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1 Diagrams I, II and III show the particles of three substances at room temperature and 
pressure.

I         II III

Which of these substances are correctly represented by the corresponding diagram?

I II III

A ethanol hydrogen chloride dry ice

B helium mercury zinc

C methane sodium chloride copper

D water argon mercury

2 The set–up below shows how the relative rate of diffusion of gas X and Y can be 
determined. 

Which pair of substances could X and Y be if the water level at Z decreases?

X Y

A ethane argon

B carbon monoxide neon

C methane oxygen

D nitrogen carbon dioxide

Z
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3 The three main components of liquid air are nitrogen, oxygen and argon. Their
respective boiling points are:

Nitrogen: –196°C 
Oxygen:  –183°C
Argon: –186°C

Liquid air can be separated into its three main components by fractional distillation. 
The graph shows the temperature of a liquid air mixture as it is heated.

In section N of the graph, the mixture remaining consists of

A liquid nitrogen and argon only.

B liquid nitrogen only.

C liquid oxygen and argon only.

D liquid oxygen only.

Temperature / °C

Time / min

L

M N
O P

Q R
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4  The diagram shows the chromatogram obtained by analysis of a dye mixture. Three 
measurements are shown in the diagram below.  

 
What is the Rf value of the most soluble dye? 
 
A 0.20 

B 0.80  

C 1.25 

D 5.00 

 
 
5  The diagram shows a simple laboratory set-up used to prepare and collect a dry gas. 

 
 

Which pair of reagents would be most suitable to prepare the gas produced using 
this set-up?  

 

 solid A solution B 

A ammonium chloride sodium hydroxide 

B calcium carbonate aqueous ammonia 

C potassium hydroxide sulfuric acid 

D zinc hydrochloric acid 

10 cm 
8 cm 

6 cm 

2 cm 

solvent front 

starting line 

Solid A 
Solution B Anhydrous 

calcium chloride 

Gas syringe 
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6 The solubilities of three solids in water and tetrachloromethane are given in the table 
below.  

  

solid solubility in water solubility in 
tetrachloromethane 

sand not soluble not soluble 

sodium chloride good not soluble 

sulfur not soluble good 

 
Which of the experimental procedures would be suitable for obtaining pure sand from 
a mixture of sand, sodium chloride and sulfur? 

 
 A Add tetrachloromethane and stir, then filter to collect residue. 

 B Add tetrachloromethane and stir, then filter. Add the residue to water and stir, 

  then filter to collect residue. 

C Add water and stir, then filter. Evaporate the filtrate to dryness.  

D Add water and stir, then filter. Add tetrachloromethane to filtrate and stir, then 

 evaporate to dryness. 

 
 
7 Brass is an alloy of copper and zinc. Copper has a melting point of 1085°C and zinc 

419.5°C. Which of the following is a possible melting point of brass? 
 

A Above 419.5°C 

B Above 1085°C 

C Below 1085°C  

D Between 419.5°C and 1085°C 

 
 
8  An ion of formula X2– contains 18 electrons. If the relative atomic mass of X is 32, 
 what is present in the nucleus of the ion? 
 
 A 16 protons and 16 neutrons 
 B 16 protons and 18 electrons 
 C 18 protons and 14 neutrons 
 D 18 protons and 18 electrons 
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9 Which statement correctly describes the properties of the compound copper(II) 
 sulfide, CuS and mixture of copper and sulfur?  
 

 copper(II) sulfide mixture of copper and sulfur 

1 copper and sulfur react when 
heated to form copper(II) sulfide 

copper and sulfur mix together 
with no energy change 

2 the ratio of copper to sulfur is 
always 1 : 1 

the ratio of copper to sulfur can 
vary 

3 copper(II) sulfide has the same 
properties as copper and sulfur 

the mixtures do not have the same 
properties as copper and sulfur 

 
A 1 only 

B 1 and 2  

C 2 and 3 

D All the above 

 
 
10  Which compound contains both ionic and covalent bonds?  
 

A ammonia  

B beryllium chloride 

C ethyl ethanoate 

D potassium nitrate 

 
 
11 An investigation of the properties of the chlorides of Period 3 elements shows that the 

boiling points of sodium chloride and silicon tetrachloride are 1465°C and 57°C 
respectively. This difference in boiling points is a result of 

 
A covalent bonds being weaker than ionic bonds. 

B metallic character decreasing across the period. 

C silicon forming weaker bonds with chlorine as compared to sodium. 

D silicon tetrachloride having weak intermolecular forces of attraction. 
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12  Two comments about hydrogen chloride are made below. 
 
 Comment 1: Hydrogen chloride has strong covalent bonds in its simple molecular  
    structure. 
 Comment 2: Hydrogen chloride is soluble in water. 
  
 Which statement is correct? 
 

A Both comments are correct and comment 1 explains comment 2. 

B Both comments are correct but comment 1 does not explain comment 2. 

C Both comments are incorrect. 

D Comment 2 is correct but comment 1 is incorrect. 

 
 
13 The reaction of nitrogen dioxide with water is as shown.  
 

w NO2 + x H2O  y HNO3 + z HNO2 
 

Which of the following values will give a balanced equation for the reaction above? 
 
 w x y z 

A 1 1 1 1 

B 2 1 1 1 

C 2 2 1 1 

D 4 2 2 2 
 
 
14  Antimony is in the same group as nitrogen in the Periodic Table. What is the chemical 

formula of lithium antimonide? 
 

A Li3An 

B LiAnO3    

C Li3Sb 

D LiSbO3 

 
 
 
 
 
 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 

Preliminary Examination 4E Chemistry 2019 6092/1 

8 

15  Which statements about molecular mass is incorrect? 
 

A It is the mass obtained on an electronic balance by 1g of the molecules. 

B It is the ratio of the average mass of a molecule to the mass of a 12C atom. 

C It is the ratio of the mass of 1 mole of molecules to the mass of 1 mole of 12C 

atom. 

D It is the sum of the relative atomic masses of all the atoms within the 

molecules. 

 
 
16  Which substance contains the greatest number of atoms in 1g? 
 

A CO2  

B NO2 

C O2 

D SO2 

 
 
17  100 cm3 of ammonia burns in 50 cm3 of oxygen according to the following equation: 

 
4NH3 + 3O2  2N2 + 6H2O 

 
What volume of gas will be collected at the end of the reaction when cooled to room 
temperature? 

 
A 33.3 cm3 B 50.0 cm3 

C 66.7 cm3   D 166.7 cm3                

 
 
18 The fertilisers ammonium nitrate (NH4NO3, Mr = 80) is manufactured from ammonia 

(NH3, Mr = 17) by a two-stage process. 
 
 Stage 1: NH3 + 2O2  HNO3 + H2O 
 Stage 2: HNO3 + NH3  NH4NO3 
 

What is the maximum mass of fertilizer that can be made if only 17 tonnes of ammonia 
is available? 

 
A 34 tonnes B 40 tonnes 

C 80 tonnes D 97 tonnes 
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19  Magnesium oxide is produced by heating magnesium carbonate. 
 

MgCO3  MgO + CO2 
 
 When 84 g of magnesium carbonate is heated, 34 g of magnesium oxide is produced. 
 What is the percentage yield of magnesium oxide? 
 [Mr: MgCO3, 84; MgO, 40] 
 

A  100 

B  100 

C  100 

D 84  100 

 
 
20  35.0 cm3 of 0.500 mol/dm3 hydrochloric acid were added to 1.41 g of a sample of 

sodium carbonate containing some sodium chloride as impurity. The excess acid was 
neutralised by 15.0 cm3 of 0.400 mol/dm3 of sodium hydroxide solution.  

 
 What is the percentage purity of the sodium carbonate in the sample?  
 [Mr: HCl, 36.5; Na2CO3, 106; NaOH, 40] 
 

A 43.2% B 45.1% 

C 86.5% D 90.2% 

 

 

21 Which method(s) is/are suitable to test the strengths of acids and alkalis? 
  
 1  titration 
 2  measuring their electrical conductivity 
 3  using a pH meter 
 
 A 1 only  

 B 1 and 3 

C 2 and 3  

D All of the above 
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22  Arsine (AsH3) is a gas that behaves like ammonia. Which of the following particles are 
 found in the solution when Arsine dissolves in water? 

 
 A As+ and OH–  

 B AsH3, As+ and OH– 

C AsH4+ and OH–  

D AsH3, AsH4+ and OH– 

 

 

23 Different indicators change colour over different pH ranges and it is important to 
choose the correct indicator to obtain an accurate result in a titration. 

  

indicator pH range for the 
colour change 

colour 

lower pH higher pH 

indigo carmine 11.6 – 14.0 blue yellow 

methyl red 4.2 – 6.3 red yellow 

methyl violet 0.3 – 3.0 yellow violet 

phenolphthalein 8.2 – 10.0 colourless pink 
 

The graph below shows the change of pH when aqueous ammonia is added to a 
fixed volume of dilute hydrochloric acid in a titration. 
 

 
 
 
Which indicator would be the best choice to use in this titration? 

 
A indigo carmine B methyl red 

C methyl violet D phenolphthalein 
 
 

14 
 
 
 
 
 

7 
 
 
 
 
 

0 
Volume of aqueous ammonia added / cm3 
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24  Which substance has metallic bonding?  
 

substance 
electrical conductivity property of product formed from the 

reaction between substance and oxygen in solid state in molten state 

A X X reacts with alkali  

B X  no reaction with acid or alkali 

C   reacts with alkali 

D   reacts with both acid and alkali 

  
 

25   In a quantitative analysis, reagent M is gradually added to a salt solution N (that 
contains either 1 or 2 different anions), followed by the addition of a dilute acid. The 
graph below shows how the mass of precipitate formed changes with the reagents 
added. 

 

 
 
 Which of the following combinations would produce the graph above? 
 

 anions in N reagents (M and acid) added 

A CO32– AgNO3 and HNO3 

B CO32–, Cl– BaCl2 and HNO3 

C CO32–, SO42– AgNO3 and HCl 

D CO32–, SO42– BaCl2 and HCl 
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26  Solid Y contains a mixture of two salts. The scheme below shows some reactions of 
 solid Y. 
 
  
 
 
 
 
 
 
 Which of the following could be the two salts present in solid Y? 
 

A aluminium carbonate and ammonium chloride 

B calcium chloride and zinc carbonate 

C lead(II) carbonate and sodium iodide 

D zinc iodide and calcium carbonate 

 

 

27  The set-up below shows the reaction of substance X.  

 
  
 What is the possible identity of X?  
 

A X is a metal above hydrogen in the reactivity series. 

B X is a metal below hydrogen in the reactivity series.  

C X is an oxide of a metal that is above hydrogen in the reactivity series. 

D X is an oxide of a metal that is below hydrogen in the reactivity series.  

 

 

 

Solid Y 
+ HNO3 (aq) 

Colourless solution  
+ Colourless gas 

+ NH3 (aq) 
White precipitate, 
soluble in excess 

+ AgNO3 (aq) 

Yellow precipitate 

 X 
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28 The following observations were made when nickel and iron were placed separately 
 into solutions of metals S, T and U.  
  

 salt solution of S salt solution of T salt solution of U 

nickel displaced not displaced not displaced 

iron displaced displaced not displaced 
 
 What is the correct order in increasing reactivity of the five metals? 
 
 A S < Ni < Fe < T < U  
 B S < Ni < T < Fe < U  

C U < Fe < T < Ni < S  

D U < T < Fe < Ni < S 
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29  The diagram compares the amount of carbon in two steels, P and Q?  
 

 
  
 Which two diagrams correctly compare the strength and brittleness of P and Q? 

 

  
 

 

A 

B 

C 

D 
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30  An old railway carriage is being restored by having metal strips secured to the outside 
of the wooden carriage by means of screws.  

 

 
 
 After a few weeks of being exposed to wind and rain, the screws are heavily corroded 

but the metal strips are not. 
 
 Which two metals would give this result? 
 

 screw strip 

A copper steel 

B copper zinc 

C steel copper 

D steel magnesium 
 
 
31  Which set–up would produce the greatest reading on the voltmeter?  
 

 

 

A B 

C D 
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32 For which process is the enthalpy change always positive?  
  

A combustion  

B dissolving of acids in water 

C evaporation 

D respiration 

 
 
33  Which of the following reactions takes place in a hydrogen fuel cell? 
 

A Hydrogen ions are oxidised at the anode.  

B Hydrogen ions are reduced at the cathode. 

C Hydrogen loses electrons to form H+ ions at the anode. 

D Oxygen gains electrons to form O2– at the cathode. 

 
 
34   The bar chart shows the variation of a specific property of elements in Period 2 from 
 lithium to neon. Which property of these elements is shown in the chart?  
 

 
 

A The atomic radius.  

B The melting point. 

C The number of electrons used in bonding. 

D The number of shells holding electrons. 

 
 
 
 
 
 
 
 
 

Li   Be    B     C     N     O    F     Ne 

property 
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35  Manganese(IV) oxide catalyses the decomposition of aqueous hydrogen peroxide into 
water and oxygen.  

  
 In order to follow the rates of this reaction for two different solutions of hydrogen 

peroxide, the total volumes of oxygen evolved were recorded at regular time intervals 
and the results were plotted. In each experiment, the same mass of catalysts were 
used and the temperature kept constant. 

 

 
 
 If curve I corresponds to 20.0 cm3 of 4.0 mol/dm3 of solution, curve II would correspond 

to   
 

A 5.0 cm3 of 8.0 mol/dm3 solution. 

B 10.0 cm3 of 4.0 mol/dm3 solution. 

C 20.0 cm3 of 2.0 mol/dm3 solution. 

D 20.0 cm3 of 8.0 mol/dm3 solution. 

 
 
36  Which statement about the fractional distillation of crude oil is correct?  
 

A At each level of the fractionating column, only one compound is collected.  

B The higher up the fractionating column, the higher the temperature. 

C The fraction at the top of the column are the least flammable. 

D The fraction collected at the bottom of the column have the highest viscosity. 

 
 
 
 
 
 
 
 

Total volume of 
oxygen / cm3 

Time / s 

I 

II 
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37  Five structural formulae are shown below. 

  
 
 How many of the structures represent isomers of one another? 
 

A 2 B 3 

C 4 D 5 
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38  A student investigated the reaction of different vegetable oils and margarines with 
hydrogen. 

 
100 cm3 of hydrogen was passed through 1g samples containing a catalyst. The 
volume of hydrogen gas remaining in each reaction was recorded in the table below.  

  

sample volume of hydrogen remaining (cm3) 

P 0 

Q 87 

R 100 

 
 Which sample(s) is/are margarine?  
 

 A P only  

 B P, Q and R 

C P and Q  

D R only 

 
 
39     In which reaction is water not a product? 
 

 A combustion of fossil fuels  

 B esterification between ethanoic acid and ethanol 

C fermentation of glucose 

D neutralization between dilute hydrochloric acid and aqueous ammonia 
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40  Which of the following monomer(s) would undergo polymerisation on their own? 
  

  
A I, II and III 

B I, II and IV  

C II and III 

D All of the above 
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1  Diagrams I, II and III show the particles of three substances at room temperature and 
 pressure.  
 

 
      I            II     III 
  
 Which of these substances are correctly represented by the corresponding diagram?   
 

 I II III 

A ethanol hydrogen chloride dry ice 

B helium mercury zinc 

C methane sodium chloride copper 

D water argon mercury 
 
 
2  The set–up below shows how the relative rate of diffusion of gas X and Y can be 

determined.  

 
  
 Which pair of substances could X and Y be if the water level at Z decreases?  
 

 X Y 

A ethane argon 

B carbon monoxide neon 

C methane oxygen 

D nitrogen carbon dioxide 
 
 

   Z 
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3   The three main components of liquid air are nitrogen, oxygen and argon. Their 
respective boiling points are: 

 
 Nitrogen: –196°C  
 Oxygen:   –183°C 
 Argon:   –186°C 
  

Liquid air can be separated into its three main components by fractional distillation. 
The graph shows the temperature of a liquid air mixture as it is heated. 
 

 

 
 
 In section N of the graph, the mixture remaining consists of 
 

A liquid nitrogen and argon only.  

B liquid nitrogen only. 

C liquid oxygen and argon only. 

D liquid oxygen only. 

 

 

 

 

 

 

 

 

 

 

 

Temperature / °C 

Time / min 

L 

M N 
O P 

Q R 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 

Preliminary Examination 4E Chemistry 2019 6092/1 

4 

4  The diagram shows the chromatogram obtained by analysis of a dye mixture. Three 
measurements are shown in the diagram below.  

 
What is the Rf value of the most soluble dye? 
 
A 0.20 

B 0.80  

C 1.25 

D 5.00 

 
 
5  The diagram shows a simple laboratory set-up used to prepare and collect a dry gas. 

 
 

Which pair of reagents would be most suitable to prepare the gas produced using 
this set-up?  

 

 solid A solution B 

A ammonium chloride sodium hydroxide 

B calcium carbonate aqueous ammonia 

C potassium hydroxide sulfuric acid 

D zinc hydrochloric acid 

10 cm 
8 cm 

6 cm 

2 cm 

solvent front 

starting line 

Solid A 
Solution B Anhydrous 

calcium chloride 

Gas syringe 
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6 The solubilities of three solids in water and tetrachloromethane are given in the table 
below.  

  

solid solubility in water solubility in 
tetrachloromethane 

sand not soluble not soluble 

sodium chloride good not soluble 

sulfur not soluble good 

 
Which of the experimental procedures would be suitable for obtaining pure sand from 
a mixture of sand, sodium chloride and sulfur? 

 
 A Add tetrachloromethane and stir, then filter to collect residue. 

 B Add tetrachloromethane and stir, then filter. Add the residue to water and stir, 

  then filter to collect residue. 

C Add water and stir, then filter. Evaporate the filtrate to dryness.  

D Add water and stir, then filter. Add tetrachloromethane to filtrate and stir, then 

 evaporate to dryness. 

 
 
7 Brass is an alloy of copper and zinc. Copper has a melting point of 1085°C and zinc 

419.5°C. Which of the following is a possible melting point of brass? 
 

A Above 419.5°C 

B Above 1085°C 

C Below 1085°C  

D Between 419.5°C and 1085°C 

 
 
8  An ion of formula X2– contains 18 electrons. If the relative atomic mass of X is 32, 
 what is present in the nucleus of the ion? 
 
 A 16 protons and 16 neutrons 
 B 16 protons and 18 electrons 
 C 18 protons and 14 neutrons 
 D 18 protons and 18 electrons 
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9 Which statement correctly describes the properties of the compound copper(II) 
 sulfide, CuS and mixture of copper and sulfur?  
 

 copper(II) sulfide mixture of copper and sulfur 

1 copper and sulfur react when 
heated to form copper(II) sulfide 

copper and sulfur mix together 
with no energy change 

2 the ratio of copper to sulfur is 
always 1 : 1 

the ratio of copper to sulfur can 
vary 

3 copper(II) sulfide has the same 
properties as copper and sulfur 

the mixtures do not have the same 
properties as copper and sulfur 

 
A 1 only 

B 1 and 2  

C 2 and 3 

D All the above 

 
 
10  Which compound contains both ionic and covalent bonds?  
 

A ammonia  

B beryllium chloride 

C ethyl ethanoate 

D potassium nitrate 

 
 
11 An investigation of the properties of the chlorides of Period 3 elements shows that the 

boiling points of sodium chloride and silicon tetrachloride are 1465°C and 57°C 
respectively. This difference in boiling points is a result of 

 
A covalent bonds being weaker than ionic bonds. 

B metallic character decreasing across the period. 

C silicon forming weaker bonds with chlorine as compared to sodium. 

D silicon tetrachloride having weak intermolecular forces of attraction. 
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12  Two comments about hydrogen chloride are made below. 
 
 Comment 1: Hydrogen chloride has strong covalent bonds in its simple molecular  
    structure. 
 Comment 2: Hydrogen chloride is soluble in water. 
  
 Which statement is correct? 
 

A Both comments are correct and comment 1 explains comment 2. 

B Both comments are correct but comment 1 does not explain comment 2. 

C Both comments are incorrect. 

D Comment 2 is correct but comment 1 is incorrect. 

 
 
13 The reaction of nitrogen dioxide with water is as shown.  
 

w NO2 + x H2O  y HNO3 + z HNO2 
 

Which of the following values will give a balanced equation for the reaction above? 
 
 w x y z 

A 1 1 1 1 

B 2 1 1 1 

C 2 2 1 1 

D 4 2 2 2 
 
 
14  Antimony is in the same group as nitrogen in the Periodic Table. What is the chemical 

formula of lithium antimonide? 
 

A Li3An 

B LiAnO3    

C Li3Sb 

D LiSbO3 
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15  Which statements about molecular mass is incorrect? 
 

A It is the mass obtained on an electronic balance by 1g of the molecules. 

B It is the ratio of the average mass of a molecule to the mass of a 12C atom. 

C It is the ratio of the mass of 1 mole of molecules to the mass of 1 mole of 12C 

atom. 

D It is the sum of the relative atomic masses of all the atoms within the 

molecules. 

 
 
16  Which substance contains the greatest number of atoms in 1g? 
 

A CO2  

B NO2 

C O2 

D SO2 

 
 
17  100 cm3 of ammonia burns in 50 cm3 of oxygen according to the following equation: 

 
4NH3 + 3O2  2N2 + 6H2O 

 
What volume of gas will be collected at the end of the reaction when cooled to room 
temperature? 

 
A 33.3 cm3 B 50.0 cm3 

C 66.7 cm3   D 166.7 cm3                

 
 
18 The fertilisers ammonium nitrate (NH4NO3, Mr = 80) is manufactured from ammonia 

(NH3, Mr = 17) by a two-stage process. 
 
 Stage 1: NH3 + 2O2  HNO3 + H2O 
 Stage 2: HNO3 + NH3  NH4NO3 
 

What is the maximum mass of fertilizer that can be made if only 17 tonnes of ammonia 
is available? 

 
A 34 tonnes B 40 tonnes 

C 80 tonnes D 97 tonnes 
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19  Magnesium oxide is produced by heating magnesium carbonate. 
 

MgCO3  MgO + CO2 
 
 When 84 g of magnesium carbonate is heated, 34 g of magnesium oxide is produced. 
 What is the percentage yield of magnesium oxide? 
 [Mr: MgCO3, 84; MgO, 40] 
 

A  100 

B  100 

C  100 

D 84  100 

 
 
20  35.0 cm3 of 0.500 mol/dm3 hydrochloric acid were added to 1.41 g of a sample of 

sodium carbonate containing some sodium chloride as impurity. The excess acid was 
neutralised by 15.0 cm3 of 0.400 mol/dm3 of sodium hydroxide solution.  

 
 What is the percentage purity of the sodium carbonate in the sample?  
 [Mr: HCl, 36.5; Na2CO3, 106; NaOH, 40] 
 

A 43.2% B 45.1% 

C 86.5% D 90.2% 

 

 

21 Which method(s) is/are suitable to test the strengths of acids and alkalis? 
  
 1  titration 
 2  measuring their electrical conductivity 
 3  using a pH meter 
 
 A 1 only  

 B 1 and 3 

C 2 and 3  

D All of the above 

 

 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Rum
Stamp



 

Preliminary Examination 4E Chemistry 2019 6092/1 

11 

24  Which substance has metallic bonding?  
 

substance 
electrical conductivity property of product formed from the 

reaction between substance and oxygen in solid state in molten state 

A X X reacts with alkali  

B X  no reaction with acid or alkali 

C   reacts with alkali 

D   reacts with both acid and alkali 

  
 

25   In a quantitative analysis, reagent M is gradually added to a salt solution N (that 
contains either 1 or 2 different anions), followed by the addition of a dilute acid. The 
graph below shows how the mass of precipitate formed changes with the reagents 
added. 

 

 
 
 Which of the following combinations would produce the graph above? 
 

 anions in N reagents (M and acid) added 

A CO32– AgNO3 and HNO3 

B CO32–, Cl– BaCl2 and HNO3 

C CO32–, SO42– AgNO3 and HCl 

D CO32–, SO42– BaCl2 and HCl 
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26  Solid Y contains a mixture of two salts. The scheme below shows some reactions of 
 solid Y. 
 
  
 
 
 
 
 
 
 Which of the following could be the two salts present in solid Y? 
 

A aluminium carbonate and ammonium chloride 

B calcium chloride and zinc carbonate 

C lead(II) carbonate and sodium iodide 

D zinc iodide and calcium carbonate 

 

 

27  The set-up below shows the reaction of substance X.  

 
  
 What is the possible identity of X?  
 

A X is a metal above hydrogen in the reactivity series. 

B X is a metal below hydrogen in the reactivity series.  

C X is an oxide of a metal that is above hydrogen in the reactivity series. 

D X is an oxide of a metal that is below hydrogen in the reactivity series.  

 

 

 

Solid Y 
+ HNO3 (aq) 

Colourless solution  
+ Colourless gas 

+ NH3 (aq) 
White precipitate, 
soluble in excess 

+ AgNO3 (aq) 

Yellow precipitate 

 X 
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28 The following observations were made when nickel and iron were placed separately 
 into solutions of metals S, T and U.  
  

 salt solution of S salt solution of T salt solution of U 

nickel displaced not displaced not displaced 

iron displaced displaced not displaced 
 
 What is the correct order in increasing reactivity of the five metals? 
 
 A S < Ni < Fe < T < U  
 B S < Ni < T < Fe < U  

C U < Fe < T < Ni < S  

D U < T < Fe < Ni < S 
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29  The diagram compares the amount of carbon in two steels, P and Q?  
 

 
  
 Which two diagrams correctly compare the strength and brittleness of P and Q? 

 

  
 

 

A 

B 

C 

D 
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30  An old railway carriage is being restored by having metal strips secured to the outside 
of the wooden carriage by means of screws.  

 

 
 
 After a few weeks of being exposed to wind and rain, the screws are heavily corroded 

but the metal strips are not. 
 
 Which two metals would give this result? 
 

 screw strip 

A copper steel 

B copper zinc 

C steel copper 

D steel magnesium 
 
 
31  Which set–up would produce the greatest reading on the voltmeter?  
 

 

 

A B 

C D 
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32 For which process is the enthalpy change always positive?  
  

A combustion  

B dissolving of acids in water 

C evaporation 

D respiration 

 
 
33  Which of the following reactions takes place in a hydrogen fuel cell? 
 

A Hydrogen ions are oxidised at the anode.  

B Hydrogen ions are reduced at the cathode. 

C Hydrogen loses electrons to form H+ ions at the anode. 

D Oxygen gains electrons to form O2– at the cathode. 

 
 
34   The bar chart shows the variation of a specific property of elements in Period 2 from 
 lithium to neon. Which property of these elements is shown in the chart?  
 

 
 

A The atomic radius.  

B The melting point. 

C The number of electrons used in bonding. 

D The number of shells holding electrons. 

 
 
 
 
 
 
 
 
 

Li   Be    B     C     N     O    F     Ne 
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35  Manganese(IV) oxide catalyses the decomposition of aqueous hydrogen peroxide into 
water and oxygen.  

  
 In order to follow the rates of this reaction for two different solutions of hydrogen 

peroxide, the total volumes of oxygen evolved were recorded at regular time intervals 
and the results were plotted. In each experiment, the same mass of catalysts were 
used and the temperature kept constant. 

 

 
 
 If curve I corresponds to 20.0 cm3 of 4.0 mol/dm3 of solution, curve II would correspond 

to   
 

A 5.0 cm3 of 8.0 mol/dm3 solution. 

B 10.0 cm3 of 4.0 mol/dm3 solution. 

C 20.0 cm3 of 2.0 mol/dm3 solution. 

D 20.0 cm3 of 8.0 mol/dm3 solution. 

 
 
36  Which statement about the fractional distillation of crude oil is correct?  
 

A At each level of the fractionating column, only one compound is collected.  

B The higher up the fractionating column, the higher the temperature. 

C The fraction at the top of the column are the least flammable. 

D The fraction collected at the bottom of the column have the highest viscosity. 

 
 
 
 
 
 
 
 

Total volume of 
oxygen / cm3 

Time / s 

I 

II 
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37  Five structural formulae are shown below. 

  
 
 How many of the structures represent isomers of one another? 
 

A 2 B 3 

C 4 D 5 
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38  A student investigated the reaction of different vegetable oils and margarines with 
hydrogen. 

 
100 cm3 of hydrogen was passed through 1g samples containing a catalyst. The 
volume of hydrogen gas remaining in each reaction was recorded in the table below.  

  

sample volume of hydrogen remaining (cm3) 

P 0 

Q 87 

R 100 

 
 Which sample(s) is/are margarine?  
 

 A P only  

 B P, Q and R 

C P and Q  

D R only 

 
 
39     In which reaction is water not a product? 
 

 A combustion of fossil fuels  

 B esterification between ethanoic acid and ethanol 

C fermentation of glucose 

D neutralization between dilute hydrochloric acid and aqueous ammonia 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 

Preliminary Examination 4E Chemistry 2019 6092/1 

20 

40  Which of the following monomer(s) would undergo polymerisation on their own? 
  

  
A I, II and III 

B I, II and IV  

C II and III 

D All of the above 
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1  Diagrams I, II and III show the particles of three substances at room temperature and 
 pressure.  
 

 
      I            II     III 
  
 Which of these substances are correctly represented by the corresponding diagram?   
 

 I II III 

A ethanol hydrogen chloride dry ice 

B helium mercury zinc 

C methane sodium chloride copper 

D water argon mercury 
 
 
2  The set–up below shows how the relative rate of diffusion of gas X and Y can be 

determined.  

 
  
 Which pair of substances could X and Y be if the water level at Z decreases?  
 

 X Y 

A ethane argon 

B carbon monoxide neon 

C methane oxygen 

D nitrogen carbon dioxide 
 
 

   Z 
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3   The three main components of liquid air are nitrogen, oxygen and argon. Their 
respective boiling points are: 

 
 Nitrogen: –196°C  
 Oxygen:   –183°C 
 Argon:   –186°C 
  

Liquid air can be separated into its three main components by fractional distillation. 
The graph shows the temperature of a liquid air mixture as it is heated. 
 

 

 
 
 In section N of the graph, the mixture remaining consists of 
 

A liquid nitrogen and argon only.  

B liquid nitrogen only. 

C liquid oxygen and argon only. 

D liquid oxygen only. 

 

 

 

 

 

 

 

 

 

 

 

Temperature / °C 

Time / min 

L 

M N 
O P 

Q R 
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4  The diagram shows the chromatogram obtained by analysis of a dye mixture. Three 
measurements are shown in the diagram below.  

 
What is the Rf value of the most soluble dye? 
 
A 0.20 

B 0.80  

C 1.25 

D 5.00 

 
 
5  The diagram shows a simple laboratory set-up used to prepare and collect a dry gas. 

 
 

Which pair of reagents would be most suitable to prepare the gas produced using 
this set-up?  

 

 solid A solution B 

A ammonium chloride sodium hydroxide 

B calcium carbonate aqueous ammonia 

C potassium hydroxide sulfuric acid 

D zinc hydrochloric acid 

10 cm 
8 cm 

6 cm 

2 cm 

solvent front 

starting line 

Solid A 
Solution B Anhydrous 

calcium chloride 

Gas syringe 
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6 The solubilities of three solids in water and tetrachloromethane are given in the table 
below.  

  

solid solubility in water solubility in 
tetrachloromethane 

sand not soluble not soluble 

sodium chloride good not soluble 

sulfur not soluble good 

 
Which of the experimental procedures would be suitable for obtaining pure sand from 
a mixture of sand, sodium chloride and sulfur? 

 
 A Add tetrachloromethane and stir, then filter to collect residue. 

 B Add tetrachloromethane and stir, then filter. Add the residue to water and stir, 

  then filter to collect residue. 

C Add water and stir, then filter. Evaporate the filtrate to dryness.  

D Add water and stir, then filter. Add tetrachloromethane to filtrate and stir, then 

 evaporate to dryness. 

 
 
7 Brass is an alloy of copper and zinc. Copper has a melting point of 1085°C and zinc 

419.5°C. Which of the following is a possible melting point of brass? 
 

A Above 419.5°C 

B Above 1085°C 

C Below 1085°C  

D Between 419.5°C and 1085°C 

 
 
8  An ion of formula X2– contains 18 electrons. If the relative atomic mass of X is 32, 
 what is present in the nucleus of the ion? 
 
 A 16 protons and 16 neutrons 
 B 16 protons and 18 electrons 
 C 18 protons and 14 neutrons 
 D 18 protons and 18 electrons 
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9 Which statement correctly describes the properties of the compound copper(II) 
 sulfide, CuS and mixture of copper and sulfur?  
 

 copper(II) sulfide mixture of copper and sulfur 

1 copper and sulfur react when 
heated to form copper(II) sulfide 

copper and sulfur mix together 
with no energy change 

2 the ratio of copper to sulfur is 
always 1 : 1 

the ratio of copper to sulfur can 
vary 

3 copper(II) sulfide has the same 
properties as copper and sulfur 

the mixtures do not have the same 
properties as copper and sulfur 

 
A 1 only 

B 1 and 2  

C 2 and 3 

D All the above 

 
 
10  Which compound contains both ionic and covalent bonds?  
 

A ammonia  

B beryllium chloride 

C ethyl ethanoate 

D potassium nitrate 

 
 
11 An investigation of the properties of the chlorides of Period 3 elements shows that the 

boiling points of sodium chloride and silicon tetrachloride are 1465°C and 57°C 
respectively. This difference in boiling points is a result of 

 
A covalent bonds being weaker than ionic bonds. 

B metallic character decreasing across the period. 

C silicon forming weaker bonds with chlorine as compared to sodium. 

D silicon tetrachloride having weak intermolecular forces of attraction. 
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12  Two comments about hydrogen chloride are made below. 
 
 Comment 1: Hydrogen chloride has strong covalent bonds in its simple molecular  
    structure. 
 Comment 2: Hydrogen chloride is soluble in water. 
  
 Which statement is correct? 
 

A Both comments are correct and comment 1 explains comment 2. 

B Both comments are correct but comment 1 does not explain comment 2. 

C Both comments are incorrect. 

D Comment 2 is correct but comment 1 is incorrect. 

 
 
13 The reaction of nitrogen dioxide with water is as shown.  
 

w NO2 + x H2O  y HNO3 + z HNO2 
 

Which of the following values will give a balanced equation for the reaction above? 
 
 w x y z 

A 1 1 1 1 

B 2 1 1 1 

C 2 2 1 1 

D 4 2 2 2 
 
 
14  Antimony is in the same group as nitrogen in the Periodic Table. What is the chemical 

formula of lithium antimonide? 
 

A Li3An 

B LiAnO3    

C Li3Sb 

D LiSbO3 
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15  Which statements about molecular mass is incorrect? 
 

A It is the mass obtained on an electronic balance by 1g of the molecules. 

B It is the ratio of the average mass of a molecule to the mass of a 12C atom. 

C It is the ratio of the mass of 1 mole of molecules to the mass of 1 mole of 12C 

atom. 

D It is the sum of the relative atomic masses of all the atoms within the 

molecules. 

 
 
16  Which substance contains the greatest number of atoms in 1g? 
 

A CO2  

B NO2 

C O2 

D SO2 

 
 
17  100 cm3 of ammonia burns in 50 cm3 of oxygen according to the following equation: 

 
4NH3 + 3O2  2N2 + 6H2O 

 
What volume of gas will be collected at the end of the reaction when cooled to room 
temperature? 

 
A 33.3 cm3 B 50.0 cm3 

C 66.7 cm3   D 166.7 cm3                

 
 
18 The fertilisers ammonium nitrate (NH4NO3, Mr = 80) is manufactured from ammonia 

(NH3, Mr = 17) by a two-stage process. 
 
 Stage 1: NH3 + 2O2  HNO3 + H2O 
 Stage 2: HNO3 + NH3  NH4NO3 
 

What is the maximum mass of fertilizer that can be made if only 17 tonnes of ammonia 
is available? 

 
A 34 tonnes B 40 tonnes 

C 80 tonnes D 97 tonnes 
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19  Magnesium oxide is produced by heating magnesium carbonate. 
 

MgCO3  MgO + CO2 
 
 When 84 g of magnesium carbonate is heated, 34 g of magnesium oxide is produced. 
 What is the percentage yield of magnesium oxide? 
 [Mr: MgCO3, 84; MgO, 40] 
 

A  100 

B  100 

C  100 

D 84  100 

 
 
20  35.0 cm3 of 0.500 mol/dm3 hydrochloric acid were added to 1.41 g of a sample of 

sodium carbonate containing some sodium chloride as impurity. The excess acid was 
neutralised by 15.0 cm3 of 0.400 mol/dm3 of sodium hydroxide solution.  

 
 What is the percentage purity of the sodium carbonate in the sample?  
 [Mr: HCl, 36.5; Na2CO3, 106; NaOH, 40] 
 

A 43.2% B 45.1% 

C 86.5% D 90.2% 

 

 

21 Which method(s) is/are suitable to test the strengths of acids and alkalis? 
  
 1  titration 
 2  measuring their electrical conductivity 
 3  using a pH meter 
 
 A 1 only  

 B 1 and 3 

C 2 and 3  

D All of the above 
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22  Arsine (AsH3) is a gas that behaves like ammonia. Which of the following particles are 
 found in the solution when Arsine dissolves in water? 

 
 A As+ and OH–  

 B AsH3, As+ and OH– 

C AsH4+ and OH–  

D AsH3, AsH4+ and OH– 

 

 

23 Different indicators change colour over different pH ranges and it is important to 
choose the correct indicator to obtain an accurate result in a titration. 

  

indicator pH range for the 
colour change 

colour 

lower pH higher pH 

indigo carmine 11.6 – 14.0 blue yellow 

methyl red 4.2 – 6.3 red yellow 

methyl violet 0.3 – 3.0 yellow violet 

phenolphthalein 8.2 – 10.0 colourless pink 
 

The graph below shows the change of pH when aqueous ammonia is added to a 
fixed volume of dilute hydrochloric acid in a titration. 
 

 
 
 
Which indicator would be the best choice to use in this titration? 

 
A indigo carmine B methyl red 

C methyl violet D phenolphthalein 
 
 

14 
 
 
 
 
 

7 
 
 
 
 
 

0 
Volume of aqueous ammonia added / cm3 
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24  Which substance has metallic bonding?  
 

substance 
electrical conductivity property of product formed from the 

reaction between substance and oxygen in solid state in molten state 

A X X reacts with alkali  

B X  no reaction with acid or alkali 

C   reacts with alkali 

D   reacts with both acid and alkali 

  
 

25   In a quantitative analysis, reagent M is gradually added to a salt solution N (that 
contains either 1 or 2 different anions), followed by the addition of a dilute acid. The 
graph below shows how the mass of precipitate formed changes with the reagents 
added. 

 

 
 
 Which of the following combinations would produce the graph above? 
 

 anions in N reagents (M and acid) added 

A CO32– AgNO3 and HNO3 

B CO32–, Cl– BaCl2 and HNO3 

C CO32–, SO42– AgNO3 and HCl 

D CO32–, SO42– BaCl2 and HCl 
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26  Solid Y contains a mixture of two salts. The scheme below shows some reactions of 
 solid Y. 
 
  
 
 
 
 
 
 
 Which of the following could be the two salts present in solid Y? 
 

A aluminium carbonate and ammonium chloride 

B calcium chloride and zinc carbonate 

C lead(II) carbonate and sodium iodide 

D zinc iodide and calcium carbonate 

 

 

27  The set-up below shows the reaction of substance X.  

 
  
 What is the possible identity of X?  
 

A X is a metal above hydrogen in the reactivity series. 

B X is a metal below hydrogen in the reactivity series.  

C X is an oxide of a metal that is above hydrogen in the reactivity series. 

D X is an oxide of a metal that is below hydrogen in the reactivity series.  

 

 

 

Solid Y 
+ HNO3 (aq) 

Colourless solution  
+ Colourless gas 

+ NH3 (aq) 
White precipitate, 
soluble in excess 

+ AgNO3 (aq) 

Yellow precipitate 

 X 
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28 The following observations were made when nickel and iron were placed separately 
 into solutions of metals S, T and U.  
  

 salt solution of S salt solution of T salt solution of U 

nickel displaced not displaced not displaced 

iron displaced displaced not displaced 
 
 What is the correct order in increasing reactivity of the five metals? 
 
 A S < Ni < Fe < T < U  
 B S < Ni < T < Fe < U  

C U < Fe < T < Ni < S  

D U < T < Fe < Ni < S 
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29  The diagram compares the amount of carbon in two steels, P and Q?  
 

 
  
 Which two diagrams correctly compare the strength and brittleness of P and Q? 

 

  
 

 

A 

B 

C 

D 
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30  An old railway carriage is being restored by having metal strips secured to the outside 
of the wooden carriage by means of screws.  

 

 
 
 After a few weeks of being exposed to wind and rain, the screws are heavily corroded 

but the metal strips are not. 
 
 Which two metals would give this result? 
 

 screw strip 

A copper steel 

B copper zinc 

C steel copper 

D steel magnesium 
 
 
31  Which set–up would produce the greatest reading on the voltmeter?  
 

 

 

A B 

C D 
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32 For which process is the enthalpy change always positive?  
  

