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1 The diagram shows four pieces of laboratory apparatus. 
 
  
 
  
 
 
 
 
 
 
 
 
 Which apparatus is/are essential to find out if dissolving a salt in water is an endothermic 

process? 
  

 electronic 
balance 

measuring 
cylinder stop watch thermometer 

A 
B 
C 
D 

ꭕ 

√ 
ꭕ 

√ 

ꭕ 

ꭕ 

√ 

√ 

ꭕ 

ꭕ 

ꭕ 

√ 

√ 

√ 

√ 

ꭕ 

 
 
2 Equal volumes of two liquids to be separated are placed in the apparatus below. 
 
   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 The purity of each liquid collected can be improved by 
 
 A adding boiling chips into the round-bottomed flask 
 B using a longer condenser 
 C using a longer fractionating column 
 D stoppering the conical flask 

  

electronic balance measuring cylinder  stop watch thermometer 

Conical flask Conical flask

Round-bottomed 
flask 
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3 The results of a paper chromatography experiment are shown.  
 
 X is an aqueous solution of a salt of a Group I element.  
 Y is an aqueous solution of a salt of a transition element. 
 

 
  
  
 
 
 
 
 
 Which row is correct? 
  

 larger Rf value requires a locating agent 
A 
B 
C 
D 

X 

X 

Y 

Y 

X 

Y 

X 

Y 

 
 
4 An organic chemist attempts to synthesise a new fragrance (a compound) by the following 

chemical reaction. 
compound X + compound Y → fragrance 

   
 After one hour, a sample of the fragrance is removed and compared with pure samples of 

compounds X and Y using paper chromatography. 
 
  Which chromatogram shows that the reaction has produced a pure sample of the fragrance? 

 
 A   B 
 
 
 
 
 
 
 
 
 C D 
  

X Y sample 

X Y sample X Y sample 

X Y sample 
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5 A chemist wants to obtain hexane (boiling point 68 ⁰C) from a mixture of hexane and water. 
What is the best method to use? 

 
 A fractional distillation  B paper chromatography 
 C separating funnel   D simple distillation 
 
 
6 The table gives data about four substances.  
  

 melting point / ⁰C  boiling point / ⁰C 
W 

X 

Y 

Z 

−182 

−112 

−7 

39 

−162 

−108 

59 

688 

 
 When the ambient temperature is cooled to −110 ⁰C, which substance(s) has/have particles in 

a disorderly arrangement? 
 
 A W only B W and X 
 C Y and Z D W, X and Y 
 
 
7 Mineral wool soaked in aqueous ammonia is placed in the apparatus shown. 
 

 
 
 
 
 
 
 After five minutes, the damp red litmus paper turned blue. Which process led to this change? 
  
 A crystallisation 
 B condensation 
 C  diffusion 
 D sublimation 
 
 
8 The nuclide notations for two atoms are given below, along with two possibly correct 

statements. 
 

 ,   
 
 Statement 1: Both atoms are isotopes of copper. 
 Statement 2: Both atoms have variable oxidation states. 
 
 Which of the following is correct? 
 
 A  Both statements are correct and statement 2 explains statement 1. 
 B  Both statements are correct but statement 2 does not explain statement 1. 
 C  Statement 1 is correct but statement 2 is incorrect. 
 D  Statement 2 is correct but statement 1 is incorrect. 

mineral wool soaked 
in aqueous ammonia damp red litmus 
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9 Which statement is correct for 2+? 
 
 A Most of the ion consists of empty space. 
 B The ion contains 15 subatomic particles in the nucleus. 
 C The ion contains more protons than neutrons in the nucleus. 
 D The ion has an electronic arrangement of 2.2. 
  
 
10 Which substances do not contain covalent bonds? 
 
  1 aqueous hydrochloric acid     
  2 ethanoic acid     
  3 helium gas 
  4 sulfur 
 
 A 1 and 2 B 1 and 3 
 C 2 and 3 D 3 and 4 
 
 
11 Buckminsterfullerene has the formula of C60. The bonding in Buckminsterfullerene is similar to 

the bonding in graphite. Their structures are as shown. 

               

  

 Four statements regarding the Buckminsterfullerene are given below. 

