3) 
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SECTION B 

 

11)  

a) Air is a mixture of several substances, the primary components being oxygen and 

nitrogen.  Many of the components are extracted using fractional distillation. 

i) Why can oxygen and nitrogen be obtained separately from air through fractional 

distillation?  

 

____________________________________________________________________ (1) 

ii) Describe how the test for oxygen is performed in the laboratory including the expected 

result. 

 

____________________________________________________________________ (1) 

b)  In the laboratory, oxygen may be prepared by the decomposition of hydrogen peroxide 

in the presence of a catalyst. 

i) Give the name and formula of a suitable catalyst.  

  

 name:  ________________________________________________________ (1) 

 formula: ________________________________________________________ (1) 

ii) Give a balanced equation for the decomposition of hydrogen peroxide. 

 

____________________________________________________________________ (2) 

iii) Why is hydrogen peroxide best stored in dark bottles?  Give ONE reason.   

 

____________________________________________________________________ (1) 

c) Potassium chlorate, KClO3, decomposes on heating in the presence of a catalyst 

according to the equation: 

2 KClO3 (s) → 2 KCl (s) + 3 O2 (g) 

 

  In a particular experiment, after taking all safety precautions, 20.16 dm3 of oxygen, 

measured at stp, were collected after heating an amount of potassium chlorate.  

Calculate the mass of the solid potassium chlorate that was heated.    

 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

____________________________________________________________________ (7) 
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d) The 20.16 dm3 oxygen gas produced in part (c) was reacted with 45.0 dm3 of carbon 

monoxide in a closed container. 

i) Give a balanced equation for the reaction between oxygen and carbon monoxide.   

  

____________________________________________________________________ (2) 

ii) Using your answer to part (d)(i) and given that all the gases are measured at the 

same temperature and pressure, calculate the volume of carbon monoxide which 

remains unreacted.   

 

_______________________________________________________________________

_______________________________________________________________________

____________________________________________________________________ (4)  

  (Total: 20 marks) 

 

 

12)  

a) Some chemical and physical changes are endothermic. 

i) Explain why certain chemical reactions are endothermic.    

 

_______________________________________________________________________

____________________________________________________________________ (3) 

ii)  On the axis below sketch an energy profile for the evaporation of water, which is an 

endothermic physical process.  Clearly show (i) the energies associated with water in 

the liquid and gaseous phase and (ii) the change of energy, ∆H. 

 

H2O (l) → H2O (g) 

 
     (3) 

 

Process path 

Energy  
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b) A group of students are to carry out an experiment to determine the heat of 

neutralisation.  The following chemicals are available: 

 

potassium hydroxide, KOH sulfuric acid, H2SO4 nitric acid, HNO3 

ethanoic acid, CH3COOH sodium carbonate, Na2CO3 ammonia solution, NH3 

 

i) To determine the heat of neutralisation between an acid and a base, the students 

decided to use a strong alkali and a strong, monobasic acid.  From the above list, 

choose: 

 

 a strong, monobasic acid: ______________________________________ (1) 

 a strong alkali:   ______________________________________  (1) 

ii) Should the acid and the alkali be mixed quickly or very slowly?  Give ONE reason for 

your answer. 

 

_______________________________________________________________________

____________________________________________________________________ (2) 

iii) Give a balanced ionic equation, including state symbols, to represent the 

neutralisation reaction.     

 

_______________________________________________________________________

____________________________________________________________________ (3) 

c)   

i) In an experiment, 0.43 g hexane were heated in a spirit lamp.  The energy given out 

raised the temperature of 330 g water from 25 °C to 40 °C. Calculate the enthalpy of 

combustion per mole of hexane, C6H14. 

 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

____________________________________________________________________ (5) 

ii) The value obtained in part (c)(i) is less that the value found in a data book.  Suggest 

TWO reasons for this difference in the values. 