A combustion  

B dissolving of acids in water 

C evaporation 

D respiration 

 
 
33  Which of the following reactions takes place in a hydrogen fuel cell? 
 

A Hydrogen ions are oxidised at the anode.  

B Hydrogen ions are reduced at the cathode. 

C Hydrogen loses electrons to form H+ ions at the anode. 

D Oxygen gains electrons to form O2– at the cathode. 

 
 
34   The bar chart shows the variation of a specific property of elements in Period 2 from 
 lithium to neon. Which property of these elements is shown in the chart?  
 

 
 

A The atomic radius.  

B The melting point. 

C The number of electrons used in bonding. 

D The number of shells holding electrons. 

 
 
 
 
 
 
 
 
 

Li   Be    B     C     N     O    F     Ne 
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35  Manganese(IV) oxide catalyses the decomposition of aqueous hydrogen peroxide into 
water and oxygen.  

  
 In order to follow the rates of this reaction for two different solutions of hydrogen 

peroxide, the total volumes of oxygen evolved were recorded at regular time intervals 
and the results were plotted. In each experiment, the same mass of catalysts were 
used and the temperature kept constant. 

 

 
 
 If curve I corresponds to 20.0 cm3 of 4.0 mol/dm3 of solution, curve II would correspond 

to   
 

A 5.0 cm3 of 8.0 mol/dm3 solution. 

B 10.0 cm3 of 4.0 mol/dm3 solution. 

C 20.0 cm3 of 2.0 mol/dm3 solution. 

D 20.0 cm3 of 8.0 mol/dm3 solution. 

 
 
36  Which statement about the fractional distillation of crude oil is correct?  
 

A At each level of the fractionating column, only one compound is collected.  

B The higher up the fractionating column, the higher the temperature. 

C The fraction at the top of the column are the least flammable. 

D The fraction collected at the bottom of the column have the highest viscosity. 

 
 
 
 
 
 
 
 

Total volume of 
oxygen / cm3 

Time / s 

I 

II 
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37  Five structural formulae are shown below. 

  
 
 How many of the structures represent isomers of one another? 
 

A 2 B 3 

C 4 D 5 
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38  A student investigated the reaction of different vegetable oils and margarines with 
hydrogen. 

 
100 cm3 of hydrogen was passed through 1g samples containing a catalyst. The 
volume of hydrogen gas remaining in each reaction was recorded in the table below.  

  

sample volume of hydrogen remaining (cm3) 

P 0 

Q 87 

R 100 

 
 Which sample(s) is/are margarine?  
 

 A P only  

 B P, Q and R 

C P and Q  

D R only 

 
 
39     In which reaction is water not a product? 
 

 A combustion of fossil fuels  

 B esterification between ethanoic acid and ethanol 

C fermentation of glucose 

D neutralization between dilute hydrochloric acid and aqueous ammonia 
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40  Which of the following monomer(s) would undergo polymerisation on their own? 
  

  
A I, II and III 

B I, II and IV  

C II and III 

D All of the above 
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Answer Scheme for 2019 Prelims Chemistry 6092/02 

Section A [50 marks]

A1 (a) Ar [1]

(b) Ar and Ca [1]

(c) At and C [1]

(d) Na [1]

(e) Br [1]

(f) C and Pt [1]

[Total: 6]

A2 (a)

mixture separation technique

iodine + sodium chloride sublimation [1]

water + calcium sulfate filtration [1]

ethanol + glucose solution fractional distillation [1]

(b) (i) Soluble in organic solvent but insoluble in water. Low density. [2]

(b) (ii) It was stable on heating / did not decompose when it undergoes

evaporation to dryness to remove the organic solvent. [1]

[Total: 6]

A3 (a) (i) 450 °C, 250 atm and Iron as catalyst. [2]

(b) (i) +92 kJ [1]

(b) (ii) No of mol of NH3 = 230 / 92 x 2

= 5 [1]

(c) The total energy taken in for breaking 1 mol of N N bond and 3 mol of H-H

bond is less than the total energy given out for forming 6 mol of N-H bond.

Therefore energy is released resulting in the reaction being exothermic. [3]

sepapapapapapapapapapapapaaaaaaaaaaaaaaaaaaararrrrararararararararararararararrararararararararaaaaaaaaaaaaaatitittitititittitittiitittititiiitititititiittiiitiiitiiiiiiiitiiiitititiitiiiiiiiitiiitiitiitiiiiittititititiititiiiioooooonooononononononononononooonoooononoooonoonnnonnnononnnnnnoonnnnnonnnnonnoonooooonnooonnoo tttttttttttttteeeechnnnniqiqiqiqueueueue

orideeee sususususuuuuuuuuuuuuuuusuuuuusuuuuuuuuuuuuuuuuuuuuuuuuuuuuuublblblbbbbbblblblblblbblblblblbbbbblblimatatatatioiooon [1111]]]]

calciumumummumumummummummumumummumumuuuuuuuuuuuuuuuuuuuuuuuu ssssssssssssssssssssssssssssssssssssssssulfatetetttetetetetetetetetettetttetettetettetettettteeeeeeeeeeeeeeee filtratitionon [1]]

ethannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnololololololololoolololoololololololooo + glglglglglglglglglglglglglglucucucucucucucucucucucucucucossssssssssssssssssssee eeeeeee sososososososososososososososososos lulllllllllllll titititittititititttititittititititittttttittitittiiiiiiiononononononononononnnnononnonononononononnonnonoooooooooooooooooooooo frff actiononononalalalal ddddistillat

(b) (i(i(i((i(i((i(((((((((( ))))))))))))))))) SoSoSSoSoSoSoSoSoSSoSSoSoSooSSSoSooSSoSoSSoSSSSSSoSSSSSoSSoSoSoolululululullululullululululululluluuluuuuuuuuuuuuuuuuuuuuublblblblblbblbbbbbbbblbbbblbbbbblbblbbbbbbbbbbbb e e innnnn ooooooorgrgrgrgrgrggrgrgrgrgrgrgrgrgrgrgrgggrgrgrggggggrgggrggrrrrrr anaaaaaaaaaaaaaaa icc ssssssssssssssssssssssssssssssssssssssololololololoooololololololooooololoololooololololoolllolololoooo veveveveveveveveveveveveveveeveeveeeveveeeeeeeeeeveeveeeevv ntnnnnnnnnnnnnnn  bututttttttttttttttttttttttt inssssololololubububublelelele iiiin wat

) (ii)))))))))))))))))) Ittttttttttttttttt was stablblblblllblllblblbllblbbbbbbb e e eeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeee ononoononononononononooooonoonoooooonoonoooooo hhhhhhhhhhhhhhhhhheaeaaaaaeaaaaeaaaeaeaaaaaaeaaaaaaeaaaaaatittttttttttttttttttttttt ng //// ddddidididid nnnnotooo dec

evvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvapapapapaapapaaaapaapapapaapaapapapaapaaapaaaaaaaaaaaaaaaaaapporororrrrorrrroroorrrorrorrorrooororororroorrrrrrrrratatatatatatatatatataatatatatatatatatatatatatttttatioioioioioioioioioioioioioioioiooioioioooioooioooiooioooioiiioioioonnnnnnnnnnnnnnnnnnnnnnnnnnnnnn totototototototototototototoototototoototottototoototttototootoo ddryyyynenenenessssssss ttttoooo remo
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(d) (i) As the no. of bonds between nitrogen atoms increases from single to triple
bond, the bond energy increases from 160 kJ/mol to 941 kJ/mol. This is 
due to a stronger attraction between the nitrogen atoms due to more 
electrons shared between them, require more energy to break the bonds.

[2]

(d) (ii) 941 kJ [1]

[Total: 10]

A4 (a) Set–up A: Anticlockwise [1]

Set–up B: Clockwise [1]

(b) (i) Zn2+ (aq) + 2e Zn (s) [1]

(b) (ii) The copper electrode in A will decrease in size whereas

the copper electrode in B will increase in size.

The blue aq. CuSO4 colour will intensify in A whereas 

the blue aq. CuSO4 colour will fade in B. [2]

(c)

salt formulae of starting 
reagents used method used

ZnSO4 (s)

Zn (s) / ZnO (s) / ZnCO3 (s)
…………………

HCl (aq)

Adding of excess solid to acid

Filtration
……………………………………...
Evaporation
……………………………………...
Crystallization
……………………………………...CuSO4 (s)

CuO (s) / CuCO3 (s)
…………………

HCl (aq)

[2]

[Total: 7]

ase in sizzzzeee e whwhwhwherererereaeaeaeasss

increase in ssssssssssizizizizizizzizzizizizizzizzzizzzizzzzzzzzzzzzzzzizizzzzzzizzzzzzzziizzze.e.e.e.

colour willllllllllllllllllllll innnnnnnnnnnnnnnteteteensnsnsnsnsnssnsnsnsnsnsnsnssnsnsnssnsnsnsnnssnsnsnssnsnsnsnssssnsnssnsssnsssnsnsnsnsnsnsnsnssnsnnsnsnnnnnnnnnsssssssssssnnsn ififiifififififififfifififififififififififififififififififiiififiiiiifiifiiifffiffiffffffiffffffififfififffififffffifffffffififiiiiiiiifiii y y y yyyyyyyyyyyyyyyyyyyyyyyy yyyyyyyyyyyyyyyyyyyyyyyyyyyy yyyyyyy yyyyyy y yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy inininininininininininininininiininininininininininininininininininininnninininn AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA wwwwwwwwwwwhwhwhwhwwwwwwwwwwwwwwwwwwwwwwwwwwwhwwwwwwhwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww eeeereaassss 

uSOOO4444444444444444444444444444 cocococcocccoccoccocococococcoccocococccoococococccococoococcooolololollololllllllllollolloloooourururuuuuruuuuuuuu wwwwwwwwwwwwill fadeddedededededededdedededededdeded  in BBBBBBBBBBB. [2]

saltttt fffffffffffffffffffffffffffffffffffororororoororororororororororoorororororoororooroororoooroooorrooorrororroorrmumumumumummumummumumumumumumummmmmumumumumummuumummuumuuuuuuuuuumulae e eeeeeeeee eee eeeeeeeeeeeeeeeeee ofofofofofofoofofofofofofofofofoofoooofofooofoofofoooffffffff ssssssssssssssssssssssssssssssstatatatatatatatatatatattattatatatattatatatatatatttatataaaaaaaaaaaaaaaaaaaaaartrrrrrrrrrrrrr ingggggggggggggggggggggggggggggg
rererererererererererererereereerererereagagagagagagagagagagagagagagagagagagagagagaagagagagaaagagaaagagaaaaaagggggeneneneeeeeeeeeeeeeeeeeeeneeeneeneeeeeeeeenee tstststststtststtsttsttttststttstststssssssssss usededdddddddddddddddddddddddddddddddd mmetethod

ZnSOSSSOSSSOSOSOSOOSOSOSOSOSOSSOOOSOOOOOOOOOO44444444444444 (s))

ZnZnZnZnZnZnZnZnZnZnZnZnZnZn ((((((((((((((((((((((((((((s)s)ss)ss)ss)s)ss)s)s)ssss)ssssssss)ss)s)sss)))s)ssssssss //// ZnOnOnOnOnOnOnOnOnOnOnOnOnOOnOnOOOnOOnOnOOnOOnOOnOOOOOOOOOnOnOnOOOOOOOO ((((((((((((((((((((s)s)s)s)s))s)s)s)s))s)s)s)s)s)s)s)s)s)s)sss)s))s))))s))) /////// ZnCnCCnCnCnCnCnCnCnCnCnnCCnCnnCnCnCnCCnCnCnnCnCCnCCnCCnCnnCnCnCnnnCnnn O3 (s(s(s(s))))
……………………………… ………………………………………………………………………………………………………………………………………………………………………………………………………………………………

HCHCHCHHCHCHCHCHCHCHCHCHCHCHCHCHHCHCHCHHCHCHCHCHHHHCHCHCHHCHCHHCHCHCHHHCCCCHCCCHCHCCHCCCHCllllllllllll (a(a(a(a(a(a(a(a(a(a(aa(a(a(a(a(a(a(a(aa(aaaaaaaaa(a(a((a(a(((a(a(aa(aa( q)q)q)q)q)q)q)q)q)q)q))q)q)q)q)q))q)q)q)q))q)))))q)qqqqqqqqq
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……Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



A5 (a)

[3]

(b) (i)

[1]

Empirical formula = CH2 [1]

(For top right, diagram is not ideal. Should ensure that bond is drawn from carbon to 
carbon atom.)

energy

progress of reaction

∆H = +ve

Ea

(Uncatalysed)

Ea

(Catalysed)
Poly(propene)

(C3H6)n

C7 – C10

hydrocarbons

[3]

mpipiiiiiiipiiiiiiiiiiririririririririririririririririrrrrrrrr ccal foooormrmrmrmulululula aaa = CH

iagrrama  is n

progreeeeeess of rerererereeererereerereerer acacacccacccaaaaaaaaa iiitittttitttttttttttitttttitittitttttttittttttttiiiititiititiiitttitionononononnnnonononononooonononnnonooonoonnnoooonononoooooononooonnnonoooononnnnnonnnnonnnnnnnnonnnononooonnnnonoooononoooogress offffffffffffffffffffff reeeeeeeeeeeeeeeeeeaccccccccccttttttiiititittititiitittitiiititittiiitititittttiiiittititittittitttttttttttt ooooonoonononnnnnnnnonoooooooooooonnnnooooononnnooooonnnnnnnonnoooonoonnnnooooonn

∆∆HH = 
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(b) (ii) 2CH2 + 3O2 → 2CO2 + 2H2O [1]

(b) (iii) No. of mol of poly(propene) = 1000 / (12+2)

= 71.42 [1]

Mole ratio of CO2 : Poly(propene) = 2 : 2

No. of mol of CO2 = 71.42

Vol of CO2 = 71.42 x 24

= 1714.28

= 1710 dm3 (to 3 s.f.) [1]

(c) Advantage: Poly(propene) is durable and does not rust unlike iron. [1]

Disadvantage: Poly(propene) is non-biodegradable and would contribute

to waste, pollution problems. [1]

[Total: 10]

A6 (a) (i) Propanedoic acid [1]

HOOCCH2COOH [1]

(a) (ii) HOOC(CH2)nCOOH [1]

(b) The m.p. of dicarboxylic acid decreases as the no. of carbon atoms

increases with the exception of butanedoic acid. [1]

(c) Disagree with the claim. It is unable to undergo condensation polymerization on
its own as it only has carboxyl functional group. [1]

(d) (i) The term weak acid means the acid undergoes only partial dissociation in
water to form H+ ions. [1]

The term dibasic acid means that every mole of acid produces 2 mole of
H+ ions when dissociated in water. [1]

(d) (ii)

[1]

K+ –
– K+

oes not rurust uunln ike

biodegraaaadadadadablblblble eee anananandddd would c

ution problemsmsmsmsmssmsmssmsmssmsmsssmsmsssssssssmssssmssssmsmssssssmssssssss....................

[Total: 

id [1]

H2COOH

HOOCCCCCCCCCCCCCCCCCCCCCCCCCCCC((CH22222222222222222222222222222222222222)nnnnnnnnnnnnnnnnnnnnnnnnnnnnnCOCOCOCOCOCOCOCOOCOCOCOCOCOCOCOCOCOOCOCOCCOCOCCOCOCCCOCCOCOOOCCOCCOCOOOCCOCOCCCCC OHOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

(b) Thee m.mmmmmmmmmmmmmmmmmmmmmmmmm p. ofoffofofofoffofffffofoooooo ddddddddddddddicaraaararaaaaaaaaaaaaaaaaaaaaaaaaaa bobobbobbbbobobobobbobobbobbbbobbbobobobobobob xxxyxyxxxxxyyylilililililililililllllilililililiiliiiiiiiiic c c cc cc ccccc cc ccccc cccccccc ccccccccc acaacacacacaaaaacacaaacaacaacacacacacaacaaaaaaaaacaaaaaaacaaccidid ddddddddddddddddddddddddddecececececeeceecececececececeececececececccececececeececececcecececececceeeceeeeeceeeccrereeeererereereeereeerr aaasasasaaaaaaaaaasaaasasaaaaaaaaaaaaaasaa eeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee aas the e e nononono.. off carb

inininnnnnnnnnnnnnnncrcrcrrrrrrcrrcrcrcrcrrcrcrcrcrccrcrrrcrcccrcccccccccc eaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeeaaaaaaaaaaaaaaaaaaaaaaaaaaaasesssssssssssssssssssssssssssssss s wiwiwiwiwiwiwiwiwiwiwiwiwiwiththhththhthhthhthhthhtttttt thehehehehehehehehehehehhhehehehehehhehehehehehhehehehhhehehehheheheeeheehheheeheehhhhehhh  excccccccepeppepepepepepepepepeppepeepepepepepepepepepepeppepeppppppppppptititititititititittittittittiiiitittt onononoononononononononononooonononnonnonnonnnnonononooooooo  of ffffffffffffffffffffffffffffffffffffffff bububbububububububububububuubububububuubbubububbbubbubububbubbbubbubbuuubbb tttattttt nenennnnennnnennnnnnnnnnnnnedodododoicicicic aaaacid

) Diiiiiiiiiiiiiiiiiisasasasaasaaasasaaasasasaaasasaasaaaasssss grgggggggggggggggg ee wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwitititititititititittitititith ththhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee clclclclclclclclclclclclclclaiaaaaaaaaaaaaaaaaaaaa m.m.m.mmmmm.m.m.m.mmm.m.m.m.m.m.m.mm.mmm.m.. IIIIIIIIIIIIIIIIt tttttttttttttttttttttttt iiiiis unanananablblblbleeee tottt und
its owoowowowowowowowowwwwoowowowwowwowwowowwwwwwwwowwwwwwowwoowwn n n nnnnnnnnnn nn nn asasaaaaaaaaaaaaasaaaaaaaaaaaaaaaaaaaaasaasaaaaaaasasaa iiiiiiiiiiiiiiiiiiiitt tttttttttttttttttttt ononononoonnononnnnoonnnnononooooooooooooooooo lylylylylylyylylyylylyylylylylyylylylylyllylylylllyyylyyyyyyyyyyy hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhasasasasasasaasasasasasasaasaasasaasasaaasaasaaasassaaasaaasaassaasaaaaaa  carrrrboboboboxyxyxyxyllll fufuff nctio
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(d) (iii) Tartaric acid contain 2 carboxyl group (per molecule) whereas butanoic acid
contains only 1 carboxyl group (per molecule).

Tartaric acid contains 2 types of functional groups (per molecule), hydroxyl 
and carboxyl whereas butanoic acid contains only 1 type of function group 
(per molecule), carboxyl.

Tartaric acid contains a hydroxyl functional group (per molecule), whereas 
butanoic acid does not.

Tartaric acid contains 4 functional groups (per molecule), whereas butanoic 
acid contains only 1 functional group.

Any 2. [2]

(d) (iv)

[2]

[Total: 11]

Section B [40 marks]

B7 (a) Experiment 4. [1]

Comparing Expt 3 and 4, with the same concentration of ClO2 and OH-, the 
initial rate of reaction was higher for expt 4, 0.02014 mol/dm3 s as compared to 
expt 3, 0.01104 mol/dm3 s. Therefore expt 4 would have taken place at a higher 
temperature resulting in a higher initial rate of reaction. [1]

(b) (i) The rate of the reaction increases by 4 times (22) when the concentration

of ClO2 doubles. From experiment 1 and 3, the rate of reaction increases 
from 0.00276 mol/dm3 s to 0.01104 mol/dm3 s when the concentration 
increases from 0.02 mol/dm3 to 0.04 mol/dm3. (OR expt 2 and 4 with 
evidence) [2]

(b) (ii) Second order reaction. [1]

(c) 0.00023 mol/dm3 s [1]

e), w

[

tionnnnnnnnnnnnnnnnnn BBBBBBB BBBBBBBBBB [4[4[4[4[4[4[444[4[4[44[44[4[4[444[4[4[4444444[4[4[4444[4[4[[[[ 0 00000000000000000000000000000 markkkkkkkkkkkkkks]s]s]s]]]]s]s]s]]]s]]ssssss

) Exxxxxxxxxxxxxxxxxxpepepeeepeeepepepepeeeepepeepeeepeeepepepepeppeerimememememememeeemememeeemeeeeeeeeeeeeeeeeeeentntntntntntntntntntntntntntntntnttntntnnntnnnnnnnnt 444444444444444444444444444444444444444444.

Compmpmpmpmpmpmpmpmmpmpmpmpmpmpmpmpmppppppppppppppppppararararaaaarararaaaraaaaraaaaaaaaaaaaaaararaarrrrrrininnnnnnnininnnnnininninininnininininininninninnnnnnng g gggg g gggg ExExExExExExExExxExExxExExExExExExExxExxxxExxxxExxExxExxxExxExEEExEExExptpptptptpttpttptptptptpttptptptptptptptttttptttptptptttttpt 33333333333333333333333333333333333333333333 aaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndndndndndndndnddnddndndndndndnddndndnddndndndndndnndnnnddnndnndndnnnn  4,, wiwiwiwithththth tttthehehehe sam
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(d) Increased concentration increases the number of particles per unit volume OR 

the distances between reacting particles decreases. This increases the 

frequency of collisions between reacting particles. As a results, the frequency of 

effective collisions increases and the speed of reaction increases. [2]

(e)

[2]

[Total: 11]

B8 (a) Ar of Pb = (1.4/100 x 204)+(24.1/100 x 206)+(22.1/100 x 207)+(52.4/100 x 208)

= 207.241

= 207 (nearest whole number) [2]

(b) (i) 

Element Pb O
% 86.8 13.2
Ar 207 16

No. of mol / 100g 86.8 / 207 = 0.4193 13.2/16 = 0.825
Mole Ratio 0.4193 / 0.4193 = 1 0.825 / 0.4193 = 1.967

Simplest ratio 1 2

Empirical formula is PbO2 [2]

(b) (ii) Lead (IV) oxide [1]

(c) (i) Energy output for 1g of octane = 5509 x 1/(8 x 12 + 18 x 1)

= 48.3kJ

       Energy output for 1g of octane = 1407 x 1/(2 x 12 + 6 x 1 + 1 x 16)

= 30.6 kJ [2]

[T

00 x 222040404044044040404040404040444040404404040404044404040400000040000004)+)+)+))+)+)+)+)+)+)+)+)+)+)+)+)+)))+)+)++)++))+)++ 2(2(2(2(2(2(2(2(2(2(22((2(2(2(2(2(2(2(2(2((2(22(2(2222222(222222222((((( 4.4.4.4.4.4.4.4.4.44.4.44444444444 1/1///1//1//1///1/111111111 1011111111111 0 x 2020202020020202002020202020020020202000200000020200202020020200202222000006)+(22.1/111100000000 x 222207070707)+)+)+)+(52.2...4/4/4/4/1010101000000 x 20

207.7...........242424242242422424222422242424222242424242424242242244244444441

======================= 207 (nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneaeaeaeeeaeeaeaeaeaeaeaeaeaeaeeeaeaeeaeaaaeaaaaaaaaaaaaaaaaaaarererereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeestsssssssssssssssssss wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhohohohohohohohohohohohohohohohohhohhohhohohhhohohooooooooooooleleleleeleeeleleeleeleeleeleeeleeleeeeeleeell nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnumbebebebebebebebebebbeebeebbebbeeebbbebbebebebebebebeebeeber)r)))))))r))))))r)))))))))))))))))))))))))r)r)))))

(b) )))))))))))))) (i(((((((((((((((((( ) 

ElEEEEEEEEEEEEEEEEEEEEEEE emmmmmmmmmmmmmmenenenenenenenenenenenenenennnnnnnennnnnneee ttttttttttttttttttttttttttttttttttttttt PbPbPbPb
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 8686.88
ArArArArArArArArArArrArArrrrArArrArrArArArArArrArArrArrAAArArArrAAArArArrArAAAArrAr 207

NoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNooNooNooNoNoooNNNNoNNNNNNoNoNNoNooooooooooooooooo. ofofofoffffoffffofoffffffoffoffoffooofofofoffofoffffffffff mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmolololoololololoolooloolololooloooooloololoollloloooo ////////////////////////////////////  10110101010101010101101011010101010110110010010000010011111 0gggg 8686.8 / 2
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(c) (ii) Gasohol provides a lesser amount of energy as compare to gasoline hence 

       resulting in more volume needed for the same distance travelled. [1]

       Ethanol is a renewable resource as compared to gasoline. / 

       Ethanol is a cleaner fuel as it does not produce any soot. /

       Alternative fuels like ethanol will help reduce the need for gasoline which is a 
       finite resource. [1]

[Total: 9]

Either

B9 (a) The main group metals have got low density of 0.9 g/cm3 and 1.5 g/cm3 and              

           low m.p of 64°C and 842°C as compared transition metals which have high 

           density of more than 3.0 g/cm3 and high m.p of more than 1084°C. Main group 

           metals also have a fixed oxidation state, +1 for potassium and +2 for calcium, 

           whereas transition metals have multiple oxidation states, like +2 to +7 for

          manganese. [3]

(b) There will be flame observed when potassium is added to dilute hydrochloric 

acid whereas only effervescence when iron is added to dil. HCl. This is 

because potassium is a more reactive metal as compared to iron.

Dil. HCl solution will remain colourless when potassium is added whereas the 

dil. HCl solution will turn green / yellow / brown when iron is added. This is 

because the resulting solution of potassium chloride is colourless and the 

        resulting solution of iron (II) chloride is green OR iron (III) chloride is yellow / 

brown. [4]

(c) (i) Step 1: Yellow, Step 2: Orange [2]

(c) (ii) The product formed, sodium, will react violently in water, also formed as a 

             product, hence it should be carried out in a controlled environment as 

        recommended by the student. [1]

[Total: 10]

g/cm3 anandd 1.5

ansition memememetatatatalslslsls wwwwhihihh ch ha

high m.p of momomomomm rererere tttthhhhan 1010101084848484°C°C°C°C. Ma

ation ssssssssssssssssssssssssssssssssstatataaatatttttattaaatatatataaataaaate, +1+1+1+1+1+1+1111+11111++111111111111111111111111111111111 fffffffffffffffffffffffffffffffffffffffffororooorororororororororororoorororororoorororororororororororororrrrrrrr ppppppppppppppppppppppppppppppppppppppppppototototototototototototototottototototototottototototottototttototottotttotottottotottotototototasaaasasasaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ssssiummmm aaaandndndnd +2 for calc

etals havevevevveveeevvevevevevvvvvv mmultipppplplplplppplplplplplpleeeeeeeeeeeeeee oxididiidiididididdidddiddiiidididiidiidididididididdddddddddddddiddddddddddddddddddddddddddddddddaataaatatattttatatatattatatatataataattatatatattattatttattatataattatattaaatatatatatatatttattttatatttatatattattaaaaaaatatataaaaaaaaaaaaatatattaatattttaaatatttttttaa iiiioiiioiioioioioioioioioioiiioiiioooiiooioooooioiiooioioiioiioioiiioiioiiiiiioiooiooooooioiooooiiooiiooioioiiioiioiooiiiooooonnnnnnnnnnnnnnnnnn ststttataaa esesee , lilililikekekeke ++++2222 to +7 for

[3]
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[2]

(b) Zinc blende and diamond are both arranged in a tetrahedral structure. 

In zinc blende, 1 Zn2+ ion is bonded to 4 S2- ion and 1 S2- ion is bonded to 4 
       Zn2+ ions which is similar to diamond where 1 C atom is bonded to 4 other C 

atoms.

Zinc blende has a giant ionic lattice structure whereas diamond has a giant 
molecular structure.

There are strong electrostatic forces of attraction between the oppositely 
charged Zn2+ and S2- ions in zinc blende but strong covalent bonds between 
the C atoms in diamond. [3]

(c) (i) SO2 forms acid rain when dissolved in clouds which corrodes limestone 
building when it falls. CO reacts with haemoglobin in blood to form 
carboxyhaemoglobin which reduces the ability to transport O2 which causes 
breathing difficulties and even death. Treatment method for SO2 is flue gas 
desulfurization and CO is catalytic converter. [3]

(c) (ii) Collect the gases formed in the blast furnace and pass them over filter 
paper soaked in acidified potassium manganate (VII). If the gas 
decolourises purple potassium manganate (VII), it would mean that it is true 
that the production worker added zinc blende directly as SO2 is present.

[2]

[Total: 10]
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There are forty questions in this section. Answer ALL questions. For each question, 
there are four possible answers, A, B, C and D.  Choose the one you consider correct 
and record your choice on the OAS in soft pencil.

1 Hydrogen sulfide, H2S, is a colourless and poisonous gas which has an odour similar to 
that of rotten eggs. The melting point of hydrogen sulfide is 82 C and the boiling point is
60 C.

Which statement correctly describes the particles of hydrogen sulfide at 75 C?  

A closely packed, moving freely

B closely packed, vibrating slightly

C far apart, moving freely

D far apart, vibrating slightly

2 The following diagram shows a method to collect a sample of gas Z.

Which information can be deduced about gas Z?

1 Z is acidic.
2 Z is insoluble in water.
3 Z is less dense than air.

A 1 and 2

B 1, 2 and 3

C 3 only

D none of the above

3 Two solutions were mixed in a beaker and the mass of the beaker and contents was then 

potassium 
hydroxide

Z

Z
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recorded at various times. The graph shows the results.

What could the two solutions be?

A aqueous sodium hydroxide and warm aqueous ammonium chloride

B aqueous silver carbonate and aqueous dilute hydrochloric acid

C dilute hydrochloric acid and aqueous potassium hydroxide

D dilute nitric acid and magnesium

4 Three dry test-tubes were filled with different gases of equal volume and placed in a 
trough of water. After a short time, the water had risen in two of the tubes as shown in the 
diagram. 

Which gases could the tubes have contained?

tube 1 tube 2 tube 3

A ammonia carbon dioxide hydrogen

B ammonia hydrogen carbon dioxide

C carbon dioxide hydrogen ammonia

D hydrogen ammonia carbon dioxide

5 The table below shows the information of some pure substances.

mass / g

time / min

tube 1   tube 2 tube 3
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Which of the underlined substances has been wrongly classified as an element, mixture 
or compound? 

Property classification

A White solid melts over 56 – 58 °C. mixture

B Green powder on heating leaves black residue and a 
colourless gas is evolved. compound

C Black powder burns in air forming a colourless gas as the 
only product. element

D Colourless substance produces two colourless gases when 
an electric current is passed through it. mixture

6 In an experiment, the boiling point of a substance P was found to be 83 °C, the same as 
cyclohexene. To check its identity, the experiment was repeated by using one part of the 
substance P mixed with two parts of pure cyclohexene. The boiling point of the mixture 
was found to be 90 °C.

What can be deduced from these experiments?

A P is a mixture.

B P is not cyclohexene.

C P is pure cyclohexene.

D P may contain cyclohexene.

7 An element X exists as 2 kinds of isotopes X-55 and X-65. Given that its relative atomic 
mass is 59, which is the correct relative abundance of X-55 and X-65?

X-55 X-65

A 25 % 75 %

B 75 % 25 %

C 40 % 60 %

D 60 % 40 %

8 Oxygen consists of two isotopes, oxygen-16 and oxygen-18.

Which statement correctly describes the two isotopes of oxygen?
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A Both oxygen-16 and oxygen-18 have the same relative atomic mass.

B Both oxygen-16 and oxygen-18 form ions with a charge of -2.

C Oxygen-16 has different chemical properties from oxygen-18.

D Oxygen-16 has electronic configuration of 2.8.6 while oxygen-18 has an electronic 
configuration of 2.8.8.

9 Element X is found in the Periodic Table with atomic number p. It forms an ionic oxide, 
X2O. Element Y has an atomic number of p+3.

What is the formula of the oxide of Y?

A YO

B YO2

C Y2O

D Y2O3

10 The diagram below shows the structural formula of an organic molecule.

What is the total number of shared electrons and number of electrons not involved in 
bonding?

number of shared 
electrons

number of electrons not 
involved in bonding

A 12 2

B 12 6

C 16 2

D 16 6

11 Two isotopes of chlorine are 35Cl and 37Cl.

Using these isotopes, how many different relative molecular masses are possible for the 
compound with molecular formula CH3Cl3?
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A 2

B 3

C 4

D 5

12 The equation below shows the reaction between element X and dilute sulfuric acid.

X (s) + H2SO4 (aq) XSO4 (aq) + H2 (g)

Which particles are responsible for conducting electricity in dilute sulfuric acid and
compound XSO4?

H2SO4 XSO4

A electrons positive ions and negative ions

B electrons electrons

C positive ions and electrons electrons

D positive ions and negative ions positive ions and negative ions

13 Which of the following has 7.2 1023 atoms?

A 0.2 mol of magnesium metal

B 0.3 mol of ammonia gas

C 3.0 mol of carbon dioxide gas

D 4.0 mol of hydrogen chloride

14 Bones contain a complex mixture of calcium salts, protein and other material. When a 
bone is strongly heated in air, the only residue is calcium oxide.

From a sample of 50 g of bone, 14 g of calcium oxide were obtained.
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What is the percentage by mass of calcium in the bone?

A 10.0 %

B 14.0 %

C 20.0 %

D 23.3 %

15 0.2 moles of XSO4 combines with 21.6 g of water to form the hydrated salt of formula 
XSO4.nH2O.  

What is the value of n?

A 3

B 6

C 9

D 12

16 100 cm3 of hydrogen is mixed and burnt in 100 cm3 of oxygen. 

Which diagram represents the particles that remain in the reaction vessel?

17 When 42.0 g of sodium hydrogen carbonate, NaHCO3 (Mr = 84), was strongly heated, 
3.00 dm3 of carbon dioxide gas was released.

2 NaHCO3 2CO3 + H2O + CO2

What was the percentage yield of carbon dioxide?
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[All volumes are measured at room temperature and pressure.]

A 25 %

B 50 %

C 75 %

D 80 %

18 The table gives information about three indicators.

indicator colour at pH 1 pH at which colour
changes colour at pH 12

thymol blue red 3 yellow

congo red blue 5 red

phenolphthalein colourless 10 red

Which colours would be obtained when each indicator was added separately to pure 
water?

thymol blue congo red phenolphthalein

A red blue red

B yellow blue colourless

C yellow blue red

D yellow red colourless

19 The dissociation constant for an acid indicates the extent to which it dissociates into ions. 
The higher the dissociation constant, the stronger the acid.

The dissociation constant for some acids are given below along with two possibly correct 
statements.
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D 3 mol/dm3 ethanoic acid, CH3COOH

22 The scheme below shows some reactions of salt F.

What is the identity of F?

A copper(II) chloride

B copper(II) iodide

C iron(II) chloride

D iron(II) iodide

23 A salt has the chemical formula (NH4)2Fe(SO4)2.12H2O.

Excess aqueous sodium hydroxide was added slowly, with shaking to a hot solution of the 
salt in a boiling tube until there is no further reaction. The boiling tube was then left to 
stand for some time.

Which observation would not be made?

A A green precipitate was produced.

B A pungent gas which turned damp red litmus blue was produced.

C On standing, the precipitate turned brown.

D The precipitate dissolved in excess sodium hydroxide.

24 When testing for a sulfate ion using barium nitrate, the solution must be acidified with 
nitric acid.

What is the purpose of the nitric acid?

A to act as a catalyst

aqueous salt

dissolve in water aqueous 
ammonia

blue precipitate

excess aqueous 
ammonia

dilute nitric acid, 
followed by aqueous 

silver nitrate

white precipitate dark blue solution 

green crystalline salt F
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B to adjust the pH such that it is suitable for the reaction to occur 

C to prevent precipitation of barium carbonate

D to reduce the sulfate ion

25 In which equations are the underlined substances acting as a reducing agent?

I ZnO (s)  +  CO (g)  Zn (s)  +  CO2 (g)
II Cu (s)  +  N2O (g) CuO (s)  +  N2 (g)
III 3 CuO (s)  +  2 NH3 (g) 3 Cu (s)  +  N2 (g)  +  3 H2O (l)
IV H2S (g)  +  Cl2 (g)  2 HCl (aq)  +  S (s)

A I and III
B I and IV
C II and III
D III and IV

26 Three mixtures are made. 

1 C + Fe2O3
2 Cu + Fe2O3
3 Mg + Fe2O3

The mixtures are heated strongly. 

Which of the elements C, Cu and Mg are reactive enough to reduce the iron(III) oxide to 
iron? 

A C and Cu only

B C and Mg only

C C, Cu and Mg

D Cu and Mg only

27 The table below refers to four metals and some of their compounds.

metal action of dilute acid on 
metal

effect of hydrogen on 
heated oxide

action of metal on a 
solution of sulfate of J

G hydrogen evolved reduced no reaction
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H no reaction reduced no reaction

I hydrogen evolved no reaction J formed

J hydrogen evolved no reaction no reaction

Which one of the following is the order of thermal stability of their carbonate towards 
heating?

highest thermal stability                                          lowest thermal stability

A H G J I

B H J G I

C I J G H

D I G J H

28 An old railway carriage is being restored. Metal strips are secured on to the outside of the 
wooden carriage by means of screws. After a few weeks exposed to the wind and rain, the 
screws are heavily corroded but the metal strips are not. 

Which two metals would give this result? 

screws strips

A aluminium steel

B copper aluminium

C copper steel

D steel aluminium

29 An electric current was passed through molten calcium chloride, producing 
2.00 g of calcium metal at the cathode.

What mass of chlorine was produced at the anode?

A 2.78 g
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B 3.55 g

C 4.00 g

D 8.50 g

30 An aqueous solution T is electrolysed. The current is constant and the cathode is weighed 
at regular intervals. The graph below is obtained when the mass of cathode is plotted 
against time.

Which of the following will not produce the graph above?

cathode anode solution T

A graphite graphite dilute sulfuric acid

B graphite graphite copper(II) nitrate solution

C copper copper copper(II) nitrate solution

D graphite silver silver nitrate solution

31 The formation of liquid water from hydrogen and oxygen occurs in three stages.

Stage I 2 H2 (g) + O2 (g)  4 H (g) + 2 O (g)
Stage II 4 H (g) + 2 O (g) 2 H2O (g)
Stage III 2 H2O (g)  2 H2O (l)

Which stage(s) is / are endothermic?

A I only

B II only

C III only

D I, II and III

32 The equation and energy profile diagram for the reaction between ammonia and dilute 
hydrochloric acid are shown.

mass of 
cathode

time 

NH3 (g) + HCl (g)             NH4Cl (s)                

                           6092/01/4E/PRELIM/19                         [Turn
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Which statement about the reaction is incorrect?

A The activation energy for the reverse reaction is p – q.

B The activation energy for the forward reaction is p.

C The enthalpy change for the reverse reaction is p – q.

D The enthalpy change for the forward reaction is positive. 

33 Nitrogen exists as the molecule N N. Nitrogen forms a molecule N4 as shown below.

Chemical equation: 2 N2 N4

Structure of N4:

NH3 (g) + HCl (g) NH4Cl (s)

q

p

progression of reaction
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By considering the bonds formed and the bonds broken, what would be the value for the 
energy change, for the above reaction?

[ ]

A 1348 kJ 
B +1028 kJ 

C +1348 kJ

D +2628 kJ

34 In experiment 1, excess zinc carbonate was added to 100 cm3 of 1.0 mol/dm3

sulfuric acid in a beaker. The mass of the beaker and its contents were recorded at 
regular time intervals, and a graph was plotted as shown below.

In experiment 2, excess zinc carbonate was added to 100 cm3 of 2.0 mol/dm3 nitric acid in 
a beaker. At which of the points on the graph shown will the mass in experiment 2 reach a 
constant?

35 In the Haber process for the manufacture of ammonia, which statements are correct?

I The catalyst used is a transition metal.
II Unreacted nitrogen and hydrogen are circulated back into the system.
III Both reactants are obtained from the fractional distillation of liquefied air.
IV The reaction is never complete and yield achieved is only about 

10 – 15%.
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A I, II and III

B I, II and IV

C II, III and IV

D all of the above

36 The diagram shows the manufacture of ammonia using hydrogen and nitrogen in the 
presence of catalyst.

What are the processes P and Q and catalyst Y?
         

process P process Q catalyst Y

A cracking fractional distillation iron

B cracking fractional distillation nickel

C fractional distillation fractional distillation iron

D fractional distillation cracking nickel

37 A sample of air along the Pan Island Expressway (PIE), where there is fast moving traffic, 
is collected and its composition is examined. 

Which gas is least likely to be one of the components in the sample of air?

A carbon monoxide

B nitrogen dioxide

C nitrogen monoxide

D sulfur dioxide

oil hydrogen

air nitrogen

ammonia
catalyst Y

P

Q
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38 Which statements about the organic molecule below are true?

1 It will undergo complete combustion to form carbon dioxide and water only.
2 It forms an alcohol in the presence of steam under high pressure and with the 

use of a suitable catalyst.
3 It can undergo both addition and condensation polymerisation.

A 1 and 2 only

B 1 and 3 only

C 2 and 3 only

D 1, 2 and 3

39 How many moles of hydrogen chloride are formed when one mole of methane reacts with
a large excess of chlorine in sunlight?