 The melting point of Buckminsterfullerene is higher than that of graphite. 
 Buckminsterfullerene is a good electrical conductor. 
 Buckminsterfullerene is a good lubricant. 
 On complete combustion, Buckminsterfullerene forms carbon dioxide and water. 

 
How many of these statements are true? 

 A 1    B 2    C 3    D 4 
  
 
12 Some students wish to make 0.970 mol of zinc oxide by the reaction shown below. They are 

told that the reaction gives a 95.0% yield.  
 

ZnCO3(s)   →   ZnO(s)  +  CO2(s) 
  
 What mass of zinc carbonate should they heat? 
 
 A 83.2 g  B 117 g   C 121 g  D 128 g 
 
 

  

Buckminsterfullerene graphite 
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13 An element, E, forms a hydride, EH4, which contains 90% by mass of E. 
 
 Find the relative atomic mass of E. 
 
 A 9  B 36   C 86  D 90 
 
 
14 50 cm3 of hydrogen is mixed with 25 cm3 of chlorine. The gases react as shown in the equation 

below. 
 

H2(g)   +   Cl2(g)   2HCl(g) 
 

 What is the total volume of gas present at the end of the reaction? 
 
 A 50 cm3   B 75 cm3   C 100 cm3   D 125 cm3 
 
 
15 What is the total number of electrons and protons in one mole of hydrogen gas? 
 
 A 2  B 4 
 C 1.2 x 1024 D 2.4 x 1024 
 
 
16 The table gives information about three indicators. 
 

 
 
 If equal volumes of these three indicators were mixed, which colour would be observed at pH  

5? 
 

A blue 
 B green 
 C orange 
 D yellow 
 
 
17 Which of the following is the same for 1 mol/dm3 of hydrochloric acid and 1 mol/dm3 of ethanoic 

acid?  
 
  1 electrical conductivity 
  2 volume of sodium hydroxide for neutralisation 
 
 A 1 only 
 B 2 only 
 C both 1 and 2 
 D neither 1 nor 2 
 
 

  



7 
 

 

18 How many barium salts can be obtained by the following preparation methods? 
 

 addition of aqueous barium nitrate to aqueous sodium chloride 
 addition of excess barium carbonate to hydrochloric acid 
 addition of excess barium oxide to sulfuric acid 
 titration of aqueous barium hydroxide with hydrochloric acid 

 
 A 1   B 2   C 3   D 4 

 
 
19 A white crystalline solid is dissolved in distilled water. A small amount of dilute nitric acid is 

added followed by aqueous silver nitrate. No visible change occurs. What can be deduced 
about the white crystalline solid? 

 
 A It contains chloride ions. 
 B It contains bromide ions. 
 C It does not contain carbonate ions. 
 D It must contain sulfate ions. 
 
   
20 A solution of fertiliser was tested as shown. 
 

  
  
 Which ions must be present in the fertiliser? 
 
 A NH4

+ and NO3
– 

 B NH4
+ and Fe2+ 

 C Fe2+ and NO3
– 

 D Fe3+ and NO3
– 
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21 A gas, R, has the following properties: 
 

 odourless and colourless 
 no effect on damp litmus papers 
 turns purple acidified potassium manganate(VII) colourless 

 
 What gas is R likely to be? 
 
 A carbon dioxide 
 B carbon monoxide 
 C hydrogen sulfide 
 D sulfur dioxide 
 
 
22 Which of the following is the most powerful reducing agent? 
 
 A bromine atom 
 B chlorine atom 
 C fluoride ion 
 D iodide ion 
 
 
23 Ammonium metavanadate, NH4VO3, can be used to make a solution containing VO2Cl. 
 
 What is the change in the oxidation number of vanadium in this reaction? 
 