 

_______________________________________________________________________

____________________________________________________________________ (2)  

    (Total: 20 marks) 
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SECTION A 

Answer ALL questions from this section. 

 

1) The following equations show the action of heat on some chemicals which are commonly 

found in the laboratory.  

a) Complete the following equations by writing the correct formula in each blank. 

i) MgCO3  →  _______________  +  CO2 

ii) Zn(OH)2  → ______________  +  H2O 

iii) 2 NaHCO3  → _____________ +  _____________ +  H2O 

iv) FeSO4.7H2O  →  _____________  +  ______________    (6) 

b) Give ONE observation for the heating of zinc oxide, ZnO. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

 (Total: 7 marks)  

 

2) Fill in the blanks by choosing the correct word from the following list. Each word may be 

used once, more than once or not all. 

water positive hydrogen 

negative hydroxide carbonate 

  

When hydrogen chloride is dissolved in water, it produces ______________________ 

ions as the only ___________________ ions. When a ______________________ is 

added to this solution it produces a salt, water molecules and carbon dioxide gas. No 

effervescence is noted if a _____________________ is added since this reaction will 

produce only a salt and ________________________. 

(Total: 5 marks)  

  

 
7 
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3) Diamond and graphite are both made of carbon atoms.  

a) Draw a labelled diagram showing how the carbon atoms are arranged in graphite. 

 

 

 

 

 

 

 

 

 

 

 

 

(2) 

b) Why is graphite a conductor of electricity?  Explain with reference to its structure. 

 

_______________________________________________________________________

___________________________________________________________________ (2) 

c) A chemical reaction occurs when carbon monoxide and iron(III) oxide are heated 

together. 

i) Give the equation for this reaction. 

 

___________________________________________________________________ (2) 

ii) Why is carbon monoxide considered to be a reducing agent in this reaction? 

 

___________________________________________________________________ (1)  

(Total: 7 marks) 
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4) The table below shows the substances produced at each electrode when some solutions are 

electrolysed using inert electrodes. 

Solution 
Substance formed 

at the anode 

Substance formed 

at the cathode 

dilute sulfuric acid oxygen hydrogen 

concentrated sodium chloride   

copper(II) sulfate   

 

a) Complete the table above.         (4) 

b) Although carbon electrodes are inert electrodes, they still need to be changed after the 

electrolysis of sulfuric acid.  Give ONE reason. 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

c) A solution of copper(II) sulfate loses its colour when electrolysed using carbon electrodes 

but it does not lose its colour when electrolysed using copper electrodes. 

i) Why does a solution of copper(II) sulfate lose its colour when electrolysed using 

carbon electrodes? 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

ii) Why does a solution of copper(II) sulfate not lose its colour when electrolysed using 

copper electrodes? 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

b) A current of 2 A was passed through a solution for 1 hour. Calculate the amount (in 

moles) of electrons that pass through the solution. 

 

_______________________________________________________________________

___________________________________________________________________ (2) 

(Total: 9 marks)  
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5) Ethene and ethyne are both unsaturated hydrocarbons. 

a) Give the equation for the reaction between ethene and chlorine by showing the 

structural formulae of both ethene and the product of the reaction. 

 

 

___________________________________________________________________ (2) 

b) When ethyne reacts with chlorine it first forms 1,2-dichloroethene.  Being an alkene,  

1,2-dichloroethene reacts further with chlorine to form a saturated compound A.  Use 

this information and your knowledge of the chemistry of ethene to draw the structure of 

each compound in the following reaction scheme. 

 

 

 

 

 

 

 

+Cl2 

 

 
+Cl2 

 

 

ethyne 1,2-dichloroethene saturated compound A 

            (3) 

 

c) How can one show that both ethene and ethyne are unsaturated hydrocarbons? 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

d) Give the name and structural formula of the product of the hydration of ethene: 

 

i) name; ________________________________________ 

 

ii) structural formula. ______________________________    (2) 

(Total: 8 marks)  
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6) Petroleum is a mixture of hydrocarbons which is separated into different fractions by 

fractional distillation. The different fractions shown in the table below are obtained. 