A 1

B 2

C 3

D 4
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40 The diagram below shows the structural formula of tartaric acid (C4H6O6).

Which salt(s) could be formed upon reacting tartaric acid with potassium hydroxide?

1 C4H5O6K
2 C4H4O6K2

3 C4H3O6K3

4 C4H2O6K4

A 1 and 2 only

B 2 only

C 2 and 3 only

D 1, 2, 3 and 4

– END OF PAPER –
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Answer all questions in the spaces provided.

1 The data in the table below describes two properties of some substances. 
The letters are not the actual symbols of the elements in the Periodic Table.

substance appearance at room 
temperature and 

pressure

products of burning in 
oxygen at 1 atm

A black solid carbon dioxide

B colourless gas water

C colourless gas (does not burn in oxygen)

D yellow solid sulfur dioxide

E colourless liquid carbon dioxide and water

F silvery metal F2O

Use the letters A, B, C, D, E or F to answer the following questions. You may use the 
letters once, more than once or none at all. 

(a) Which substance is most likely to be hydrogen?

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

(b
)

Which substance is most likely to be a compound?

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

(c) (i) Name another oxide that may be produced when substance A burns 
in oxygen.

………………………………………………………………………………... [1]

(ii) State the nature of the oxide from (c)(i).

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

(d
)

(i) Gas C is an element that does not burn in oxygen. Suggest the name 
of this substance C.

………………………………………………………………………………... [1]

(ii) Explain your answer in (d)(i).

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

(e) Predict the electrical conductivity of F2O in the solid state. 
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With reference to its structure and bonding, explain why.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

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

[Total: 8]

2 The structures of diamond and graphite are drawn below.

                        diamond                                                            graphite

(a) Diamond has a melting point of about 3700 °C and graphite has a melting 
point of about 3300 °C.

(i) In terms of structure and bonding, explain why diamond has a high
melting point.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [2]

(ii) Suggest why the melting point of graphite is lower than that of 
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diamond.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [1]

(b
)

When graphite is burnt in air, it produces carbon dioxide.

(i) Draw the electronic structure of carbon dioxide. Only the outer 
electrons are required.

[2]

(ii) In terms of structure and bonding, explain why graphite can conduct 
electricity.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [2]

(iii) Describe how one can determine that the carbon dioxide obtained 
from the burning of graphite is pure.

test …………………………………………………………………………...

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

[Total: 8]
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3 A pupil compared two solutions of monobasic acids, HX and HY, and obtained the 
following results.

0.1 mol/dm3 HX 0.1 mol/dm3 HY
electrical 

conductivity/ mA 90 15

pH     1.0 3.5

(a) What can you deduce regarding the strength of the acids? 
Explain your answer.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

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

(b
)

A pH meter and a data logger are used to monitor the pH changes during a 
series of titrations. In each titration, the same concentration of sodium 
hydroxide solution is added from a burette into a solution of 20 cm3 of HX
and HY acid solutions. During the titrations, the pH does not change 
smoothly. The data logger gives a graph for the titration with HY.

Sketch the graph on the same axes below to show the change in pH 
between sodium hydroxide and HX solutions until the reaction stops. 
Clearly label the graph with HX.

[1]

[Total: 4]
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4 This reaction can be used to generate electricity in a cell.

(a) Draw an arrow on the diagram to show the direction of the flow of electrons 
in the wire. [1]

(b
)

Write the ionic equation for the reaction at the copper electrode.

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

(c) The voltage of the cell was measured when the following metals replaced 
the zinc electrode.

copper          iron          silver          zinc

Complete the table by entering the metals in the correct order.

meter reading / V metal

+1.10

+0.78

0.00

0.46
[2]

[Total: 4]

sulfate

zinc electrode
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5 The diagrams below show the structure of propene.

(a) Calculate the mass of bromine liquid required to react with 1 g of propene.

mass of bromine liquid = ……………….. g [2]

(b
)

Propene can undergo addition polymerisation to form polymer X.
Draw the structure of the polymer X.

[1]

(c) A sample of polymer X was analysed and found to have an average 
relative molecular mass of 7350.

How many carbon atoms are present in an average chain?

number of carbon atoms = ……………….. [2]

[Total: 5]
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6 The following experiment was set up to study the electrolysis of dilute hydrochloric 
acid and aqueous copper(II) nitrate using carbon electrodes as shown in the diagram 
below. 

(a) Write the half equations at electrodes P and S.

electrode P ..……………………………………………………………………….

electrode S ..………………………………………………………………………. [2]

(b
)

With reference to the diagram, explain why there is a change in the pH of 
the electrolyte in cell 2 after some time.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

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

[Total: 4]

carbon 
electrodes

P Q R S

carbon 
electrodes

aqueous 
copper(II)
nitrate

dilute 
hydrochloric 

acid

cell 1 cell 2
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7 Three methods for preparing salts are listed below:

method 1: precipitation
method 2: reacting excess metal with dilute acid
method 3: titration

(a) Place a tick ( ) in one box in each row to show the correct method to use 
to prepare each of the following salts.

salt method 1 method 2 method 3
ammonium chloride

lead(II) sulfate

sodium sulfate

zinc nitrate 
[2]

(b
)

Copper(II) chloride is a salt that cannot be prepared using any one of the 
three methods shown above.

(i) Explain why copper(II) chloride cannot be prepared by any one of the 
three methods shown above.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [2]

(ii) Suggest an experimental procedure to prepare a dry sample of 
copper(II) chloride using suitable reagents commonly found in a 
laboratory.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [3]

[Total: 7]
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8 Sulfur dioxide is used to manufacture sulfuric acid, by a three-stage process called 
the Contact Process. The first stage is to convert sulfur dioxide to sulfur trioxide. 
During this process, sulfur dioxide gas and sulfur trioxide gas are released to the 
environment.

2 SO2 (g) + O2 (g) 2 SO3 (g) H = – 197 kJ/mol

(a) The above reaction takes place at a moderate temperature of 450 °C.
Suggest why this temperature is used in the Contact Process instead of a 
lower or higher temperature.

……………………………………………………………………………………….

……………………………………………………………………………………….

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

(b
)

Complete the energy profile diagram for the forward reaction in the 
production of sulfur trioxide.

Your diagram should include
the formulae of the reactants and products of the reaction,
a label for the activation energy of reaction,
a label for the enthalpy change of reaction.

[2]

(c) Using ideas about colliding particles, state and explain how the rate 
changes when the pressure is increased. 

……………………………………………………………………………………….

……………………………………………………………………………………….
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………………………………………………………………………………………. [2]
(d
)

The product of the Contact Process is concentrated sulfuric acid (98%) with 
only 2% of the mass being water. 

Explain why it is possible to transport sulfuric acid of such high 
concentration using steel tanks but not for dilute sulfuric acid.

……………………………………………………………………………………….

……………………………………………………………………………………….

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

(e) Suggest a possible metal that can be used as a catalyst for this reaction, 
stating your reason clearly.

……………………………………………………………………………………….

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

(f) Draw in the box below, the particulate diagram showing the particles of 
sulfur trioxide.

[1]

[Total: 10]
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SECTION B: FREE-RESPONSE QUESTIONS [30 MARKS]

Answer all the questions in the spaces provided. The last question is in the form of 
an EITHER / OR and only one of the alternatives should be attempted.

9 The Drive for Cleaner Emissions by John Uhrich

The air pollutants emitted by a car come from undesirable chemical reactions that  
occur during fuel combustion inside the engine. In the most common type of 
combustion reaction, gasoline or diesel, reacts with oxygen to form water and 
carbon dioxide. During this reaction, the chemical energy of the fuel is released and 
harnessed to run the engine.

CxHy + (x + ) O2 x CO2 + H2O

Petrol and diesel are both obtained by fractional distillation of crude oil. However,  
they differ in their composition. Diesel is a fraction of crude oil that is removed at a 
higher boiling point than petrol. 

In petrol engines, oxygen (from the air) and fuel are designed to be almost exactly 
stoichiometrically balanced, so that, ideally, there is no excess of either reactant at 
the end of the reaction. Car manufacturers must ensure that the reactants are 
balanced as the reactants can have a large effect on the amount of pollution a car 
produces. For instance, the presence of too little oxygen can result in incomplete 
fuel combustion, which produces carbon monoxide and unburnt hydrocarbon, both 
of which are considered pollutants when present in the air at ground level. Also, 
nitrogen from the air is quite inert, but if too much oxygen is present (more than the 
stoichiometric amount) at high temperatures, the extra oxygen can react with the 
nitrogen to produce other pollutants, called nitrogen oxides.

To reduce the potentially harmful pollutants that are created as by-products of 
combustion, the exhaust passes through a catalytic converter, which converts 
carbon monoxide, unburnt hydrocarbons, and various nitrogen oxides into less-
harmful chemical compounds before they are released into the air. 

There are two kinds of catalytic converter – two-way catalytic converter and three-
way catalytic converter.

A two-way catalytic converter has two simultaneous reactions:

a) Conversion of carbon monoxide to carbon dioxide

2 CO + O2 2 CO2

b) Conversion of unburnt hydrocarbons to carbon dioxide and water 

CxHy + (x + ) O2 x CO2 + H2O

A three-way catalytic converter has three simultaneous reactions:
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a) Decomposition of nitrogen oxides to nitrogen and oxygen:

2 NOx x O2 + N2

b)  Conversion of carbon monoxide to carbon dioxide:

2 CO + O2 2 CO2

c) Conversion of unburnt hydrocarbons to carbon dioxide and water:

CxHy + (x + ) O2 x CO2 + H2O

The chart shows pollutants in grams per kilometre at 80,000 kilometres.

Sources: https://www.catalyticconverters.com/types/ ,
               http://www.explainthatstuff.com/catalyticconverters.html

(a) Octane, C8H18, is a common hydrocarbon found in gasoline.

(i) Write a balanced chemical equation to show the complete 
combustion of octane.

…………………………………………………………………………… [1]

(ii) Calculate the minimum volume of oxygen gas required to 
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completely react with 3 moles of octane at room temperature and 
pressure.

volume of oxygen gas = ……………….. dm3 [2]

(iii) Using the chemical equation in (a)(i), show that the combustion 
of octane is a redox reaction. 

……………………………………………………………………………

……………………………………………………………………………

……………………………………………………………………………

…………………………………………………………………………… [2]

(b) The article says “Petrol and diesel are both obtained by fractional 
distillation of crude oil. However, they differ in their composition. Diesel 
is a fraction of crude oil that is removed at a higher boiling point than 
petrol.”

Based on the statement, what can you infer about the difference in the 
number of carbon atoms in petrol and diesel fraction? 

How does the number of carbon atoms have effect on the boiling point?

Explain your reasoning.

…………………………………………………………………………………...

…………………………………………………………………………………...

…………………………………………………………………………………...

…………………………………………………………………………………...

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

(c) A car manufacturer has plans to install a catalytic converter in the
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manufactured car. Which of the two catalytic converters would you 
recommend the manufacturer to install?

Explain your reasoning.

……………………………………………………………………………….......

…………………………………………………………………………………...

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

(d) What additional environmental problem does a two-way catalytic 
converter cause?

…………………………………………………………………………………...

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

[Total: 10]

10 Nitrogenous fertilisers are soluble salts used to increase crop yield. Two commonly 
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used nitrogenous fertilisers are ammonium chloride and ammonium phosphate.

(a) Ammonium chloride can react with sodium hydroxide.
Write an ionic equation for this reaction.   

…………………………………………………………………………………… [1]

(b) Calculate the percentage mass of nitrogen in ammonium chloride.

percentage mass of nitrogen = ……………….. % [1]

(c) A metre-long tube was set up with a plug of concentrated ammonia 
solution at the left end and a plug of concentrated hydrochloric acid at 
the right end. After a while, the two gases (ammonia and hydrogen 
chloride gas) met and a white solid of ammonium chloride was produced 
as shown. 

(i) Explain why the white solid ring of ammonium chloride is formed 
at the specific location. 

……………………………………………………………………………

……………………………………………………………………………

…………………………………………………………………………… [2]

(ii) Explain the change in time taken for the white solid to appear 
when the above setup is carried out at a higher temperature.

……………………………………………………………………………

…………………………………………………………………………… [1]
(d) Aqueous ammonium chloride was added to aqueous bromine. State the 

observation for this reaction, if any, and suggest a reason for the 
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11 Organic acids are commonly used in the preservation of food.

Organic acids can be made from the atmospheric oxidation of aldehydes in air. 
The names and structural formulae of the aldehydes are shown in the table below. 

aldehyde chemical formula structural formula

methanal CH2O

ethanal C2H4O

butanal C4H8O

(a) (i) Complete the table above to show the name, chemical formula and 
structural formula of the aldehyde that occurs between ethanal and 
butanal. [1]

(ii) Using the data given, explain in two ways how you can tell that these 
compounds are from the same homologous series.

……………………………………………………………………………………...

……………………………………………………………………………………...

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

(b) Give the name of an oxidising agent that can oxidise methanal to methanoic 
acid. Explain what you would observe when the oxidation process is completed.

oxidising agent …………………………………………………………………………..

observation ……………………………………………………………………………… [2]

(c) The organic acids made from aldehydes can then undergo condensation 
reactions with alcohols to make esters. One such example is butyl ethanoate,
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which gives an apple smell present in perfumes.

(i) Explain the term ‘condensation reaction’.

……………………………………………………………………………………...

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

(ii) Draw the full structural formula of butyl ethanoate.

[1]

(d) Terylene, a synthetic polyester, is also made from the condensation reaction of 
organic acids and alcohols. It contains the ester linkage which is strong and 
durable and is commonly used in the manufacture of sleeping bags and 
clothings. The structure of Terylene is shown below. 

(i) Give one similarity and one difference between the condensation reaction 
of the formation of butyl ethanoate and the formation of Terylene.

similarity …………………………………………………………………………..

……………………………………………………………………………………...

difference …………………………………………………………………………

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

(ii) The strength and durability of Terylene can also cause environmental 
problems. Suggest why.

……………………………………………………………………………………...

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

[Total: 10]
OR
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11 Chromatography is the general name applied to a series of separation methods that 
employ a system with two phases of matter; a mobile phase and a stationary phase. 
Analytes in a mixture to be separated interact with the stationary phase with different 
affinities. While moving through the system, carried along by the mobile phase (solvent), 
analytes with a low affinity for the stationary phase will tend to move along rapidly, while 
those with a high affinity will tend to lag behind. Thin Layer Chromatography (TLC) is a fast 
and inexpensive form of chromatography that has many uses in the organic laboratory. 
The retention factor (Rf) is simply the fractional distance the solute spot moves along the 
plate relative to the solvent front. The stationary phase in TLC is typically an adsorbant 
made of silica gel.

Analgesics are substances that relieve pain. The most common of these is aspirin. Other 
common analgesics include acetaminophen. In many cases these analgesics are used in 
combination to enhance or complement their individual affects; e.g., acetaminophen. 
Additionally, to counteract the acidic properties of aspirin, an inorganic buffering agent is 
added to some preparations. In some cases, caffeine is added to counteract the sedative 
effects of the analgesic. 

acetaminophen aspirin caffeine

TLC will be used to analyse a commercial analgesic tablet. The above-mentioned 
compounds will also be run on the same TLC for comparison. The retention factor value for 
each standard and each analyte spot produced by the commercial analgesic tablet will be 
determined. This will then allow the compounds used in the analgesic tablet to be 
identified.

Literature values of the compounds are listed as followed.

compound melting point / C retention factor

acetaminophen 168.0 0.333

aspirin 136.0 0.639

caffeine 236.1 0.125

The retention factor values are obtained after each of the components, X, Y and Z, are 
isolated and were analysed using TLC.
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compound melting point / C retention factor

X 132.1 – 132.2 0.676

Y 166.2 – 168.2 0.378

Z 234.3 – 235.5 0.189

Source: https://infohost.nmt.edu/~jaltig/TLC.pdf

(a) Use the literature information provided to name the components, X, Y and Z.

X ……..…………………….....        Y ……..…………………….....

Z ……..……………………...... [2]

(b) Based on the literature Rf values, which compound has the highest affinity to the 
stationary phase, silica gel? 

Explain your reasoning.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

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

(c) What can you conclude about the literature melting points and the experimental 
melting points?

Explain your reasoning.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

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

(d) A way to produce acetaminophen is to react two molecules to form an amide 
linkage. This process is similar to the process of esterification.

(i) Name the conditions required to produce acetaminophen.

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

(ii) Draw the structure of the two molecules that can form acetaminophen.

[2]

(iii) In practice, when the two molecules react in (d)(ii), the yield of 
acetaminophen is never 100%.

Suggest a reason why.

……………………………………………………………………………………...

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

[Total: 10]

– END OF PAPER –
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6092 Chemistry Preliminary Examination 2019 Marking Scheme

Multiple-Choice Questions [40 M]

1 2 3 4 5 6 7 8 9 10
A C C B D B D B B D

11 12 13 14 15 16 17 18 19 20
C D B C B B B D D D

21 22 23 24 25 26 27 28 29 30
B A D C D B C A B A

31 32 33 34 35 36 37 38 39 40
A C B D B A A C D B

Section A: Short-Structured Questions [50 M]
1 (a) B [1]

(b) E [1]
(c) (i) Carbon monoxide [1]

(ii) neutral [1]
(d) (i) Any noble gas (e.g. helium, neon, argon, etc) [1]

(ii) It has a complete valence shell / complete outermost shell / noble gas 
configuration and does not need to gain / lose / share electrons. [1]

(e) It is an ionic compound. Since its ions are held / fixed in an ionic lattice structure, no 
mobile ions are available to act as charge carriers. Hence F2O does not conduct 
electricity in the solid state.

[1]
[1]

2 (a) (i) Each C atom is bonded to 4 other C atoms by strong covalent bonds in a
tetrahedral structure; large amount of energy is needed to break these strong
bonds, resulting in a high melting point

[1]
[1]

(ii) The network of covalent bonds is less extensive than diamond / each carbon 
atom is bonded to 3 carbon atoms in graphite while each carbon atom is 
bonded to 4 carbon atoms in diamond [1]

(b) (i)

[1]: Electrons involved in bonding are drawn correctly 
[1]: No other valence electrons are drawn [2]

(ii) Each C atom is bonded covalently to 3 other atoms in a hexagonal structure. 
Free moving electron from each C atom can act as charger carriers to move 
across layers to conduct electricity.

[1]
[1]

(iii) test: measure the melting point / boiling point of carbon dioxide
observation: melting point / boiling point is fixed OR melting point / boiling 
point matches the recorded melting point / boiling point in scientific data.

Award [1] only if both test and observation are correct.

[1]

38
CC D

e

ble gas (eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.ggggggggggggggggggggggggggggggg. helllllillliililililllillllllllll um, neneneneeneeeeneeeneneeneneon, araraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa goggggggggggggggggggggggggggggggggggggggggggggggg n, etc)
has aa cccccccccccccccccccccccccccccccccccccccccomooooooooooooooooooooooooooo pletettteteteteteteeteteteeteteeeteetetttttttttttttttttte e e ee ee eeeeeee eeeeeeeeeeee ee vavavavavavavavavavavavaavavavavaaavavaavaaalelleleleleleleleeleleleleeeeleeeeeleeleeeleeeelelel ncncncnncncncnncncnnnncncncnncnnncnncncncce e e e eeeeeeeeeeeee eeeeeeeeeeeee shshshshshshshshshshshshshshshsshshsshsshsshsshsssssssssshhhhhhhhhhhhheleleleleleleleleleleleleleleellellelllllllllllllllllllll / //////////////////////// compmpmpmpmpmpmmpmmpmpmpmpmpmpmpmmpmpmpmpmpmpmpmmpmpmpmpmmpmpmpmpmmppplete ooooututututereee mostststst sssshehehehellllllll / nob

configurataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ioioioooooooooooooooooooooooooooooooooooooooooooooooonnnn anaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa d dooeseeeeeeeeeeee  notototttttttottttottttotottttttttottttotoo nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneed to ggggggggggggggggggggggggggggggggggggaiaiaaiaaaiaiaaaaaiaaiaiaaiaaaiaaiaiaiaiaaiaiiiiaiaa nnnnnnnnnnnnnnnnnn /// / /////////////// / /////// lose / sharererere eeeelelelelectctctctrons
It is annnnnnnnnnnn ionononoooonoononoooononononononononiciciciciciciciciciciccicic commmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmpopoppopppppppppoppppppppopopppopppppp ununununununnunuunnnunnnnnnnnnnnnnnnnnnnnnnnnnnnnnunnnnd.dddddddddddddddddddddd SiSiiSiSSiiSiSiSiSiSSSSSSSSSSSS ncncncncncncncnncnncncncnncncncnnncnncncnnncnnncnccccccccce e e e itititttttittittitttitititittittttttiiiitsssssssssssssssssssssssssssssss ioioiioiiioioiiiiiiiiii nsss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarererererrrererrerrerererererererererrrererreereeee hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheleleleeleleeleleleleeeleleleleleleeeeeeeeeee dddddddddddddddddddddddddddddddddddddddddddd / /// fifififififififffififififififififififiiiifififffff xxex d in aaaannnn ioioioioninnn c latt
mobibibibbbiiibbibibibibibiiibiibibibbiibbibbbbbbbbbb eeeleleeeeeeeeeeeeeeeeeeeeee ionnnnnnnnnnnnnns ssssssssssss araaaaaaaaaaaaa e avavavvavavavvavavavvaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaiailalalalalalalalalalalalalalalalaablblblblblblbblblblblbblbbbbblblbblblbbbblbbblbblbbbbblbblblle eeeeeeeeeeeeeeeeeeeeeeeeeeeee tototottttttttttottttottotttttttttttottoooooott  act aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasssssssssssssssssssssssssssssss chchchchhchchchhchchchchhhchhchhchhhhhhhhhhhararrrararrrarrrrrarrrra ggggggegeggggggggggggggggggggggggggggggggggggggg cccccccccccccccccccccccccaara rierssss.. HeH nce F
eleeeeeeeeeeeeeeee ecccccccccccccccccccccccccccccccccccctrtrrrrrrrrrrrrrrrrrrrrrrrrrriicity innnnnnnnnnnnnn tthehhhhehehehhhehehhhe ssssssssssssssssssssssssssssssssssssssssssolololooololololoooollllllllllid stateeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee............

a) (i(i(i(i(iii(i(ii(ii(iii(ii((( )))))))))))))))))) EaEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE ch CCCCCCCCCCCCCC aaaaaaaaaaaaaatottoototototottotototototototototootototottotooooooooooooooooooom mmmmmmmmmmmmmmmmmmmmmmmmmmm is bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbonononononnononononononononoooooooooooooooooooooooo dedededededededddedededddedededdedededdeddddeddededddedeeddddddd ddddddddddddddddddddddd toooooooooooooooooooooooooooooooooooo 44444444 44444444444444444444444444444 othehehhhhehhhhhhhhhhhhhher r r r CCCC atatatatoms b
tetetetetetetetetetetetettettettteteteteeteeeeeeeeeeeeetrtrtrtrtrtrtrtrtrtrtrtrttttt ahahahahahahahaahahahahahahahahahaaahaahahahaahhhhhhhhededededededededdededdeddedededdddededddeddddededdedeeeeeeeeeeeeeeeee ral sttttttttttttttttttttttttttttttruruuurururururururururururururururrrururrrrururrrrrrrrururrruuuuuuuctctctctctctctctctctctctctctctctctctctctcccccccccccctctturururrururruururururuuuuuuuuuuuuuuuu e;e;ee;e;e;e;;e;ee;ee;eee;;ee;;; llllllllllllllaraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ge amomomomoununununtttt oof ene
bonddddddddddddds,, rereeeeeeeeeereeeeeeeeeeeeeeeeeesusususussususususususususssussususususuusuuusuuuussuussssussss ltltltllltlltltllllllltllltltltlttttinninnnnnnnnnnnng gg g g g g gggggggg ininninnnnnnnnninninnnnnnnnnnnnn a higgggh memememeltltltltiniii g poin

(ii) ThThhhhhThThhhThhThThhThThThhThThThThThThhThhThhhhThThThhThhhhThTheeeeeeeeeeeeeeeeeee neneneneneneeneneenenenenenennenenenenennnneneneneenenenenneneneeeetwtwttttttttttttttttttttttttttt orororoorororororororororororrororororoooroorooororororoooorooroorrkkkk k k kkk kkk kkkkkkkkkkkkkkkkkkkkkkkk ofofofofofoofofofofoofooooofofofofofoofooofoofoofofofffoooo covvvvalalalalenenenent t t t bobobobonds is
atatatatatatatatattataatatatatatataataaaataaaataaaaaaaaaaaa omomooomomomomomomomomooommoomommmmmmmomommmmommom iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiis s s ssssssssssssssss sssssssssssss bobobbbobobbbobobobobbobbbobbbbbbbbbbobbobbooobooobbbbbbbb ndedddd tttto ooo 3333 carbo
bobobobobobobbobobbobobobobobobbobobobbobobobobbbobbboooooooooooooondndndndndndndndndndndndndndndndndndnddndnddedededeeededededeedededededededeedeeeeeee  to 4444 cacacacarbrbrbrbon atoSm
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3 (a) 1.HX is a strong acid due to its: lower pH; higher electrical conductivity OR
   HY is a weak acid due to its: higher pH. lower electrical conductivity; 

2. Strong acid dissociates completely in water to form H+ ions. Weak acid 
dissociates partially in water to form H+ ions. 

3. The higher concentration of H+ ions contributes to its high conductivity; The low 
concentration of H+ ions contributes to its low electrical conductivity.         

  
Answers like difference of pH2 or higher or lower pH did not score marks.

[1]

[1]

[1]

(b)

Graph should show the same volume of NaOH ;
Starts at pH 1 ; Ends at pH 12 [1]

4 (a) zinc to copper in the wire [1]
(b) Cu2+ (aq) + 2e Cu(s) [1]
(c) meter reading / V metal

+1.10 Zinc
+0.78 Iron
0.00 Copper
-0.46 Silver

Award [1] for every 2 correct answers

[2] 

5 (a) Mr of propene = 3(12) + 6(1) = 42
Number of moles of propene
= 1/42
= 0.0238095238 mol
Number of moles of bromine = Number of moles of propene

mass of bromine 
= 0.0238095238 x 2(80)
= 3.80952380952    

3.81 g (3 s.f.)

[1]

[1]

of prprprprprprprrprprprprrprprprrrrrrrrrrrrrrrrropopoooopoooopoopooooopoopopoopopooppppppenennennnnennnnenennennnenenennnnneenennenenennnennnennnnnnnnnnenneneeeeee eeeeeeeeeeeeeeeeeeeeeeee = 3(3(((121212121212) ) ) )) ) ++++++ 6(66666 1) = 4
berrrrrrr ooof moooooleleleleees s s s s s ofofofofofof prope

8095238

memememememememeememmemememmemeemmemememmemeemememememmmmemmmmmmmm tetetetetetetetetetetetetetetetettttttttttt r rrrr r r r r r r rr r rererereererererererereeererereerreeerereeeeeeeeeeeeeeeeeeeeadadadadadddadadaddadadadadadadadaddaddddddddddddddddddddddddddininiiiiiiiniiiiiiiiiiiiiininiininniinni g g / ////////////////////////////// VVVVVVVVVVVVVVVVVVVVVVVVVVVV meeeeeetatatatatatallllll
+1.11111111111110000000000000000000000000000000 ZiZiZiZiZiZincnnnnnn
+0.78888888888888888 Iron
0.0.0.0.0.00.0.00.0.0.00.00.0000.000000000.000000.00000.00000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000 C
---------0.0.0.0.0.0.0.0.0.0.00000000 4646464646464646464646464646464646464444666666666

)

he saaamememmeemmemmememmemmeemememeemmemmmemememmemmememeeeememmememememeeeememmemmmememmememeemmmm  vololooololololooolololoolooololumumumumumumumumummumummumme of NNNNNNNNNNNNNNaOaOaaOaOaaaOaOaOaOaOaaOaaaaOOOOOOOH ;
Ends attttttttt ppppppppppppppppppppppppppppHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 121212121212121212121212121212121212121112121212121121212112222222222222222222222

copper iiiiiiiinnnnnnnnnnnnnnnn thththththththththhthhthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhe eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee wireeeeeeeeee
(aq)q)))))))))))))))))))))) ++++++++++++++++++++++++++ 2e CCuCuCuCuCuuCuCuuCCuCuCuCCuCCCuCuCCCCuCuCCCCCuCuCuCCCCCuCCuCuCCuCCCuCuCCuCCuCCCuCuuuu(ss(s(s(s(s(ss(s(s(s(s((s(s((s(s(s(s((s(s(s((sssssssssssssssss)))))))))))))))))))))))))))))))))))

Awarrrrrrrrrrrrrrrrrrdd ddd dd d dd d dddddddd ddddddddddddddddddddddddddddd [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]] fofofoffofofofoofooffofooofofooooooooooooooooooooooooooooooooooor r rr rrrrrr r rrrr rrr r eveveveveveveveveveveveeveveveveveveveveveveevveveveveveveveeveeeeveevvvevvvvvvvvvvvvvveevevereeeeererererererereeeeeerereeeeeereeeereeeeeeeeeee y 2 cocococococorrrrrrrrrrrrececececeectttt tt answ
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(b)

or [1]
(c) Mr of propene = 42

Number of propene molecules
= 7350 / 42
= 175
Number of carbon atoms
= 175 x 3
= 525

[1]

[1]
6 (a) electrode P: 4OH-

2O (l) + O2 (g) + 4e
electrode S: Cu2+

[1]
[1]

(b) Hydroxide ions are discharged at electrode R (anode) to give oxygen gas.
Hence, with the decrease in concentration of hydroxide ions, the pH decreases as 
the solution becomes less alkaline.

[1]
[1]

7 (a) salt method 1 method 2 method 3
ammonium chloride

lead(II) sulfate

sodium sulfate

zinc nitrate 

Award [1] for every 2 correct answers
[2]

(b) (i) Copper(II) chloride is soluble, so cannot use method 1
Copper cannot react with dilute acid, so cannot use method 2
Copper oxide, hydroxide and carbonate are all insoluble, so cannot use
method 3

Deduct [1] for every 1 mistake [2]
(ii) Add excess copper(II) oxide/hydroxide/carbonate to dilute hydrochloric

acid
Filter the mixture
Heat the filtrate until saturated
Cool the hot filtrate to allow it to crystallize
Collect crystals and wash with cold deionised water

Award [1] for every 2 correct steps
Award [3] for all correct steps [3]

8 (a) When the temperature is too low, the speed of reaction is too low; 
when the temperature is too high, the cost of maintaining the high temperature is 
too high;
(also accept: when the temperature is too high, the yield is too low)

[1]
[1]

r

e R (anode)e)e)e) tttto o o o gigigigiveveveve oxyxyxyxygegegeg nn gagagagas.
ation of hydroooooxixixixixixxiixixixxiixixiiiiiiiiiidededededddddd iiiiiiiiiiiiiiiiiiiionononnoooooo ssss, theheee ppppHHHH dedededeccccreas

e.
meeeeeeeeeeeeeeeththhthhhththhhhhhthhododododddddddddddddddddddddddddddddddddddddddddddddddd 1111111111111111111111111111111111111111111111111111 mmememememmmemmmemememmememememememememememememememmmmemmemememmmememeeeeeeeeeeeeththththtttthththththhthhhhhththhththththhhththhthththhthththththhhthhththththththhhhhhhhhhoooododododoododoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 222 memeththod 3

chlorididdddddddddidddddddddddddddddddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

(II) sulfateeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

sodiummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ssssssssssssssssssssssssulululuullulululuululululuululullullllfafafafafafafafafaffaffffffffafafaffafffafaate

zizzzzzzzzzzzzz ncncncncncncncncncncncncncnc nittrrrararararrrrarrrrrrrrrrrrrrrrrrrrrrr tetetetettttetttttetettetetetetttetttttttttttettttete  

AwAwAwAwAAAAwAAAAAAwAAA ararararararararaarraraararaaaarrarraararararraaaaaaaraaaraaaarardddd ddddddd [1] fofofofofofofofofofofofofofor r r rrrr r rrrrrr evvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvererrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrry 2 coooooooooooooooooooooooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrecececececececececececececececccececeecececeeecceccceeccccccccct tt tt t t tt ttt ttt ttttttttttt tttt ttt ananananananananannnannanaanananananaanananananananananananananaaannnnnnnnswswswswswswswswswswswswswswswswswswswsswswswswwswwssswswssswwwswswwwwswswwwssswerererererererererererererererereeeeeeeeeeeeeeeeeee ssssssssssssssssssssssssssssssssss
b) (i(i((((i(i(i(i(i(i(i(i((i(i(i)))))))))))))))))))))))))))))))))))))))))))))) Coooooooooooooopppppppppppppppppppppppppppp erererererererrerrerreeerrrerrrrerererrerrrrrrrrrrrr(I(I(I(IIIIII(I(IIII(II(III(I(IIIII(I(I(II(IIIII(( I) chlhllhllhlhlllllllllllllhlhh ororororororoororororororororororoorororoorororororororrrrrrrridididididididididididddidddididddddddddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee isiiiiisiiiiiiiiiiiiii sssssolololololoooolololollololololololoooololololooooooooloooololoooo uubuuuuuuuuuuuuuuuuuuu lee, sosososo ccccanananannot us

CoCoCoCoCoCoCoCoCoCoCoCCCoCoCoCCCoCCoCCoCCoCCCCoCoCCoCoooooooooooooooooooooppppppppppp er cccccccccccccanannanananananananananananananananananaaaanananaaannaaaaanaaaannaaananaaaanannnannnnonononononononononononoononoonoononononnnononoonnononoonnonnnnn t t rerererereereereeeeeererrrrrrrr acacacacaacacaccccacacaccccaaccacacaccacacaccaaacaaaaa t with ddddililililutututute eee acid
Copppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppperereererererererererererererererererrererrererrrerereeeeeeeeereererrr ooooooooooooooxixixixixixixixixixixixixixidededededdedededededdedddd , hhyhhhhhhhhhhhhhhhh droxoxoxoxidididideeee anananand carb
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeteteteteteteteteteteteteteteteteeteteteteteteteteteeeeeeteeeetttthohooooooooooooooooooooooooooooooooooood ddddddd dddddddddddddddddddddddd 3333333333333333333333333333333333333

DeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDDDeDDeeDDeDDDDDDDDDDDDDD ddddddddddduddddddddddddddddddddd ctctcctctctctctctctctctctctctctctctctctctctctctctccttttcctctcctctt [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1111111111111111111111111111111111111  for eeeeveveveveryryryry 1 mist
) AdAdAAAdAAdAdAdAdAddAdAdAdAddAAAdddAdAdddAddAAdd exxcecessss coppe
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(b)

the formulae of the reactants and products of the reaction,
a label for the activation energy of reaction,
a label for the enthalpy change of reaction.

Deduct [1] for every 1 error. [2]
(c) When pressure increases, there are more molecules of sulfur dioxide and oxygen 

per unit volume;
frequency of effective collisions increases so rate increases

[1]
[1]

(d) In the absence of water (or little amount of water), most of the sulfuric acid 
molecules do not ionise to form hydrogen ions, hence it would not react with steel;
in dilute sulfuric acid, the hydrogen ions from the acid ionises completely, reacting 
with the iron in steel tanks;

[1]

[1]
(e) Any transition metal (e.g. copper, silver, gold) that is below hydrogen in reactivity 

series.
It has multiple oxidation state.

[1]

(f)

[1]

Section B: Long-Structured Questions [30M]
9 (a) (i) 2 C8H18 + 25 O2 2 + 18 H2O [1]

(ii) Mole ratio of      [allow ecf for mole ratio]
2 C8H18 : 25 O2

3   :   37.5
Number of moles of O2 =

2
x 25

= 37.5 mol    [1]
Volume of O2 = 37.5 x 24.0

= 900 dm3                      [1] [2]

2 SO2 (g) + O2 (g)

2 SO3 (g)

of the reaactctctctcc ion,,
ion,

eaction.

here are mmmmmororororororoororororooo eeeeeeeeeeeeeeeeee momomomomomommomomoooooooooomoooommoomoooooooomomoooomomooomoooomomoooooomooommmmmmmoooooooooolelelelelelelelelelelellellllllelelelellelleeleeeleleeeeeleleeeeeleeeeeeleeeeeeeeeeeeeeeleeeeeeeeeeeeeeeeeeeeleleellelelleeeeeeecucucucuccucucucucucucucucucucucucucucucucucuccccucucuccucccuccucucccccuccccccucucuccccucuccccuucccuucuuuccucuucuuuuuullleleleleleleleleleleleleleleleleleleleleleleleleleleleeeeeeeeeeeees ssssssss sss ssssssssss s s s s s ss s  s ofofofofofofofofoffffofofffofofofofofoffoffofofoffofofoffoffffofofofofofofofofofofofof sssssssssssssssssssssssssssululululululfuf r didididididioxoxoxoxoxoxidididididide eeeee and oxyge

ve colololollllolllllolllllloooo lililililiiiililiiiiliiiiililiilililllllll sisiisiiiisisiisisisiisisisissssisisisssisssssssis onononononnnnnnnnonnnnnnnnnnnnnnnonnnnsssssssssssssssssssssssssssssssssssssssss ininnnnnninnnnnnnnnnnncrcrcrcrcrcrcrcrcrcrcrrrcrcreae sessssssssss sososoooooooooosooooooosoooooooooooooooooooooosoo rate iiiiiincreasasasasasaseseseseseses
e of water r rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr (o(o(o(o(ooo(oo(ooooo(ooooo(oooooooooooooooooooooooor litttttttttttttttttttttttttttlelellllllllll  amomommmmomomomomomoommmoommomomoom unuuuuuuuuuuuuuuuuuu t offfffffffffffffffffffffffffffffffffffffffffffffffffffff wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwater), mostttttt ofofofofofof tttthe ssssssululululululffuriririririric ccccc acacacacacacidididididid 

s do nototttttttotottototototototottotototot iiiiiiiiioniseeeeeeeeeeeeee tototototototototototototototototototootttotttt fffffffffffffffffffffffffffffforororoorororororororororororoooororororrororrrrrrmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm hyhyhyhyhyhyyhyhyhyyhyhyhyhyhhyhyhyhyhyyhyhyhyhyyhyyyhyyhyyyyyyhydrdrdrdrdrdrrdddrdrdrdddrddrdrdrrrrrrrrrrrdrdrrrrdrrdrrdddddddd ogogogogoggogogoggogogoogogogooooogogooogoooogogogogogogoogoooooooogogggggggggggggggggeneneneneneeneneneneneneneneneneneneeenenenennnn iiiiiiiiiiiiiiiiiiiiiiiooooonooooooooooooooo s,s,,,,, hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhence iittttt wowowowowowould nononononononot t t t t t rererererereacaaacacact with
ute sulfuricccccccccccccccccccccccccccccccccccccccccccc aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaciciciciciciciciccccccccccccccccccccccccccccccccc d,dd,d,d,dd,dd,d,dd,d,d,dddd,d,ddd,dddd,dddddddd,dddddddddd,, the hydydyyyyyyyyyyyyyyyyyyyyyyyy rogegeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnn ions froooooooooooooooooooooooooooooooom m mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ththtthththththththhttththhthththththhththththhhhhthththhhthhththt eeeeeeeeeeeeeeeeeeee acid ioniseeeeeees s s s ss cocococococompmmmmm letel

with theheee iiiiiiiiiiiiiiiiiiiiirorororororororoororoooror nnnnnnnnnn in sssssssssssssssssssssssssssssssssssssssssteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeelelelllllllllllllllll ttttttttttttttttttttttttttttttttttttananananannnannnnnnnnnnnnnannnnnnnnnnnnnnnnnkskskskskskskskskskskskskskskskkkkkkkkkk ;;;;;;;;;;;;;;;;;;;;;;;;;
e) Any y trtrttrttrtrtrtrtrtrtrtrtrtrrrrranaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa sisiiiiiiiiiiiiiiiiitittttttttttttttttt ononoonononononononononono mmmeteteteteteteteteteteetettetetetttetetetteettteteeeeeeee alalalaalalalalalalalalalaaaaaaalaaal (((((((((((((e.eeeeeeeeeeee g.g.g.g.g.g.gg.g.ggg.gg.gg.ggggggg.gg.gg.g.gg.gg.ggggggggg.gg ccccccccccccccccccccccccccccccccccccccccopopooooooooooooooooooooooooooooooo pep r,r,,,,,,r,r,,r,r,r,,r,,r,r,,,,,,, sssssssssssssssssssssssssssssssssssssssililiiiiiiiiiiiiiiiiii vevevevveveveveveveveveevveevveveeeeeeeeeeeeeeeeeeer,r ggggggggggggggggggggggggggggggggggggggggggggggggggololololololloololooooolooloololllllollllolld)d)d)dd)d)dd)d)d)d)d)d))d)d)d)d))d))d)d)))d)dd)d)dd)ddddd))d))dddddddd  that isisisisisis bbbbbbelelelelelelow hyd

sesssssssssssssssss riiiiiiiiiiiiiiiesesesesesesesesesseesesseesesseseeesesessessesesessssesssssssss.
Itttttttttttttttttt hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhasasasasasasasasasssasssasssasassssassssssssssss mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmultipllleeeeeee eeeeeeeeeee oxoxooxoxooxoooxoooo idididididiididiiidiiiididiididiiiiiiiiidiiddiiiiiidddaaaaaaataaaaaaaaaaaaaaaaaaaaaaaaaaaaa ion n stststsstssstsssssststststsstssssstsststssstttststsststtststttttttatatatatatatatattttaatatattattataatatttttttttttte.e.e.eeee.e.ee.eeee.e.e.eeeee.ee.ee.eeeee.eeeeeeeeeeeeeee
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(iii) 2 C8H18 + 25 O2 2 + 18 H2O
C8H18 loses H atom / gains O atom to form CO2, hence C8H18 is reduced.
O2 gains H atom / loses O atom to form H2O, hence O2 is oxidised.