 A −1    B 0    C +1    D +2 
 
 
24 Which equation shows hydrogen peroxide behaving as a reducing agent? 
 
 A 2Fe2+(aq)  +  H2O2(l) +  2H+(aq)  →  2Fe3+(aq)  +  2H2O(l) 
 B 2I−(aq)  +  H2O2(l) +  2H+(aq)  →  I2(aq)  +  2H2O(l) 
 C MnO2(s)  +  H2O2(l) +  2H+(aq)  →  Mn2+(aq)  +  2H2O(l)  +  O2(g) 
 D PbS(s)  +  4H2O2(l)   →  PbSO4(s)  +  4H2O(l) 
  
  
25 Which equation represents a redox reaction? 
 
 A NaH(s)  +  H2O(l)   →  NaOH(aq) +  H2(g) 
 B CaCO3(s)  →  CO2(g)  +  CaO(s) 
 C CuCl2(aq)  + K2S(aq)  →  CuS(s)  +   2KCl(aq) 
 D HCl(aq)  +  NH3(aq)  →  NH4Cl(aq)   
 
  
26 Which statements are true about all the noble gases? 
 
  1 The melting point increases down the group. 
  2 They all have eight electrons in their outer shell. 
  3 They are coloured gases. 
  4 They are insoluble in water. 
 
 A 1 and 2  B 1 and 4 
 C 2 and 3  D 3 and 4 
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27 Selenium is an element in Group VI. Which statement about selenium is correct? 
 
 A Selenium dioxide is a basic oxide. 
 B Selenium disulfide has the formula SeS2. 
 C Selenium forms the ion Se2+ in compounds. 
 D Selenium has a high melting point and boiling point.  
 
 
28 The equations and enthalpy changes for two reactions used in the manufacture of sulfuric acid 

are 
 

S(g)  +  O2(g)  →  SO2(g)       ∆H = −300 kJ 
2SO2(g)  +  O2(g)  →  2SO3(g)        ∆H = −200 kJ 

 
 What is the enthalpy change, in kJ, for the reaction below? 

 
2S(g)  +  3O2(g)  →  2SO3(g) 

 
 A −100  B −400 
 C −500  D −800 
 
 
29 An equation for a reaction in which hydrogen is formed is 
 

CH4  +  H2O →  3H2  +  CO     ∆H = +210 kJ 
 

 Which energy change occurs when 1 mol of hydrogen is formed in this reaction? 
 
 A 70 kJ of energy are absorbed from the surroundings. 
 B 70 kJ of energy are released to the surroundings. 
 C 210 kJ of energy are absorbed from the surroundings.  
 D 210 kJ of energy are released to the surroundings. 
 
 
30 Which equation has a negative value of enthalpy change? 
 
 A CO2(s)    CO2(g) 
 B Cl(g)  +  e−    Cl−(g)   
 C Cl2(g)    2Cl(g) 
 D NH4Cl(s)    NH4Cl(aq)   
 
 
31 When 50 cm3 of 1 mol/dm3 HCl is mixed with 50 cm3 of 1 mol/dm3 NaOH, the temperature of 

the resulting solution increases by 6 °C. What will be the temperature change when 100 cm3 

of each of these solutions are mixed? 
 
 A 3 °C  B 6 °C 
 C 12 °C  D 24 °C 
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32 Several experiments were carried out to measure the rate of decomposition of hydrogen 
peroxide, and the results were plotted in a graph. 

 

 
 The variables used in the experiments to give graphs X and Y are given below. 
  

 volume of 
H2O2 / cm3 

concentration of H2O2 
in mol/dm3 

temperature / ⁰C mass of MnO2 / g 

X 
Y 

50 
100 

0.5 
0.5 

25 
25 

0.1 
0.1 

 
 What could the variables be in the experiment to give graph Z? 
 
  1 50 cm3 of 0.5 mol/dm3 H2O2

 at 30 ⁰C with 0.1 g MnO2 
  2 50 cm3 of 1.0 mol/dm3 H2O2

 at 25 ⁰C with 0.1 g MnO2 
  3 50 cm3 of 0.5 mol/dm3 H2O2

 at 25 ⁰C with 0.5 g MnO2 

 
 A 1 only B 2 only 
 C 1 and 2 D 1 and 3 
 
  
33 The equations below show the reactivity of various metals. 
 

2Cr(NO3)3  +  3Zn   →  3Zn(NO3)2  +  2Cr 
Zn(NO3)2  +  Co   →  no reaction 
Co(NO3)2   +  Cr   →  no reaction 

 
 From the information, the order of increasing reactivity of the metals is 
   

 least reactive                                   most reactive 

A 
B 
C 
D 

Co 
Co 
Cr 
Zn 

Cr 
Zn 
Co 
Cr 

Zn 
Cr 
Zn 
Co 
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34 Group II nitrates undergo thermal decomposition according to the following equation.  
 