 

Fraction Hydrocarbon mixture 

Fraction A CH4  -  C4H10 

Fraction B C5H12  -  C9H20 

Fraction C C10H22  -  C15H32 

Fraction D C16H34  -  C25H52 

Fraction E C26H54  - 

 

a) Give ONE use for: 

 

i) Fraction A: _______________________________________________________ (1) 

ii) Fraction B: _______________________________________________________ (1) 

b) From the table, which fraction would evaporate first?  Give ONE reason for your answer. 

_______________________________________________________________________

___________________________________________________________________ (2) 

c) Although mankind depends heavily on these chemicals, many countries are trying to 

limit their use. Give ONE reason for this. 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

d) Name the process by which ethene is produced from compounds such as those from 

Fraction C. 

 

___________________________________________________________________ (1) 

 (Total: 6 marks)  
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7) The diagram below shows the laboratory preparation of nitrogen dioxide. 

 

Adapted from https://byjus.com/chemistry/ 

 

a) Give the balanced equation for the reaction that takes place during this experiment. 

 

___________________________________________________________________ (2) 

b) What does this method of preparation show about the boiling point of nitrogen dioxide? 

 

___________________________________________________________________ (1) 

c) Nitrogen dioxide is not collected over water because it is very soluble in water. Give the 

names of the TWO products formed when nitrogen dioxide dissolves in water. 

 

___________________________________________________________________ (2) 

d) Emission of nitrogen dioxide produced in the internal combustion engines of vehicles is 

reduced by catalytic converters.   

i) In a catalytic converter nitrogen dioxide is reduced by carbon monoxide producing 

nitrogen and another gas.  Give a balanced equation for this reaction. 

 

___________________________________________________________________ (2) 

ii) Why is the use of catalytic converters only partially efficient at eliminating pollution?  

Give ONE reason.   

 

___________________________________________________________________ (1) 

 

(Total: 8 marks)  
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8) A student reacted a sample of hydrochloric acid with a 25.0 cm3 of 0.50 mol dm—3 sodium 

carbonate solution, to be able to determine the concentration of the acid. The student 

repeated the experiment four times.  The following results were obtained. 

 

Experiment 1 2 3 4 

Burette reading no. 1 0.00 cm3 23.80 cm3 1.50 cm3 24.20 cm3 

Burette reading no. 2 23.80 cm3 46.55 cm3 24.20 cm3 46.85 cm3 

Volume used 23.80 cm3 22.75 cm3 22.70 cm3 22.65 cm3 

 

Na2CO3 (aq) + 2 HCl (aq)   2 NaCl (aq) + H2O (l) + CO2 (g) 

 

Calculate:  

a) the average titre value for the experiment; 

 

___________________________________________________________________ (1) 

b) the amount (in moles) of sodium carbonate used in this experiment; 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

c) the amount (in moles) of hydrochloric acid that took part in the reaction;  

 

_______________________________________________________________________

___________________________________________________________________ (1) 

d) the concentration of the hydrochloric acid used in this experiment. 

 

_______________________________________________________________________

___________________________________________________________________ (1) 

 (Total: 4 marks)  
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9) The structures of substances A and C are shown below.  Substance A reacts with an alcohol 

B in the presence of concentrated sulfuric acid to form substance C.  Substance C is 

characterised by a fruity smell.   

 

 
Substance A 

 

 

 
Substance C 

 

 

a) Name substance A and alcohol B: 

 

substance A; ____________________  alcohol B; ________________________ (2) 

b) Name the homologous series to which each of substances A and C belong. 

 

substance A; ____________________  substance C; ________________________ (2) 

c) Why is concentrated sulfuric acid used in the reaction described above? Give TWO 

reasons. 