[1]
[1]

(b) Diesel contains a higher number of carbon atoms than petrol [1].

As the number of carbon atoms increases, the molecular size of the 
hydrocarbons increases. The intermolecular forces of attraction between 
the hydrocarbons increases. [1]

Hence more energy is needed to overcome the intermolecular forces of 
attraction between the hydrocarbons. Hence diesel is a fraction of crude oil 
that is removed at a higher boiling point than petrol. [1] [3]

(c) Three-way catalytic converter.

Based on the chart, the three-way catalytic converter produces the lowest 
mass of hydrocarbons, carbon monoxide and nitrogen oxides as compared to 
two-way catalytic converter. Hence the three-way catalytic converter is a more 
effective catalytic converter. [1]

OR

Three-way catalytic converter can remove hydrocarbons, carbon monoxide 
and nitrogen oxides while two-way catalytic converter can only remove 
hydrocarbons and carbon monoxide. Hence the three-way catalytic converter 
is a more effective catalytic converter.

[1]
(d) Nitrogen oxides are not converted in a two-way catalytic converter.

As a result, the nitrogen oxides react with oxygen and dissolve in rainwater to 
form acid rain, which corrodes limestone buildings, destroys aquatic life and 
plants. [1]

10 (a) NH4
+ (aq) + OH- (aq) NH3 (g)+ H2O (l) [1]

(b) Percentage mass of nitrogen in ammonium chloride
= 14 / (14 + 4 + 35.5) x 100
= 26.2% (3 s.f.) [1]

(c) (i) Ammonia has a relative molecular mass of 17, and is less dense than
hydrogen chloride gas, with a relative molecular mass of 36.5.

Hence ammonia gas diffuse faster than hydrogen chloride gas, forming
the white solid ring closer to concentrated hydrochloric acid.

[1]

[1]
(ii) The white solid would appear faster as the rate of diffusion is faster; [1]

(d) No visible change will be observed.
Bromine is less reactive than chlorine and is unable to displace chloride from 
ammonium chloride.

[1]

[1]
(e) Step 1: In an evaporating dish, heat gently to sublime ammonium chloride.

Step 2: Place an inverted filter funnel over the evaporating dish to cool down 
and condense the gaseous ammonium chloride to form white solid.

Diagram drawn must be labelled properly to be awarded [1]. Student will 
need to state step 2 to get full credit.

[1]

[1]

(f) As we go down the group, the boiling point or melting point increases / 
density increases / colour intensity increases / changes from gas to liquid to 
solid. 

[1]

oduces
oxideeeeeessssss asasasasasas co

catalytic cccccoc nvererererere ter i

ter can rereeeeeeeeeereeeeeeeeeemomommmmmmmmmmmmmmmm veveveveveveeeeeee hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhydydydydydyyyydydydydydydydydydydyyydyydydydydydydydydydydyyyyyyyydyyyyyyydyddyyydyyyydyyyyyddydydyyyydyyyyyyydyddyyyyyyyyddyyyydyyyyyyyyyy rorororrrrorororororororororororororororororororororororoooooooooooocaccacacacacacacacacacacacacacacacacacacacacacacacacacacaaaaaaaaaaaarbbbrbrbrbrbrbrbrbrbrbrbrbbrbrbbrbbbrbbrbrbrbbrbbrbrbrbrbrbrbrbrbbbbbrbbbbbbbbrbbbbooooonononononooonoooooooooonooooooooooooooooo s,s  cararararararbobobobobobonnnnn n mom noxide 
hile twoooooooooooooooooooooooooooo-------------wawwwwwwwwwwwwwww y caaaaaaaaaaaaaatatatatataaatataaaataatataaattt lylylylylylyllylyllyllylllylyl titiiiiiiiiiiiiiiiiiiccccccccccccccccccccccc ccccccc ccococoooooooococococoooocooooocoococoooooccocooocooccooooooccoococococcocooococoococoocococooocooocoooocococooocoooooooooooooooooooooooocooooooooooooooconvnvnvnvnvnvnnvnvnnnnnvnvnvnvnnnnnvnvnvnvnvnvnvnvnvnvnvnnnnnvnnnvnvnnnnvnvnnnvnvnnvvvvvnvnvnvnnnnvvvnnnvnvnvvvvvvvvvnvvnnvvnnnnnnvvvvvnnnnnnnvvvnnvvvnnvverereeeereereeereerereeeeererereeeeererererererererererererrrttetttettetetetetetetetetetetetetteteteteteteteteteteteteteteteterrrrrrrr r rrrrr cacacacacacannnnnn ononononononlylylylyyly rrrrrrememememememove

carbobooooboooboooooooooooooooooooooooobooobooboon nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn momomomommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm nonnonononooonoonoonnnoonnnononnnn xixxxxxxxxxxxxxx de. HeHeHeHeHeHeHeHeHeHeHeHeHeH nnnnnnnncnnnnnnnnnnnnnnnnnnnnnn e thhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeee ttttththththththttttht reeeeeee-----wawawawawaway caaaaaatatatatatatalylylylylylytttttit c convnvnvnvnvnverereereererter 
ctive catattatatatatatttatatatatattatatatattattattattattaatatataaaaaaaaaaaaaaaa alalalalalalalaalalaallalalallallllaalaaaaaaaaaaaaaaaaaa ytytttttyttytyttyttytytyttyttttttytyttttttyyyyyy icicicicicicicciciciciciciciciccciiccccccccccccccccccccccccccccccc ccccccccccccccccccccccccononnnnnnnnnnnnnnnnnnveveveveveeveveveeveeveeevvvvvvvvv rtrrrrr er.

ogen oxidededdddddededddedddedddddddddddddddddddddddddddddddddddd s s araraaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa e noot ttttttttttttttttttttttttttt cccccococccccc nvererrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeed iiininiiiiiniiiininnnnn aaaaaaaaa ttwo------------wawawawawawwwwawawawawawawawawawawawwwwawaawawawwwwawawwwawawwwwawwwwwwwwwwww y catalylylylyylytitititititiccc convnvnvnvnvnvererererererteteteteteter.
As a rrrrrrresesesesessesessessessessesessessessesesessesse ult, thehehhehhehehehehehehhehehehhehehhehehehehheheeheheheheehehheheheeheeheheheehehhhehhhhhh  inininininnininininininninninnnnnininnnnnninnnnnininnniniiitrtrtrtrtrtrrtrtrtrtrtrtrtrtrtttttt ogogogogoogogogogogoogogoogogogogoogogoogoogooogoogooogogogogogogooggggggggggggggennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn oooooooooooooooooooooooooooxixixxixixxixxxxixixxxxxxxxixixixixxxxxxixxxxxxxxxxxiiiiiix dedededededededededededeededededededededeeeeeedededeeeeedeeedeedededddddddd sssssssssssssss rrrrrrrerrrrrrr act wiwiiiwiiiwiiwiwiwiiiwiiiiiiiwiiiiiwiiwiiwiwiwiww thththththththththtththththtththththththhthhttthththhhththhhththhhhhthtthtththtt ooooooooooooooooooooooooooooooooooooooooxyxxyxyxyxyxyxyxyxyxyxyxyxxxxyxyxyxyxyxyxxxyxyxxxxxxxxxxxxxxxxxxxxxxxx ggeggggggggggggggggggggggggggggggggg n anddddddd didididididissssssssssssooolooo ve in
foormrmrmrmrmrmrmrmmmrmrmrmrmrmmmrmmmrmmrmmrmmmmmmmmmmmmmmrrmmmm accccccccccccccccccididididdddddddddd rainnnnnnnnnnnnnnnnnnnnn,,,,,,, whwhwhwhwhwwhwwwwhwwhwhwwhwwwwhwwwhwwhwwhwhwhwwwwwwwwwwwwwwww iciciciciiciciciciciciiciccchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh cococococococcococcocccocococccococcococcocooooooocoooooooooooooooooorrrrodododododododododododododododoodooododododoododoooddooodddddddddddeseseeeeeeeeeseeeeeeeeeeeeeeeeeeeeeee  limmmmesesesesesesesesesesesesesseseseseseesesssseseeeeeeseseessesesesesesesessesessesesestotototototototoottotoottototootottottototottottototooooooooooooooooooooooooooooneneneneneneneneneneneeneneneneneneeneeeneneenenneneeeeeneeneeneneneneeneenneenennnnn bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbuiuiuuuuuuuuuuuuuuiuuuuiuuuiuiuuuuuuuuuuuuuuuuuuuuuuu ldingssssss,,,,,, dedeededeeststststststroys a
plplplllllplpllllllllllllllpllllplllplplplppppp ananannnnanannnanannnnnnannnnnnannnnnnts.

(aaaaaaaaaaaaaa)))))))))))))) NHNHNHNHNHNHHHNNHNHNHNHNHNHNNHNNHNHNHHNHNNHHHNHNHNNHNHNHNHHNHNNHNNNNNHHHNHNNNNNHHNHNHHHHHHHHNH4444444
+ (aq)))))))))))))) ++++ OHOHHHOHOHHHHHOHOHHOHOHHOHHHHOHHHHHOHHHOHHHHHHHHHHHHHHHHHHHHOHHOHHHHH---- (aq) NNHNHNNHNNHNNNNNNNNHNNHNNHNNNNNNNHNHNNNHNNNHNHHNNNNHHHNHNHHNN 3333333333333333333333333333333 (g(g(g(g(g(g(g(g(g(g(g(g(g((g(g((g(g(((g((gg(g(gg((gg(g(g(ggg(ggg((ggg(g(g(gg((((ggggggg(ggg(ggg((((( )))))))))))))))))))))))))))))))))))++ HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH222222OOOOOO (l(l(l(l(l(l))))))

(b)))))) ePePePePePePePePePePePePePePePePePePPePeeeeeeeeeeeeeeeeeeeeeeeeeeercrcrcrcrcrcrcrcrcrcrcrcrrrcrrcrrrcrcrrrcrrrrrrcrccrccccccccccccccenenenenenennnnenennnnnnennnnnnnnnnennnnnnnnnntatatttatttatatttttatatattatatatatatattatattatataaaaaaaaaaaaaaaaaagegegegegeegegegegegeegegegegegeggggggggggggg mmmmmmmmmmmmmmmmmmmmmmmmmmass ofoffofofofoffoffffffofofofofofoffofofooofoffofofofooofofofofoofofoooooooooooooo nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnititititititititititiiittiiititttttttttttttrororororororororoororororororoorooorooorrrrr ggegegegegegegegegegegegeggegeeggeg n in ammmmmmmmmmmmononononononiuiuiuiuiuium chlo
====== 141  / (((((((((((((((((((((((((((((((141414141414141414141441441141114111411141141144444 + 44 +++++++++++++++++++++++++++++++++++++++ 333333333333333333333333333333335.55.5.5.5.5.5.5.555.55.5.5.5.5 5)5)5)5))5))5))))5)5)5)5)55555555 xxxxxxxxxxxxxxxxx 111111111111111110000000000000000000000000000000000000
============== 2626222222222222222262662666626662222 .2.22222222222222% %%%%%%%%%%%%%%%%%%% (3(3(3(33(3(3(3(33(3(3333(33(3(33333(33(33(33(3(3333(333(3333(3333(33(3(((((( ssssssssssssssssssssssssssssssssssss.ffff.fffff.ffffffffffffffffffffffffffffffff.).))))))).).))).)))).).)).).).)))).)).).).).).))).).)).)))).).).).)))).)).))
(i)))))))))))))))))))))) AmAmAmAmAmAmAmmmAmmmAmAmmAmAmmAmAmmmmmmmAmAmmAAmmmmmmmmmmomommmmomomomomomomomomomoomoomommomomomomomommmooomomommooomommmommomomommmmommmmmmooomoom nininininininininnininiinininiiniiininnnininnininnnnnnnninnnnnniiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa hhhhahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh s a reeeeeelaaaaaatitititititivvvvvev mol

hyhyhyhyhhyhyhhhyhyhyhhyhyhyyyydrdrdrrrrrrdrrrrrrrdrrrddrrdrdrdrrrrddrrdrdrdrrrrrrrrrrrrrrogooooogooooooooooooooooooooooooooooooooooooooooooooo en chlhlhlhlhlh ororororororidididididde e gas,
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11 Either
(a) (i) aldehyde chemical formula structural formula

propanal C3H6O 

Award [1] only when all answers are correct

[1]

(ii) These molecules have the same functional group of CHO./
These molecules have the same general formula, CnH2nO./
Each member’s molecular formula differs from the next member by 
CH2. 

Award [1] for each correct answer.

[2] 

(b) Oxidising agent: acidified potassium manganate
Observation: Violet potassium manganate decolourises.

[1]
[1]

(c) (i) Condensation reaction occurs when the molecules join with one
another covalently to form a new product, with the elimination of small
molecules such as water. [1]

(ii)

[1]

(d) (i) Similarity:
Both reactions eliminate / release / produce water molecules / involve 
esther bond formation [1].

Difference:
Ethyl pentanoate is a simple molecule but Terylene is a macromolecule 
/ Terylene has more than one ester linkage but ethyl pentanoate has 
only one. [1] [2]

(ii) Terylene is non-biodegradable and will remain on Earth for a long time. 
Hence, Terylene will take up space in landfill sites, causing land pollution. [1]

11 Or
(a) X: aspirin

Y: acetaminophen
Z: caffeine
Award [1] for 1 or 2 correct answer
Award [2] for all correct answers [2]

(b) Based on the Rf values, caffeine has the highest affinity for the silica gel. [1]

Caffeine has the lowest Rf value as compared to aspirin and acetaminophen, 
this shows that the distance moved by caffeine on the TLC plate is the shortest 
distance. Hence this shows that caffeine has high affinity for silica gel. [1] [2]

ses.
moleculessss jjjjooioioinnnn wiwiwiwithththth one

oduct, withhhh tttthehehehe elelimimininaation of s

(d) (i(iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii( )))))))))))))))) SiSiSiSiSiSiSiSiiiiSiiSimimimimimimimimimimimimimimimmmmmm lalllll ritytytyttytytytyttytytyttttytytttytytytttytyttttttttttyyyyyy::
Bothththththththththththththth rrrrrrrrrrrrrreaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactctctctctttctcttctttctcttttcttcttttctctc ioiiiiiiiii ns eliiiiiiiiiiiiiiiiiiiiiiiimimimimmmimimimmmimimmmmimmimiiimimimimmmmmmmmmmmmm nannananananananananananaanaaaanaaaaaaaaaaaaaaaateteeteteteteteteteetettetettetteteteteeeteteeetettettetteteeeeetettttt ///////////////////////////////// rrrrrrrrrrrrrrrrrrrrrrrrreleleleleleleleleleleleleleeeeeleeeeeeeeeeeeeeeeelleee eaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaaaeaeeeeeeeeeeeeeeeeee sssssssssssssssesesssssssssssssss / prprododucucee wate
esthherereeeeeeeeeeee bbbbbbbbbbbbbbononoonoonoononoononononooonoooonooooonoonooonononononnonoooooooo ddddddddddd formrmmmmrmmmmmrmmmmmmmmmmmmmmmmmmmmmmmmr atatatatatatatatatatatatatataaaaaaaaaaaaaaaaaaa ioiioioioioioiooioioiioioioiooiooooiioiioooooooooooooooonnnnnnnnnnnnnnnnnnnnn [1]]]]]].]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

D ffffififffffffffffffffffffffffffffefffffffffffffff rencncncnccccncncncncncnccncccncncnncnncnncnnccnccncnnccnccnccce:e:e:e:e:e:e:ee::e:e::e:e::e:e:e:e::e:e:eeeeeeeeeee
EtEtEEEEEEEtEEEEEEEEEEEEtEEEEEEEEEEEEtEtEEEEEEEEEEtEEEEthyhyhhhhhhyhyhhyhyhyhhyhyhyhyhyhyhhyhyhyhyyhyhhyhyhyhyyhyhyhyhyyhyyll llllll lll lll l lllll l l ll lllllll pepepppepepepppeppepppppepeppppeppeepepppp ntntttnntntnttntntnntntntntntnnntntttnttnttttntnttnntnttttnn ananananananananannnnanannnanananannnanananananannaaananaaanannananaaa oaoaoooaooaooooaoaoaoooooooooooooooo te iiiissss aaaa sisisisimmmmple mo
/ / // /////////// /// TeTeTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT ryryryryryryryryryryryryryyryryryryryryryryryrryyryryyrryryryryyrryyyleleeleleleeleleleleleeleeeleleeeleleleleeeleeeeeeeeeeeeenenennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  hassss mmmmorororore eee tttthan o
onononononononononononononnononoooo lylylyylylylyyylylylylylyylylylylylylylylylyyyyylyylyyly oooooone.. [1[1]]
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(c) The experimental melting points for all three compounds are lower than the 
literature values. [1]

A possible reason is that compounds X, Y and Z are not 100% pure [1]

Or

the compounds may contain impurities. 

[2] 

(d) (i) Concentrated sulfuric acid, warm/heat (under reflux) [1]
(ii)

Award [1] for each correct answer

[2]

(iii) The process is similar to esterification, which is a reversible process. 
Hence some of the product, acetaminophen, formed is converted back 
to reactant particles.

[1]

e lowewewewewewerrrrr ththththththan

Z are not 1010101010100%0%0%0%0%0% ppppppuru e eeeee [1[1[1[1[1[1]]

mpuritititiititititiititititititttttttttttt eseseeeeeeeeseeseeeeeeeeeeeeseeseeeseseseeeeeseeeses.

sulfuric c acacacacacacacacacacacacacacacaaccaccccccccccacccccccccccccccccccididdiidddidddiddididididdddddiddidddddddddddddidddddiiiii , wawawawawawawawawawawawawawawawawawwwwwwwwwwwwwwwwwwwwwwwwwwwww rmmmmmmmmmmmmmmmmmmm/h/h/hhhhhhhhhhhhheae t (uuuuuuuuuuuuuuuuuuuuuundndndndddndndndndddndnddddnddddnddddddddndddddddddddndnddddnddddddddder reflux) [1]

AwAwAwAwAwAwAwAwAwAwAwwAwAwAwAwAwAwAwAwAwwAAwAwAwAwAwwAwAwAAAAAAAAwAAAA aaaaararaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa d [1] fofofofofofofofofofofofofofofofofofor rrrrrrrr eaeaaaaeaaeaeaaaaeaeaeaaaaaaaeaaaaaaeaaaaaaaaaaaaaaaeaaaaae chchcccchchccchchchchcchhchhhhhhhhhchhhchhhhhhhhhhhhhhhhhhhc  correrectctctctctctctctctctctctcttttctctctt aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnsnsnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn wewewweweweweewewewewewewewewewweweeeweeweweewweweeeweeewewweweeeeeweeeeweewwwwwwww rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

[

iii) ThThTThThThThThThThThTTThThTTThThTTTTThTTTTThThTTTTTTThThTTThTTThThTTTTThThhhhhhhhhhhhhhheeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeee prprprprpprprprpprpprprppprppprprppppppppprppppppppppp ococococococococoocococoocococoococococococoococoocooooccccccccccccccccceseseeeeeeeeeeeeeeeeeeeeeeeeeeee ssssssssssss isisisisisisissisisisisissssissssssssssissisis simmmmililillillilililililillllilllllliiiii arararararararrrarararrrarrarrraraarararaaaaaaaararaaaaaaaraaaaraaarararaaaaraaraaaaaa ttttttttttttttttttttttttttttooooooooooooooooooooooooo esesesesesesesessesesesesesessessseseeeeeeee tetttttttttttttt rificationonononono , whwhwhwhwhwhich is
HeHeHeeHeHeeHeHeeeHeHeeeeeHeeeeeHHHH ncn e sosososososoooooosoooooooooooooooooooooooooooooooooomemmmmmmmmmmmmmm oooooooooooooooooooooof f ff fffffffffffffffffffff ffffffffff ththttththththtttththtthtththtthththtthtththhthththhhthththhhhhhhhththhhhhhhhe e e eeeeeeeeeeeeeee ppprprpppppppppppppppp ododododododododododododododododododoooducucuucucucucucccccuuccucccuucccccuucccuuuu t,t  aceeeeeetatatatatatamimmmmm nonnnnn phen
toooooooooooooo rrrrreaeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ctctttcttctctttcttctctctctctcttctctctttanannt t papappappapapapapapappapppapappapppaappaapappppaapapapappppppappapapppppppppppppppp rtrrtrtrtrtrttrtrtrttrtrtttrtrtrtttttttrttttrttrtrtrtrtrrrtrttttttttticicciciciciciciciccccciccccicicicccccccciciccccciccccicciiiiccicccccleleleleleleeleleeelelelelellellllelllllllllelleell s.s.ss.s.s.s.ssss.s.s.s.sssssssssssssssssssssssssssssss
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1 Magnesium carbonate was reacted with excess dilute hydrochloric acid.  
 
The diagram below shows the methods to collect gaseous products. 
 

 method 1 method 2 method 3 
 

   
  
 Which method(s) can be used to collect the gas evolved from the reaction? 

  
 A 1 only 

 B 2 only 

 C 1 and 3 

 D 2 and 3 
  
  
2 The diagram shows three sets of apparatus. 
  
 1 2 3 
 

   
  
 Which apparatus could be used to separate a mixture of copper(II) chloride and copper(II) 

oxide and obtain a pure sample of each solid? 
  
 A 1 only 

 B 1 and 3 

 C 2 and 3 

 D 3 only 
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3 The diagram below shows the solubility curves of 3 salts, P, Q and R over a range of 
temperatures. P, Q and R are added to separate beakers of water. 

  
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Which of the following shows the best method of obtaining a solid sample from the mixture? 
   
  salt P salt Q salt R  

 A crystallisation filtration evaporate to dryness  

 B evaporate to dryness evaporate to dryness filtration  

 C evaporate to dryness crystallisation evaporate to dryness  

 D crystallisation evaporate to dryness filtration  

      
   
4 The following reactions are carried out on solid T. 

 
  solid T + heat  brown liquid X 

 
solid T + O2  colourless gases evolved 
 
solid T + water  colourless solution Y 

 

  
 Which conclusion is correct? 
   
 A solution Y is a mixture 
 B brown liquid X is a compound 
 C solid T is a mixture  
 D solid T is a compound 
   
   

mass of salt that 
dissolves in 100 
cm3 of water / g 

temperature / oC 

P 

Q 

R 
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5 The gases making up dry air can be separated by fractional distillation of liquid air. 
 
The boiling points of five of the gases in dry air are given below. 
 

gas boiling point / oC 
 

N2 
 

O2 
 

Ar 
 

Ne 
 

Kr 
 

 

– 210 
 

 – 220 
 

– 186 
 

– 246 
 

– 152 
 

 

  
 In the fractional distillation of liquid air, which gas will distil off first and which gas will distil off 

last? 
   
  first last    

 A N2 O2    

 B O2 Ne    

 C Ar N2    

 D Ne Kr    

       
  
6 Z has the atomic number 8 and mass number 18.  
  
 What are the particles present in a Z2– ion? 
  

  electrons neutrons   

 A 8 8   

 B 8 10   

 C 10 18   

 D 10 10   
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10 The diagram below shows the valence electrons of elements X and Y.  
 

 

 
  
 Which of the following correctly shows the type of bonds and chemical formula of the compound 

formed between X and Y? 
  

  type of bonds chemical formula   

 A covalent XY2   

 B ionic XY   

 C ionic X2Y3   

 D covalent X3Y2   

   
   
11 The ion QO3

2 – can be represented by the dot-and-cross diagram shown. 
 

 
  
 Which Group in the Periodic Table does Q belong to? 
   
 A I 

 B III 

 C IV 

 D VI 
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12 Which statement about the substance formed when a given mass of an element burns in 
excess oxygen is always correct? 

   
 A denser than the element 
 B greater mass than the element 
 C soluble in water 
 D white in colour 
  
  
13 10.0 g of vanadium was placed in a crucible and heated strongly in excess oxygen to produce 

an oxide of vanadium of unknown chemical formula. The mass of the sample in the crucible was 
recorded over time as shown in the graph below. 

  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What is the formula of the oxide obtained? 

  
 A VO 

 B VO2 

 C V2O3 

 D V2O5 
  
  
14 A solution contains a mixture of 0.2 mol of sodium chloride and 0.2 mol of another metal 

chloride. The solution contains 0.6 mol of chloride ions. 
  
 Which of the following is the other metal chloride?  
   
 A potassium chloride 
 B magnesium chloride  
 C aluminium chloride  
 D lead(IV) chloride  

mass of solid in crucible/ g 

time/ min 
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15 The gaseous hydride of a certain element X has a chemical formula XH4. At room temperature 
and pressure, 7.2 dm3 of this hydride has a mass of 9.6 g. 

  
 What is the relative atomic mass of element X? 
  
 A 12 

 B 24 

 C 28 

 D 32 
  
  
16 In which pair does neither of the gases change the colour of damp blue litmus paper? 
  
 A ammonia and chlorine    
 B ammonia and hydrogen chloride    
 C carbon monoxide and hydrogen    
 D carbon dioxide and sulfur dioxide    
   
   
17 An unlabelled bottle is known to contain either aqueous sodium chloride or aqueous ammonium 

carbonate. 
  
 How should the solution be tested in order to determine which compound is present? 
   
 A by adding aqueous barium nitrate 
 B by adding aqueous silver nitrate 
 C by adding aqueous potassium manganate(VII) 
 D by adding aqueous ammonia 
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18 Which graph shows the changes in pH as an excess magnesium oxide, MgO is added to 
hydrochloric acid? 

  
 A  

 
 
 
 
 
 

B  

 

 C  
 
 
 
 
 
 
 

D 

 
 

  
  
19 Which pair of substances would not be suitable for producing a large quantity of carbon 

dioxide? 
 

 A iron(II) carbonate and hydrochloric acid 
 B lead(II) carbonate and hydrochloric acid 
 C sodium carbonate and sulfuric acid 
 D calcium carbonate and nitric acid 
  
  
20 Propanoic acid, ethanoic acid, hydrochloric acid and sulfuric acid each dissociate in solution. 

 
If Universal Indicator is placed in 0.1 mol/dm3 of each solution, which solution will produce a 
colour indicating the lowest pH? 

  
 A sulfuric acid  
 B ethanoic acid 
 C hydrochloric acid 
 D propanoic acid 
  
  

 
14 
 
 
 

7 
 
 
 

0 mass of MgO added 

 
14 
 
 
 

7 
 
 
 

0 mass of MgO added 

A  
14 
 
 
 

7 
 
 
 

0 mass of MgO added 

B  
14 
 
 
 

7 
 
 
 

0 mass of MgO added 
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21 An atmospheric pollutant can be removed by the process of oxidation. 
  
 Which pollutant is removed by this process? 
  
 A carbon monoxide in a catalytic converter 
 B nitrogen dioxide in acid rain by reaction with calcium carbonate 
 C nitrogen dioxide in a catalytic converter 
 D sulfur dioxide from the flue gases by reaction with calcium carbonate 
  
  
22 A student investigated the effect of heat on copper(II) nitrate crystals in a test-tube. She 

observed that a brown gas P was given off, and a black solid Q remained in the test-tube. The 
black solid was hard to clean off the glass. She added solution S to dissolve the solid. 

  
 Which of the following correctly identifies substances P, Q and S? 
  
  brown gas P black solid Q solution S  

 A nitrogen copper sodium hydroxide  
  B nitrogen copper(II) oxide hydrochloric acid  
 C nitrogen dioxide copper sodium hydroxide  
 D nitrogen dioxide copper(II) oxide hydrochloric acid  

  
  
23 Four elements identified only as W, X, Y and Z are all found in the third period of the Periodic 

Table. 
  
 1  The atomic size of Z is less than X. 

 

 
 2  The energy required to remove the first electron from atom Y is greater 

than that from the atom of Z. 
 

 3  W forms an ion which has a larger size than an atom of W. 
 

 
 4  X, Y and Z form ions which are smaller than their parent atoms. 

 

    
 Using the information, what is the most likely order of arrangement of these elements from left 

to right in the third period? 
 A X, Z, Y, W 
 B X, Y, Z, W 
 C Z, Y, W, X 
 D W, Y, Z, X 
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24 Three types of steel have different properties. 
 
 steel 1 is easily shaped   

 steel 2 is brittle   

 steel 3 is resistant to corrosion   
 

What are the names of these three types of steel? 
  
  steel 1 steel 2 steel 3  

 A high carbon mild stainless  
 B high carbon stainless mild  
 C mild high carbon stainless  
 D mild stainless high carbon  

  
  
25 The following shows some of the results when metals W, X and Y were added to cold water, 

steam and hydrochloric acid separately. 
  

1. Only metal X does not react with cold water. 

2. Metal W reacts with steam. 

3. Metals W and Y react with hydrochloric acid. 

  
 Which conclusion is not correct? 
  
 A W is more reactive than X. 
 B X reacts with steam. 
 C Y is more reactive than X. 
 D Y reacts with steam. 
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26 Three stages in making steel from iron ore are listed. 
  
  1 carbon dioxide reacts with carbon  

  2 metal oxides and oxygen are added  

  3 haematite is reduced  

  
 In which order do these stages occur? 
  
 A 1  2  3 
 B 1  3  2 
 C 2  1  3 
 D 3  2  1 
  
  
27 A metal oxide is mixed with carbon and heated as shown. 
  
 

 
  
 The limewater turns cloudy. 
  
 Which of the following cannot be the metal oxide? 
  
 A zinc oxide 
 B magnesium oxide 
 C copper(II) oxide 
 D iron(III) oxide 
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28 Limestone can be changed into slake lime in two chemical reactions. 
  
 1  When limestone is heated it decomposes into lime, CaO. 

 2  Water is slowly dripped onto the cooled lime. The lime appears to expand 
and steam is produced. Slaked lime, Ca(OH)2, is formed. 

  
 Which row shows the correct description of each of the chemical reactions? 
  
  reaction 1 reaction 2   

 A endothermic endothermic   
 B endothermic exothermic   
 C exothermic endothermic   
 D exothermic exothermic   

  
  
29 Two circuits are shown below. The light bulb lights up in only one of the circuits. 
 

 
 What is the identity of X? 
  
 A lead(II) chloride 
 B sugar 
 C poly(ethene) 
 D sodium oxide 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

aqueous X 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 
14 

 

 CCKSS/4E/Chem/Prelim’19 
 

30 The diagram below is a typical electrolysis set-up that collects gaseous products. 
 

 
  
 Which of the following correctly shows the identities of solution Z, gas X and Y? 
  
  solution Z gas X gas Y  

 A hydrochloric acid chlorine hydrogen  
 B sodium sulfate hydrogen oxygen  
 C sulfuric acid oxygen hydrogen  
 

D concentrated 
sodium chloride chlorine hydrogen  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 

solution Z 
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31 A student investigates the rate of reaction between marble chips and hydrochloric acid. 
 The mass of the reaction flask is measured. 
 The graph shows the results of two experiments, P and Q. 
 

 
  
 Which change explains the difference between P and Q? 
  
 A A catalyst is added in P. 
 B A higher temperature is used in P. 
 C Bigger marble chips are used in Q. 
 D Hydrochloric acid is more concentrated in Q. 
  
  
32 The diagram shows ethanol burning inside a sealed jar. 
 

 
  
 The mass of one gas in the jar does not change. 
  
 Which gas is this? 
  
 A carbon dioxide 
 B nitrogen 
 C oxygen 
 D water vapour 
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33 Which one of the following conversion is an industrial process catalysed by nickel? 
  
 A ethene and hydrogen into ethane   
 B nitrogen monoxide into nitrogen   
 C nitrogen and hydrogen into ammonia   
 D hydrogen and chlorine into hydrogen chloride   
  
  
34 Which of the following could not be produced when methane reacts with chlorine in the 

presence of ultraviolet light? 
  
 A hydrogen chloride 

 B tetrachloromethane 

 C chloromethane 

 D hydrogen 
  
  
35 The structures of two isomers of butane, C4H8, are given below. 

 
CH3CH2CH=CH2 and CH3CH=CHCH3 

  
 How many of the statements about these two isomers are correct? 
  
   Both will react with 1 mole of bromine to produce the same mass of products. 

 

   Both produce the same molecule when reacted with steam. 
 

   Both produce the same molecule when reacted with hydrogen. 
 

   Combustion of 10 g of each isomer will produce the same volume of gas. 
 

  
 A 1 

 B 2 

 C 3 

 D 4 
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36 Compound P reacts with compound Q to form product R. 
  
 Which of the following correctly identifies P, Q and R? 
  

  P Q product R  

 A CH3OH CO2H HCO2C2H5  

 B CH3CO2H Na CH3CO2Na  

 C C3H7OH KMnO4 C3H7COOH  

 D CH3CO2H CH3OH CH3CO2CH3  

  
  
37 The diagram below shows the structural formula of tartaric acid. 
 

 
  
 Which of the following salt(s) could be formed upon reacting tartaric acid with potassium 

hydroxide? 
  
 1  C4H5O6K 

 
   

 2  C4H4O6K2 
 

   
 3  C4H3O6K3 

 
   

 4  C4H2O6K4    
       
 A 2 only 

 B 1 and 2  

 C 2 and 3 

 D 1, 2, 3 and 4 
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38 The diagrams show four monomers. 
     
 

 
  
 How many of these monomers would react with the molecule below to form a polymer? 

 
 

 
 

 A 1    

 B 2    

 C 3    

 D 4    
   
 
39 

 
Which polymer does not have an empirical formula CH2? 

                 
   A    B   

   

 

   

 

  

           

   C    D   
   

 

   

 

  

          
          
          
          
          

HC 

HC 

C 
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40 Ester methyl propanoate has the molecular formula C4H8O2. 
  
 Which compound is an isomer of methyl propanoate? 
          
   A    B   

   

 

   

 

  

          
   C    D   

   

 

   

 

  

   
   
 
 
 

END OF PAPER 1
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2 

Section A 
 

Answer all questions in this section in the spaces provided. 
The total mark for this section is 50. 

 
A1 (a) Use the following list of substances to answer the questions.  
   

iodine 

magnesium 

chlorine 

sodium chloride 

graphite 
  

  (i) Which substance conducts electricity when molten but not in solid?  
    

…………………………………………………………………………………… 
  

[1] 
     
  (ii) Which substance is a solid which sublimes at a low temperature?  
    

…………………………………………………………………………………… [1] 
     
  (iii) Which two substances conduct electricity when in a solid form?  
    

…………………………………………………………………………………… [1] 
     
  (iv) Which substance is a diatomic gas?  
    

……………………………………………………………………………………. [1] 
     
  (v) Which substance reacts with acidified silver nitrate to give a white 

precipitate?  
    

…………………………………………………………………………………… [1] 
    
 (b) Manganese is a typical transition metal element.  

State three properties that its oxides will have.  
   

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

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

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

[Total: 7] 
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3 

A2 Explain why 
   
 (a) carelessly discarding plastics can result in long-term pollution, 
   

………………………………………………………………………………………………  
   

……………………………………………………………………………………………… [1] 
     
 (b) not recycling metals can cause problems for future generations, 
   

………………………………………………………………………………………………  
   

……………………………………………………………………………………………… [1] 
     
 (c) the incomplete combustion of carbon-containing fuels can be dangerous to people, 
   

………………………………………………………………………………………………  
   

……………………………………………………………………………………………… [1] 
    
 (d) the combustion of fossil fuels can eventually damage buildings. 
   

………………………………………………………………………………………………  
   

……………………………………………………………………………………………… [1] 
    
 [Total: 4] 

 
A3 The diagram shows a simple cell set up. 

  
 The table shows information about zinc–copper simple cells.  
   
 Complete the table by filling in the missing information.  
   
 

electrolyte electrodes 
used 

product of reaction at 
positive electrode 

product of reaction 
at negative electrode 

dilute hydrochloric 
acid copper and zinc   

 copper and zinc copper  
 

[3] 
    

[Total: 3] 

electrolyte 

zinc 
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A4 Glomerular Filtration Rate (GFR) is a test to check how well the kidneys are working. It 
estimates the rate at which blood passes through the kidney and urea is removed. In a 
healthy individual with a fully functioning kidney, the average rate of GFR is 120 ml/min. 
 
The diagram below shows the movement of particles from blood to urine in the kidney. 
 

    
 (a) How does the kidney remove urea from the blood? 
   

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

………………...……………...…………………………………………………………….. [2] 
    
 (b) Blood sample of elderly patients tend to contain traces of protein. Suggest a reason. 
   

………………...……………...…………………………………………………………….. [1] 
    
 (c) The following graph shows the relationship between blood urea nitrogen levels and GFR.  

 

 
  (i) With reference to the graph above, state how the glomerular filtration rate (GFR) 

affects the blood urea nitrogen levels. 
    

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

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

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

………………...…….……………………………………………………………….. [2] 
    
  (ii) Deduce, from the graph, the normal blood urea levels in a healthy individual. 
    

………………...…….……………………………………………………………….. [1] 
 [Total: 6] 
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5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A5 The diagram shows some information about the Haber process for making ammonia. 
 

 
 

  
 
 
 
(a) 

 
 
 
 
Write a balanced chemical equation for the process. 

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

   
 (b) Name the catalyst used.  
   

………………….……………………………..……………………………………………    [1] 
   
 (c) When the mixture of hydrogen, nitrogen and ammonia enters the condenser, the 

ammonia turns to a liquid but the other gases do not. 
 
What does this tell you about the boiling point of ammonia?  

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

   
 (d) Give an advantage, other than cost, of recycling unreacted nitrogen and hydrogen.  
   

………………………..…………………………….……………………………………... [1] 
   
 [Total: 4] 
  

H2 + N2 

H2 + N2 

reactor 

catalyst 

coolant out 

condenser 

coolant in 
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A6 The diagram below shows an experiment in which steam is passed over hot iron filings.  
The iron filings glow, turns black and then forms a red brown iron oxide solid and a gas which 
burns with a blue flame. 
 

 
 
 
 
 
 
 
 
 
 

   

 (a) Describe how the observations would be different if the experiment was repeated using 
each of the following two metals in place of the iron filings.  

   
  (i) magnesium 
    

……………………………………………………………………………………………… 
    

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

[2] 
    
  (ii) copper 
    

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

[1] 
    
 (b) Iron is manufactured from haematite, an oxide of iron. 

  
  Describe the manufacture of iron from haematite. 
   

……………………………………………………………………………………………… 
   

……………………………………………………………………………………………… 
   

……………………………………………………………………………………………… 
   

……………………………………………………………………………………………… 
   

………………………………………………………………………………………...…….. [3] 
     
   [Total: 6] 

shiny iron filings 

steam 

heat 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 

 CCKSS/4E/Chem/Prelim’19 [Turn Over 
 

7 

A7 P is a mixture of iron(II) sulfate and ammonium sulfate. 
 
The tests on P and some of the observations are recorded in the following table. 
 
Complete the table by filling in the missing information.  

   
 tests observations 
 (a) Appearance of solution P. 

 
 
 
 

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

 
 (b) Aqueous barium nitrate was added to a 

portion of solution P followed by dilute 
nitric acid. 
 

 
……………………………………………… 
 
……………………………………………… 
 

 
[2] 

 
 (c) (i) Excess aqueous sodium hydroxide 

was added to a portion of solution 
P. 
 

 
……………………………………………… 
 
……………………………………………… 
 

[2] 
 

  (ii) The mixture from (c)(i) was filtered 
and the filtrate heated. 
 
The gas given off was tested with 
damp litmus paper. 
 

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

 
   
 (d) When equal volumes of potassium manganate(VII) solution and solution P are mixed, 

potassium manganate(VII) decolourises. 
   

(i) 
 
State another observation when both solutions are mixed.  

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

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

     
  (ii) Explain, in terms of electron transfer, your answer in (d)(i).  
    

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

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

[1] 
 

  [Total: 8] 
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A8 The following graph shows the melting points of elements in Period 3 of the Periodic Table. 
 

 
 

 (a) Describe the general trend in the melting points of the elements in Period 3. 
   

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

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

………………………………………………………………………..……………………... [2] 
   
 (b) Explain the reasons, in terms of bonding, for the trend in the melting points of the 

elements. 
   

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

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

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

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

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

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

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

………………………………………………………………………..……………………... [4] 
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9 

 
  

(c) Chlorine forms various oxides. The formulas and boiling points of two such oxides are 
given below. 
 

name formula boiling point / °C 
dichlorine monoxide Cl2O 2 
dichlorine hexoxide Cl2O6 200 

 

  
 (i) Draw a ‘dot-and-cross’ diagram for dichlorine monoxide. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

   [2] 
   
 (ii) Suggest a reason for the difference in the boiling points of the two compounds.   
   