X(NO3)2 → XO + 2NO2 +  O2 
 
 Which Group II nitrate requires the highest temperature to bring about its thermal 

decomposition? 
 
 A barium nitrate 
 B calcium nitrate 
 C magnesium nitrate 
 D strontium nitrate 
  
 
35 In which experiment would the iron nail not rust? 

 

  
 
  
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

C 

D 

B 

tin 

copper iron nail 

iron nail 

iron nail 

iron nail 

iron rod 

iron rod 

sodium chloride 
solution 

sodium chloride 
solution 

sodium chloride 
solution 

sodium chloride 
solution 
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36 In which parts of a motor car do the reactions, shown in the equations, take place? 
 

  
 
 
 
 
 
 
 
 
37 During the electrolysis of an aqueous solution of a molybdenum salt, 21 g of molybdenum is 

deposited at the cathode by 2 moles of electrons. What is the formula of the molybdenum ion? 
(Ar of Mo = 42) 

 
 A Mo+ B Mo− C Mo2+ D Mo4+ 
 
 
38 The same quantity of electricity is passed through separate dilute solutions of sulfuric acid and 

copper(II) sulfate using platinum electrodes under the same conditions.  
 
 Which statement is correct?  
 
 A The amount of copper deposited at the cathode in the copper(II) sulfate solution is half 

the amount of hydrogen gas formed at the cathode in the sulfuric acid solution. 
 B The pH of both solutions increases  as the electrolysis proceeds. 
 C The same volume of hydrogen is obtained in both cases. 
 D The same volume of oxygen is obtained in both cases. 
 
 
39 A simple cell is made from magnesium and iron half-cells. Which statement is correct when 

the cell produces electricity? 
 
 A Electrons are lost from magnesium atoms.  
 B  Electrons flow from the iron half-cell to the magnesium half-cell.  
 C Negative ions migrate to the iron half-cell. 
 D The concentration of Fe2+ ions increases. 
 
  
40 Electrolysis is used to plate a metal statue with silver. The statue is an electrode in a suitable 

electrolyte. Which row is correct? 
 

  statue  electrolyte  
A anode AgCl(s) 
B anode AgNO3(aq) 
C cathode  AgCl(s) 
D cathode AgNO3(aq) 

 
 
 
 
 
 

 N2 + O2 → 2NO +  2CO  2CO+ 2NO → 2CO2 + N2 
A engine engine 
B engine exhaust 
C exhaust engine 
D exhaust exhaust 
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Section A 

 
Answer all questions in this section in the spaces provided. 

The total mark for this section is 50. 
 

A1 The table shows some physical properties of four substances.  
  

substance melting point / 
°C 

boiling point / 
°C 

electrical conductivity 

when solid when molten 

A 119 445 poor poor 

B 839 1484 good good 

C 1710 2230 poor poor 

D 501 950 poor good 

 (a) Match A to D to the following substances:  

lead, lead(II) chloride, silicon dioxide, sulfur 

  A:  ………………………………   B: ……………………………… 

  C: ………………………………   D: ………………………………       [4] 

 (b) Lead forms another chloride compound, lead(IV) chloride. The melting point and boiling 
point of this chloride is −15 °C and 50 °C respectively.  

  Draw the ‘dot-and-cross’ diagram to show the bonding in lead(IV) chloride. You need to 
draw the outer shell electrons only.  

 

 

 

 

 

 

 

      [1] 
 

 
[Total: 5] 
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A2 In the Haber Process, nitrogen and hydrogen react to make ammonia, NH3.  
 
  A chemist heats some nitrogen and hydrogen with a catalyst in a closed container. 
  She plots a graph to show how the amount of ammonia made changes with time. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 (a) State the time that the amount of ammonia made stops increasing. 
 