 

_______________________________________________________________________

___________________________________________________________________ (2) 

(Total: 6 marks)  
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SECTION B 

Answer TWO questions from this section. 

 

10) Nitrogen is a very important raw material in the chemical industry. It is obtained by the 

fractional distillation of liquid air. 

a) Briefly outline the steps for the fractional distillation of liquid air.   (3) 

b) Nitrogen is a very unreactive substance.  Explain with reference to its structure. (1) 

c) One of the major uses of nitrogen is the production of ammonia by the Haber process.  

The heat of reaction for the production of ammonia is —46 kJ/mol. Briefly outline this 

process by giving: 

i) the balanced equation for the reaction of this process;    (2) 

ii) the catalyst used;         (1) 

iii) the conditions (temperature and pressure) of the reaction;    (2) 

iv) a discussion of the effects of temperature and pressure to obtain the best yield of 

ammonia.           (4) 

d) Fritz Haber was awarded the Nobel Prize for chemistry for his invention of this process, 

as it was feared that the world would run out of food. How does the production of 

ammonia help to solve such a problem?       (1) 

e) Ammonia is also a reducing agent. 

i) Give the balanced equation for the reaction of ammonia with copper(II) oxide. (2) 

ii) Draw a diagram to suggest the apparatus which could be used to carry out the 

experiment in part (e)(i).        (2) 

f) Describe how the test for ammonium ions is performed including the expected result. (2) 

(Total: 20 marks) 

 

11) Chlorine is an element in Group 7 of the Periodic Table. 

a) Draw a well-labelled diagram to explain how a sample of pure, dry chlorine is prepared 

in the laboratory.  Your diagram should include the materials used and any measures 

taken to ensure that dry chlorine is collected.      (4) 

b) Give another method or piece of equipment besides that drawn in part (a) which can be 

used to collect dry chlorine.         (1) 

c) Describe the chemical test and relevant observations to confirm the presence of:  

i) chlorine;           (2) 

ii) chloride ions.          (2)                             

d) The order of reactivity of chlorine, bromine and iodine can be identified by reacting the 

elements with salts of the other elements within the group.  Describe this experiment.  

The description should include: 

i) the method followed; (3) 

ii) a table that includes the expected results; (4) 

iii) an ionic equation (omitting spectator ions and including state symbols) for ONE of 

the reactions that occur;         (3) 

iv) the conclusion made about the reactivity of chlorine, bromine and iodine.  (1) 

(Total: 20 marks) 
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12) A teacher gave the students dry samples of iron(II) sulfide and sodium sulfite. One student 

was not paying attention and did not note which sample was which.  Not wanting to draw 

any correction from the teacher, the student added dilute hydrochloric acid to both samples. 

a) Give the balanced equation for the reaction of iron(II) sulfide with hydrochloric acid. (2) 

b) Although the teacher could not see the student working, the teacher realised that the 

reaction in part (a) was taking place. How did the teacher find out?   (1) 

c) Give ONE safety precaution for the addition of acid to iron(II) sulfide.    (1)                                                                            

d) Give the balanced equation for the reaction of sodium sulfite with dilute hydrochloric 

acid.            (2) 

e) The student placed a piece of damp blue litmus at the mouth of the test tube of the 

reaction in part (d).  

i) What change should be observed?       (1) 

ii) Why is this test insufficient to confirm the identity of the gas produced?  (1) 

iii) Describe the chemical test and relevant observations to confirm the presence of this 

gas.           (2) 

f) Sulfur dioxide and hydrogen sulfide react together according to the equation shown 

below.  This is a redox reaction. 

2 H2S (g) + SO2 (g)   2 H2O (l) + 3 S (s) 

i) Predict ONE observation for this reaction.      (1) 

ii) Which sulfur atom is being reduced, that in hydrogen sulfide or that in sulfur dioxide?  

Give ONE reason for your answer.       (2) 

iii) Hence, which is the strongest reducing agent, hydrogen sulfide or sulfur dioxide?  