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

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

……………………………………………………………………………………….. [2] 
    
(d) Predict and explain the difference in electrical conductivities of molten magnesium 

oxide and liquid dichlorine monoxide, in terms of structure and bonding. 
  

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

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

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

………………………………………………………………………..……………………...    [2] 
   
  [Total: 12] 
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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. 

B9 Country X has been addressing the emission of air pollutants from various sectors. They have 
placed many regulations in place to enhance air quality. In many cases, these changes have 
led to a general decline in the total emissions of air pollutants. Over recent years, there has also 
been a modernisation of road vehicles, including the introduction of more vehicles with improved 
emission control. 

Though many efforts have been put in place, natural causes of air pollution are still prevalent.  
Additionally, global shipping has been identified as one of the growing sector that releases high 
volumes of air pollutants. There has also been an increase in the awareness of the contribution 
made by national and international shipping traffic to SOx emissions and NOx emissions. 

The stacked chart below shows the emission of air pollutants by various sectors in country X. 

 
    

 
 (a) Referring to the information and chart above, suggest the main source of air pollution in 

Country X. Give reason for your choice.   
   

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

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

………………...……………...…………………………………………………………….. [2] 
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 (b) A student made the following comment after studying the chart. 
 
“The chart shows that transportation vehicles produce a greater volume of carbon dioxide 
than oxides of nitrogen. Carbon monoxide, which is colourless, dissolves in rainwater to 
form acid rain.” 
 
Identify two mistakes in the student’s comments. Explain why. 

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

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

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

   
 (c) State a method used to convert carbon monoxide and nitrogen monoxide into less harmful 

substances in vehicles. Write a chemical equation to show the reaction. 
   

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

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

………………...……………...…………………………………………………………….. [2] 
   
 (d) Apart from the solutions suggested in (c), describe two methods to reduce the emission of 

air pollutants. 
   

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

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

………………...……………...…………………………………………………………….. [2] 
   
 (e) PM10 refers to particulate matter which is 10 micrometre and smaller in size – about one-

seventh the diameter of a strand of human hair. This is also found in high percentage in 
haze brought about by forest fires. 
 
Suggest a possible chemical that is classified as PM10. Explain why this chemical is 
present in the haze.    

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

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

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

   
[Total: 10] 
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B10 A student carried out an experiment to investigate the reaction between bromide ions and 
chlorine gas. 
 
She bubbled chlorine gas through dilute aqueous potassium bromide for 6 minutes. She took 
samples of the reactive mixture every 30s and measured the colour intensity of each sample 
using a colorimeter. 
 
A colorimeter measures the intensity of light that is absorbed by a coloured solution. The 
darker the colour of the solution, the more light is absorbed and the higher the reading on the 
colorimeter.  
 

 (a) Write an ionic equation, with state symbols, for the reaction between chlorine gas and 
bromide ions. 

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

    
 (b) Describe and explain how the absorbance reading change as the reaction takes place. 
   

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

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

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

…………………….....…….……………………………………………………………… [3]  
    
 (c) The student carried out three more experiments to determine the time taken for each 

reaction to finish. She used the same volume of potassium bromide solution each time. 
She recorded the time taken and the absorbance reading at the end of each reaction in 
a table. 
 
experiment time taken for reaction to finish/ 

min 
absorbance reading at the end of 
reaction 

1 5.00 0.8 
2 6.00 0.4 
3 2.50 0.8 
4 2.50 0.9 

 

    
  (i) Which experiment uses potassium bromide of a lower concentration than in 

experiment 1? 
    

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

    
  (ii) Which two experiments show the same concentration of reactants being used but 

at different temperatures? 
    

…………………….....…….……………………………………………………… 
 
[1]  
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 (d) Chlorine, bromine and iodine are elements from Group VII of the Periodic Table and 
they are known as halogens. 
 
The student decided to repeat the experiment using different halide solutions.  
State and explain how the absorbance reading will be higher, lower or no change 
compared to experiment 1. 
 

  (i) chlorine and potassium iodide 
    

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

…………………….....…….…………………………………………………………… [2] 
    
  (ii) bromine and potassium chloride 
    

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

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

[Total: 10] 
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EITHER 
 
B11 Magnesium and calcium occur naturally in the anhydrous mineral dolomite, MgCO3.CaCO3, a 

mixture of insoluble carbonates. Useful products such as calcium sulfate can be obtained by 
first adding excess hydrochloric acid to form mixture A and then sulfuric acid to form mixture 
B.  
 
 
 
 
 

 (a) Write one chemical equation that represents one possible chemical reaction that occurs 
in the scheme shown, include state symbols. 

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

     
 (b) State the compounds present in mixture A. 
   

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

………………...…….………………………………………………………………………. [2] 
    
 (c) In order to produce calcium sulfate from dolomite, it is important to add excess 

hydrochloric acid before sulfuric acid. Explain why. 
   

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

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

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

………………...…….………………………………………………………………………. [2] 
    
 (d) Describe the steps to obtain dry calcium sulfate powder after the addition of sulfuric acid 

to mixture A. 
   

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

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 

Dolomite mixture A mixture B 
add 

HCl (aq) 
add 

H2SO4(aq) 
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 (e) Calcium sulfate could also be produced by the following reaction. 
 

Ca(NO3)2 + Na2SO4  CaSO4  + NaNO3 
 
Discuss why this method is more environmentally friendly compared to the method in 
(d). 

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

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

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

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

    
[Total: 10] 
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OR 
 
B11 Styrene-butadiene rubber is a synthetic rubber. It is made by polymerising a mixture of the 

monomers butadiene and styrene. 
 

 
 
 
 
 
 
 
 
 

  

 (a) What type of polymerisation will take place when the monomers polymerise?  
Explain your reasoning. 

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

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

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

   
 
 
 
 
 
 

(b) One possible structure for the polymer is shown below. 
 

 
  (i) Give the structural formula for the repeating unit in this polymer structure. 
    

 
 
 
 
 
 
 
 
 
 

[2] 
    
  (ii) When the mixture of styrene and butadiene polymerises, the polymer is unlikely to 

contain only this regular, repeating pattern. Suggest a reason. 
    

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

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

    
   

 
 
 
 
 
 

styrene                                                     butadiene 

styrene styrene styrene butadiene butadiene butadiene 
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 (c) Butadiene can be made by cracking butane in a cracking tower.   
 

  (i) Butane cracks to form butadiene and one other product.  
Write an equation to show this reaction. 

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

 
[1] 

   
  (ii) Give a use of the other product in this reaction. 
    

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

    
 (d) 2.90 kg of butane entered the cracking tower. After the reaction, 2.16 kg of butadiene 

was made. 
 
Calculate the percentage yield of butadiene. 

    
    

 
 
 
 
 
 
 
 
 

[3] 
   

[Total: 10] 
 
 
 

END OF PAPER 2  
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Secondary 4E
Chemistry
Preliminary Examination 2019

Mark Scheme

Paper 1 (40 marks)
1 C 11 C 21 A 31 D
2 B 12 B 22 D 32 B
3 D 13 D 23 A 33 A
4 A 14 B 24 C 34 D
5 D 15 C 25 B 35 C
6 D 16 C 26 B 36 D
7 B 17 A 27 B 37 B
8 C 18 A 28 B 38 C
9 D 19 B 29 D 39 C

10 A 20 A 30 C 40 C
A – 8 B – 11, C – 11, D - 10

Paper 2
Section A (50 marks)
A1(a)(i) sodium chloride 1
(ii) Iodine 1
(iii) Magnesium and graphite 1
(iv) Chlorine 1
(v) Sodium chloride

Misconception: Chlorine reacts with silver nitrate (confused QA and 
displacement)

1

(b) Basic oxide, high melting point, solid
Any other acceptable properties of ionic or basic compound
Did not see property of oxide. Explain in terms of the metal

1m -2
correct
2m – all 
correct

Total: 7
A2 (a) Plastics are non-biodegradable and when disposed in landfills it 

cause land pollution/ water pollution.
1

(b) Metals are finite resources and it will be not available for future
generations if it is used up

1

(c) Carbon monoxide is produced and it reduces the ability of the 
blood to carry oxygen

Reasons state like headaches, breathing difficulty and fatigue.

1

(d) Sulfur dioxide is produced and cause acid rain when dissolved in 
rainwater. Acid rain corrodes building

Incomplete answers and students tend to think that carbon dioxide 
and oxides of nitrogen are formed

1

Total: 4

Baaaaaaaaaaaaaaaaaaaaaaaaaaaaaasisisssssssisssissississssss c oxoxxxxxxxxxxxxxididdddddddddddde,eeeeeeeeeeeee hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhigigigghhhhhhhhhhhhhhhhhhhhh mememememememememmmememmmeemmeeeeeeeeeeeltltltltltltlltltlltltllltltlltttlltttttttttttttttinininninnnnninnininnininnninnnnnnnnnnng g ggggggggggg ggggggg gggggggggggg popopppppppppppppppppppppppppppppp innnnnnnnnnnnnnnnnnnnnnnt,t,tt,t,t,tt,tt,t,tt,t,t,ttt,t,t,t,tttt,,,, sssssssssssssssssssssssssssssololoooololoooolooo iddidididididiidiidididididididididiidiiiiiiid
AnAnAAnAnAAnAnAAnAnAAnAAAAnAAAnAAAAAAAAAAnAAnAAAAAAAAA y yyyyyyyyyyyyyyyyyyyyyyyyyyy other rrrrr rrrrrrrr acacacacacacacacacacacacacacceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeptptpppppppppppppppppppppppppppppppp able pppppppppppppppppppppppppppppppppppppprororororororororooorororoorororooooooooooroooooooooopepeeeeeeeeeeepeeeeeeeeeeeeeeeeeeeeeeeertrtrrtrtrtrtrtrtrtrttrtrtrtrrtrtrrtrtrtrtrrtrttrrtrttrrrrrr ieieieeieieeieeeeieieieeeeieeeeeieieieeieiieieeeeeeeeeees sssssss ssss sss sssssssssssssssssssssssss ofofofofofofoofofofofofofoffffffffffffoffofooffffoffffff iiiiiiiiiiiiiiononoooonoooooooooooooooooooo ic oor r r r babababasisisisicccc com

C
CC

40 C

1
1

grappphihihihihihihiihiihihihihihihhhhhhhhhhhhh teteteteteteetetetetteteteteetetetetetetetetetttttt 11
11

chlorrrrrrrrrrrrrrrrrridididddddddddidididididdddddidididididddididdididddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
sconceptiooooooooooooooooooooooooooooooooooooooooooooooon::::::::::::::::::::::::::::::::::::::: CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCChlhhlhlhhlhlhhhhhhhhhhhlhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh orine e eee rerrrr actsttstsstststststststststttssstsssttsssstssssttssttsttttttttt wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwith silvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvverererereeeerereererererrreeererereeereereeererererrerrreeeerrerreererererererrereeeeeee nnnnnnnnnnnnnnnnnnnnnnnititititititttitttitttitttttttttttrate (confuuuuuuuuuuuuuseseseseseseseseeseeseseseseseses dddddddddddddd QAQAQAQAQQAQQAQAQAQAQAQQAQAQQAQQQ and

disppppppppppppppppplalllllllllllllllllll ceccececcececececcccccccceccccecccccc mmemmmmmmmmmmmmmmm nttttttttttttttttttttttttttttttttttttttttttt))))))))))))

1

DiDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD dddddddddddddddddddddddddddddd nononononononononnonononnononononononnonononononnnonononnononononnnnnononoonnoooooooot see eee e e eee eeeeeeee prprprprpprprprprprprprprprprprpropoopopoopopopoppopopoooppopooopopopopopooopopopoopopoooooooooooooooooooo ertyyyyyyyyyyyyyyyyyyyyyyyyy ooooooooooooooooooooooooooooooooooooooooooooooooof ffffffffffffffffff f ffff fffffffff oxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxxxxxxxxxxxoxxxxxxxxxxxxo idididididdidididdddiddidddiddididididdiddidididididi e. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEExpxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx laininiinnininninnninninnininnnin iiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnn teteteteeteeeeeteteeteeeteteermrrrrrrrrr s of

PlPlPllllllPllllllllllasasasasaaasaasasaasasasaasaaaasaasasasasasasasa titititititititititititititititititititititititit cscsccccccccccccccc aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarererererererererererererrerrreerererrrrerrerr  nonoooooooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnn---------------bibibibibiibibibibibiibibibibibbibibbibbbbbbbbbbb odeggggrarararadadadadablblblble and
causususususususussussususususususssssussususse e e eee eeeeeeeee ee e eeeeeeeeeeeeeeeeeeeeee lalalalallalallalalalalalalandnddddddddddddddddddddddddddddddd pppppppppolololoolooloooooooooooooooooooooo lutionononon// wawateter poll

tals areeee fifininitete reso
eratitionons s if it isSm

ile
Tut

or
.sg

Need a home tutor? Visit smiletutor.sg



2019_4E_Prelim_Chem

A3

electrolyte electrodes 
used

product of 
reaction at 

positive 
electrode

product of 
reaction at 
negative 
electrode

dilute 
hydrochloric 
acid

copper and 
zinc hydrogen [1] zinc ions

any copper(II) 
salt solution 

[1]

copper and 
zinc copper zinc ions

Very badly done

Both zinc 
ions 
correct –
1m

Total: 3
A4(a) Kidney uses the concept of filtration to separate smaller solids from 

liquid blood, using membrane /filter.
Particles smaller than the holes/pores of the filter layer passes over 
to the urine, while the particles bigger cannot be filtered.

Biology students answered with biology content that is not relevant.

1

1

(b) The filter layer in elderly patients probably have enlarged hole or 
torn surface.

1

(c)(i) When GFR is high (above 40 ml/min), blood urea nitrogen level in 
low, below 250 mg/l.
When GFR drops below 30 ml/min, blood urea nitrogen level 
exponentially increases to as high as 3000 mg/l./ When GFR goes 
from about 5 to 30 ml/min, the blood urea nitrogen drops drastically 
from about 3200 to 500 mg/l.

No data was used. Wrong data was used.

1

1

(ii) 200 – 250 mg/l 1
Total: 6

A5(a)
Wrong arrow used

1

(b) Iron 1
(c) Boiling point of ammonia is higher than nitrogen and hydrogen. 1
(d) Increase yield of ammonia/ conserve hydrogen since it is produced 

from cracking/ electrolysis of water
1

Total: 4
A6(a)(i) Magnesium burns brightly/ white light

White solid magnesium oxide formed
1
1

(ii) No visible change
A few students thought that copper will react with steam

1

(b) Coke reacts with oxygen to form carbon dioxide. 
Carbon dioxide reacts with more coke to form carbon monoxide. 
Carbon monoxide reduces iron(III) oxide to form iron and carbon 
dioxide.
Limestone decompose to form calcium oxide. 
Calcium oxide reacts with impurity sand to form slag.

1

1

1
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2019_4E_Prelim_Chem

Total: 6
A7(a) Green 1
(b) White precipitate.

Precipitate insoluble in acid/ no visible change observed with acid
1
1

(c)(i) Green precipitate insoluble in excess 2
(ii) Red litmus paper turns blue 1
(d)(i) Green solution turns yellow / reddish brown

Not familiar with iron (II) oxidising to iron (III)

1

(ii) Iron (II) ions in P lose electrons to form iron(III) ions.

A number thought that ammonium sulfate is an oxidising agent

1

Total: 8
A8(a) Melting point of elements increase rapidly from sodium to silicon,

with the exception of magnesium and aluminium with almost the 
same point.
The melting point drops from silicon to phosphorus, and the value 
rises slightly from phosphorus to sulfur and drops from sulfur to 
chlorine.

The trend was poorly described; as students were not able to use 
appropriate words.

1

1

(b) Magnesium and aluminium have strong electrostatic forces of 
attraction between cations and delocalised electrons. Lots of energy 
needed to overcome the attraction. 
Sodium is an exception with lower melting point as it is from group I.
Silicon has strong covalent bonds between atoms. Lots of energy 
needed to overcome the bonds. [Silicon– giant molecular structure]
Phosphorus, sulfur and chlorine has weak intermolecular forces of 
attraction between molecules. Little energy needed to overcome the 
forces of attraction. 

Students did poorly for this question; they confused the elements 
with oxides of the elements.
Proper usage of keywords such as atoms/ ions/ molecules.

1

1
1

1

(c)(i)

  
correct number of bonding electrons 1m
correct number of electrons around atom 1m

dot-and-cross diagram was well done.

Max 2

(c)(ii) Dichlorine hexoxide is a bigger molecule than dichlorine monoxide.
Hence the intermolecular forces of attraction between molecules are 
higher compared to dichlorine monoxide.
Hence more energy needed to overcome the forces of attraction.

Poorly done; students confused breaking of molecule with breaking 
of bonds in molecule during melting.

1

1

t th
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2019_4E_Prelim_Chem

(d) Molten magnesium oxide has free moving cations and anions to 
carry electric charges. Hence able to conduct electricity.
Liquid dichlorine monoxide has no free moving electrons to carry 
electric charges. Hence unable to conduct electricity.

Well done by majority; some students poorly used keywords such as 
cations and electrons.

1

1

Total: 12
 
Section B (30 marks)
A8(a) Vehicles / ships {Transportation alone – No marks}

As carbon monoxide, oxides of nitrogen and sulfur dioxide are 
common air pollutants, transportation contributes the highest 
percentage of these pollutants.

Students predicted transportation as the main reason, but failed to 
suggest the exact reason.

1

1

(b) Carbon monoxide is a neutral compound, Hence it cannot produce 
acid when in contact with rain water.
The chart shows values for carbon monoxide; values of carbon dioxide 
cannot be predicted from the graph.
The chart did not show that the vehicles produce a greater volume of 
carbon monoxides than oxides of nitrogen. Instead it shows the 
percentage contribution of each sector / the charts are independent of 
each other and cannot be compared.
(any two)

Relatively well done; but students confused percentage graph to 
volume graph.

1 each

Max 2

(c) Catalytic converter can be fixed in cars to convert carbon monoxide
and nitrogen monoxide into carbon dioxide and nitrogen gas, which are 
less harmful.
2CO  + 2NO  N2 + 2CO2

Well done; but students did not study the equation.

1

1

(d) Sulfur emission from industries can be reduced by flue gas 
desulfurization. / remove sulfur from fossil fuels before they are burnt /
advise clean alternate fuels for vehicles such as hydrogen or biofuels /
use electric cars.
(any two reasonable answers)

Well done; vague answers were rejected.

2

(e) Unburnt carbon/ unburnt hydrocarbon
from incomplete combustion of trees rich in carbon compounds.

Poorly done; students were not able to relate the reason for haze.

1
1

Total: 10
B10(a) Cl2 (g) + 2Br- (aq) Br2 (aq) + 2Cl- (aq)

Students wrote chemical equations, wrong or missing state symbols
1m - eqn
1m – state symbols

2
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Max 2
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(b) Reading increase as reaction takes place as more bromine is formed.
Chlorine displaces bromide to form bromine and hence turns 
darker/brown causing the reading to increase

Students are not able to explain displacement correctly.

1
1
1

(c)(i) 2 1
(ii) 1 and 3 1
(d)(i) Higher

Iodine is darker than bromine. / Iodine is black.
1
1

(ii) No change as no reaction.
Students did not realise that the solution appears reddish brown so no 
change to the reading.

1

Total: 10
B10(a) CaCO3 (s)  +  2HCl (aq)  CaCl2 (aq)  +  CO2 (g)  +  H2O (l)     

MgCO3 (s)  +  2HCl (aq)  MgCl2 (aq)  +  CO2 (g)  +  H2O (l)   
CaCl2 (aq)  + H2SO4 (aq)  CaSO4 (s)  + 2HCl (aq)    
(any one equation)

1 for 
balanced 
eqn;
1 for 
state 
symbols

(b) Magnesium chloride and calcium chloride 2

(c) If sulfuric acid is added in the first step, an insoluble salt, calcium 
sulfate will be formed on the surface of dolomite, hence preventing 
further reaction. 
Also it would not be possible to remove calcium sulfate from the 
dolomite, as both the reactants as well as the products are insoluble.

1

1

(d) Filter the mixture to obtain the precipitate as the residue. 
Wash the precipitate with distilled water. Dry the precipitate between 
sheets of filter papers.

1

1

(e) Adding hydrochloric acid to the insoluble carbonates will produce a lot 
of carbon dioxide gas; while adding sodium sulfate to calcium nitrate 
does not produces any toxic gas.
Carbon dioxide is a greenhouse gas that would contribute to global 
warming.

1

1

Total: 10 marks
B11OR
(a)

Addition polymerisation.
Both monomers are unsaturated/ contain C=C

1
1

b(i)  2

(b)(ii) Polymerisation is random/ Styrene can add to another styrene 
resulting in polystyrene. Butadiene can also polymerise into 
polybutandiene. If styrene and butadiene were to polymerise 

1

                 1m                      1m 

(l)  

ide
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randomly, the chain will be irregular such as styrene – styrene -
butadiene - …

(c)(i) C4H10 C4H6 + 2H2 1
(ii) Rocket fuel / manufacture of ammonia in Haber process / fuel cell / 

convert alkene to alkane (hydrogenation)
1

(d) Moles of butane = 2.9 / (12 x 4 + 10) = 0.05
Moles of butadiene = 0.05
Mass of butadiene = 0.05 x (12 x 4 + 6) = 2.7 kg
% yield = 2.16/ 2.7 x 100% = 80%

1

1
1

Total: 10
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Multiple Choice Questions [40 marks]
Answer all questions and shade your answers on the OMR sheet provided.

1 The graphs (not drawn to scale) show the heating curves of oxygen and nitrogen 
over a period of time.

Which of the following statements about a mixture of oxygen and nitrogen is 
correct?

A At -190 C, both oxygen and nitrogen exist as a liquid. 
B At -200 C, both oxygen and nitrogen exist in the same state.
C At -215 C, both nitrogen and oxygen molecules are vibrating about fixed 

positions.
D At -185 C, both oxygen and nitrogen molecules move rapidly in all directions. 

2 Refer to the following setup.

Which of the following mixtures can be separated into its components using this 
setup?

A ammonium chloride and iodine
B copper(II) sulfate and sodium chloride
C potassium iodide and copper(II) sulfate
D sodium chloride and ammonium chloride 

3 Which of the following substances does not contain atoms bonded to other atoms 
by four covalent bonds? 

A graphite
B polypropene
C silicon dioxide
D terylene 

temperature / C
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4 The diagram shows the start of experiment 1 and 2 using gas jars of carbon 
monoxide and oxygen arranged in two different orientations.
All other conditions are kept constant.

The lids are removed and the gases are allowed to mix. 
Which of the following observations would you expect for the experiments?

A The rate of oxygen diffusing is much faster than rate of carbon monoxide 
diffusing in both experiments.

B The rate of carbon monoxide diffusing is much faster in experiment 1 than in 
experiment 2.

C In experiment 2, the final concentration of carbon monoxide in the top jar will 
be less than its original concentration.  

D The final concentration of carbon monoxide in the left jar in experiment 1 is 
the same as the final concentration of carbon monoxide in the top jar in 
experiment 2. 

5 A salt, P, on warming with aqueous sodium hydroxide, showed no visible reaction. 
When aluminium powder was added, a gas that turned damp red litmus paper blue 
evolved. What is salt P?

A Ca(NO3)2
B KNO3
C NH4Cl
D NH4NO3 

6 Tritium is an isotope of hydrogen and has the symbol T.
Which formula is incorrect for a tritium compound?

A CaOT
B NT3
C TNO3
D T2O     

oxygen
carbon 

monoxide
lid

lid

carbon 
monoxide

oxygen

experiment 1 experiment 2
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7 Compound X contains two elements, metal Y and non-metal, Z.

X consists of a lattice of positive and negative ions. Each positive ion is surrounded 
by eight anions and each negative ion is surrounded by four cations.

What ions are present in, and what is the formula of, compound X?

ions present formula
A Y+ Z2- Y2Z
B Y2+ Z- YZ2
C Z+ Y2- Z2Y
D Z2+ Y- ZY2 

8 Which of the following substances contain delocalised electrons? 

1 iron
2 steel
3 diamond
4 graphite

A 1 and 2
B 2 and 4
C 1, 2 and 4
D 2, 3 and 4

9 Aqueous lead(II) nitrate can be distinguished from aqueous zinc nitrate by adding 
any of the following solution except

A aqueous potassium chloride.
B aqueous sodium sulfate. 
C dilute sulfuric acid.
D sodium hydroxide solution.

10 5 g of element X reacted completely with 8 g of element Y to form a compound with 
the formula XY2.
Given that the relative atomic mass of Y is 80, what is the relative atomic mass of 
X?

A 5
13 × 80 ×2

B 5
13 × 80 ×

1
2

C 5 × 8
80 × 12

D 5 × 80
8 × 2
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11 In an experiment, 8.0 cm3 of 1.00 mol/dm3 aqueous barium chloride was mixed with 
8.0 cm3 of 1.00 mol/dm3 of aqueous silver nitrate. 
Which of the following ions are present in the solution produced?

1 Ba2+

2 Cl-
3 Ag+

4 NO3-

A 1 and 4
B 1, 2 and 4
C 2, 3 and 4
D 1, 3 and 4

12 Solutions P and Q were tested with a few drops of Universal Indicator.
Solution P turned the indicator red while solution Q turned the indicator yellow. 
It can be deduced that

A Solution P has a higher pH than solution Q.
B Solution Q is more alkaline than solution P.
C Solution Q reacts with calcium carbonate to give carbon dioxide gas.
D The concentration of hydrogen ions in Q is higher than the concentration of 

hydrogen ions in solution P.

13 Substance Y was added bit by bit, with stirring, to aqueous solution Z.
The changes in pH of the mixture are shown in the graph.

What could Y and Z be?

Y Z
A aluminium oxide hydrochloric acid
B calcium oxide nitric acid
C sodium oxide ethanoic acid
D zinc oxide propanoic acid

14 An element burns in air to form a compound which does not react with both acids 
and alkalis. 
Which element could it be?

A aluminium
B carbon
C iron
D phosphorus
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15 Which of the following properties shows that a certain substance, M, is alkaline?

A Solution M dissolves copper(II) oxide.
B On adding dilute hydrochloric acid to solution M, carbon dioxide is given off.
C Solution M when warmed with aqueous ammonium chloride gives off 

ammonia gas.
D Solution M forms brown precipitate when reacted with iron(III) chloride 

solution.

16 In which of the following experiments will a redox reaction occur?

A Adding nitric acid to aqueous ammonia.
B Adding copper turnings to aqueous silver nitrate.
C Adding chlorine water to aqueous potassium fluoride.
D Adding aqueous sodium hydroxide to aqueous copper(II) nitrate.

17 In which of the following does vanadium have the lowest oxidation number?

A V3+

B VO2+

C NH4VO3
D V2O5 

18 In an experiment, two different metal rods, X and Y, were dipped in dilute sulfuric 
acid, with their top ends touching. A gas was collected around rod Y.

Which of the following can you conclude about this experiment? 

A Electrons flow from rod Y to X.
B Rod X is more reactive than rod Y.
C Rod Y reacts with acid to produce hydrogen gas.
D Ions of Y can be found in the solution but not ions of X.

19 Which of the following reactions is not involved in the manufacture of iron from 
the blast furnace?

A Coke burns in air to form carbon dioxide.
B Acidic impurities are removed by calcium oxide.
C Limestone is decomposed to form calcium oxide.
D Haematite is reduced by carbon dioxide to form iron. 

rod Y

gas 

rod X

sulfuric acid
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20 W, X, Y and Z are four metals which form cations W+, X2+, Y+ and Z2+.
The following are information on some of the reactions that the metals undergo.

                X2+(aq) + W(s) no reaction
                Z2+(aq) + 2W(s) 2W+(aq) + Z(s)
                Y2CO3(s) no reaction
                Z(s) + 2H+(aq) Z2+(aq) + H2(g)

The order of decreasing reactivity of the metals are

A X, W, Z, Y.
B X, Y, Z, W.
C Y, X, W, Z.
D Z, W, X, Y.

21 Which of the following method is most likely used to extract an element with an 
electronic structure of 2.8.8.2?

A electrolysis of its aqueous chloride
B electrolysis of its molten ore
C reduction with carbon
D reduction with hydrogen

22 Part of the Periodic Table is shown below.

1 Elements W, X and Y have high melting points. 
2 Y is less reactive than W.
3 Z can form both ionic and covalent compounds.
4 X and Y form compounds that are coloured. 

Which of the following statements are correct?

A 2, 3
B 1, 2, 3
C 2, 3, 4
D 1, 2, 4

23 Which statement is most likely to be true for astatine, which is in Group VII of the 
Periodic Table?

A Astatine is a stronger oxidising agent than chlorine. 
B Astatine reacts with hydrogen to form a compound with formula HAt2.
C Aqueous potassium astatide reacts with aqueous silver nitrate to form 

aqueous silver astatide.
D Sodium astatide is less stable than sodium chloride.

W X Y Z
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24 Which of the following reactions is endothermic?

A 2H H2
B H2O(l) H2O(g)
C 2H2 + O2 2H2O
D C6H12O6 + 6O2 6CO2 + 6H2O

25 What are the effects of temperature of reactants and use of a catalyst on the 
activation energy and enthalpy change of a reaction?  effect of temperature effect of catalyst activation energy enthalpy change activation energy enthalpy change A decreases no change decreases no change B decreases decreases no change no change C no change no change decreases no change D no change no change no change no change

26 In the reaction between calcium carbonate and ethanoic acid, the following changes 
could be made to the conditions. 

1 Increase the concentration of ethanoic acid
2 Increase the particle size of calcium carbonate.
3 Increase the temperature of the system.
4 Increase the pressure of the system. What changes would increase the rate of reaction?  

A 1 and 2
B 1 and 3
C 2 and 3
D 1, 2, 3 and 4

27 Refer to the following bond energy table.

bond bond energy / kJ mol-1
F - F 158
H - H 436
H - F 556

It can be deduced that

A the bonds in fluorine is the strongest.
B fluorine gas is more reactive than hydrogen gas.
C hydrogen fluoride molecules are the least stable.
D the energy produced when forming 1 mole of hydrogen fluoride molecules 

from its elements is 518 kJ.      
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28 Which statement is true for both simple and electrolytic cells.

simple cell electrolytic cell
A It converts electrical energy into 

chemical energy.
It converts chemical energy into 

electrical energy.
B Oxidation occurs at negative electrode. Oxidation occurs at positive 

electrode
C Electrons flow from the cathode to the 

anode.
Electrons flow from the cathode to 

the anode.
D Mass of the anode will decrease. Mass of the anode may increase.

29 Refer to the following electrolytic setup. All electrodes used are graphite.

What could be observed after a few minutes?

A A silvery solid is formed at electrode W.
B A red brown liquid is formed at electrode X. 
C A pale yellow gas is formed at electrode Y.
D A colourless and odourless gas is formed at electrode Z. 

30 In electroplating a silver spoon with copper, which combination of anode, cathode 
and electrolyte is the most suitable? 

anode cathode electrolyte
A copper silver spoon copper(II) nitrate solution
B copper silver spoon silver nitrate solution
C silver spoon copper copper(II) nitrate solution
D silver spoon copper silver nitrate solution              

molten zinc bromide dilute sulfuric acid
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31 Some properties of substances P, Q, R and S are given in the table below.

substance percentage 
composition by 

mass

electrical 
conductivity when 

solid

effect of heat

P constant yes solid burns in air to form 
an oxide.

Q varies no liquid burns to form carbon 
dioxide and water.

R constant no solid decomposes to form 
two products.

S varies yes solid melts

Which classification of the substances as an element, a mixture or a compound is 
correct?

element mixture compound
A P S Q, R
B S Q P, R
C R S P, Q
D P Q, S R 

32 Ammonium nitrate, NH4NO3, ammonium sulfate, (NH4)2SO4, urea, (NH2)2CO and 
ammonium phosphate, (NH4)3PO4 are all fertilisers that can be produced from 
ammonia.

Which of these contains the most nitrogen per kilogram of fertiliser?

A ammonium nitrate
B ammonium sulfate
C ammonium phosphate
D urea 

33 The Haber process is a reversible reaction as some of the ammonia formed is 
unstable as it decomposes readily back into its reactants. 
Which of the following method is used to prevent this from happening?

A Adding water to dissolve ammonia.
B Cooling the mixture to liquefy ammonia.
C Filter the mixture to remove ammonia.
D Fractional distil the mixture to separate ammonia gas. 

34 What is the volume of air required for a mixture of 20 cm3 of methane and 40 cm3

of carbon monoxide to burn completely?

A 60 cm3

B 80 cm3

C 300 cm3

D 400 cm3 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



11 

 
35 Which of the following reagents could be used to distinguish between samples of 

ethanol and ethanoic acid?

1 aqueous bromine
2 sodium carbonate
3 aqueous sodium chloride
4 litmus solution

A 1 and 2
B 2 and 3
C 2 and 4
D 1, 2 and 4 

36 How does the number of carbon, hydrogen and oxygen atoms in an ester differ 
from the total number of carbon, hydrogen and oxygen atoms in the alcohol and 
carboxylic acid from which the ester was derived?

carbon atoms hydrogen atoms oxygen atoms
A same same same
B less same less
C same less less
D less less less

37 Which of the following tests can be used to distinguish the following organic 
compounds, I, II and III separately from each other.

I II III 
test

1 Adding aqueous bromine.
2 Adding powdered magnesium.
3 Warming with acidified potassium manganate(VII).

A 1 only
B 2 only
C 1 and 2
D 1, 2 and 3 

38 The chemical equation for a reaction is shown below.

                  CH3COOH + Br2  CH2BrCOOH + HBr

This reaction is an example of a/an

A addition reaction.
B condensation reaction.
C esterification reaction.
D substitution reaction.
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39 A section of a polymer is shown below.

                H

H

H

H

H

H

C
RRRR
NN

O
CC

O
CC

O
CNN

O

C

Which of the following shows a monomer involved in the formation of the above 
polymer?  

A

H

H
OH OH

O
CC

O
C

B

H

H

H

H
OHOH

O
CC

O
CC

O
C

C
OH H

RR
NN

O

C

D

H

H
OHH

R O
CC

O
CN 

40 Three metal oxides each have the formula G2O3.
Which statements about these oxides are correct?

1 If the relative molecular mass for the oxide is 152, metal G is a 
transition element.

2 If the relative molecular mass for the oxide is 160, the oxide of 
metal G can react with both acid and alkali.

3 If the relative molecular mass for the oxide is 102, the oxide of G
is formed when metal G reacts with steam.

A 1 and 2
B 2 and 3
C 1 and 3
D 1, 2 and 3

End of Paper  
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Section A [ 50 marks ]
Answer all the questions in the spaces provided.

A1 Table A1.1 shows sub-atomic particles found in particles, L to S. The letters are not the 
symbols of the elements.

particle electrons protons neutrons
L 6 6 6
M 10 8 8
N 8 8 10
O 12 12 12
P 10 12 12
Q 13 13 13
R 1 1 1
S 13 13 14

Table A1.1
Use the letter(s) to answer the following questions.

(a) Which particle is an atom of oxygen?

[1]

(b) Which particle will combine with oxygen atoms to form a compound that does not
react with alkali and acid?

[1]

(c) Which pair of particles are isotopes?

[1]

(d) (i) Which pair of particles are found in a compound that can conduct electricity 
in aqueous and molten states?

[1]

(ii) Draw a ‘dot-and-cross’ diagram for the compound in (d)(i).
Show outer electrons only.

[2]

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



3 

(e) Which particle is an atom of an element that can have oxidation states +1, 0 and 
-1? Explain your answer.

[2]
[Total: 8]

A2 Both phosphoric acid and tartaric acid are weak acids. The formulae of both acids are 
given as follows:   

H3PO4

phosphoric acid tartaric acid

(a) Describe a simple test that can be used to show that tartaric acid or phosphoric 
acid is a weak acid.

[1]

(b) Describe a chemical test to distinguish phosphoric acid from tartaric acid 
respectively.

[2]

(c) A solution of 0.200 mol/dm3 potassium hydroxide was titrated against phosphoric 
acid and tartaric acid separately. 
Deduce the ratio of the volume of potassium hydroxide used in titrating fixed
volumes and concentrations of phosphoric acid and tartaric acid respectively.

[1]
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(d) Tartaric acid and its salts have many applications. One such salt is copper(II) 
tartarate which is insoluble in water.
Describe how you will prepare a pure and dry sample of this salt in the laboratory,

[2]

(e) A 2.0 cm length of magnesium ribbon was added to 100 cm3 of 2.00 mol/dm3

phosphoric acid. All the magnesium reacted and the temperature of the acid
increased by 6.0°C.

(i) Predict the temperature change when 1.0 cm length of magnesium ribbon 
was reacted with 100 cm3 of 2.00 mol/dm3 phosphoric acid.

[1]

(ii) Predict the temperature change when 2.0 cm length of magnesium ribbon 
was reacted with 100 cm3 of 2.00 mol/dm3 tartaric acid. Again, all the 
magnesium reacted. Explain your answer.

[3]
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(iii) Complete the energy profile diagram for the reaction between magnesium 
ribbon and phosphoric acid.
Your diagram should include:

the formulae of the products,
the activation energy and
a label for the enthalpy change of reaction.

[2]
[Total: 12]

H3PO4 (aq) + Mg (s)

energy

progress of reaction
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A3 (a) Table A3.1 shows information about some organic compounds.
Complete the table by filling in the missing name, formulae and by completing the
description of the processes. 

name of 
compound

structural formula process(es) used to produce
the compound 

Warming of _________________
and _______________________
with concentrated sulfuric acid.

propane Catalytic ___________________
_________________ to propene.

polybutene ___________________________
of butene

nylon-6,6 __________________________
of monomers

             and

.
Table A3.1

[4]              
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(b) Alkyl halides are a homologous series of organic compounds. They are formed 
when one halogen atom (X = Cl, Br, I) bonds with carbon atoms.
Table A3.2 shows the condensed formulae and boiling points of some alkyl 
halides.

condensed
formula

boiling point / C
X

Cl Br I
CH3X -24.2 3.6 42.4

CH3CH2X 12.3 38.4 72.3
CH3CH2CH2X 46.6 71.0 102.5

CH3CH2CH2CH2X 78.4 101.6 130.5
Table A3.2

(i) Besides having the same functional group, use the information in the table to 
give two other pieces of evidence that suggest that alkyl halides are a 
homologous series.

[2]

(ii) Describe and explain the trend in boiling points of alky halides when the 
halogen atom changes from Cl to I. 

[3]
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(iii) Alkyl halides can be prepared by the reaction of halogen acids with alcohols. 
For example, hydrochloric acid reacts with methanol to produce methyl 
chloride and water.
Write an equation for the preparation ethyl iodide, showing the displayed 
formulae of all organic compounds.

[2]
[Total: 11]

A4 Three reactions take place in the catalytic converter installed in car exhaust systems.
1. Conversion of nitrogen oxides (NO, NO2) into nitrogen.
2. Conversion of carbon monoxide into carbon dioxide.
3. Conversion of hydrocarbons into carbon dioxide and water.

The air/fuel ratio in the car engine affects the conversion efficiency of the catalytic 
converter. A 'lean’ air/fuel mixture to the engine has a higher ratio of air to fuel while a 
‘rich’ air/fuel mixture has a lower ratio of air to fuel.

Figure A4.1 gives the conversion efficiency of a converter based on air/fuel ratio.

                                      Figure A4.1

HC: hydrocarbon
NOx : oxides of nitrogen
CO: carbon monoxide

air/fuel ratio
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(a) Use oxidation states to explain whether reaction 1 and 2 involves oxidation and 
reduction.

[2]

(b) Describe and explain how does changing the air/fuel ratio from ‘rich’ to ‘lean’ affect 
the conversion efficiency of carbon monoxide, nitrogen monoxide and 
hydrocarbons in the catalytic converter.

[4]

(c) The exhaust gas from vehicles without catalytic converters cause more harm to 
human health than those from vehicles fitted with catalytic converters.
Explain why this is true.

[2]
[Total: 8]     
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A5 Figure A5.1 shows the structures of four solids, A to D.

A B 

C D
                                                         Figure A5.1

Solid C and D are both allotropes of carbon.

(a) State one similarity and one difference in the structure and bonding of solids B and 
C.

[2]

(b) Compare the electrical conductivity of solids C and D.
Explain in terms of bonding and structure.

[2]
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(c) Both copper(II) oxide and potassium chloride have similar structure as solid A.
Explain why the melting point of copper(II) oxide is much higher than that of 
potassium chloride.

[2]
[Total: 6] 

A6 Some samples of carbonates are heated strongly until there is no further change in 
mass. Table A6.1 shows the mass of solid remaining at the end of the heating.

carbonate mass before heating / g mass after heating / g
copper(II) carbonate 2.00 1.29
magnesium carbonate 2.00 0.95
sodium carbonate 2.00 ?
zinc carbonate 2.00 1.30                                                               Table A6.1

(a) Although each carbonate is fixed at 2.00 g, the mass of solid remaining is different. 
Explain why.