  …....…………………………………………………………………………………………………..[1] 
    
 (b) The amount of ammonia made stops increasing when the reaction reaches equilibrium.  At 

equilibrium, reaction is still going on. 
   Explain why the amount of ammonia made is not increasing even though the reaction is still 

going on. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 
  
  (c) Give two reasons to explain how the use of a catalyst reduces the cost of making ammonia. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 
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 (d) Ammonia is used to manufacture nitric acid by a two-stage process.  
 

Stage 1: 4NH3  +   5O2  →  4NO  +  6H2O 
Stage 2: 4NO  +  2H2O +  3O2  →  4HNO3 

 
  Use the two equations to construct an overall equation for the conversion of ammonia to nitric 

acid. 
 
  …....…………………………………………………………………………………………………..[1] 
 

[Total: 6] 
 
 
A3 Both natural gas and charcoal are commonly used as fuels. Natural gas consists of mainly 

methane and is formed when layers of decomposing plant and animal matter are exposed to 
intense heat and pressure under the surface of the Earth over millions of years.  

 
 Charcoal consists of mainly carbon. It has been produced for many centuries by heating wood in 

the absence of oxygen. 
 
 (a) The values of some average bond enthalpies are shown in the table below.  

    
bond bond energy (kJ/mol) 
C – C 348 
C O 799 
O O 495 
O – O 142 
O – H 463 

 
   Given the standard enthalpy change of combustion of methane is −889 kJ/mol, calculate the 

bond energy of a C – H bond. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

               [3] 
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 (b) The enthalpy changes of combustion of charcoal (carbon) and methane are in the table below. 
   

substance enthalpy changes of combustion kJ/mol 
charcoal (carbon) −394 

methane −889 
 
 
  Two students were discussing the use of charcoal and methane as fuels. 
 
   Student 1: ‘Methane produces more heat per gram when burned so it is a better fuel.’ 
   Student 2: ‘The use of charcoal contributes less to the overall increase of carbon dioxide 

levels in the atmosphere.’ 
  
  (i) Show that student 1 is correct in stating that methane produces more heat per gram. 
 
 
 
 
 
 
 

[1] 
 
  (ii) With the help of chemical equations, show if charcoal produces less carbon dioxide 

compared to methane. 
 
 
 
 
   …………………………………………………………………………………………………….. 
    
   ………………………………………………………………………………………………..…[2] 
 
  (iii) Hence, explain how student 2 comes to his conclusion.  
 
   …………………………………………………………………………………………………….. 
    
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
        

  …………………………………………………………………………………………………..[2] 
 

  [Total: 8] 
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A4 Cerium is a lanthanoid metal that shows similar chemical reactions to some elements in the third 

period. Most of cerium’s compounds contain Ce3+ or Ce4+ ions.  
 
 (a) Cerium reacts slowly with cold water and quickly with hot water forming cerium(III) hydroxide 

and hydrogen gas.  
  Place the order of reactivity of cerium among the Period 3 metals, starting with the most 

reactive metal. 
 
  ………………………………………………………………………………………………………..[1] 
 
 (b) Cerium tarnishes slowly in air forming cerium(IV) oxide.  
  
  (i)  State the formula of cerium(IV) oxide. 
         

  …………………………………………………………………………………………………..[1] 
 
  (ii) Cerium(IV) oxide reacts with aqueous sodium hydroxide to form a salt called sodium 

cerate, Na2CeO3. 
 
   State what type of oxide cerium(IV) oxide is. 
 
   …………………………………………………………………………………………………..[1] 
 
  (iii) Cerium(IV) oxide is a ceramic. Suggest two physical properties of cerium(IV) oxide. 
 
   1……………………………………………………………………………………………………

    
   2…………………………………………………………………………………………………[2] 
 
 
 (c) Suggest if cerium compounds are suitable to be used as catalysts. Explain your reasoning. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[1] 
       

 
 (d) Cerium is a better electrical conductor than sodium. Explain why.  
  

………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[1] 
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 (e) The melting point of the Period 3 elements from Group II to Group IV is given in the table 
below.  

   
 magnesium aluminium silicon 
melting point/ °C 639 660 1410 

   
  Explain the trend of the melting points of the three elements in the table. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
    
  …………………………………………………………………………………………………………..

     
 ………………………………………………………………………………………………………….. 

 
  ………………………………………………………………………………………………………….. 
 