Give ONE reason for your answer.        (2) 

g) A small amount of one of the gases in part (f) is added to food and drinks to avoid 

oxidation.  Predict, giving ONE reason for your answer, which of sulfur dioxide or 

hydrogen sulfide is added to food and drinks to avoid oxidation.    (2) 

h) The oxidation of sulfur dioxide to sulfur trioxide is an important step in the Contact 

process.  Name the catalyst used for this reaction.     (1) 

i) Explain how to distinguish between sodium sulfate and sodium sulfite in the laboratory 

using aqueous barium chloride and any other material/s of your choice.  (2) 

 (Total: 20 marks) 

 

13) ‘Alkali metals’ and ‘alkaline earth metals’ are names given to two groups of the Periodic 

Table. 

a) Distinguish between the alkali metals and the alkaline earth metals in terms of their: 

i) appearance and hardness;  (2) 

ii) reaction with air (oxygen); (2) 

iii) reaction with water. (2) 

b) Are the oxides of alkaline earth metals acidic, basic or amphoteric?  How can this be 

tested in the laboratory?         (2) 

c) When substance A is heated strongly, a white solid B and carbon dioxide are formed.  

When solid B is added to water, another white solid, C, forms.  Solid C is slightly soluble 

in water.  The mixture of C with water is used for whitewashing and eventually C reacts 

with a constituent of air.  In a flame test, compound C imparts a brick-red colour to the 

flame. 

i) Describe how a flame test is carried out in the laboratory. (3) 

ii) Identify substances A, B, and C. (3) 

iii) Write balanced equations for the THREE reactions described above.  (6) 

(Total: 20 marks) 
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 Write your index number in the space at the top left-hand corner of this page. 

 

 Answer ALL questions from Section A.  Write all your answers for Section A in the spaces 

provided in this booklet. 

 

 Answer TWO questions from Section B.  Write all your answers for Section B in the 

script/s provided. 

 

 The mark allocation is indicated at the end of each question. Marks allocated to parts of 

questions are also indicated in brackets. 

 

 You are reminded of the necessity for orderly presentation in your answers. 

 

 In calculations you are advised to show all the steps in your working, giving your answer 

at each stage. 
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SECTION A 

Answer ALL questions from this section. 

 

1) Chemical substances behave differently in the presence of heat.  Match the compounds on 

the left with their response to heat on the right. 

 

copper(II) sulfate pentahydrate ●                  ● does not change 

copper(II) carbonate ●                  ● burns with a sooty, yellow flame 

carbon (coal) ●                  ● 

decomposes to produce a white 

powder, carbon dioxide and water 

vapour 

iron(III) hydroxide ●                  ● 
changes from blue-green to black 

powder 

calcium hydrogencarbonate ●                  ● 
changes from blue crystals to white 

powder 

potassium carbonate ●                  ● 
decomposes to produce a dark 

powder and water vapour 

 

(Total: 6 marks) 

 

2) Fill in the blanks by choosing the correct word from the word bank below.  Each word may 

be used once, more than once, or not at all.  

 

four three structure hard 

reducing allotropes insulator conductor 

 

Diamond and graphite are ________________ of carbon.  This means that 

although both are made of the same element, their _______________ is different.  

Each carbon atom in diamond is combined to _________________ other carbon 

atoms.  This makes diamond a very ________________ natural material.  On the 

other hand, graphite is a ________________ of electricity. Carbon (graphite) can 

be heated with some metal oxides, such as copper(II) oxide, to produce the metal 

since carbon acts as a _______________ agent. 