[2]

(b) State the mass of solid remaining when sodium carbonate is heated strongly.

[1]

(c) Pure metal can be extracted by further heating the mass of the solid remaining at 
the end of the reaction in Table A6.1 with dry hydrogen. 
State the metal(s) that can be extracted. Write the chemical equation for one such 
reaction.

[2]
[Total: 5]
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Section B: Free Response Questions [ 30 marks ]

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.

B7 The Electrochemical Series

When electrodes of metallic and non-metallic elements in contact with their ions are 
arranged on the basis of the values of their standard reduction potentials, E°, the 
resulting series is called the electrochemical series of the elements.

The standard reduction potential of an element is the measure of the tendency of the 
element to get reduced by gaining electrons. All reduction potentials are measured 
against the standard hydrogen electrode which is the reference electrode. 

The standard potential of any metal or non-metal is measured when in contact with 
aqueous solutions of their ions at a concentration of 1 mol/dm3 and temperature of
25 C. Any gases involved are maintained at a pressure of 1 atmosphere.

Figure B7.1 shows the setup to measure the standard reduction potential of copper.
The Cu/Cu2+ half-cell is connected to the hydrogen half-cell. 
               
                                                     Figure B7.1
                         [Source: https://derekcarrsavvy-chemist.blogspot.com/]

voltmeter

copper 
electrode

salt bridge

permeable 
plug

1 mol/dm3 of hydrochloric acid 1 mol/dm3 copper(II) sulfate solution

hydrogen gas at
1 atm pressure
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By international convention, the standard potentials of electrodes are tabulated for 
reduction half reactions. Electrodes with positive E° values indicate the tendencies of 
the electrodes to gain electrons more readily and behave as cathodes.

Table B7.2 gives the standard reduction potential, E° of some elements.

element electrode reaction standard reduction 
potential,  E° / V

Li Li+ + e- Li -3.05
K K+ + e- K -2.93

Na … -2.71
Zn … -0.76
Cr Cr3+ + 3e- Cr -0.74
Fe Fe2+ + 2e- Fe -0.44
Ni Ni2+ + 2e- Ni -0.25
Sn Sn2+ + 2e- Sn -0.14
H2 2H+ + 2e- H2 0.00
Cu … +0.34
I2 … +0.54
Ag … +0.80
Cl2 … +1.36
F2 … +2.87

                                                     Table B7.2

Predicting Displacement Reactions
The electrochemical series help us to predict whether displacement reactions can 
occur. 

Metallic elements having lower reduction potential will lose electrons more readily and 
will displace elements having higher reduction potential from its salt solution. For 
example, zinc will displace copper from its salt solution because it has Eo value of 
-0.76V while copper has Eo value of +0.34V

On the contrary, non-metallic elements with higher reduction potential will displace other 
non-metallic elements with lower reduction potential.

For displacement of hydrogen from dilute acids by metals, the metal which can provide 
electrons to H+ ions present in dilute acids for reduction, evolve hydrogen from dilute 
acids. Metals having negative values of reduction potential possess the property of 
losing electron(s).
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Determining the Products of Electrolysis
In the event that two or more positive ions are present in the solution during electrolysis, 
the ion which is the stronger oxidising agent or has the higher value of standard 
reduction potential is discharged first at the cathode. For example, in a solution 
containing potassium and silver ions, silver ions are discharged first.

(a) It is difficult to set up the Na/Na+ and K/K+ half cells to measure their E° value and 
hence sometimes scientists have to conduct indirect experimental methods and 
perform calculations to estimate these values.
Explain why it is difficult to set up these half cells.

[1]

(b) (i) With reference to Table B7.2, construct the electrode equation for I2.

[1]

(ii) Using the reaction between chlorine and aqueous solution containing iodide 
ions as an example, explain why ‘non-metallic elements with higher reduction 
potential displace other non-metallic elements with lower reduction potential’. 

[1]

(c) Which of the following displacement reactions is likely to occur?  
Put a tick ( ) if a reaction is likely to occur.

chromium tin
aqueous solution of 

nickel(II) ions
aqueous solution of 

iron(II) ions

dilute nitric acid

[2]
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(d) Describe how the trend in reactivity of Group I and Group VII elements
compare to their trends in standard reduction potentials as shown in Table 
B7.2.

[3]

(e) Complete the following table for the electrolysis of different aqueous solutions 
using platinum electrodes.

solutions name of products of 
electrolysis that would be 

produced first

ionic equation for the 
reaction at each electrode

concentrated 
magnesium 
chloride 

at negative 
electrode

at positive 
electrode

mixture of 
aqueous silver 
nitrate and 
aqueous 
copper(II) 
chloride

at negative 
electrode

at positive 
electrode

[4]
[Total:12]   
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B8 Nitrogen monoxide and hydrogen reacts at 400 C according to the following equation.

2NO (g) + 2H2 2 (g) + 2H2O (g)

Different initial concentrations of nitrogen monoxide and hydrogen were used to 
investigate the rate of reaction. In each experiment, the initial rate of reaction was 
measured.

Table B8.1 shows the results obtained in each experiment.

experiment initial concentration
of NO / mol dm-3

initial concentration of 
H2 / mol dm-3

initial rate of reaction /
mol dm-3 s-1

1 0.0060 0.0010 1.8 × 10-4

2 0.0060 0.0020 3.6 × 10-4

3 0.0010 0.0060 0.3 × 10-4

4 0.0020 0.0060 1.2 × 10-4

5 0.0040 0.0030 ?
Table B8.1

(a) A student makes the following statement.

Does the information in the table support the statement made by the student?
Explain your reasoning.

[3]

(b) Experiment 5 was conducted using 0.0040 mol dm-3 of NO and 0.0030 mol dm-3

of H2. Predict the initial rate of formation of N2.

[1]

Increasing the concentration of NO increases the rate of reaction to a 
greater extent than increasing the concentration of H2.
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(c) Calculate the final volume of gases remaining in the reaction vessel when 20 cm3

of NO reacted with 15 cm3 of H2 at 400 C.  
Show all working clearly.

[2]

(d) Explain, in terms of collisions between (reacting) particles, how operating at a lower 
temperature of 250 C affects the rate of reaction in the reactor.

[2]
[Total: 8]
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B9 Either

The structures of two polymers X and Y are shown below.

 
polymer X  
polymer Y

(a) A potential customer requires the chain length of the polymer X to be controlled so 
that the polymer molecules have an average relative molecular mass in the range 
of 20 000 to 50 000.

What is the range of the average number of repeat units in the polymer molecules?
Show your working.

[2]

(b) (i) Draw the structural formulae of the monomers where polymer Y could be 
made from.

[2]
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(ii) Calculate the mass of polymer Y produced when 1 kg of each of the 
monomers reacted.

[3]

(c) Describe three differences between polymer X and polymer Y.

[3]
[Total: 10]
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B9 OR
Figure B9.1 shows the Haber process.

Figure B9.1

Figure B9.2 shows the yield of ammonia that is made under different conditions.

Figure B9.2

(a) In present times, the Haber process has been adapted to work at a lower 
temperature of 250 C. Predict and explain how a lower temperature affects the 
relative amounts of ammonia, nitrogen and hydrogen that leaves the reactor.  

[2]
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(b) In the condenser, ammonia is separated out as a liquid. Explain how this is 
achieved.

[1]

(c) The percentage yield for the production of ammonia is typically low. Explain why.

[1]

(d) 60 dm3 of nitrogen and 60 dm3 of hydrogen were each pumped into the reactor
The volume of ammonia produced was found to be 6 dm3.
Calculate the percentage yield of ammonia for the reaction.

[2]

(e) Aqueous ammonia is formed when ammonia gas is dissolved in water. When 
aqueous ammonia is added dropwise until excess to a sample of contaminated 
water, a mixture of white and blue precipitate was formed initially. The resulting 
mixture was a dark blue solution. 
State the formula(e) of the possible cations present in the water sample.

[2]

(f) Ammonium nitrate is a common fertiliser used by farmers. Rain water can wash 
ammonium nitrate off the farmland and into rivers and lakes. Ammonium nitrate in 
drinking water supplies is harmful to health.
Describe tests to identify the presence of ammonium nitrate in drinking water. 

[2]
[Total: 10]

End of Paper
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Paper 2 (Structured and Free Response)

A1 (a) N [1]
Comment incorrect answer is M. M is an ion and not an atom.

(b) L or R or L and R [1]

(c) Q and S [1]

(d) (i) P and M [1]
Badly done.
The particles found in the ionic compound must be ions. 

(ii)

ion of P [1]  
ion of M [1]
Although (d)(i) is incorrect, 
Accept Mg2+O2 

Accept O2+N2-

[2]

(e) R.[1]

Atom of H can gain 1 electron to form H- [;] or 
lose 1 electron to form H+ [;] to achieve stable electronic structure of a noble 
gas. Hence having oxidation state of -1 and +1. [1]
Atoms of H can be covalently bonded to form H2 with an oxidation state of 0. [;]
3; [1] 

Many scored only 1 m. 
Accept because o.s of H is 0 in H2, +1 in HCl and -1 in NaH.
Accept when H combine with metal, o.s. -1, combine with non-metal o.s. +1 
and with itself o.s. 0. 

[2]

A2 (a) Measure each sample of acid with a pH meter [1]
If the pH reading ranges from 3 to  6, then it is a weak acid [1]

OR 2;[1]
Add a few drops of Universal Indicator to each sample.  
Reject ‘indicator’ 
Reject red

If the indicator changes to a yellow or orange colour, it is a weak acid.

[2]

‘simple test’ – reject use of chemical reagents. This is in the UCLES report.

P M P 

( ) is inccccccccccccccccccccccccccccccccccccccccccccccccorororororoororororororoorooroorororororororoorororoororooroororrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrreeerereeeerererrrreeeeerererererrrererrrrrrrrrrrrrrr ctctctctctcctcctctccctcctctcccctctcctcctctctcctcctcctctcccccccccctctcctctctcccctccctttctttttttt, 
Mg2+OOOOOOO2 

ept O2+NNNNNNNNNNNNNNNNNNNNNNNNNN22222222-22222222

R.[1]

Atomommmmmmmmmmmmm ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooof f ff f f fff f HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH cacacaccacaccccacccacccccccacccccccccaccccaccccccccccccaaaaaan gagagagagagagagagagagagagagagagagagaininininininininininininininnnnnn 111111111111111 eleeectcttctctctctcttctctctctctcttctccctctcttctctctctctctctcctctctcccccctccctccctctccctcttctcttcc rororororororororororoorororororrrrorrrrorororrrrrrrrrrroroooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn totttttttttttttt fffffffffffffororoooooooooorrrrorroooooorroooooooo m HHHHHHH- [;[;[;[;[;[;]]]]]] orororororor 
se 11111111111111 eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeelectctcttctctctctctctctctctttctctcttcttttttttttttttrorororororororrororrorororororororororrrrrrorrorrooroooooooooonnnnnnnnnnnnnnnnnn tototttotttttttttttttttttttttttt  fororormmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH+++++++++++++++++++++++++ [;[;[;[;[;[;[[[[[[[[[[[ ]]]]]]]]]]]]]]] totototototototototototototoototootototooototototototototototootoootooottt  achieieieieieeveveveveveve ssssstable

HHHHHHHHHHHHeenenenenennnneenennnnennnneenee cececcccccccc hhhavvininnnnninnnnnnninnnnninninininninninininininnninnninininnninininininiinnniinniiinnggggggggggggggggggggggggggggggggggggggggggggggggggg oxoxooxoxoxoxoxoxoxoxoxoxoxoxooxoxoxoxoxoooxoooooxooooxooxooxoxooxooooxoxoxxxoxxooooxooxooooxoxxoxooooooxxididddididdidddidididdiddididiiiidididdddddddddiddddataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ioiiiiioiiiiooooon sttttttatatatatatate e e ee e oooofoo  -1 an
s ofofofofofofffffffffffffffffffffff HHHHHHHHHHHHHHHHHHHHHHHHHHH ccccccccccccccccccccccananaananananananannaananaananananaaanannnnanannannnnanannanannannnaaaaaa bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee cocococococococococcoccocococococooccococococoooocooocoocooococooccccccccccccc valentntntntntntlylylylylyly bbbbbbonoooo ded

redddddddddddd onononononononononononononoo lylylylylylylylylylylyyyylylyy 1 m
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(b) Warm each sample with acidified potassium manganate(VII). [1]
All conditions to be mentioned such as ‘warming/heating’ , ‘acidified’.

If acidified potassium manganate(VII) turned colourless, the sample is 
tartaric acid. If it remains purple, the sample is phosphoric acid. [1]

Badly done, many did not discover the presence of –OH group in tartaric 
acid.

Accept 
- just one significant postitive observation for one sample. 

- react with alcohol/carboxylic acid in presence of conc. sulfuric acid and 
warm and if sweet smell is detected, the sample is tartaric acid. OR

- react a fixed concentration and volume of each acid with a fixed mass of 
Mg of same particle size, measure the volume of gas given off in a fixed 
time. The sample that gives a larger volume of gas is phosphoric acid.

[2]

(c) volume ratio 3: 2

Badly done. There is a similar question in the alcohols worksheet. 
Accept 
- vol of tartaric acid : KOH = 1: 2, phoshoric acid : KOH = 1 : 3

[1]

(d) 1. Add aqueous sodium tartarate to a fixed volume of aqueous copper(II) nitrate
in a beaker till no more precipitate is formed. [1]
‘aqueous’ must be stated for ionic precipitation method

2. Filter the mixture to obtain copper(II) tartarate as a residue
3. Wash the residue with a little distilled water and pat dry between pieces of 
filter paper. 
step 2 and 3 [1]

[2]

Accept  
If step 1 or method is incorrect but step 2 and 3 correct, 1 m awarded.

(e) (i) 3.0°C [1] [1]

(ii) 6.0°C [1]

Since the magnesium ribbon is the limiting reactant [1], 
amount of heat energy given out is the same for 2.0 cm ribbon and 
phosphoric acid [1]

[3]

c a
acid. O

acid with aaaaaaaaaaaaa fixedededededededededededeeedd ma
me of gas gigigigigigigigigigigiveveveveveveveveveveveeennnnnnnnnnnn ofofofofofofofofofofooffoff f f f ff f f fff ff iiiiiniiiiii  a fixe

ume of gasssssssssss isisisisisisisisisisi pppppppppphohohohohohoohohohohooosps hohohohoooohoooooohoriririririririririrrriric c c c c c cc c acacacacacacacacacacacacaccidiiiiiiii .

a simmmmmmmmililililillillllililllllililllllililililililililiiiliiiiliiiiiii ararararararraraarararararararraararraaaaaaaraaraaaarararrrrraaararararrrrraaaaaararaaararararaararar qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqueueueueueueueueueueueueueueueueueueueueueueueeessstststststststssstststststssstststststion innnnnnnnnnnnnnnnnn tttttttttttttttttttttttthehhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh allcllclclcccccllcccllclclllclclclcllcclcllclcccclccoooooohohohohooholsssss sssssssssss wowowowowowowowwowowowowowowowoworkshshhshshshshshshshshshshshhshhsheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ttttt.

c aciddddddddddddddddd ::::::: KOHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH ======================================== 1:1:1::1:1:1:111:11:1:1:11:::::1:111:1:1:1:111111:1:11111111111:1 2222222222222222222222222222222222222222222222222222222222222222, , , , , ,,, ,,,,,,,,,,,,,,,,,,,,, phphhphphphphphphphphphhhphphphphphhphphhphphphphphphhphphphppphphphpphppphhpppphppppppphpphphhhpphphppppppphpppphpphhppppp osososososososososossosososossoooooooooooooooooooooooooooooooooooooooo hohohohohohohohoohohohohohohooohohoohohohohohohohoohohohohoohhhhohoohoooohoohhhooohhhohohhhhhorriririririiririiririiririiiiririririiiriririirirrirrrrrrrrrrrrrrrrrrrrrr c ccccccccccccccccccccccccccccc acccccccccccccccccccccccccccccccccccccccccidiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  : KOHOHOHOHOHOHOHOHOHOHOHOHOH ============ 1 : 333333333333

dd aqaqqqqqqqqqqqqqueueueueueueueueueueueeeueeueeeueeeueueueeeeuuuuuuuuuuuuuuuuu ouououououououououuououuuoooooo s sooooooooooooooooooooooooooooooooooooooooooodiddddddddddddddddddddddddddddddddddddddddddddddd umummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm tttttttttttttttttttttttttttttttttararaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa tatatatatatatatatattatatatattatatattatatattatttatatatatatatataaaaaaaaaaaaaaaaaarararararararararararararararaarararaarararrrrrar teteteteteteteteteeeteteteteteteetetetetetetetetttettteteteeteeeeeeeetee ttttttttttttttttttttttttttttttttoo aaaaaaaaaaaaa fififiififififfiifififififfiffifffffiffifififfififfiffffifffffff xexexexexexexexexexeeeexexexexexexexeexexxexexxxexxxexexxxexexexexexexexxexexexxexeeeeeexeeexeexedddddddddddddddddddddddddddddddddddddddddddddddd vovovovovovovovvovooooovovovovovovoooovooovoovvooovoooooooooooooooooooooooovooovovoovvoluluuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuummemm  of f f f f f aqaqaqaqaqaqueueueueueueeoous
in a beaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaakekekekekeeekekeekekekeekekekeeekekekeekekeeeeeeeeeekk r tiillllllllllllllllllllllllllllllllllll nnnnnnnnnnnnnnoo momommomomomomommmmomomomomommmmommomommmommmommmmommmmmoommmoooorerererererererererererere prererererrerererererererrerrerererrerererrerererrerrereeeeeeeeeeeeeeeeeeeeeecicciciciciccicccccicciccccicciciccciiiiiiiiiiciciiicicipipipppppppipiiipppippppiipppppppipipppppipippppp tatattttttttttttttttttttt teteeeteeeeeeeeeeeeeeteeeeeeeeeeeeeteeeeeteeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiiiiiiis s sssssssssssssssssssssssssssssssssss fofofofofofofofoofofofoofooooofooofoofofofooooooooooooormrmrmrmrmrmmrmrmrmrmrmrmmrmrmmmrmrmmrmmrmmrmrmmrmmmrmmrmrmrmmmmmmmmmmmmrmmmmrmrmmrmmrmmrmmmmedddddddddddddddddddddddddddddddddd. [1]]]]
‘aquqquququququququququqqqquqqqqqqqqquq eoeoeoeoeoeeoeeoeeeeeeeeeeoeeee ususususususususususususususususussususususuussussusussusususssusuusuussusususuususuususuusususussuusussu ’ mustststststststststtstststststststststststst bbbbbbbbbbbbbbbbbbbbbe eeeeeeeeeeeeeeeeeeee ststststststststststststtststststststtttststsststttstststsssssssstssssssssssssss ataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ed fororororororororororrrororoooorororrororroorororroororrororrrrorororrrororrororrororororr iononononononononononnoonoononononoononnnonooonnnooonnonononnonooonnonnnononoonnnonnonononoonononnnoononnonnnnooonoonnnononnonoo icicccccciccccccccciccccccccicicccccciccccccccccccccccccccccccccccc pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppprerererererereerererererrereerereeereererereeeeeerererereeerereereereerereeereeeeerereeererreeeeereeereeerereeeeeeeereeeeecicicciciciciciciciciciciciciciciciiciciciciciciciciciccccccccc pppppppppippppppppppppppppppppppppppppppppppppppp tatiiiiiiiiiiiionononononononononononononono mmmmmmmmmmmmmmmmmeeteteeeetee hod
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pappppppppppppppppppppppppppeerererereerererereeereeeeeeereeeeeeeeeeeereeeeeeeeerrrrre .
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(iii)

[2]
Accept if equation not balanced.

A handful still drew the profile for endothermic reaction
temperature of mixture increases exo 
some did not revise for this topic.

A3 (a) butyl propanoate, butanol, propanoic acid [1]

Common incorrect answer ‘butyl-propanoate’, ‘buthyl’

, addition of hydrogen [1]  
Accept catalytic hydrogenation.

, addition polymerisation [1]  
Reject ‘additional polymerisation’

, condensation polymerisation [1]
Common incomplete response left out (  )n
Award 1 m if structure correct but left out (  )n for both polymers

[4]

Mg3(PO4)2 (aq) + 3H2 (g)

activation energy

H
arrow and label activation energy [;]
arrow and label H [;]
2; [1]
correct formulae of products [1] 
ignore state symbols

reject double arrow

2H3PO4 (aq) + 3Mg(s)

anced.
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(b) (i) Any two of the following:
Members have the same general formula CnH2n+1X
There is gradual increase in boiling point as the number of carbon 
atoms increases
Successive members differ from the next by a –CH2 group.

[2]

Take note: If three evidences stated, and one is incorrect, it would negate 
a correct mark awarded. This is stated in UCLES report.

(ii) As the halogen atom changes from  Cl to I, the boiling point of the alkyl 
halide increases. [1]

The size of halogen atom increases from Cl to I, molecular mass / 
molecular size of alky halide increases [1] and hence boiling point 
increases.  
  
Intermoleular forces of attraction between molecules increases
and amount of energy taken in to overcome these forces increases [1]

[3]

Many misconceptions: 
- reactivity of halogen affect the boiling points of alkyl halides.
- break covalent bond between C-X 
Note: ‘ akyl halides consist of molecules held by weak intermolecular 
forces of attraction’ 

(d)

displayed formulae of organic compounds [1]
balanced equation and formulae of other chemicals [1]

[2]

A4 (a) The oxidation state of nitrogen decreases from +4 in NO2 / +2 in NO to 0 in N2.
Hence conversion of NOx to nitrogen involves reduction.[1]

The oxidation state of carbon increases from +2 in CO to +4 in CO2. Hence 
conversion of CO to CO2 is involves oxidation. [1]

[2]

Omission of ‘increase/decrease’ only 1 mark awarded.
Focus of this question is on the conversion of NOx in reaction 1 and CO in 
reaction 2.

+ HI + H2O

ular 
ce booiling
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(b) As the air/fuel ratio changes from rich to lean, the conversion efficiency of CO 
and HC increases but that of NOx decreases. [1]

As the air/fuel ratio changes from rich to lean, the amount of oxygen available to 
oxidise CO to CO2 increases, [1]
amount of oxygen available to oxidise HC to CO2 increases. [1]
lesser CO amount available to reduce NO and hence conversion of NOx
decreases [1]  
Reject less incomplete combustion and hence lesser CO, this is catalytic 
converter and not internal combustion engine. 

[4]

Badly done.

Reactions in the engine are not the same as reactions in the catalytic converter 
– refer to O levels 2015 B8.

Common misconceptions: 
‘Combustion of CO and HCs take place in catalytic converter.’
The reactions in the catalytic converter are redox and for CO and HCs are 
oxidation reactions. 

(c) Any two health effects [2]
Nitrogen oxide causes respiratory problems/ irritate eyes and lungs
Inhalation of carbon monoxide prevents haemoglobin from absorbing 
oxygen and may lead to suffocation / organ failure / headaches. 
Unburnt hydrocarbons cause cancer / carcinogenic

  
[NB: discuss effect of each gas separately]

[2]

Common mistakes:
NOx cause respiratory problems but not breathing difficulties.
CO causes breathing difficulties but not respiratory problems.

Take Note: It is necessary to discuss the health effect of each gas separately.
This is stated in the UCLES markers’ report.
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ter are redoxoxoxoxxxxxxxxxxxxxxxx aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndnnddndndnnnndnnndndnndndnnnnndnnnnnnnnnnnnnndnnndnndnndnnnnndnnnndnnndddnddnnddddnddnnnnddnnnnnnndnnnnnnnnnnnnn fffffffffffffffffffffffffffffffffffffffffffffffffffffffforororororrororororororororororoooooooooooooooo  CO O O O OO OO OOOO OOOO ananananananananananananannanandddddddddddddddd HCHCHCHCHCHCHCHCHCHCHCHCHCs are

[2]
ide caususususususuusuusuuuuususuuuuusuuususuuuusuusuususuuusuusuuuuusu eseseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrresesesesesesesesesseesesesesesseeeeeeeeeeeeeeeeeeeee pipipipipipiiipiiiipipiipipipiirararararaarararaaraaaraarrrrrrrrr tottttttttttttt ry pppppppppppppppppppppppppppppppppppppppppppppprooooooooooooooooooooooooooooooooooooooooooooooooblems/ irrrrrrr titititittatatatatatate eyyyyyyeseseseseses andndndndndnd llllllununununununggs

tion ooooooooooof f ffffffffffff f cacccccccccccccccccccccccccccccccccc rbonononononononononononononoonnnnnnnnnnnnnnnnnnnnnnnnnnnn mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmononoononononoononononononononononononononononnonnonononnonnonnnnnonooooooo oxoxxoxoxoxoxoxoxooxoxoooxoooxooooooooooxoooxooooxooooxxxxxidididiidiididiididiiiididididiiidididididdiddidddddddddddddddddde eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee prprprprprprprprprprprprprprprprprrprrprprrprrrrprrrpprrrppppppppppppppppp eveveveveveeveveveveveveveveveveveveveveeveveveevevevevvevvvvevvvevvvvvvvvvevveeeeee eneeeeeeeeeeeeeeeeeeeeeeeeeeee tstssssssssssssssssssssssssssssss hhhaemooooooglglglglglglooooobo in ffffffrorororororor mmmmmm ababaaaa sorb
oxygenennnnnnnnnnnnennnnnn andddddddddddddddddddddddddddddddddddddddddddddddddd mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmayayayayayayayyayyyayyyayayyyayayayyayayayayayayayayyayyyyayayyyayayayaaayaa lleaddddddddddd tototttotttttotttototttttttttttototttt ssufufuufufufuuufufuuufuuufuuuuuuuuuuuuufuuuuuuuuuuuuuuuuu fofofofofofoofofofofofofofofofoofofofofofofoofofooofofofofoofoffofffoofffff cationnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ///////////////////////////////////////////// ooooooooooooooooooooooooooooooooooooooooooooooooooorgrgrgrgrgrgrgrgrgrgrggrgrgrgrgrgrgrgan failureeeeeee ////// hhheaeaeaeeaeadach
UnUnnnnnnnnnUnnnnUUUUU bubbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb rnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrnrntttttt tttttttt hydrddddddddddddddddddddddddddddddddddddddddddddddddddddd ocococooooocococococooooocooococococoocoococoooooooooooooooooooo araraaraarararararaararararrrrrrararrrarrboboboboboboboboboobobobobobobobobobobobobooobobooooooobbbbbbbbbbbbbbbbb nsnsnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ccccccccccccccccccccccccccccccccccccauaaaaaaaaaaauaaaaaaaaaaaaaaaaaaaaaaaa se ccccccccccccccccccccccccccccccccccccccccananananananananananaanananananaaanannananaannaanannananaananaannaannannnaanaaa cececececececcecececececeecececeecececececcecceecececeececececeececcceeceececcececceceececeeececer rrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr / / ////////////////////////////////////////// ccccccacccccccccccccccccccc rcinnnnnnogogogogogogeneneneneneniciiii

NB: dididididiiididdiidididiiidiiiiiiiiiiiiiiiiiidiiid scscscscscccccscscscccccsccccscccccscccccscccccccccsccccccususususususususuusususususuusuuuuususuuusuuususuuusuusuuuususuuuusuussssssssssssssssssssssssss yyyyyefefeeefefefeeefeefefefeefefefefefefefefeeefeefeeefefefeeefefffffffffffefeefefeefeeefefectctctctcttctctctctctctctctcttctctctcctctcctctccccccccccccc  of eaeaeaaeaaaeaaeaeaeaaaaeaeaeaeaeaeaaeaeaeaeaaaeaeaeaeaaeaaaaeaaaaaaeeaaeaeeeeeeaeeeeaeeeaeae chchhchchchchhchchcchchchchchcchchhchchchchchchchhhhchcchhhchhhchchhchcccchchccccchhchhchhchch ggggggggggggggggggggggggasasasaasasasasasassaasssaasassaasasasasss separatatatatatata elelelelelelyyyyyy]]]]]]
mmmmmmmmmmmmmmmmmmmmonononononnnonnnononononnnnnnnnnnnno  miststststststtsttttttststtttstststttstttttttttttttttakaaaaaaaaaaaaaaaaaaaaaaaaaa essssssssssssssssssssssssssssssssssssssssssssss:::::::::::::::::::::::::::

caususususususususususususususssususuuussususssssususususussususususususssussususususuuuuuuuuu e eeeeee e ee eeee ee e ee rererererererererererrererererrrerererrerererereeeeeeeeeeeeeereeeeeeeespspspspspspspspspsspspspspsspsssspssspsspspspspspspspssppspspspsspspsppsspsspspspspspsspspppspppsppssppspppspsppsspppspssss iiiriririririrrrrriiirirrrrrirrirrrrrrrrrrrrrrrrrrrrrrrirrrrrrrrrrrrrrrratattatatatatatatattttatatatatatttattatatatatatatatatttttttttttttttttttttttttttttorororororororororororororororororoororoororrororororororororooorooorororoorooororooroororoorororororrororororroororroroororroory yyy y y y y y yy yyy yy yyyyy yyyyyyyyyy yyyyyy yyyyyyyyyyyy yyyyyyyyyyyyyyyyyyyyyyy ppppprppprprprprppppppppppppppppppppppppppppppppppppppp obbbbbleeleleleleleleelleeeleemsmsmsmsmsmsmsmsmsmsmmmmmm bbbbbbbbbbbbbbbut not
auseeeeeeeeeeeeeeeeeeesssssss sssssss sssssssssssssssssssssssssssssssssssssssss brbrbrbrbrbrbbrbrrbrrbrbrbrbrbbrbrbrbrbrbrbrrrbrbbrbrbrbrrrrbrrrrrrrrrbrbrrrbrbreaeaeaeaaaaaaaaaeaaaaaeaeaaaaeaaaaeaeeaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaathththththththththththttthtthththththtththththtththththththhhthththththhhththththhhthhhhtthhthhhttthththththtttthttttt inininininininininiininininiinininininiiniininininiiininnininninnnininnnnnnnininininnnininiiii g difffffffffff icicicicicicicicicicccicicicicululululululullululu titititiititititiiitt es but

te: It issssss nnnnnnnnnnnnnnnnecececececececececececeeececce eseeeeeeeeeeeeeee sary
ted iiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnn thtttttttt e USm

ile
Tut

or
.sg

Need a home tutor? Visit smiletutor.sg



2019 Preliminary Examination Fuhua Secondary School
Marking scheme for Secondary 4 
CHEMISTRY 6092/2

                 P a g e | 6

A5 (a) Similarity:
In both B and C, the atoms are held by strong covalent bonds. [1]

Difference:
Any one of the two: [1]

B has simple covalent structure while C has giant molecular structure.
B consists of molecules held by weak intermolecular forces of attraction 
while C does not contain molecules and only atoms held by strong 
covalent bonds’ . 

Bonding remains the most important topic that candidates do not fare well in 
Common misconception:
- ‘B is ionic compound.’ B has structure of solid iodine which has a simple 
covalent structure consisting of diatomic I2 molecules held by weak 
intermolecular forces of attraction.

[2]

(b) C cannot conduct electricity while D conducts electricity [no mark given]

In C, each carbon atom uses 4 out of 4 outer electrons to form covalent bonds 
and hence there are no mobile electrons [1]
Accept: each C atom uses all its valence electrons in bonding.
Reject: C has all valence electrons used in bonding with no mention of atoms at 
all. Question states both C and D are allotropes of carbon.
while in D, each carbon atom uses 3 out of 4 outer electrons to form covalent 
bonds, leaving one unused.These delocalised electrons conduct electricity. [1]  

delocalised/mobile electrons must be mentioned in first or second point to get full 
credit.

[2]

The focus of this answer is on the ‘valence electrons of each C atom’ 

But many candidates based their responses on each C atom is bonded to three /  
four other C atoms meant for question involving hardness or m.pt.

Award 1 m although not in answer scheme
- In C, one C atom bonded to 4 other C and in D, each C atom bonded to 3 other 
C atoms.

(c) Cu2+ and O2- have a higher charge than K+ and Cl-. [1]
Reject CuO have a higher charge.

Stronger electrostatic forces of attraction between Cu2+ and O2- ions
and hence larger amount of energy required to overcome these forces. [1]

[2]

hich has a
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A6 (a) The relative formula masses or Mr of the carbonates are different.[1]

Hence the same mass of carbonate will produce different number of moles of 
carbon dioxide and hence different mass of carbon dioxide given off and thus 
varying decrease in mass [1]

[2]

Very badly done.

Common misconception:
- No such thing as ‘reactivity of carbonates’ – reactivity of metals and relate to 
thermal stability of the metal carbonates.
- Most did not explain how CO2 produced leads to a decrease in mass of 
carbonate.

(b) 2.00 g [1] 
Badly done. Many did not understand sodium carbonate is not decomposed.

[1]

(c) Copper [1]
CuO + H2 Cu + H2O [1]

Accept  
- copper(II) carbonate

Incorrect answers are
copper, zinc, lead (lead carbonate not even an entry in the table.) 
ZnO is not reduced by hydrogen.

[2]

B7 (a) Sodium and potassium are alkali metals which react readily with water in 
aqueous salt solution to form alkali and hydrogen gas.[1]
Not possible for Na/K to remain as an electrode in aqueous solutions to 
measure potential difference.

[1]

Accept: react with oxygen in the air, react explosively causing hazard, which 
links to question of being difficult to set up the half cells

Reject: react with acid / only mention reactive but not linked to why it is difficult 
to set up half-cell.

(b) (i) I2 + 2e- 2I-

No state symbols required

Very few candidates scored this mark as many wrote the oxidation 
equation or placed electrons wrongly. Quite a number gave wrong 
charges for iodide such as I+.

[1]
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(b) (ii) Chlorine has a higher reduction potental than iodine AND
and hence chlorine can displace iodine from its solution. / chlorine gains 
electrons more readily.

Most candidates managed to score for this question. 

[1]

(c) chromium tin
aqueous solution of 

nickel(II) ions
aqueous solution of iron(II) 

ions
dilute nitric acid

[2]

All 4 ticks [2], 2 ticks [1]

Relatively well answered part for B7.

(d) reactivity standard reduction potentials
Group I Reactivity increases 

from Li to K / down the 
group which indicates 
the tendency to lose 
electrons increases 

from Li to K. [;]

Standard reduction potential 
increases from Li to Na then 

decreases from Na to K which 
indicates Li lose electrons more 

easily than K and Na.[1]

Group VII Reactivity decreases 
from F2 to I2 / down 

the group which 
indicates the tendency 

to gain electrons 
decreases from F2 to I2

[;] 2;[1]

Standard reduction potential 
decreases from F2 to I2, 

indicating the tendency to gain 
electrons decreases from F2 to I2

[1]
Accept comparison between 2 

halogens.

[3]

[1] for reactivity trend in group I and group VII.
[1] for reduction potential trend in group I
[1] for reduction potential trend in group VII
Many candidates lost marks because they did not mention about the trend in 
reactivity in the group or link the reactivity with the elements. Majority of 
candidates did not managed to identify the decrease in reduction potential from 
Na to K.

[1] for correct trend of group VII reduction potential without mention of elements.
Eg. As the elements get more reactive in group VII, reduction potential 
increases.

ststststststststttaaaananananananananananananaananananananananananannnnnnnnnndadadaddddadaddddadadadaddddadadaddadadadadadadadadadadaadadaaaaaaaaaaardrdrdrddrdrddrdrdrdrdrdrdrdrdrdrdrdrdrdrddrdrdrdrdrddrdrdrdrddrdrdrdrdrdrdrdrdrdrdrdd rrrrrrrrrrrrrrrrrrrrrrededededdedededeee uctionononononon ppppppototototototentials
y increreeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeases 

Li to  K K KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK / ////////////////////////// dodooooododooodododoododooododdddddddddd wnwnwnwnwnwnwnwnwnwnwnwnwnnwnwwwwwwwww  the 
group whwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhhwhwhwhwhwhwhwhhwhwhhwhwhhwhhhwwhwhhhwhhwwhhwwhhwwhwwhwwhwwwhwwhiichh ininiininininininininiiiiiiii dicacacacacacacacacacacacacacacacacacacatetetetetetetetetetetetetetetes 
ththththtttttthttttththththtththththththththtththhhhhhhhhhhhhhhhhhhhhhhhe tendndndndndndndndndnddndndndndndndnnnnnnddnddddddddddddddddddddddddeneneneneneneenenneneenenenenennenenennneneneneeeeeennnnneeeneeennenencycycycycycycycycyycycycycyycycycycycyyycycycycycyyyyyccyyyyyycccycyccccccccccccc ttttttttttttttttttttttttttooooooooooooooooooooooooooooooooooooooooo lolololololololololololololoolooloooooooooooooooooooosesesesesesesesesesesesesesseseeseseseesesseseeeeeeeeeeeeeeeeeeeeeeeeeeee 
eeleleleleleleeleeleeeeleeleleeleleeeeeleeeeleeleeeleeleeleeeleeelleleleeleeeeeee ececececececececcececcececececcceccecccccecceccececcceeeeeee trtrtrttttrttrttrtttrttrttrtrtrttttttttrttrrrrrrrrrons s sss ssss ssssssssssssssss ininiininiiniiiinininiininininininininnnnnnnnnnnnnnnncrcreaeaeaeaeaeaeaeaeaeaeaaeaeaeaaaeaeaeaeaaaaeaaaeaaeaeeeeeeeeeeeeeee sesssssssssssssssssssssssssssssssssssssssssssssssssss s 

frfrfrffrfrfrfrfrfrfrfrfrffffromomomomommomomomomomomomoommomoomomommmommommmmmmmmmmmmmmmmmmmm LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLiiiiiiiiiiii totttttotttttttttt KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK. [;[;;;;;;[;;[;;;[;[;;[[[[ ]]]]]]]]]]]]]]]]]]]]]]]]

tSStStSSSStStStStStSStSttttttStttStSttttStStStSttStStStStStStStStStStStttSStSttStStStStStStStSttStttSStStSStStStttStSttSttSttStttttStttStSSSttStStSttS ananaaanaananananananaananananananaananananananaanananananananananananananananananannanananannnnanannnannnannnnnananannannananannnnnnnannaannannnannnnanannanannnna dadaddddaddddadddadadadadadadadadadadadadadddadadadaddadadadadadadadaaadaaaaardrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrd rrrrrrrrrrrrrrrrrrrrrrrrrededededededeeeeeeeeeeeeeeeeeeeeeee ucucucucucuctitititititionononononon ppppppoooooto ential 
incrrrrrrrrreeeaeaeaeeaeaeaaeaeaeaeeeaeaeeaeeeaeae ses frfrffffromomomomomom LLLLLiiiiii totototototo NNNNNNa thenenenenenenn 

deddddddddddddddddddddddddddddddddddddddddddddddddd creasessssss frfrfrfrfrfroooooom NNNNNNaaaaaa tto KKKKKK whwhwhwhwhwhicicicicicichhh
inndididiiiididiiidididdididiiddididididdiddddddddidddddddddddddddddddddddd cacccccccccccccccccccccccccccccccccccccccccccccccc tes LLLiLiLiLi llllllososoooo e elelelelelelelececececcecectrtrtrtrtrtronononononons mor

eeaeeeeeeeeeeeeeeee sily thahahahahaan n n n n n K K K K K K anand Na

GrGGGGGGGGGGGGGGGGGGGGGGGGGGGG ououuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuup ppppppppppppppppppppppppppppppppppppp VII ReReReReReReReReReeRReReReRReRReReReReRRReReeReRRReReReReeReReReRReReReeReReReReRRRRRRR acaaaaaaa tivitytyytyyyyyyyyyyyyytytyyyttyytyyyttyyyyyy ddddddddddddddddddddddddddddecececececececececececececececececececececeeeecececececeeceeecccecccececcecececececcccececcecccrererererererererererererereererererererereererreereerererererererereerrererrereeeeeeeeeasasasasasasasasasasaasasasasaasasasaasasaasasasssaaasasasssasasssasssaaasssssasasaassaaassaaasasasaaaaaseseesessesesesesessseseeseseseseeeesseeeeeeeeeeeeeeeeeee  
frfrfrfrfrffrfffffrfrffffrffffrfffrffffrfffrrfrffffrffrfrrffff oooooom FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF2222222222222222222222222222222222 tototototototototoototottotootootottttototttttttttttttttottot IIIIIIIIIIIIIIIIIIIIIIIIIIIII2 / dodooooooooooooownwnw  

thththtththhhhhthththhhhhththhhhhthhhhhhhhhthhttttttttttt e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee grgrgrgrggrgrgrrrggrgrgrrrrggrgrououououuouuuouuuuuuuouuuuuuuuuuuuuuuuuuuuuuuuoo ppp whiccccchhhhhh
inininnnninnninnnninininininininninininininnnnnnnnnnnnnnnnnnnnnnnndidiididididididdidididdddddiddiddididdididdiddddidddiddidddiidddiididddddiddidiidiidddiddicacacacacacacaacacacacacaccacacacaaacaaaaaaacaaaaacaccacaacaacaaacaaaaaacaaacateteteteteteteteteteteteteeteteteteteteteteteeetetetetteeteettttt s theeeeee tetetetetetendndndndndndeeeene cy

to ggggggaiaiaiaiaiain nnnnn elelelelelelectron
deeeeeecrcrcrcrcrcreaeaeaeaeaeasssses fro

StStSttSttanananananandadadadadada dddrdddd red
decr

ind

vitySm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



2019 Preliminary Examination Fuhua Secondary School
Marking scheme for Secondary 4 
CHEMISTRY 6092/2

                 P a g e | 9

(e) solutions name of products of 
electrolysis that would be 

produced first

ionic equation for the reaction at 
each electrode

concentrated 
magnesium 
chloride

at negative 
electrode

hydrogen 2H+(aq) + 2e-  H2(g)

at positive 
electrode

chlorine 2Cl-(aq) Cl2 (g) + 2e-

mixture of 
dilute silver 
nitrate and 
copper(II) 
chloride 

at negative 
electrode

silver Ag+(aq) + e- Ag(s)

at positive 
electrode

oxygen and 
water

4OH-(aq) 
2H2O(l) +O2 (g) + 4e-

2 correct blanks [1] 
ecf [2] for eqn given if products at electrodes are mixed up.