  …………………………………………………………………………………………………………..

     
 ……………………………………………………………………………………………………..…[3] 

      
   [Total: 10] 

  
 

A5 Coal has helped powered America for decades. The burning of coal results in the production of 
sulfur dioxide. 

 
  (a) Describe how this leads to environmental problems when released into the atmosphere. 
   
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
    
  …………………………………………………………………………………………………………..

     
 ………………………………………………………………………………………………………….. 

            
 ………………………………………………………………………………………………………..[2] 
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 (b) The following graph shows the amount of coal burnt and sulfur dioxide emissions in the
 USA between 1970 and 2008. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (i) Describe the trends shown in the graph. 
         

  …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………..[1] 
 
  (ii) Suggest and explain how a possible measure put in place leads to the trend in sulfur 

dioxide emissions. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………..[2] 
 

        [Total: 5] 
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A6 An experiment is carried out to investigate the rate of reaction of zinc with hydrochloric acid. 
Excess zinc powder, 3.00 g, is added to 50 cm3 of 1.0 mol/dm3 hydrochloric acid. The volume of 
gas produced is collected at regular intervals.  

 
 The experiment was repeated to study the factors affecting the rate of reaction. The diagram below 

shows the results of the experiments, with Graph I obtained from using 50 cm3 of 1.0 mol/dm3 
hydrochloric acid. 

 
 
  
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 (a) Identify the conditions used to obtain Graphs II and III. 
 
  Graph II: ………………………………………….                       
 
       Graph III: …………………………………………                                [1] 
 
 (b) Explain, in terms of collisions between the particles, how using zinc powder instead of a piece 

of zinc metal affects the rate of reaction. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 
 
 (c) Sketch on the diagram above, the graph that would be obtained if the experiment was 

repeated using 50 cm3 of 1.0 mol/dm3 ethanoic acid. Label your graph as IV.       [1] 
   
  Explain your reasoning.  
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 

I  II  

III  

Volume of gas /dm3 

time /min 

V 

2V 
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 (d) Briefly describe how you would carry out the experiment to obtain Graph III. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[3] 
 

[Total: 9] 
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A7 An experiment on electrolysis was carried out using the apparatus as shown below.  
 

 
 
 

 
 
 
 
 
 
 
 

 (a) Describe what was observed at electrodes X and Y. 
 
  Electrode X: …………………………………………………………………………………….….[1] 
 
  Electrode Y: ………………………………………………………………………………………..[1] 
 
 (b) What was the colour change in the electrolyte after electrolysis had been carried out for some 

time? Explain your reasoning. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 
 
 (c) Explain whether there would be any difference in the colour change of the electrolyte if the 

anode was replaced by copper electrode. 
 
  ………………………………………………………………………………………………………….. 
 
  …………………………………………………………………………………………………………..  
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 
 
 (d) Describe what colour change would be observed in the beaker containing aqueous potassium 

iodide after some time. 
 
  …....…………………………………………………………………………………………………..[1] 
  

[Total: 7] 
 
 

  

carbon 
electrode Y 

carbon 
electrode X 

concentrated 
copper(II) chloride  potassium 

iodide  
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Section B 
 

Answer all three questions in this section. 
 

The last question is in the form of an either/or and only one of the alternatives should be attempted. 
 

 
B8 Hard water and soft water 
 
 Hard water is water that has high mineral content, made up of largely calcium and magnesium 

ions in water. The metal ions make the water hard. The hardness of water causes a build-up of 
lime-scale in kettles, boilers and water pipes. This lime-scale on the heating element of kettles 
make it inefficient as the scale acts as an insulator. 

 
 Soft water contains low concentration of calcium and magnesium ions and therefore does not 

cause a build-up of lime-scale. However, drinking soft water will not provide the essential minerals 
for bone growth. 

 
 Types of water hardness 
 
 Temporary hardness in water is due to the presence of thermally unstable magnesium hydrogen 

carbonate or calcium hydrogen carbonate dissolved in the water. These minerals come from 
geological formations like limestone. 

 
 Permanent hardness in water is due to the presence of dissolved sulfates, hydrogen carbonates 

or chlorides of calcium and magnesium. 
   