(Total: 6 marks) 

 
6 

 
6 
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3)  

a) Complete the following word equations: 

i) hydrochloric acid + zinc   _________________________ + hydrogen  (1) 

ii) sulfuric acid + copper(II) oxide   ________________________ + water  (1) 

b) Convert the following word equation to a balanced chemical equation: 

calcium carbonate + hydrochloric acid   calcium chloride + water + carbon dioxide 

____________________________________________________________________ (2) 

c) Hydrogen chloride gas dissolves in both water and methylbenzene but only one of the 

solutions is acidic.   

i) Which solution, hydrogen chloride in water or hydrogen chloride in methylbenzene, is 

acidic? 

 

____________________________________________________________________ (1) 

ii) Why is only one of these solutions acidic? 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

(Total: 6 marks)  

 

 

4) A concentrated copper(II) chloride solution is electrolysed using inert electrodes.   

a) State the ion that will be attracted towards the: 

i) cathode; ________________________________________________________ (1) 

ii) anode. ________________________________________________________ (1) 

b) What happens, if anything, to the colour of the copper(II) chloride solution after some 

time? 

 

____________________________________________________________________ (1) 

c) Give an ionic half equation for the reaction happening at the cathode. 

 

____________________________________________________________________ (2) 

d) What would happen at the anode if copper electrodes were used? 

____________________________________________________________________ (1) 

(Total: 6 marks)  

  

 
6 

 
6 
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5)  

a) Write the names of the molecules below in the spaces provided.  

(2) 

 

b) Name the substance that is produced when ethene reacts with: 

 

i) hydrogen gas:  _____________________________________________ (1) 

ii) hydrogen chloride gas: _____________________________________________ (1) 

c) While alkenes react by addition reactions, alkanes react by substitution reactions.  By 

referring to the structures in part (a), explain this difference between alkanes and 

alkenes.   

 

_______________________________________________________________________

_______________________________________________________________________

____________________________________________________________________ (2)  

(Total: 6 marks) 

 

  

 

 

 

 

 

 

 

 

 
6 
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6) Crude oil is a mixture of hydrocarbons.  The diagram below outlines how this mixture is 

separated in industry. 

 
Picture adapted from http://www.learnaboutair.com/ 

 

a) Does the average length of the carbon chain increase or decrease on going up the 

distillation column?  Explain your answer. 

 

_______________________________________________________________________

____________________________________________________________________ (2) 

b) Name ONE fraction obtained by this industrial process and suggest ONE use for this 

fraction. 

 

_______________________________________________________________________

____________________________________________________________________ (2) 

c) The heavier fractions that are produced contain molecules, such as C12H26, that have 

limited use.  These large molecules are cracked to form more usable ones.  Suggest 

TWO molecules that will form when one molecule of C12H26 is cracked.  

 

____________________________________________________________________ (2) 

(Total: 6 marks) 

 

 

  

 
6 
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7) Carboxylic acids are a homologous series of organic compounds. 

a) Draw the structural formula of propanoic acid showing all the bonds.    

 

 

 

 

 

 

             (2) 

b) Name the products formed when ethanoic acid reacts with sodium. 

 

____________________________________________________________________ (2) 

c) Ethanoic acid reacts with an organic substance A to form ethyl ethanoate and water.  

Ethyl ethanoate is characterised by a fruity smell. 

i) Identify the organic substance A. 

 

____________________________________________________________________ (1) 

ii) To which homologous series does ethyl ethanoate belong? 

 

____________________________________________________________________ (1) 

 (Total: 6 marks) 

 

8) Nitrogen dioxide can be produced in the laboratory by the thermal decomposition of a salt. 

a) What is the colour of nitrogen dioxide? 

 

____________________________________________________________________ (1) 

b) Name a compound that can be heated to produce nitrogen dioxide in the laboratory. 

 

____________________________________________________________________ (1) 

c) Nitrogen dioxide dissolves readily in water.  Will the pH of the resultant solution be less 

than, equal to, or greater than 7? 

 

____________________________________________________________________ (1) 

d) Nitrogen dioxide present in air causes acid rain.  Give TWO disadvantages of acid rain. 