Common mistakes include wrong products at the electrode, giving formula 
rather than name as stated in question, writing ionic equation without state 
symbols or balancing the equation wrongly. Candidates must take note that 
silver ion is Ag+ not Ag2+

[4]

B8 (a) Agree. Increasing concentration of NO increases the rate to a greater extent 
than increasing the concentration of H2. 

Comparing experiment 1 and 2 where concentration of  NO was kept constant 
at 0.0060 mol dm-3 , increasing the concentration of H2 by a factor of 2 from 
0.0010 to 0.0020 mol dm-3 increases the rate of reaction by a factor of 2 from 
1.8 × 10-4 to 3.6. × 10-4 mol dm-3s-1.

Comparing experiment 3 and 4 where concentration of  H2.was kept constant at 
0.0060 mol dm-3 , increasing the concentration of NO by a factor of 2 from 
0.0010 to 0.0020 mol dm-3 increases the rate of reaction by a factor of 4 from 
0.3 × 10-4 to 1.2. × 10-4 mol dm-3s-1. 

Many candidates interpreted the data wrongly by comparing the increase in rate 
of reaction when concentration of NO and H2 was changed, rather than 
comparing the number of times the concentration changed. 
[1] given quoting data correctly. 

[1] for wrong interpretation of data (increase of 1.8 x 10-4 mol dm-3 s-1 from expt 
1 to expt 2, is more than increase of 0.9 x 10-4 mol dm-3 s-1 from expt 3 to expt 
4) but able to quote correct data.

[3]

(b) 2.4 × 10-4 mol dm-3s-1.
Badly done, not many candidates are able to state the rate. Many did not 
include units but were not penalised.

[1]
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(c) Molar volume ratio of H2 (g) : N2 (g) + H2O (g) = 2 : 3
Therefore volume of N2 (g) + 2H2O (g) produced = 3/2 × 15 = 22.5 cm3 [1]
unreacted NO = 5 cm3 

Volume of gases remaining = 27.5 cm3 [1]
Many candidates did not take into account unreacted NO.
A few used wrong methods to calculate the mole of gas.

[2]

(d) At lower temperature, the reacting NO and H2 molecules have less kinetic 
energy and move slower / collide less frequently [;]
Less reacting molecules collide with energy more than or equal to the 
activation energy [;]
Hence the frequency of effective collisions between NO and H2 decreases[;]
3; [2] 
Many candidates did not make reference to the specific reactant particles and 
majority did not mention the point about activaion energy.

[1] decreased number of effective collisions between NO and H2
[1] decrease KE/move slower and lesser number of particles with energy 
greater than/equal to activation energy.

[2]

B9E (a) More popular of the B9 questions. Most did relatively well.

Mr of repeat unit = 114
When Mr = 20 000, number of repeating units 
= 20 000/114 [1]
= 175.43 = 176 [round up] [;]

When Mr = 50 000, number of repeating units 
= 50 000/114
= 438.596 = 438 [round down] [;]
        
Therefore, the range of the average number of repeating units is between 176
and 438 [1] inclusive.

Wrong Mr but correct rounding, ecf [1] 
Most are able to calculate correctly.

[2]

(b) (i) HOOCCH2CH2COOH [1]
and
HOCH(CH3)CH2OH [1]

[2]

Well answered

actant p
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(b) (ii) Mr of dicarboxylic acid (C4H6O4) = 118
Mr of diol (C3H8O2) = 76
No of moles of dicarboxlic acid = 1000/118 = 8.47458 
No of moles of diol = 1000/76 = 13.1579 

Dicarboxylic acid is limiting. [1]

No of moles of polymer = 8.47458 [1]

Mass of polymer produced = 8.47458 × (158) [Mr of 1 repeat unit]
= 1338.9 g = 1.39 kg [1] (3sf)

Many candidates did not take into account the loss of water in 
calculating Mr.
-1 for sf

[3]

(c) Any three of the following
Polymer X Polymer Y

Formed by joining of unsaturated 
monomers/ monomers 
containing C=C carbon covalent 
bonds

Formed by joining monomers with 
two different functional groups 
present such as –COOH and –
NH2 or -OH.

Polymer has C-C linkage Polymer has ester linkage.

Addition polymer is formed from 
joining of monomers without 
losing of any molecules or atoms

Condensation polymer is formed 
from joining of monomers with 
losing of atoms or small molecules 
eg. water

Empirical formula of polymer and 
monomer are same.

Empirical formula of polymer is 
different from that of the 
monomer.

[3]

Accept: X is made up of 1 type of monomer, Y is made up of 2 types of monomers
X is formed by addition polymerisation, Y by condensation polymerisation.
Repeating unit of X has 6 carbon atoms, repeating unit of Y has 7 carbon atoms.

Reject: polymer X undergoes addition polymerisation.
Y has sweet smell, X has no sweet smell.
X has no linkage.

Poolylylylylylymemememememer r r r r r YYY
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B9
OR

(a) According to the graph, as the temperature decreases, a higher percentage 
yield of ammonia is obtained.[1]
This would result in a increase in the amount of ammonia that leaves the main 
reactor and an decrease in the amount of unreacted hydrogen and nitrogen.[1]

Some students did not mention that yield of ammonia will increase.

[2]

(b) By maintaing the condenser temperature to be lower than the boiling point of 
ammonia but higher than boiling points of nitrogen and hydrogen. / Ammonia 
has a higher boiling point than nitrogen and hydrogen hence will condense first 
when cooled.

Many candidates wrote fractional distillation.

[1]

(c) The reaction of nitrogen and hydrogen to profuce ammonia is a reversible 
reaction and some ammonia produced is decomposed/converted back to 
form the reactants.

Reject: turn back

[1]

(d) Molar volume ration of N2 : H2 : NH3 = 1: 3 : 2
Since H2 is limiting, theoretical volume of ammonia produced = 2/3 × 60 = 40 
dm3 [1] 
Percentage yield of ammonia = 6/40 × 100% = 15% [1]

[2]

(e) Zn 2+, Cu 2+

Most candidates able to identify Cu2+
[2]

(f) Add aqueous sodium hydroxide to a sample of water and warm the mixture.
If a pungent and colourless gas that turned moist red litmus blue is produced, 
then ammonium ion is present [1]
Add aqueous sodium hydroxide, Al foil and warm the mixture. 
If a pungent and colourless gas that turned moist red litmus blue is produced, 
then nitrate ion is present [1]
Majority of candidates did not mention this part well, and only added sodium 
hydroxide and confirmed identity without aluminium foil, showing poor 
knowledge of test for nitrates.
Some candidates used indicator.

[2]

ammoniaaaaaa is aaaaaa rrrerr ve
composedededededed/c/c/c/c/c/cononononononveveveveveverrrrted ba

N2 :::::: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH22222222222222222222222222222222 ::::: NHNNNHNHNHNHHHNHHNNNHNHNHHNNNHHNNN 3 3 = 1:1:1:1:1:1:1:1::1:::1::: 333333333333333333333333333333333333 : 2
g, theororrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreteteteteteteteeteteteteetetetttettettetetttetetttttetettttteeeeeeee iciciiiiiiiiiiciiiiiiiiiii alalalalalalalalalaalalalalalalalalalalallllllllll vvvvvvvvvvolllllllllumumumumummmummumummuummuuumuuuuuu e of aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm onia prorororororodudududududuceeedddddd ====== 2/2/2/2/2/2/3 3 3 3 3 3 ×××××× 606060606060 = 40

age yyield ooooooooooooooooooooooooooooooooooooooooof f ffff fff f ffff fffffffffff amamamammammmmamammamammmmmammamammmmmmmammmmmmammmammmmamamaaaaammaammammoniaaaaaaaaaaaa = 6/6////////////////////////////////////////////////4040444044404004040400004040000004000044000444  × 100000000000000000000000000000000000000000%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% ================================= 15% [11]]]

Zn 2+, CuCuCuCuCuCuCuCuCuCuCuCuCuCCuCuCCuCuCuCCCCCCCCCuCCCCC  22+
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                                                               2                                 GMS(S)/Chem/P1/Prelim2019/4E 

 
 

1 In an experiment, a student reacts hydrochloric acid with magnesium ribbons and wants 
to collect and measure the amount of gas produced at 30-second intervals. 
 
Which apparatus is most suitable for collecting the gas produced? 

   
  A 

 

 

 B 
 

 
 

 
 

  C 
 

 

 D 
 

 

 

   
   

2 Mary performed paper chromatography on a dye and obtained only one spot with an Rf 
value of 0.68. 
 
Which of the following statements is true about her chromatogram? 

   
 A Changing the solvent will not affect the Rf value. 
 B Using a more concentrated dye solution will increase the Rf value. 
 C The dye is likely to be a pure substance. 
 D The spot is closer to the starting line than it is to the solvent front. 

 
3 In which of the following solid mixtures can the underlined substance be obtained by 

adding water, stirring and filtering? 
   
 A mixture of iron and iron(II) chloride 
 B mixture of lithium and copper(II) sulfate 
 C mixture of sand and iron 
 D mixture of sodium chloride and sodium hydroxide 
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                                                               3                                 GMS(S)/Chem/P1/Prelim2019/4E 

 
 

4 A series of chemical tests performed on an unknown solution produced the following 
results. 
 
test observation 
add aqueous sodium hydroxide, warm gently effervescence produced 
add acidified barium nitrate white precipitate formed, no  

effervescence produced 
 
Which of the following substance could be present in the solution? 

   
 A ammonium carbonate 
 B ammonium sulfate 
 C calcium sulfate 
 D sodium hydrogencarbonate 

 
5 The following apparatus was set up as shown below. 

 

 
 
Which of the following pair of gases X and Y will result in no movement of the water in 
the U-shaped tube? 

   
  gas X gas Y  
 A H2 He  
 B N2 CO  
 C O2 CH4  
 D SO2 NO2  

 
6 Which of the following groups of substances contain an element, a compound and a 

mixture? 
   
 A brass, rust, haematite 
 B diamond, graphite, air 
 C ozone, cast iron, slag 
 D silica, diamond, petrol 
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7 The following table lists the atomic structure of three particles W, X, Y and Z. 
 

particle proton electron neutron 
W 7 10 7 
X 7 7 8 
Y 7 10 8 
Z 8 8 8 

 
Which two particles are isotopes of each other? 

   
 A W and Y  
 B X and Y  
 C X and Z  
 D Y and Z  

 
8 Osmium tetroxide has the structural formula as shown. 

 

 
What is the valency of osmium? 

   
 A 4 
 B 8 
 C 12 
 D 16 

 
9 Which of the following statements explains why copper conducts electricity? 
   
 A Copper atoms are held together by weak intermolecular forces. 
 B Copper has free moving atoms. 
 C Copper has free moving electrons. 
 D Copper has free moving ions. 

 
10 How many oxygen atoms are there in 0.05 moles of ozone gas? 
   
 A 3 × 1022 
 B 3 × 1023 

 C 9 × 1022 
 D 9 × 1023 
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11 In a titration, 26.4 cm3 of 0.2 mol/dm3 calcium hydroxide was required to completely 
neutralize 19.0 cm3 of hydrochloric acid. 
 
What is the concentration of the acid used? 

   
 A 0.28 mol/dm3 

 B 0.36 mol/dm3 

 C 0.56 mol/dm3 
 D 0.84 mol/dm3 

 
12 A 5.0 g sample of a mixture of sand and calcium carbonate was heated strongly in an 

open flask until there was no further change in mass.  
 
Determine the percentage calcium carbonate in the mixture if the final recorded mass 
was 4.2 g. 

   
 A 36% 
 B 52% 
 C 72% 
 D 84% 

 
13 Which of the following properties increases down the group in Group I? 
   
 A ease of losing an electron 
 B ionic charge 
 C melting point 
 D non-metallic character 

 
14 A new halogen discovered, X, forms a compound with potassium with the formula KX. 

A solution of KX was found to be displaced by iodine.  
 
Which of the following most likely describes the appearance and physical state of X2? 

   
 A a dark coloured liquid  
 B a dark coloured solid  
 C a pale coloured liquid  
 D a pale coloured solid  
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15 In the experiment shown below, a strip of metal was heated in a test-tube. When a 
spark was created at the outlet of the glass tube, no flame was observed.  
 

 
Which of the following metal could be in the test-tube? 

   
 A calcium 
 B magnesium 
 C tin 
 D zinc 

 
16 When nickel is placed in copper(II) nitrate solution, the solution gradually turns green. 

 
Which statement is true about the reaction? 

   
 A Copper atoms gain electrons. 
 B Copper ions gain electrons. 
 C Nickel atoms gain electrons. 
 D Nickel ions gain electrons. 

 
17 Which of the following reactions does not occur in the extraction of iron in the blast 

furnace? 
   
 A Fe2O3 + 3CO → 2Fe + 3CO2 
 B Fe2O3 + 3C → 2Fe + 3CO 
 C CaCO3 + 2NO2 → Ca(NO3)2 + CO2 
 D C + CO2 → 2CO 

 
18 What ions are present in dilute aqueous ammonia? 
   
 A H+ and OH- 
 B NH4+, H+, Cl-, OH- 
 C NH4+, H+, OH- 
 D NH4+, OH- 
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19 A solid was added, bit by bit, to a solution of hydrochloric acid. The graph below 
shows the change in pH.  
 

 
 
What could the solid be? 

   
 A Li2O 
 B MgO 
 C P4O10 
 D SiO2 

 
20 A student wants to prepare crystals of zinc chloride.  

 
Which method is most suitable for this preparation? 

   
 A displacement of magnesium chloride by zinc 
 B neutralization between zinc oxide and hydrochloric acid 
 C precipitation from zinc nitrate and sodium chloride 
 D titration of zinc hydroxide and hydrochloric acid 

 
21 Which compound will likely be the best plant fertilizer? 
   
 A aluminium nitrate 
 B ammonium nitrate  
 C ammonium chloride  
 D sodium nitrate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



                                                               8                                 GMS(S)/Chem/P1/Prelim2019/4E 

 
 

22 

 
 

Which of the following reactions could have the above energy profile? 
   
 A CuCO3 (s) → CuO (s) + CO2 (g) 
 B 2NaOH (aq) + H2SO4 (aq) → Na2SO4 (aq) + 2H2O (l) 
 C CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (g) 
 D H2O (g) → H2O (l) 

 
23 Which of the following statements best explains why sodium reacts spontaneously 

with water? 
   
 A Plenty of heat energy is given out during the reaction. 
 B Sodium atoms are exceptionally energetic. 
 C The activation energy of the reaction is small. 
 D The bonds in the products are very strong. 

 
24 How will the addition of a catalyst affect the energy of particles and the activation 

energy of the reaction? 
   
  energy of particles activation energy 
 A increases decreases 
 B increases remains the same 
 C remains the same decreases 

 D remains the same remains the same 
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25 Octene (C8H16) is able to absorb UV light. The Beer-Lambert Law states that the amount 
of UV light absorbed is proportional to the concentration of the compound present. In 
one experiment, bromine water was added dropwise until in excess to a solution of 
octene and the absorbance of UV light by the mixture was tracked over time.  
 
Which of the following graphs represents how the absorbance of UV light changes over 
time? 

   
 A 

 

 

B 
 

 
  

C 

 

 
D 

 
 

26 Which of the following correctly identifies the oxidation state of the underlined 
element? 

   
  substance oxidation state 
 A Cu2O +2 
 B H2SO3 +4 
 C KBrO3 +6 
 D P4O10 +5 

 
27 Which of the following does not show a redox reaction? 
   
 A C + CO2 → 2CO 
 B Fe + H2O → FeO + H2 
 C Na2CO3 + H2SO4 → Na2SO4 + CO2 + H2O 
 D Zn + FeSO4 → ZnSO4 + Fe 
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28 The diagram below shows an electrolytic cell. Initially, the bulb does not light up when 
the switch is closed. 
 

 
 
Which of the following substances, when added, will cause the bulb to be the brightest? 

   
 A ethanoic acid 
 B magnesium carbonate 
 C sodium hydroxide 
 D sugar 

 
29 Concentrated hydrochloric acid was electrolysed using inert electrodes. 

 
Which of the following best describes how the pH of the electrolyte changes in the first 
five minutes? 

   
 A increases 
 B decreases 
 C remains constant at pH 1 
 D remains constant at pH 7 

 
30 Three electric cells are set up using zinc metal and three unknown metals, U, V and W 

as electrodes.   
The potential differences between the metals are given in the table below. 

electric cell metals used voltage / V positive electrode 
1 Zn, U –0.45 Zn 
2 Zn, V +2.71 V 
3 Zn, W +1.11 W 

From these results, deduce which arrangement correctly lists the metals in the order of 
decreasing reactivity. 

   
 A U, Zn, V, W 
 B U, Zn, W, V 
 C V, W, Zn, U 
 D V, Zn, W, U 

bulb 
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31 Which statement best explains why carbon monoxide is harmful? 
   
 A It causes acid rain. 
 B It combines strongly with haemoglobin. 
 C It contributes to global warming. 
 D It irritates the eyes and lungs. 

 
32 Which molecule has the greatest ozone-depleting potential? 
   
 A CFClBr 
 B CFCl3 
 C CF3Cl 
 D CH2F2 

 
33 Which of the following is true about kerosene? 
   
 A Kerosene has a lower viscosity than petrol. 
 B Molecules of kerosene are larger than those in naphtha. 
 C Molecules in kerosene are used to make petrochemicals. 
 D Molecules of kerosene burn with a smokier flame than those in diesel. 

 
34 Which of the following fuel would produce the greatest mass of carbon dioxide per 

kilogram when burnt in an excess supply of air? 
   
 A CH2CHCOOCH2CH3 
 B (CH3)3COH 
 C CH3CH2C(CH3)2CH2CH3 
 D CH3CH2CH2CH2CH2OH 

 
35 What catalyst is required for the addition of steam to an alkene? 
   
 A aluminium oxide 
 B concentrated sulfuric acid 
 C nickel 
 D phosphoric(V) acid 
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36 The structures of four hydrocarbons are shown below. 
 

 
 
 
 
 

 
How many isomers of butene are there? 

   
 A 1 
 B 2 
 C 3 
 D 4 

 
37 Which of the following substances cannot be used to distinguish between ethanol and 

ethanoic acid? 
   
 A acidified potassium manganate(VII) 
 B aqueous bromine 
 C lithium carbonate 
 D moist blue litmus paper 

 
38 Which bond is broken during esterification? 
   
 A C – C bond 
 B C – H bond 
 C C – O bond 
 D C = O bond 

 
39 Which of the following statements is true about nylon and terylene? 
   
 A Both nylon and terylene have a carboxylic acid as one of their monomers. 
 B Nylon has ester linkages while terylene has amide linkages. 
 C Only one product is formed during their manufacturing processes. 
 D They are both made from addition polymerisation reactions. 
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40 The diagram shows the formula of a polymer. 
 

 
Which of the following could be used to make this polymer? 

   
 A CH3–COO–CH=CH2 
 B HOOC–CH2–COOH and HO–CH2CH2–OH 
 C CH3–CO–CH=CH2 
 D CH3–COO–CH2=CH2–OOC–CH3 

 
 
 

 
 

End of Paper 
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                                                                        2 GMS(S)/CHEM/P2/PRELIM2019/4E 
 

Section A 
Answer all questions in this section in the spaces provided. 

 
 

A1 The equations A, B, C, D and E show some reactions involving compounds of Y. 
 

 
 
 
 
 
 
 
 
 
 
 
  
Use the letters A, B, C, D and E to answer parts (a) – (c) below. 

 
(a) Which equation shows a change in the oxidation state of Y? 

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

(b) Which three of the above equations are exothermic reactions? 
 

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

(c) Which of these equations illustrates thermal decomposition? 
 

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

(d) When reaction D is carried out, a blue precipitate which is insoluble in 
excess aqueous sodium hydroxide is observed. 
 
(i) State the expected observation when aqueous ammonia is added 

dropwise until in excess into a portion of aqueous YSO4. 
 

..………………………………………………………………………….... 
 

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

(ii) Write an ionic equation to represent reaction D. 
 
  ……………………………………………………………………………….  [2] 

 
    [Total: 9] 

 

A YCO3 (s) YO (s) + CO2 (g) 
 
B 2YO (s) + C (s)   2Y (s) + CO2 (g) 
 
C YO (s) + H2SO4 (aq) YSO4 (aq) + H2O (l) 
 
D YSO4 (aq) + 2NaOH (aq) Y(OH)2 (s) + Na2SO4 (aq) 
 
E Y(OH)2 (s) + 2HCl (aq) YCl2 (aq) + 2H2O (l) 
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                                                                        3 GMS(S)/CHEM/P2/PRELIM2019/4E 
 
A2 The diagram shows part of the Periodic Table. Only some of the elements are shown. 
 

 
 
Answer each of the following questions using only those elements shown in the diagram 
above. Each element may be used once, more than once or not at all. 
 
(a) Give one element which 
 
 (i)  has a giant molecular structure, 

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

 (ii) combines with oxygen to form a gas which contributes to acid rain, 

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

(iii) forms an ion of type X+ which has only three completely filled shells of 
electrons, 

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

(iv) has a chloride of type XCl2, whose aqueous solution forms a white 
precipitate with aqueous sodium hydroxide but insoluble in excess of it. 

    
   ………………………………………………………………………………..  [1] 
 
 
 (b) Draw a ‘dot and cross’ diagram to show the chemical bonding in XCl2. 
                      Show only the outer shell electrons.       
 
 
 
 
 
 
 

   [2] 
     

           [Total: 6] 
 
 
  
 

       H           
             C N O   
Na            Al  P    
K Ca      Fe   Cu Zn       

Rb                  

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



                                                                        4 GMS(S)/CHEM/P2/PRELIM2019/4E 
  
A3 The diagram below shows an electric cell. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
(a) (i)  Indicate with arrows on the diagram to show the direction of the flow    

           of electrons in the wire.                 
    [1]   

 
(ii)  Write an ionic half equation for the reaction taking place at the negative 

electrode.          
 

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

 
 
(b)  The experiment is repeated with the zinc electrode replaced by iron.  
       

(i) State and explain the change in voltmeter reading obtained.               
 
…………………………………………………………………………………. 
 
………………………………………………………………………………   [2] 
 

(ii) State the colour change in the solution that will be different from that 
of copper with zinc.                               
 
…………………………………………………………………………………. 
 
……………………………………………………………………………….. [1]   

     
      [Total: 6] 

      
 
 
 
 
 
 
 
 

V 
zinc copper zinc 

dilute sulfuric acid 
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                                                                        5 GMS(S)/CHEM/P2/PRELIM2019/4E 
 

A4 Small pieces of different metals were added to different solutions of metal ions in water. 
The results are summarised in the following table. 

 

 
 

(a)  Place the five metals in order of chemical reactivity, with the most reactive first.  
 

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

(b)  Magnesium is a more reactive metal than X but less reactive than Z,  
 

(i)  suggest the method of extraction for Z. 
 

……………………………………………………………………..…………….  [1]  
 
(ii)       suggest the identity of metal Z. 

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

 
(iii) write a chemical equation for the reaction of metal Z with water.  

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

 
 

(c)  Iron is extracted in the blast furnace before it is made into alloys.  
Draw the structure of the bonding present in iron. Label your diagram. 

 
   
 
 
 
 
 
   [2]  

 
    [Total: 6] 

 
 
 
 
 
 
 

            Metal  
Solution  

V  W  X  Y  Z  

V4+  --------  displacement 
occurs  

displacement 
occurs  

displacement 
occurs  

displacement 
occurs  

W3+  no reaction  --------  displacement 
occurs  

displacement 
occurs  

displacement 
occurs  

X2+  no reaction  no reaction  --------  displacement 
occurs  

displacement 
occurs  

Y3+  
 

no reaction  no reaction  no reaction  --------  no reaction  

Z2+  no reaction  no reaction  no reaction  displacement 
occurs  

--------  
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                                                                        6 GMS(S)/CHEM/P2/PRELIM2019/4E 
 

A5 Barium is a metal found in Group II. Barium salts can be prepared using the various 
salt preparation methods. In an experiment, barium nitrate was prepared by adding 
5 g of barium carbonate to 25.0 cm3 of 0.400 mol/dm3 dilute nitric acid.  
 
(a)  Identify the limiting reactant. Show your calculation clearly. 

 
 
 
 
 
 
 
 
                 [3] 
 

(b) A mass of 1.00 g of barium nitrate was obtained.  
 
Calculate the percentage yield of barium nitrate.  

 
 
 
 
      
     
 
             
                                                       [3] 
  

(c) Calcium is another metal found in Group II.  
 
State the two starting reagents for preparation of calcium sulfate.  

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

   [Total: 8] 
 
 
A6 Excess methane reacts with insufficient oxygen to give only two products – steam and a 

gaseous carbon-containing compound. The energy released from the reaction was 1080 
kJ/mol. The table below shows some bond energies: 

 
Covalent bond  Bond energy 

(kJ/mol)  
Covalent bond  Bond energy 

(kJ/mol)  
H – H  436  C – H  412  
Cl – Cl  242  H – Cl  431  
C – C  348  C = C  612  
O – H  463  O = O  496  

 
 

(a)  Write a balanced chemical equation for the reaction. Include state symbols.  
 

…………………………………………………………………………………………..    [2]  
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(b)  Calculate the bond energy in the carbon-containing product in kJ/mol.  

 
 
 
 
 
 
 
 
 

    [2]  
 

(c)  Explain whether the reaction is exothermic or endothermic, in terms of bond-
breaking and bond-forming.  

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

    [Total: 7] 
 
A7 Carboxylic acids contain the –COOH group. The following shows the full structural 

formula of carboxylic acid W.  
 
 
 
 
 
 
 
 

(a)  Magnesium was added to carboxylic acid W to form a salt and another product.  
 

Describe your test and observations for another product obtained from the reaction 
between magnesium and carboxylic acid W.  

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

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

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

 
 
 
 
 
 
 
 

H 
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(b)  The following compound X can undergo two types of polymerisation, one of which is 
condensation polymerisation when it reacts with acid W.  

 
          compound X 

  
Draw two repeat units of the polymer formed when compound X and 
carboxylic acid W undergo condensation polymerisation. Circle the linkage.  

 
 
 
 
 
 
 
 
 
   [2]  

(c)  Compound X can then be converted into the following compound Y:  

                                    H      C       C       H 

             compound Y 

State the reagent and conditions needed.  
 
Reagent: ……………………………………………………………………………        [1]  

Conditions:  ………………………………………………………………………...        [2]  

 
(d)  Predict your observation when compound X was added to bromine solution.  

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

    [Total: 8] 
  

End of Section A 
 

       

  NH2  NH2 

H H 

NH2    NH2 
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Section B 
Answer all three questions from this section. 

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

Write your answers in the spaces provided. 

B8 Bromine is an important chemical used for making flame retardants. Bromine is extracted 
from seawater, which is naturally rich in bromide ions. Chlorine can be bubbled through 
seawater to convert bromide ions into bromine.  
 
A student carried out an experiment in a laboratory to investigate the reaction between 
bromide ions and chlorine gas.  
 
She bubbled chorine through aqueous potassium bromide for 6 minutes. She took 
samples of the reaction mixture every 30 s and measured the colour intensity of each 
sample using a colorimeter.  
 
A colorimeter measures the amount of light absorbed by the solution when the light 
passes through a coloured solution.  
The diagram shows how a colorimeter works.    

             

The darker the colour of the solution, the greater the amount of light absorbed and the 
higher the absorbance reading on the colorimeter. Aqueous bromine absorbs more light 
than aqueous chlorine or aqueous potassium bromide.  
 
The student plotted her results on a graph. 

             

Name:  
 

Class: Index No: Marks: 

6 
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(a)  Write an ionic equation to represent the reaction between chlorine gas and 
aqueous potassium bromide.  

 
 

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

 
(b)  State and explain, with reference to the reaction, the relationship between 

absorbance and time in the first minute of the experiment.  
 

 
…………………………………………………………………………………………  

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

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

   
 
(c)  

 
Describe and explain with the aid of the Collision Theory, the changes in 
speed of reaction shown by the graph.  

 
 

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

 
 

(d)  The student carried out four more experiments to determine the time taken 
for each reaction to finish. She used the same volume of aqueous potassium 
bromide each time and recorded the results as shown in the table below.  

 
 
 
 
 
 
 
 
 

(i) Which experiment uses potassium bromide of a lower concentration 
than that in experiment 1? 
 
……………………………………………………………………………....    [1] 

 
 

experiment time taken for reaction to 
complete / min 

absorbance reading at the 
end of reaction 

1 5.00 0.8 
2 6.00 0.4 
3 2.50 0.8 
4 2.50 0.9 
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(ii) How does the time taken for the reaction to complete relate to the rate 
of the reaction? 
 
……………………………………………………………………………….   [1] 

 
(iii) If the initial concentration of the reactants is the same, suggest 

explanations for the results obtained in experiments 1 and 3. 
 
………………………………………………………………………………. 
 
………………………………………………………………………………. 
 
………………………………………………………………………………. 
 
……………………………………………………………………………….   [2] 
 

                                                                                                                                    [Total: 10] 
 

 
B9  Instead of carrying many tanks of oxygen and adding to the mass of the submarine, 

which makes it inefficient to move, naval forces sometimes make use of chemistry 
to constantly generate sufficient oxygen for the soldiers in the submarine to breathe.  

  
 One such method is the electrolysis of aqueous sodium hydroxide. The diagram 

below shows the schematic diagram of a set-up used for this purpose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) State how the composition of the electrolyte changes after the electrolysis 
has been running for some time. 
 
……………………………………………………………………………………...... 
 
………………………………………………………………………………………..   [1] 
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(b) After some time, the power pack can be replaced by a voltmeter. This set-up 
as shown below then acts like a fuel cell to provide additional electricity to 
power the submarine. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

The left hand electrode in the diagram becomes the negative terminal of the 
cell and the right hand electrode becomes the positive terminal. 

 
(i) State the direction of the electron flow in the external circuit. 

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

 
(ii) Construct an ionic equation to represent the reaction that occurs at the 

negative terminal in this fuel cell. 
 
………………………………………………………………………………..  [1] 

 
 

(c) Other than submarines, cars can also be fitted with an engine powered by a 
hydrogen fuel cell or a conventional petrol engine. 
 
One of the advantages of hydrogen fuel cells over the use of petrol in cars is 
that the only by-product is water, making it a clean fuel. A hydrogen fuel cell 
in operation, however, can sometimes achieve temperatures that are 
comparable to the conventional petrol engine. 
 
(i) Suggest an environmental disadvantage of using petrol to power car 

engines. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
………………………………………………………………………………  [2]  
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(ii) Suggest why hydrogen as a fuel (in the fuel cell) may not be that 
economically viable. 
 
……………………………………………………………………………….. 

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

(iii) Explain why it is possible for nitrogen oxides to be produced in both 
types of car engines. 
 
………………………………………………………………………………. 
 
………………………………………………………………………………. 
 
.............................................................................................................   [2] 

 
(iv) Suggest why a catalytic converter installed in a car powered by a 

hydrogen fuel cell, will fail to reduce nitrogen oxide levels as 
compared to that in a car powered by petrol. 
 
………………………………………………………………………………. 
 
……………………………………………………………………………….   [1] 

 
                [Total: 10] 
 
EITHER  
B10 Long chain alkanes such as octane, C8H18, can be ‘cracked’ to produce shorter 

chain hydrocarbons which could then be separated by fractional distillation. 
 

octane         →       B   +       a mixture of C, D and E 
C8H18                   C3H6         (isomers of C5H12) 

 
(a)  State the conditions necessary for this reaction to take place. 

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

 
(b)  Write the full structural formula of B. 
 
 
 
 
 
 
 
 

   [1] 
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(c)  Describe the process of separating mixtures C, D and E by fractional 

distillation. 
 
…………………………………………………..…………………………………. 

 
……………………………………………………………………………………… 

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

 
……………………………………………………………………………………… 

 
……………………………………………………………………………………… 

 
……………………………………………………………………………………… 

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

 
 
  (d)  C, D and E exhibit structural isomerism. They are isomers of pentane, C5H12. 
 

(i)  Define the term isomerism. 
 

………………………………………………………………………………. 
 

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

 
(ii)  Complete the table below to show all possible isomers for pentane. 

   
 

     
                  [2] 
     
 
 
 
 
 
 
 
 
 

isomers of pentane 
C D E 
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(e)   In a separate experiment, one of the alkanes C, D or E reacted with bromine 
under ultraviolet light and produced only one bromoalkane compound F, with 
the formula, C5H11Br. 

 
Suggest the structure of F and the structure of alkane used to form F.  

 
 
 
 
 
 
 
 
 
 
                             [2] 
 
                [Total: 10] 
 
OR   
B10 Ammonia is a compound of nitrogen and hydrogen with the formula NH3.   
           Ammonia exists in nature as a colourless gas with a characteristic pungent smell.  
           The undesirable smell is commonly associated with toilets as ammonia gas is given    
           off from urine. 
 
           The nitrogen-containing substance in urine is urea, CO(NH2)2 which undergoes 

hydrolysis with water to form ammonia and a colourless acidic gas.  
 
  
 (a)    Construct a chemical equation, including state symbols, for the hydrolysis of    

        aqueous urea. 
  

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

[2]  

           In the past, ammonia was obtained via the distillation of camel dung.  
           Nowadays, ammonia is obtained via the Haber Process.  

 

   
 (b)     State the three operating conditions of the Haber Process.  
   
          …………………………………………………..………………………………. 

 
[1] 

 (c)     In addition, ammonia burns in pure oxygen according to the equation given 
below. 

 

   
 4NH3 (g) + 2O2 (g)  2N2 (g) + 6H2O (l)  
   
  (i) Explain whether the reaction stated in (c) is a redox reaction in terms of 

oxidation numbers. 
 

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

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

 
 

[2] 

structure of F structure of alkane used, C5H12 
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  (ii) State the reducing agent in reaction (c).   
    
          ………………………………………………………………………………. 

 
[1] 

    
  (iii) Given that 40 cm3 of ammonia gas was completely reacted, calculate 

the minimum volume of air required. 
 
 
 
 
 
 
 
 

[1] 
    
    
    
 (d)     When ammonia dissolves in water, the water feels cold. 

 
                   NH3 (g) + H2O (l) NH4OH (aq) 
 
         Draw an energy profile diagram, using the axes given below, for this  

reaction showing the activation energy and enthalpy change of the reaction.  
Label the axes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
   
  [Total: 10] 

 
 
 
 

End of paper
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GMS(S)/CHEM/P2/PRELIM2019/4E

1 

Geylang Methodist School (Secondary)
Prelim 2019
4Exp Chemistry 6092

Paper 1

Paper 2

Section A (50 marks)
A1 Marks allocation
(a) B 1
(b) C, D and E  3
(c) A 1
(d)(i) Blue precipitate forms.

Blue precipitate dissolves in excess aqueous ammonia to form a 
dark blue solution.

1
1

(ii) Y2+ (aq) + 2OH- (aq) Y(OH)2 (s) 1 for correct ionic eqn
1 for correct state symbols 

A2
(a)(i) C 1
(ii) N 1
(iii) K 1
(iv) Ca 1

Paper 1

1 D 11 C 21 B 31 B

2 C 12 A 22 A 32 B

3 A 13 A 23 C 33 B

4 B 14 B 24 C 34 C

5 B 15 C 25 D 35 D

6 D 16 B 26 B 36 B

7 A 17 C 27 C 37 B

8 B 18 C 28 C 38 C

9 C 19 A 29 A 39 A

10 C 20 B 30 B 40 A

n A (5(5(555(5((((((((((( 0 mamamammamamamamaamammammaamaamamamamamaamamammamaamammammmmammamammamaamamamaamamamamammmmmaarks)s)s)s)))))s)s)))))s)))s)s)s)s)s)

D ananananananananananananananaanandddddddddddddddddddddddddddd E  

precicicicicicicicicicicicicicicicicipipipipipipipipipipipipipippipppippppppppippppppppppppipipipppipipipiipippppppppp tatatatatatatatatatatatatatatatatatatataaaaaaaaaaaatetttttttttttttttttttttttttttttttttttttttttttttttttt fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffforororororororororororooorooooorororoooroororooororororooooorooooooooroorooorooororroroorrrororrrorrororrro mmmmmmmsmsmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm .
ecipipipipipipipipipiiippipiiipiipipiiipipiiitatatatatatattattttttttatttatatataaataatataaaaaaattttttaaataaattataatetetetetetetetetetetetetetetetetetetetetetetetetetetetetetetetete ddddddddddddddidddddddddddddd ssolololololoololooloooooololo vevevevevevevevevevevevevevevevevveveveev sss ssssssssssssssssss iniiiiiiiiii exc

solllllutiononnnonnononnononnononnononn........
2OHHHHHHHHHHHHHHHHHHHHH---------- (a(a(a(a(a(a(a(a(a(a(( q) 

C

355 DDDDDDDDDDDDDDDDDDDDDDDD

3636363636363633636636363636363636363636336 BBBBBBBBBBBBBBBBBBBBBBB

C 373737337333733737337373733733333 BBBBBBBBBBBBBBBBBBBBBBB

28 C 38 CCCCCCCCCCCCCCCCCCCCCC

29 AAAAAAAAAAAAAAAAAAAAAAA 39393939393939393933939393939393939393939393 AAAAAAAAAAAAAAAAAAA

B 3033333333333333333333 BBBBBBBBBBBBBB 44444404444444444444444 AAAAAAAAAAAAAAAAAAAAA
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(b) 1 for X2+ ion
1 for Cl- ion

A3
(i)

1

(ii) Zn(s) → Zn2+(aq) + 2e 
                                                                                                  

1 for balanced ionic 
half equation 
1 for correct state 
symbols

(b)(i) The voltmeter reading will be lower than that with zinc.
Iron is below zinc in the reactivity series. Hence, the closer the 
metals are in the reactivity series, the smaller the difference in 
voltage across the two electrodes.

1

1

(ii) Colourless solution will turn pale green. 1

A4
(a)
 

 
 Y, Z, X, W, V 1

(b) (i) Electrolysis of molten ionic compound of Z.
(ii) Calcium
(iii) Z + 2H2O Z(OH)2 + H2 or

Ca + 2H2O Ca(OH)2 + H2 

1
1
1

(c)  
 
 
 
 
 
 

1 for diagram
1 for labelling of 
positive ions and 
electrons 

A5
(a)

BaCO3 + 2HNO3 Ba(NO3)2 + CO2 + H2O
No. of moles of barium carbonate = 5 / (137+12+3x16)         
                                                      = 0.025381 mol 
No. of moles of dilute HNO3 = (25/1000) x 0.4 = 0.01 mol 

Hence, HNO3 is the limiting reactant. 