 Methods of softening water 
 
 The temporary hardness in water can be removed by boiling.  
 
 On the other hand, permanent hard water cannot be softened by boiling. In order to soften water, 

the metal ions that cause hardness must be removed. One way to do this is to add sodium 
carbonate into the water to precipitate out   the calcium or magnesium ions. 

 
 The soap test 
 
 Hard water does not lather easily. 
 
 Soft water lathers readily, and therefore requires less soap for the same cleaning effort. 
 
 Tim investigates the hardness of different water samples. He uses distilled water and two other 

water samples labelled A and B. 
 
 He adds soap solution to 100 cm3 of each sample until a lasting lather is formed.  
 
 Tim next boils fresh 100 cm3 samples of distilled water, sample A and sample B. He repeats the 

test with soap solution on the boiled samples.  
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 The table below shows his results. 
  

sample volume of soap solution needed to give a lather using 
unboiled water in cm3 boiled water in cm3 

distilled water 1.0 1.0 
A 9.5 1.0 
B 13.0 7.0 

 
 (a) Tim concludes that sample A contains only temporary hardness, while sample B contains 

both temporary and permanent hardness. 
  Suggest how the data above supports his claim.  
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[3] 

 
 (b) Explain clearly how the data above shows that sample B contains equal amount of temporary 

and permanent hardness.  
 
   
 
 
 
   
 
 
 
  
    
 
         

       [3] 
     
 (c) Using an equation, explain how temporary hardness can be removed by boiling. Include state 

symbols in your equation. 
 

   Equation: ……………………………………………………………………………………………… 
   

 ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
   …....…………………………………………………………………………………………………..[3] 
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 (d) Suggest another method that can remove permanent and temporary hardness in water.  
 
   …....…………………………………………………………………………………………………..[1] 

 
  (e) Hardness of water can be a disadvantage as it causes a build-up of limescale in water pipes. 

However, there is an advantage of this limescale in water pipes. Suggest what this advantage 
is. 

 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
   …....…………………………………………………………………………………………………..[1] 

 
 (f) Explain why water treated with sodium carbonate to remove permanent hardness may not be 

suitable for crops that grow well in slightly acidic soils.  
   
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
   …....…………………………………………………………………………………………………..[1] 

 
[Total: 12] 

 
B9 The table below shows the percentage abundance and date of discovery for different metals in 

the Earth’s crust.  
  

metal percentage by mass in 
Earth’s crust 

date of discovery (b.p = years before 
present) 

aluminium 8.1 1825 
iron 5.0 about 4000 b.p 
calcium 3.6 1808 
potassium 2.6 1807 
magnesium 2.1 1775 
zinc 0.11 1500 
copper 0.01 about 5000 b.p 
silver 0.00003 about 5000 b.p 
gold less than 0.000001 at least 8000 b.p 

 
 (a) The price of three metals are given below.  
 
  Aluminium = US$ 0.00148 / g 
  Zinc = US$ 0.00192 / g 
  Gold = US$ 54.4 / g 
 
  Explain why gold is much more expensive than aluminium or zinc. 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………[1] 
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 (b) Use information from the table to explain whether the more abundant metals in the Earth’s 

crust were discovered first.  
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………[3] 
 
 (c) Suggest when sodium was discovered.  
 

  ………………………………………………………………………………………………………[1] 
 

 (d) Explain the relationship between the reactivity of the metals and their date of discovery.  
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………[2] 
 
 (e) Suggest why aluminium was discovered later than potassium or calcium.  

 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………[1] 
 

    [Total: 8] 
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Either 
B10 Magnesium is a valuable, light-weight metal, used as a structural material as well as in alloys, in 

batteries and in synthesis of other chemical products.  
 
 Magnesium forms the second most abundant cation in the sea, and it is cheaper to ‘mine’ 

magnesium from sea water than earth crust.  
 
 In the first stage of the extraction of magnesium, calcium carbonate is heated at high temperatures 

to produce quicklime or calcium oxide. When calcium oxide is treated with seawater, it forms 
calcium hydroxide, which is slightly soluble and ionises to give calcium and hydroxide ions.  

 The hydroxide ions formed would then cause the precipitation of magnesium ions from seawater.  
 