 

_______________________________________________________________________

____________________________________________________________________ (2) 

e) Name ONE other gas, besides carbon dioxide and nitrogen dioxide, which is produced 

by the burning of fossil fuels and causes acid rain. 

 

____________________________________________________________________ (1) 

(Total: 6 marks) 

 
6 

 
6 
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9) The electrolysis of bauxite produces aluminium.  The half equation for this reaction follows: 

Al3+ + 3 e—   Al 

 

a) Calculate the number of moles of electrons that would be required to produce 9,000 g of 

aluminium. 

 

_______________________________________________________________________

____________________________________________________________________ (2) 

b) Convert the value calculated in part (a) to Faradays. 

 

____________________________________________________________________ (1) 

 

c) Calculate the charge required to produce the mass of aluminium stated in part (a). 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

d) Calculate the time, in seconds, it would take for this amount of aluminium to be 

produced if the current used was 100,000 A. 

 

_______________________________________________________________________

____________________________________________________________________ (2)  

(Total: 6 marks) 

 

 

  

 
6 
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10) A student was required to prepare a 0.50 mol dm—3 standard solution of sodium carbonate. 

a) Calculate the relative formula mass of Na2CO3. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

b) Calculate the mass in grams of Na2CO3 required if 1 dm3 of this solution was prepared. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

c) Calculate the mass in grams of Na2CO3 that would be required if 250 cm3 of this solution 

(of concentration 0.50 mol dm-3) were needed. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

d) A sample of 25.0 cm3 of this Na2CO3 solution (of concentration 0.50 mol dm—3) reacts 

with 20.0 cm3 of HCl solution whose concentration is unknown.  The balanced chemical 

equation for this reaction follows: 

 

Na2CO3 (aq) + 2 HCl (aq)   2 NaCl (aq) + H2O (l) + CO2 (g) 

 

i) Calculate the amount (in moles) of Na2CO3 in 25.0 cm3 of solution. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

 

ii) What is the amount (in moles) of HCl in 20.0 cm3 of solution? 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

iii) Calculate the concentration, in mol dm—3, of the HCl solution. 

 

_______________________________________________________________________

____________________________________________________________________ (1) 

(Total: 6 marks)  

 

  

 
6 
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SECTION B 

Answer TWO questions from this section. 

 

11) This question is about sulfur dioxide and hydrogen sulfide.  Both compounds of sulfur have 

a strong, characteristic smell and are reducing agents.  Sulfur dioxide is important for the 

Contact Process. 

a) Both sulfur dioxide and hydrogen sulfide have distinct smells.   

i) Describe the smell of hydrogen sulfide.       (1) 

ii) Describe the smell of sulfur dioxide.       (1) 

iii) Describe the chemical test and relevant observations to confirm the presence of sulfur 

dioxide.           (2) 

b) Both sulfur dioxide and hydrogen sulfide can be produced in the laboratory by the action 

of dilute hydrochloric acid on a salt.  Name a salt to which hydrochloric acid can be 

added to produce: 

i) sulfur dioxide;          (1) 

ii) hydrogen sulfide.          (1) 

c) Sulfur dioxide and hydrogen sulfide react together according to the equation shown 

below.  This is a redox reaction. 

2 H2S (g) + SO2 (g)   2 H2O (l) + 3 S (s) 

i) Predict ONE observation for this reaction.      (1) 

ii) Which sulfur atom is being reduced, that in hydrogen sulfide or that in sulfur dioxide?  

Give ONE reason for your answer.       (2) 

iii) Hence, which is the strongest reducing agent, hydrogen sulfide or sulfur dioxide?  

Give ONE reason for your answer.        (2)  

d) A small amount of one of these gases is added to food and drinks to avoid oxidation.  