 (a) Write an ionic equation for the reaction of calcium oxide with seawater.  
 
  …....…………………………………………………………………………………………………..[2] 
 
 (b) Suggest why magnesium hydroxide is precipitated instead of calcium hydroxide.  

  
  …....…………………………………………………………………………………………………..[1] 
 
 (c) The precipitate is filtered and reacted with hydrochloric acid to form magnesium chloride 

solution.  
Mg(OH)2(s)  +  2HCl   H2O(l)  + MgCl2(aq) 

 
  Briefly describe how solid magnesium chloride can be obtained from the mixture.   
   
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
   …....…………………………………………………………………………………………………..[2] 

 
 (d) In the second stage of the extraction of magnesium, some sodium chloride and calcium 

chloride are added to the solid magnesium chloride and the mixture is melted in an electrolytic 
cell. The mixture of sodium chloride and calcium chloride lowers the melting point of 
magnesium chloride. 

 
   Suggest why zinc chloride cannot be added into the electrolytic cell to lower the melting point.  
 
  ………………………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………………………….. 
 
  …....…………………………………………………………………………………………………..[2] 
 
 (e) Write the half equations for the reactions happening at the anode and cathode. 
 
  Anode: ………………………………………………………………………………………………. 
 
  Cathode: …………………………………………………………………………………………….[2] 
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 (f) Chlorine gas, a by-product of this reaction is dissolved in water to produce hydrochloric acid.  
 

Cl2(g)  +  H2O(l)  HCl(aq)   + HOCl(aq) 
 
  A student claims that chlorine is only oxidised in this reaction. Explain if you agree with this 

claim. 
   
  ………………………………………………………………………………………………………….. 
 
   …....…………………………………………………………………………………………………..[1] 
 

[Total: 10] 
 
 
Or 
B10 Ethanedioic acid (oxalic acid) has the formula (COOH)2. It can be made in the laboratory by 

oxidising sugar with a powerful oxidising agent. 
 
 After purification, the oxalic acid is produced as white crystals of a hydrate, (COOH)2.xH2O. On 

heating this hydrate, water is lost, leaving anhydrous oxalic acid.  
 

(COOH)2.xH2O(s)  (COOH)2(s) + xH2O(g) 
 

  (a) In an experiment 5.67 g of the hydrate were heated to constant mass, giving 4.05 g of the 
anhydrous acid. Calculate the value of x in (COOH)2.xH2O. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                [3] 
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 (b) Another method of producing oxalic acid in the laboratory is to heat potassium methanoate, 
HCOOK. This produces potassium oxalate, which is then acidified to give the acid. 

 
2HCOOK  (COOK)2  + H2 

 
  Some students carried out this experiment using the apparatus below. They collected the 

 hydrogen gas produced over water. 
 

 
   
  A few students obtained a smaller volume of hydrogen than expected. Suggest two practical 

reasons why this may have occurred, apart from leaks. 
   
  1………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………..[1] 
 
  2………………………………………………………………………………………………………… 
 
  ………………………………………………………………………………………………………..[1] 
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 (c) Bob was asked to analyse a mixture of potassium methanoate and potassium oxalate. He 
weighed out 4.69 g of the mixture and carried out the separation technique below. 

 
  •  The mixture was completely dissolved in distilled water. 
  •  Calcium chloride solution was added to this solution to precipitate out calcium oxalate. 
  •  The mixture was then filtered and the precipitated calcium oxalate was washed and dried. 
 
  (i)  Suggest how Bob would know whether sufficient calcium chloride solution had been 
   added to react with all of the potassium oxalate present. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
 
   …………………………………………………………………………………………………….. 
        

  …………………………………………………………………………………………………..[2] 
 
 
  (ii) In his experiment, Bob obtained 2.49 g of pure and dry calcium oxalate.  
     

(COOK)2 + CaCl2                (COO)2Ca + 2KCl 
                     
    Calculate the percentage of potassium oxalate in the mixture. 
    [Mr :(COOK)2,166; (COO)2Ca, 128]  
    
 
 
 
 
 
 
 
 
 
 
 

  [3] 
  

[Total: 10] 
 
 
 

End of paper 
 

  



20 
 

  




	SA2 Beatty Secondary