Predict, giving ONE reason for your answer, which of sulfur dioxide or hydrogen sulfide 

is added to food and drinks to avoid oxidation.      (2) 

e) Write balanced chemical equations for each of the following steps in the Contact 

Process: 

i) the production of sulfur dioxide;        (2) 

ii) the oxidation of sulfur dioxide;         (2) 

iii) the production of oleum.          (2) 

f) Name the catalyst used for the reaction in part (e)(ii).     (1) 

(Total: 20 marks) 
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12) The production of nitrogenous fertilisers is important as it significantly increases the Earth’s 

food production.  The process involves several steps. 

a) In the first stage, nitrogen is obtained from air. 

i) What is the percentage of nitrogen in air?      (1) 

ii) Name the industrial process by which nitrogen is obtained from air.   (1) 

iii) Briefly outline how nitrogen is obtained by the process mentioned in part (a)(ii). (3) 

iv) Why is nitrogen unreactive?  Refer to the bonding present.    (2) 

b) In the second stage, nitrogen is reacted with hydrogen to produce ammonia.  This 

reaction reaches chemical equilibrium. 

i) Write a balanced equation for this process.       (2) 

ii) Name the catalyst used in this process.       (1) 

iii) List typical values for pressure and temperature that are required to produce optimum 

yield of ammonia.          (2) 

iv) Name ONE use of ammonia, apart from production of fertilisers.   (1) 

c) In the third stage, ammonium salts are produced.  Ammonium sulfate is one of many 

nitrogenous fertilisers. 

i) Name a substance that can be added to ammonia to produce ammonium sulfate. (1) 

ii) Describe chemical tests and relevant observations to confirm the presence of 

ammonium ions and sulfate ions.        (4) 

iii) Calculate the percentage nitrogen in ammonium sulfate, (NH4)2SO4.   (2) 

(Total: 20 marks) 

 

13) Chlorine, bromine, and iodine are three elements that are found in the Periodic Table. 

a) What is the name of the group that these three elements form part of? (1) 

b) This group contains other elements. Give the name of ONE of these elements. (1) 

c) List TWO similarities between the elements in this group. (2) 

d) Comment on the trend going down this group with respect to: 

i) boiling point;  (1) 

ii) reactivity. (1) 

e) The order of reactivity of chlorine, bromine and iodine can be identified by reacting the 

elements with salts of the other elements within the group.  A partly filled table for this 

experiment is shown below.   

 

 Cl2 Br2 I2 

Cl– No reaction   

Br–    

I–    

 

Describe this experiment.  The description should include: 

i) the method followed; (3) 

ii) a table (as shown above) that includes the results expected; (3) 

iii) an ionic equation, including state symbols and omitting spectator ions, for ONE of the 

reactions that occur. (3) 

f) Write a balanced equation to show what happens when chlorine is mixed with water. (2) 

g) The solution obtained in part (f) has bleaching properties.  Which substance in this 

solution shows these properties? (1) 

h) Describe how the test for chloride ions is performed including the expected result. (2) 

(Total: 20 marks) 
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14) Sodium, potassium, magnesium and calcium are elements in the Periodic Table. 

a) Classify these elements as alkali metals and alkaline earth metals.   (2) 

b) Distinguish between alkali metals and alkaline earth metals in terms of their: 

i) appearance and hardness;         (2) 

ii) reaction with air (oxygen);        (2) 

iii) reaction with water.         (2) 

c) Explain, by referring to their electron configuration, how the reactivity of alkali metals 

changes on going down the group.        (2) 

d) When calcium carbonate is heated strongly, a white solid A and carbon dioxide are 

formed.  When solid A is added to water, another white solid, B, forms.  Solid B is 

slightly soluble in water.  This mixture of B is used for whitewashing and eventually B 

turns back to calcium carbonate on reacting with carbon dioxide in air. 

i) Identify substances A and B.        (2) 

ii) Write balanced equations for the THREE reactions described above.   (6) 

e) Describe the chemical test and relevant observations to confirm the presence of calcium 

ions in a solution.          (2) 

(Total: 20 marks) 
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