1

1

1
(b) No. of moles of HNO3 : no. of moles of Ba(NO3)2 = 2:1 

mobile electron 

 positive ion of Fe 

-

2X Cl

XXXX X

XXXX X

X
X

X
X

2+

X

V 

Legends:

X : electron for X atom
: electron for Cl atom

ectrolololololololololololololololololoooolooooloooolooololloollysysysyysysyyyysyysysysysyysyysysysyyyyyyyyysyyyssisisisissssissssisissssssissississisisisisisissisissssssss oooooooooooooooooooooooofff ffff fffffffffffffffffffffffffff momomomomomomomomomomomommomommomomomomomomomommmmomomommmomommmomomomoommmmooooooooltltltltltltltltltltltllttltltltttlttlltlttlttltttttteneeeeeeeeeeeeeeeeeeee  ionicicicic ccccomooo pou
ciummmmmmmmmmmmmmmmmmm
2H222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO Z(Z(OO

                                  
1 for
half eq
1 for co
sysymbm ols

ding willlllll bbbbbbbbbbbbbbbbbbbbbbbbbbe eeeeeeeeeeeeeeeeeeeee loooooooooooooooooowwwwewwwwwwwwwwwwwwwwwwwwwwww r rrrrr thththhhthhthhthhhtttttttt anaa  thhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhatatatatatataattatattattattattatttttatataaaaaaaaaaa  with zincccc.
zincc  ininnnnninininnnnniininnnniininininninnnininnninnnnnnn the rerererererererrererrerrerrrerrrrerrrrrrrrererrrerererrrrrerrerererreacacacacacacacacacacacacacaacacacacacacaaaacacaacaaaaccccccaa tititiititittiiiitiititittititiititititititttittitititttivivivviiivivivivivvivviivivivivivvvivivivivivvvivivvvivvvvvv tytytytytytttytytytttttytytytttytytytytttytyttytytytytytyyytyyyyytt sssssssssssssssssssssererererererrerererereeeeeeeeeeeeeeeeeeeeeeeeeeee ieieiieieieieieeieieieieieieieiieeieeieieieeeeeeeessssssssssssssssssssssssssssss.. HHHHeH ncncnncnncnnnnnnnncnncnnnncnncncnnce, theeee clc ooser tthehe 

re in the rererererererereereererereeerereeeereeerereeerereeeerrererereeer acacacacacacacacccacccacacaccccaccacacaccaccaaaaaaaaaaaaaaaaa titittttttttttttttttttttttttttt vity sssssssserieesssssssssssssssssssssssssssssssss,,,,,,,,,,, the smmmmmmmmmmmmmmmmmmmmmmmmmmalalalaaaalalalaalalalaaalalalalalalaaalalaaaaalalllllleleleleleleleleeeleleelleleelllllll rrrrrrrrrrrrrrrrr the diffferenencee iinn
age acccccccccccccroroororororoororororororororororrrrrrrrrrrrr sssssssssssssssssssssssssssssssss  the tttttttttttttttttttttttttttttttwowowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww  eleleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ecececeecececececececececececeecececeececeeccccccccccccccccctrrrrrrrrrrrrrrrrrrrodododododododooododododododododddodododddoooooodooodoodoooodddesesesesesesesesesesesesesesesesesesesseseesssss....

11

Colourleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssss sololololololololollololllututututttttututututttuuuuuu ioioiiiiiiiiiiii n wiwiwiwiwwiwiwiwiwwiwiiiiiiiwwiw llllllllllllllllllllllllllllllll ttttttttttttttttturrrrrrrrrrrnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn papapapapapapapapapapapappappapapappappppppapppapppaappapapaaaaleleleleleeeeelleleeleeeleleeeeeeeeeee gggggggggggggggggggggggggggggrereeereereerereererereererereeeereeerererereererererererereeeeeeeeeeeeeeeeeenenenenenenenenenneneneneneeeeeeeeeeeeeeeeeeee .....

Z, X,X,X,X,X,X,XX,XX,XXXXXXXX W, VV VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
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No. of moles of Ba(NO3)2 = 0.01 / 2 = 0.005 mol 
Mass of theoretical barium nitrate = 0.005 x (137 + 14 x 2 + 16 x 6) 
                                                      = 1.305 g 
Percentage yield = 1 / 1.305 x 100% = 76.6 % (to 3 s.f.) 

1

1
1

(c) calcium nitrate solution / aqueous calcium nitrate and 
dilute sulfuric acid / any soluble sulfate 

1
1

A6
(a)

2CH4 (g) + 3O2 (g) 2CO (g) + 4H2O (g) 1 for correct eqn
1 for state symbols

(b) Let bond energy in carbon monoxide by X. 
8(+412)+3(+496)+8(-463)-2X = -1080 kJ  
                                                X = 1080 kJ/mol 

1
1

(c) The reaction is exothermic as the energy taken in to break bonds in 
the molecules of methane (8 C-H bonds) and oxygen (3 O=O bonds)
is less than energy given out to form the bonds in the molecules of 
carbon monoxide (2 C   O bonds ) and water (8 O-H bonds).

1 for exothermic
2 for explanation

A7
(a)

Place a lighted splint at the mouth of the test tube. 
The lighted splint will extinguish with a pop sound. 

1
1

(b) 1m for the two 
repeat units drawn

1m for circling the 
correct linkage

(d) Reagent: Hydrogen 
Conditions: 200oC,
                   nickel catalyst 

1
1
1

(e) The aqueous bromine will turn from reddish brown to colourless.
Or
The reddish-brown aqueous bromine will be decolourised.

1

B8
(a) Cl2 (g) + 2Br - (aq) → 2Cl - (aq) + Br2 (aq) 1
(b) Absorbance increases with time. 

Bromide ions are slowly oxidised to bromine. Colour intensity is gradually 
increasing.

1

1
 

to break bobondss in 
xygen (33 OO=O=O bbononds)

onds in the e e e momomomolelelelecccculessss ofooo  
d water (8 O-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH bobobobobobobbobobbbbbobobboboobooboboboobooboobondndndndnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ssss).

2

the momoomoomomoomoomoomoomomomomoomomomoooomoomoooomomooomomommom utuuuuuuuuuuuuuuuuuuuuuuuu hhhhhhhhhhhhhhh ofofofofofofofofofofofof the tttttttttteseseesesesesesseesesesesseesst t t tttttttttttttttt tubebebeeeeeeeeeeeeeeeee...
ill extingngngngngngngngngnggngngngngngngngngngngngngngngngngngnnnnnnnnnnn uiuiuiuiuiuiuiuiuiuiuiuiuiiuiuiuiuiuuuuuuuuuuuuuuuuuu shshshshshshshshshshshshshshshshshshshshshshshsshsshhhhhhhhh  wiwwwwwwwwwwwwwwwwwwwwwwwwww ththththththththththhthththth aaaaaaaaaaaa pop ssssssssssssssssouoooooooooooooooooooooooooooooooooooooo nd. 

1
11

agenennennnnnnnnnnnnnnnt:t:t:t:t:t:t:t:t:t::t:::t:t:: Hydyyyyy rogegegegegegegegeeegeeeeeeegeeeeegeegeeeegegegegeegegeegeegeegeegggggggggg nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
ditioooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsssssssssssssssssssssssssss::::::::::::::::::: 20202020200002022022202020220222022020202020220200000000000000000000000000000000000000000000000000000000000oooooooooooooooooooooooooooooC,C,C,CC,CC,C,CCCCC,C,CCCCC,C,CCC,C,CCCCCCC,CCCCCCCCCC,

     nininininininininininininickkkckckckckckckckckkkkkkkkkkkkkkeleleeeeeeeeeeeeeleeeeeeeeeeeeeleeeeeee ccccatalysysysyst t t t 

ous brbrbrbromomomominininine will
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(c) 1st mark: 
Speed of reaction was fast initially.
Maximum/ high concentration/amount of bromide ions and chlorine 
Very high frequency of effective collision between particles. 
2nd mark: 
As reaction progresses, concentration/number of reacting particles 
decreases, frequency of effective collision decreases, speed of 
reaction decreases.
3rd mark: 
Absorbance is maximum/ no increase/ remains constant.
Speed of reaction is zero as all bromide ions are used up.

         
1

1

1
(d) (i) Experiment 2 [1] 

(ii) Rate of reaction is inversely proportional to the time taken for the reaction 
to complete. OR 

The shorter the time taken for complete reaction, the faster the reaction 
rate.

(iii) Same absorbance reading at the end of the reaction was obtained 
because of the same number of moles / concentration of 
bromide ions (limiting reactant) was reacted in both 
experiments.

A shorter time taken was taken (faster rate) for experiment 3 for 
reaction to finish because the reaction was carried out at a higher 
temperature.

OR reverse argument 

1

1

B9
(a)

Concentration of Na+ and OH- increases OR Concentration of 
sodium hydroxide increases.
Reject: concentration of electrolyte increases.

1

(b)(i) From the negative terminal to the positive terminal OR From left to 
right.

Reject: from anode to cathode unless student has identified which 
electrode is anode/cathode.

1

(ii) 2H2 (g) + 4OH– (aq) → 4H2O(l) + 4e–

State symbols are required.

1
(no state symbols =
0 m)

 

nceneeeneeeeneneeeeneeeee trtrtrtttrttttttttrttrttttttrtrtrtttrtrationnnnnnnn nnnnnnnnnnnnnnnnnnn ofofoffofoffofffffffofffffffffofoffofoffofoffofofoo  Naaaaaaaaaaaaaaaaaaaaaaaaaaaaaa+ ananananannnananannnananananaaaaaaaaaaaa ddddddddddddd OHOHOHOHOHOHOOHOHOHOOOHOHOHHOHOOHHOOOOOOHOOHHHHH-------

reactio

faster thee rrrreaeaeaeactctctctioioioion n n n 

nd of the reacaccccccccctititititititititititititititititittitiiiiiooonoooonononononononononononononononoonononononononononononnonononnnnnnn wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwasasasasaaasasaasaasasasaasasasasasaasasasasasasasaaaasassasassasasasasaaaasssaaaaasaaaaaaaaaaaaa oooobtaiaiaiainenenened ddd
of molesssssssssssssss /////////////// ccccccononononononnnononnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnncecececececececececcececcececececececececececcceccecececececececcceceecececceccececeeccececcececceccccececececccececcececceeeccceececceeeececeeeeececeeeeeceeceeceeeeeeceecccceecccceceeeceeeeeentntntntntnntntnntntnntnntnntntntntntntntntntntntntntntntntntntntntntttttttttttrararararararararararararararararararararararararararararararaaraaaraaaaaattitititittititittitititititititititititititititititititititititititititititiiiiooooooononononoooooooooonooooooooooooooooooooooonoooooonooooooooooooooooooooooooooooooooooooooooooo ooof 

actant)t)t)))))))))))))t)))))))))t)))))))t)))) wwwwwwwwwwwwas reaeaeeeaeaeaeaeaeaeaeeaeeacctccccccccccccc ededededededddddddddddddddddddeddddddddddddddddddddddddddddddddddddddddddd iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn bobobobobbbbbbbbbobbbobobobobobobobobobobobobbbbobobobbbbbbobobobobobbbbbbbobbbboobbboooobbooobooobbbbbbbbbbbbbbbbbbbbbbbbbb ttthtttththththththththththththththth 

e takenenenennennenennenenenenenenenneneneneneneeeeeeeeee wwwwwwwwwwwwwwwwwwwwwwwwwwas tttttttttttttttttttttttakakakakakakakakakakakakakakakakakakakkkakakakkakaaaakakakaaaaakaaaaaaaaaakkkenenenenenenenenenenenenennenennenenenenenenneneeenennee ((((((((((((((((((((((((fafafafafafafafafafafafafafafafafffaffaafaffafafaaaaststststststststststststststststststststtsttttttttttterererererererererrererererererrrerrerrrrerrrrrrererrreeee rrrrrrrrrrrrrrrrrrrrrrrrrrrattatatatatatatatatatattatatatatatatattatatatttatatatattttttttaaatttate)e)e)e)e)e)e)e)eee)e)e)e)eeeeeeee)e)e)e)e))e)e)e)e))e))eeeee ffforrrrr eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeexpxxxxxxxx erimmmmenenenent 3 fofor r 
to finiish bbecececececececececececececceceececccececececceccececccecceccceecececeeccceeceeecee auauauauauauauauauauauauauauauauauaaaaaaaaaaaaaaaaaaaaaaaaa sesessssssssssssssssssssssssssessssssssssssss  theeeeeeeeeeeeeee rer accccccccccccccccccccccccccccccccccccctititititittitititititititititittitititioooooonooooooooooooooooooooooooo  wassssssssssssssssssssssssssssssss ccccccccccccccccccccccccccccccccccccccccararararararararararararararrararararaaaaaaaaaaaaaaaaaaaaa rirrrrrrrrrrrrr ed out at t t t a aaa hihihihighg er

mperattttttttttttturuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu eeeeeeeeeeeeee....

ORRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR rerererererererererererererererereveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeersrsrsrsrsrsrsrsrsrsrsrsrsrssrsrssrssrssrsrsrrrrrr e arguguguuuuuuuuuuuumemememmmmmmmmememmentntntntntntntntnttntntntntntntntntntnttntnttntntntttnnnnnnnnnnnnn

1

iiiiiiiiiiiiincreeeeasasasaseseseses OR Co
um hhhhhhhhhhhhhhyydydydyyydyyydyyyydydydydyyyyyyyyyyyyyyydydyydddddrorooooooororooooororoorororoorrororororooroorooooooooooooooooxixiiiiiiiiidedeeeeeeeeeeeeeeeeeeeeeeeedeeeeedeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiincncncncncncncncncncncncncncncncnncncnncncnncnccncncnncccccccncccccncccccnncnn rererererererererererererrerererrrrererrrrereererrerrerrreerrrr asasasasasasasasasasasassasasasasasasasassasasassasssasasaasaaassaasaasasaaa es.
ct: cocooooooooooocoooocooooooooooncncnncncncnnncncnncnncncnncnnnnnncnnnnnnnncnnnnnnnncccccenenennnenennnneneeennneenenennenneeeneneneneneennnnnenennnentrtrtrtrtrtrtrtrttrtrtrtrttrtrtrttrtrtrtrtrtrtrtrtttrtrrrrrrrrrrrrrrrrrratatatataaatatatatatatataatatatatatatatatattattattatatttattttataaataaattataaa ioioiooioioioioioioiooioioioioioioioioiooiooioioioioiioiooiooooooooooioionnnnnnnnnnnnnnnnnnnnnnn nnnnnnnnnnnn ofo  elelecectrtrololyty e in
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(c)(i) Formation of carbon dioxide due to complete combustion. [1] 
A greenhouse gas that can cause global warming, resulting in rising 
sea levels + melting ice caps [1] OR

Formation of carbon monoxide due to incomplete combustion. [1] 
A poisonous gas as it combines irreversibly with haemoglobin in 
blood to form carboxyhaemoglobin which reduces ability of 
haemoglobin to carry oxygen to different parts of the body, resulting in 
breathing difficulties and eventually death [1] OR

Unburnt hydrocarbons may be released due to incomplete 
combustion. [1] Formation of photochemical smog when present with 
other polluting gases [1] OR
 
Formation of nitrogen oxides due to high temperatures in engine. 
Nitrogen oxides results in acid rain which increases acidity of lakes 
and rivers harming aquatic life / corrode metal and limestone 
structures / increases acidity of soil hindering plant growth.

2

Reject: production 
of sulfur dioxide

(ii) To obtain hydrogen, we require cracking of longer-chain 
hydrocarbons [1] which requires large amount of heat [1] 
OR
To obtain hydrogen, electrolysis of water must be carried out [1] 
which requires large amount of electricity [1]
OR 
Hydrogen is difficult to store as it is a gas / flammable / explosive[1], hence 
it is expensive to construct special containers/equipment [1] to store it. 

1

1

(iii) Nitrogen reacts with oxygen in air to form nitrogen oxides [1] 
Both types of engines work / function at high temperatures. [1]

Reject: both engines are at comparable temperatures.
(iv) In a hydrogen fuel cell powered engine, there is absence of carbon 

monoxide to function as a reducing agent in the catalytic converter. 
OR

For a catalytic converter to remove NO, the following must happen: 
2CO + 2NO → 2CO2 + N2
However, there is no carbon monoxide present in the engine 
powered by the fuel cell. OR

NO is soluble in water present in the fuel cell, and will not reach the 
catalytic converter for reaction to occur.

Any one.

1

o obtainnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn hyhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh drdrddrdrdrdrdrdrddrdrddrogogogogogogogogogogogogogogennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn,, wewwwewwewewewewewewewewewewwewewewewewwwwwwwwwewewwwwweee rrrrrrrrrrrrrrrrrrrrrrrrrrrreqeqeqeqeqeqeqeqeqeqeqeqeqeqeqqqeqeqeqeqeqeeeqeqeqeqeeeeqeqeeeeeeeeeqqqqquiuuiuuuuuuuuuuuuuuuuuuuuuuuuuuuiuuu reee ccrcc acckikikikikikikiikikiikikikikikikikikikikikikkkkkkkkkikkkkikingngngnngngngnnngngngngngngngngnngngngnggggngggggnnnnnnnnn oooooooooooooooooooooooooooooooooooooooooof ffffffffffffffffffffffffffffffffffff lololololololololololololololololololoololooloooloolloololoooloooololl nnger-chchaiainn
hyydrdrrdrrrdrrrdrdrdddrrdrdrdddrrdrddrrddrdrrdrdrrocarararararararaararraraaaraaararaararaararaararararrrarraaaraaaaaaaaa bbbobbbb nssssssssssssss [1[1[1[1[11[1[1[111[111]] whwhwwhwhwhwhwhwhwhwwhhwhwhwhwwhwhwhwhwhwhwhhwhwhwhhhhwhhwwhwwwhhhwhwwhhwwhhwwhiich reququququququququqquququqququququququququququququuququqquqqqqqqqqqq iririririrriririririririririiririrrriiriririiirirrriii eseseseseseseseseseseseseseseeeeseeeseeseseeessesesesseeesseeseses lalalalalalaaalalalalalaalaalalalalaaaaalaaalaaaaaaaargrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrrgrgrgrrrrgrgrgrrrrrrrrrrrrrgrgrrgggge e eeeee eeeeeee amamamamamaamamamamamamamamamamammamaamaaaaammamaammmamammmmmamaaaaaaa ountntntnt oooof f f f heheheheat [1
ORRRRRRRRRRRRRRRRRR

o obbbbtbtbtbbbbbbbbbbbb aiaiaiaiaiaiaiaiaiiiiiiiiiiinnnnnnnnn hyhyhyhyhyhyhyhyhyhyhyhyhyhyhhyhhyhhhhyhhyhyhyhhhyhhhyyyyyyyyyyyydrdrdrdrdrdrdrdrdrdrdrddrdrdrdrdrddrdrdrdrdrdrdrdrdrrogogogogogooogogogoogogoogogogogoogooogoooooogogoogoogggggggggggggggggggggeneneneneneneenenenenneneneeneeeeeeeeeeeeeeee , elllllllececccecececcecececececececececececcecececececeececeeceeeecececeeccceeeeeceecece trtrttrtrtrtrtrtrtrtrrtrtrtrtrtrtrtrtrtrttttrttttttrtrtttrtrrrtrrrttrttrtrtt olololololololllollollolololololololysysysysysysysysysysysysysyssysssysyssysysysssisiiiiiiiiiiiiiiiiiiiiiiiiii  of waaawateteteterrrr mmust b
ch rrerererererererrrrrrrerrr qqquqqqqqqqqqqqqqq ires largrgrgrgrggggrgrgrgrgrgrgrggrggggrggrgggrgrgggge e eeeeeeeee eeeeeeeeee eee eeeeeeeeeeee amamaamamaamaammamammaaamamamaaaamammaaaaaa ououououououououuouuuuouououuuuuuunntnttttntntntntntntnntntntntntnntttntntnnntttnnnntnnnnnnnnnnnnn  of elelllecececectrtrtrtricity [1

ures in enenginee..
ases acidddditititity y yy ofofofof llllakakakakeeees 

etal and limemememeststststononononeeee 
dering plantttt ggggggggggggggggggggggggggggggggggggggggrorororrrorrrrrrrrrrrrrrrrrr wwtwtwtwwwwwwwwwwwwwwtwtwtwwtwwwwwwtwtwwttwtwwwtwwwtth.h.h.h.
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nsivvvvvvvvvvvvvvvvvve e e ee eeee ee eeee eee e eeeeee eeeeee tottotototottototototottttototottototo constststtrururuructctctct special

reactctctctc ssss wiwiwiwithththt oxy
of enenginesSm

ile
Tut

or
.sg

Need a home tutor? Visit smiletutor.sg



GMS(S)/CHEM/P2/PRELIM2019/4E

6 

B10 
E
(a) aluminium oxide / silicon dioxide and high temperature at 600oC OR

High temperature / catalyst
1

(b)
           
           C = C – C -

1

(c) Mixture of hydrocarbons C, D and E is heated [1] and the vaopur [1] is 
passed into the fractionating coloumn. The hydrocarbon with the 
lowest boiling point [1] will be distilled and collected at the higher outlet 
in the fractionating column while hydrocarbon with the next higher b.p. 
will be distilled and collected at the lower outlet in the column.

Acceptable: methods which describe small scale fractional distillation

1
1

1

(d) (i) Isomerism is the existence of two or more compounds with the same 
molecular formula but with different structural formulae.

1

(ii) 2 m for all 3 
correct isomers.
1 m for any 2 
correct isomers.
0 m for only 1 
correct isomer

(e)
Structure F:                                   Structure of the alkane used:

                                                         

 

H 

H 

H H 

H 

H 

F:                 

o
igher b

umn..

le fractionanananal l ll didididiststststilililillalalalattttion
compoundddds s s s wiwiwiwithththth tttthe ssssaamama eeee
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(a) CO(NH2)2 (aq) + H2O (l) 2NH3 (g) + CO2 (g) [1] correct 
equation
[1] state symbols

(b) 400°C to 450°C 
200 - 250 atm 
Iron catalyst 

[1] for all 3 
conditions correct

(c)(i) It is a redox reaction.
The oxidation state of N increases from –3 in NH3 to 0 in N2. [1]
The oxidation state of O decreases from 0 in O2 to –2 in H2O. [1]

(c)
(ii)

Ammonia [1]

(c)
(iii)

By volume ratio, volume of O2 needed = 20 cm3

Hence, volume of air needed = 2.95
21

10020 cm3 (3 s.f.) [1]

(d) Correct axes [1]
Correct shape [1]
Correct label [1]

Ea

H (+ve)

(3 s.f.)) 

C
Co
Cor

Ea

HHHHHHHHHHHHHHHHHHHHHHHH (+(+(++++(+(++(++(+(+(+(+(+(++(+++(+++(+(+(+++(+(++(+((( veveveeeevevveveveveveeeveevevevevvvevevvvveveevevvvv )))))))))))))))))))))))))))
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Paper 1: Multiple Choice Questions (40 marks)
Answer all the questions in the OTAS provided. 

1 Which of the following shows the most suitable set-up to purify gas X using liquid Y?

2 Two experiments were carried out.

In each experiment, the gas evolved was tested with damp blue litmus paper and damp red
litmus paper.

Which row correctly shows the colour of both the pieces of litmus paper at the end of each
experiment?

experiment 1 experiment 2

A blue blue
B blue red
C red blue
D red red
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3 Which substance would diffuse most quickly?

A carbon dioxide at 0 °C
B carbon dioxide at 25 °C
C neon at 0 °C
D neon at 25 °C

4 A paper chromatography experiment is carried out to find an Rf value for Fe3+(aq). The 
result is shown.

To make the spot containing Fe3+(aq) more visible, the paper is sprayed with aqueous 
sodium hydroxide so that a precipitate of iron(III) hydroxide forms.

Under the conditions of the experiment, the Rf of Fe3+(aq) is given by (a) and the colour of 
the precipitate is (b).
 

(a) (b)

A x/y red-brown
B x/y green
C y/x red-brown
D y/x green

5 Which statement about chlorine atoms and chloride ions is correct?

A They are both isotopes of chlorine. 
B They have the same number of protons.
C They have the same physical properties.
D They undergo the same chemical reactions.
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6 X represents the element of atomic number 8 and Y represents the element of atomic 
number 19.
The two elements react together to form a compound.

Which row is correct for the compound formed?

formula bonding

A X2Y covalent
B X2Y ionic
C Y2X covalent
D Y2X ionic

7 Some ionic compounds can have covalent character. 

In general, the greater the positive charge of the cation, the more it causes the electron 
cloud of the anion to be distorted, causing covalent behavior. 
In addition, if the size of the anion is larger, the electron cloud is more easily distorted 
compared to one that is smaller.

According to the information provided, which compound below exhibits the greatest
covalent character?

A aluminum iodide
B calcium chloride
C lithium fluoride
D sodium oxide

8 Solid copper metal, aqueous copper(II) sulfate, solid graphite and molten magnesium 
chloride will all conduct electricity.

Which pair will conduct electricity because they both contain mobile electrons?

A aqueous copper(II) sulfate and molten magnesium chloride
B aqueous copper(II) sulfate and solid copper metal
C molten magnesium chloride and solid graphite
D solid copper metal and solid graphite
Sm
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9 Which ionic equation best represents the reaction between aqueous potassium hydroxide 
with dilute nitric acid?

A H+(aq) + OH–(aq) H2O(l)
B K+(aq) + NO3

–(aq) KNO3(aq)
C K+(aq) + HNO3(aq) KNO3(aq) + H+(aq)
D KOH(aq) + H+(aq) K+(aq) + H2O(l)

10 The characteristics of a gas, G, are given.

   G reduces copper(II) oxide to a pink-brown solid.
   1.4 g of G has a volume of 1.2 dm3 at room temperature and pressure.

What is G?

A carbon monoxide
B hydrogen gas
C nitrogen gas
D nitrogen monoxide

11 In an experiment, 1 cm3 of a gaseous hydrocarbon, Z, requires 5 cm3 of oxygen for complete 
combustion to give 3 cm3 of carbon dioxide. All gas volumes are measured at room temperature and 
pressure. 
 
Which formula represents Z? 
 
A C2H2 B C2H4 C C3H6 D C3H8

12 Analysis of a sample of a substance has the following composition by mass. 

percentage by mass of carbon is 41.9% 
percentage by mass of hydrogen is 3.1% 
percentage by mass of chlorine is 55% 

What is its molecular formula? 

A C3H6Cl4

B C4H9Cl4

C C8H4Cl9

D C9H8Cl4
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13 The diagrams show an electrolysis experiment using inert electrodes.

What could liquid Y be?

A aqueous copper(II) sulfate
B concentrated aqueous sodium chloride
C dilute sulfuric acid
D ethanol

14 During the electroplating of a metal spoon using silver, 

1. the anode is the silver metal. 
2. the spoon is made the cathode. 
3. the electrolyte used is aqueous silver nitrate. 
4. the concentration of the electrolyte decreases during electroplating. 

Which of the above statements are true?

A 1, 2 and 3 only
B 1 and 3 only
C 1, 3 and 4 only
D 2 and 3 onlySm
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15 In which circuit does the bulb light? 
 

16 Below is an energy profile diagram for a chemical reaction showing the energy changes I, II,
III and IV.

Which of the following energy changes indicates the activation energy for the catalyzed 
reaction?

A I B II C III D IV
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17 Compound Y reacts with oxygen and this reaction has a positive enthalpy change of 
reaction.

What information can be deduced about Y and its reaction with oxygen?

A Compound Y can be used as a fuel.
B In the reaction the energy absorbed to break bonds is greater than the energy released 

when bonds are made.
C In the reaction the products are at a lower energy level than the reactants.
D The reaction could be combustion.

18 A student wrote two conclusions about calcium carbonate.

conclusion 1: The reaction with dilute hydrochloric acid is faster with powdered 
                      calcium carbonate than with large pieces of calcium carbonate.

conclusion 2: Grinding large pieces of calcium carbonate to form powder increases 
                      the particle size.

Which statement is correct?

A Both conclusions are correct and conclusion 2 explains conclusion 1.
B Both conclusions are correct but conclusion 2 does not explain conclusion 1.
C Conclusion 1 is correct but conclusion 2 is not correct.
D Conclusion 2 is correct but conclusion 1 is not correct.
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19 Magnesium reacts with dilute sulfuric acid.
Two experiments were carried out. 

experiment 1: 24.0 g of magnesium was reacted with 100 cm3 of 1.0 mol/dm3 sulfuric acid.
experiment 2: 24.0 g of magnesium was reacted with 100 cm3 of 2.0 mol/dm3 sulfuric acid.

In each experiment the volume of hydrogen was measured at various times. The results 
were plotted on a graph.

Which graph is correct?

20 Which reaction does not involve oxidation or reduction?

A 2H2 +  O2 2O
B Fe2+ 3+ +  e-

C 2H+ +  CO3
2-

2O  +  CO2

D CuO  +  H2 2O
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21 The reaction between iron(II) ions and manganate(VII) ions is represented by the following 
equation. 

5Fe2+ +  MnO4- +  8H+ 5Fe3+  +  Mn2+  + 4H2O

Which one of the following statements is correct? 

A Fe2+ gained electrons to form Fe3+.

B Fe2+ is a reducing agent. 
C The oxidation state of hydrogen had decreased.
D The oxidation state of manganese has increased.

22 The graph below shows the pH changes when 0.1 mol/dm3 of aqueous ammonia solution is 
added to 50.0 cm3 of 0.1 mol/dm3 of hydrochloric acid.

Which of the following indicators is not suitable for use in determining the endpoint for the 
neutralisation reaction above?

indicator pH range of indicator
A bromothymol blue 6.0 – 7.6
B bromothymol red 5.2 – 6.8
C methyl orange 3.1 – 4.4 
D phenolphthalein 8.3 – 10.0

23 Which of the following statements about oxides is correct?

A A basic oxide is an oxide of a non-metal.
B Acidic oxides contain ionic bonds.
C Amphoteric oxides contain a metal.
D Basic oxides are always gases.
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24 Which of the following reactants when mixed produces a salt that can be obtained as a 
residue after filtration?

A aqueous copper(II) sulfate and aqueous sodium nitrate
B aqueous sodium hydroxide and dilute nitric acid
C dilute sulfuric acid and aqueous barium nitrate
D zinc metal and dilute hydrochloric acid

25 A sample of an alloy containing two metals was subjected to the following tests. 
What are the two metals present in the alloy?

A copper and zinc
B iron and copper
C iron and lead
D iron and zinc

26 Element X has the following properties.

forms XF3 when heated with fluorine
forms XSO4 when reacted with dilute sulfuric acid

To which part of the Periodic Table does Q belong?

A Group II
B Group III
C Group IV
D Transition metals
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27 Caesium, Cs, is an element in the same group of the Periodic Table as lithium, sodium and 
potassium. Some statements of caesium metal is given below.

It reacts explosively with cold water.
It forms a soluble carbonate salt.
It forms a carbonate with a formula of CsCO3.
It can be extracted via electrolysis of concentrated aqueous CsCl.

How many statements about caesium are likely to be wrong?

A 1 B 2 C 3 D 4

28 Using the apparatus shown, chlorine is passed through the tube. After a short time, coloured 
substances are seen at P, Q and R.

What would be observed at P, Q and R?

P Q R
A         green gas violet vapour black solid
B green gas red-brown vapour violet vapour
C red-brown vapour violet vapour black solid
D violet vapour red-brown vapour red-brown vapour

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



[Turn over

13

29 The following table refers to four metals and some of their compounds.

Metal Action of dilute sulfuric 
acid on metal

Effect of carbon
on heated oxide

Action of metal on a solution 
of the sulfate of H

E hydrogen evolved reduced no reaction

F no reaction reduced no reaction

G hydrogen evolved no action metal H formed

H hydrogen evolved no action no reaction

Which of the following lists the metals in order of decreasing reactivity?

A F E H G
B G H E F
C G H F E
D H G E F

30 Which statement about the extraction of iron in the blast furnace is correct?

A Carbon reacts with carbon dioxide to produce carbon monoxide
B Iron(III) oxide reacts with carbon dioxide to produce molten iron.
C Limestone is added to remove basic impurities.
D Molten iron floats on molten slag at the bottom of the furnace.

31 A block of magnesium and a block of copper were attached to underground steel tanks, X
and Y as shown below.

Which pair of equation would represent the reactions that would occur at tanks X and Y?

Steel tank X Steel tank Y
A Fe     Fe2+ + 2e Cu  Cu2+ + 2e
B Fe     Fe2+ + 2e Fe Fe2+ + 2e
C Mg Mg2+ + 2e Cu  Cu2+ + 2e
D Mg Mg2+ + 2e Fe Fe2+ + 2e
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32 A recycling company is to decide on which metals to recycle. 

Based on the information provided in the table below, for which metal is the company least 
likely to recycle?

Abundance of raw 
metal/metal ore on Earth

Ease of extracting 
metal from the Earth

Cost of preparing the used 
metal for recycling

A High Low Moderate
B Low High High
C Low High Low
D Moderate High High

33 An experiment was set up as shown below to investigate the rate of rusting under different 
conditions.

Predict the order of the test-tubes in which rust would first appear.

A 1, 3, 4, 2
B 1, 4, 3, 2
C 2, 3, 4, 1
D 3, 4, 1, 2Sm
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34 In the experiment below, an air sample is bubbled into excess sodium hydroxide solution, 
then passed over excess copper and finally into some anhydrous copper(II) sulfate. 

What is the constituent of the gas that came out from Q?

A nitrogen, noble gases
B nitrogen, noble gases and carbon dioxide
C nitrogen, noble gases and oxygen
D water vapour and noble gases

35 Which row correctly compares carbon dioxide and methane?

both contain
carbon

both are described as 
a greenhouse gas

both increases the pH of water 
when they dissolve in it

A
B
C
D

36 The diagrams show the structures of three hydrocarbons.

Which statement is correct for all three compounds?

A They are isomers of each other.
B They have the same general formula.
C They have the same physical properties.
D They react with aqueous chlorine.

sodium hydroxide
solution

air

copper 

heat

anhydrous
copper(II) 
sulfate

Q
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37 Z is a compound that:

can be formed, as the only other product, when the alkane C8H18 is cracked to
produce butane

decolourises bromine water

What is the formula of Z?

38 Under certain conditions, 1 mole of ethane reacts with 2 moles of chlorine in a substitution 
reaction.

What is the formula of the organic product in this reaction?

A C2H5Cl
B C2H4Cl2

C C2H2Cl4

D CH2Cl2

39 The following reaction scheme shows the reactions of three substances, X, Y and Z.

What are the molecular formulae of substances, X, Y and Z?

X Y Z
A C3H8O C3H6O2 C2H6O
B C2H6O C3H6O2 C2H6O
C C3H6 C3H8O C2H5O2

D C3H8O C4H8O2 C2H6O

X Y

Z

Acidified 
KMnO4 ,heat Acid catalyst, 

heatSm
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40 Which compounds would undergo polymerisation on their own?

A 1 and 2 only
B 1, 2 and 3 only
C 1, 2, 3 and 4
D 2 and 3 only

- - - - - End of Paper 1 - - - -
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Section A (50 marks)
Answer all the questions in this section in the spaces provided. 

A1 (a) Choose from the list of gases to answer the questions.

ammonia
carbon monoxide

chlorine
butane

hydrogen
nitrogen
oxygen
propane

sulfur dioxide

Each gas can be used once, more than once or not at all.
Which gas:

(i)

(ii)

(iii)

(iv)

(v)

burns in air to give only water

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

is acidic 

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

has a molecule containing only 11 atoms

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

Is the most abundant gas in dry air

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

is released when calcium hydroxide is added to soil that contains the fertilizer 
ammonium nitrate?

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

(b) 2 gases in the list reacts to form ammonia gas in the Haber Process.

(i) Write a balanced chemical equation for this reaction to form ammonia

..................................................................................................................................[2]
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(ii) List the three optimal conditions for the formation of ammonia in Haber Process.

......................................................................................................................................

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

[Total: 8]

A2 Sodium and calcium hydrides react with water to form the hydroxide and hydrogen.

NaH  +  H2O NaOH  +  H2

CaH2 +  2H2O Ca(OH)2 +  2H2

(a) (i) Deduce the general ionic equation for these reactions.

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

(ii) Hence, explain why this reaction is considered a redox reaction, in terms of 
oxidation state.

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

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

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

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

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

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

(b) Sodium is a soft metal with little catalytic activity.
Nickel is a hard metal which is often used as a catalyst.

(i) Describe two other differences in the physical properties of sodium and nickel.

1.……………………………………………………………………………………………….

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

2.……………………………………………………………………………………………….

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

(ii) State one industrial use of nickel as a catalyst.

………………………………………………………………………………………………[1]
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(iii) Explain why an alloy of nickel and copper is less malleable than copper alone.

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

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

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

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

[Total: 9]

A3 James is given four samples of metals. He labelled them W, X, Y and Z and carried out two 
experiments. His findings were as follows:

Experiment 1: Oxide of W would only react with Z.

Experiment 2: Oxide of X reacts with all metals but not Y.

(a) Arrange the four metals W, X, Y and Z in order of descending reactivity.

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

(b) James noted that X is a silvery metal and has a melting point of 1528 °C. 

He added a sample of X to a solution of dilute hydrochloric acid. This reaction produces a 
colourless gas and a coloured solution.

(i) Name the colourless gas.

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

(ii) When aqueous sodium hydroxide was added into the solution, a dirty-green 
precipitate was formed.

Determine the identity of X.

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

(iii) Hence, predict the identity of metal Y.

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

[Total: 4]
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A4 Alcohols can react with copper(II) oxide to form compounds called aldehydes. 

Table 4.1 shows the aldehyde formed from the respective alcohol.

Table 4.1

(a) Aldehydes are an example of a homologous series. 

(i) Explain how the information in Table 4.1 show this. 

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

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

(ii) Predict three differences in physical property between ethanal and propanal. 

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

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

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

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

(b) A by-product from the reaction to form ethanal is water.

(i) Write a balanced chemical equation for the formation of ethanal.

………………………………………………………………………………………………[1]
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(ii) A sample of the alcohol with a mass of 15 g was used to make ethanal.

Determine the percentage purity of the ethanol if 11 g of ethanal was formed from 
the reaction.

[3]

(c) A student describes aldehydes as isomers of alcohol. 

Explain, with a relevant example, whether this is a correct statement.

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

............................................................................................................................................[2]
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A6 Magnesium and calcium occur naturally in the mineral dolomite, MgCO3.CaCO3, a mixture of 
insoluble carbonates. 

Useful products like magnesium sulfate and calcium sulfate can be obtained indirectly by adding 
dilute hydrochloric acid and some other chemicals into dolomite. 

Calcium sulfate is used in the production of cement board and magnesium sulfate is used as 
fireproofing fabrics.

A simplified reaction scheme of the process is shown in Fig. 6.1.

Fig. 6.1

(a) Identify residue X and filtrate Y.

residue X: …………………………………………………………………………………………….

filtrate Y:   …………………………………………………………………………………………[2]

(b) Explain why dolomite is added in excess to aqueous hydrochloric acid.

................................................................................................................................................

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

(c) Describe the steps to obtain hydrated crystals from filtrate Y.

................................................................................................................................................

................................................................................................................................................

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

[Total: 5]
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A7 The reaction between ethene and steam is reversible as shown by the equation.

C2H4(g) + H2O(g)  C2H5OH(g)

The energy profile diagram depicts the changes in energy levels as the forward reaction 
proceeds. [Grab your reader’s attention with a great quote from the document or use this space to emphasize a key 
point. To place this text box anywhere on the page, just drag it.]

(a) What does each of the energy changes represent?

(i) E2 –
E1 : ……………………………………………………………………………………….

(ii) E3 – E1
: ……………………………………………………………………………………….

(iii) E3 – E2
: …………………………………………………………………………………….[3]

(b) The table shows some bond energies, measured in kilojoules per mole. 

bond bond energy in kJ / mol bond bond energy in kJ / mol
H - H 436 C - C 348
C - O 358 C = C 612
O - H 463 C - H 412

(i) Using the information given, calculate the enthalpy heat change of the forward 
reaction.

C2H5OH(g)
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- - - - End of Section A - - - -

[2]
(ii) Explain, in terms of bond making and breaking, if the forward reaction results in any 

temperature change.

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

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

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

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

[Total: 8]
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Section B (30 marks)
Answer all three questions in this section in the spaces provided. The last question is in the form of an 

either/or and only one of the alternatives should be attempted.

B8 The polycarbonates are polymers which have organic functional groups linked together by 
carbonate groups. 

There are many polycarbonates which vary in properties depending on their molecular mass 
and structure. As the molecular mass increases, the polymer becomes more rigid.  Further, the 
properties are changed by blending it with other polymers, for example, with ABS and 
polyesters such as PET.

Polycarbonates used in engineering are strong, tough materials, and some grades are optically 
transparent. Application include the making of cell phone frames, data storage and aircraft 
components. 

Disposal of objects containing polycarbonate in landfills is an issue as it forms BPA and carbon 
dioxide at higher temperatures. BPA is non-biodegradable and can leach into water bodies 
from the landfills. In addition, it leaches more over time as it ages in landfills.

The polycarbonate can be manufactured by condensation polymerization between bisphenol 
A and diphenyl carbonate.

The production of diphenyl carbonate is a two-step process as shown below

1. Reaction of methanol, oxygen and carbon monoxide, in the presence of a copper salt 
such as copper(II) chloride, to form dimethyl carbonate. The copper salt is not used up 
and can be recycled for further reactions.

2. Dimethyl carbonate reacts with phenol to form diphenyl carbonate.
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where represents C6Hx

Finally, Bisphenol A and the diphenyl carbonate are heated together to form a molten mass of 
polymer:

The phenol and excess reactants are removed by distillation under reduced pressure.

(a) Draw the structural formula of the linkage that is present in polycarbonates.

[1]

(b) Based on the information given, predict the adverse effects on the environment due to 
the disposal of polycarbonates.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

………………………………………………………………………………………………... [3]
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(c) (i) State the role of copper(II) chloride in the first reaction. Explain how you reach 
this conclusion.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

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

(ii) If the relative mass of phenol is 94, predict the value of x in C6Hx.

[1]
(iii) The relative mass of the polycarbonate ranges from 18 000 to 32 000.

Find the minimum value of n for the polycarbonate and, hence, determine the 
minimum mass of phenol required for the formation of polycarbonates.

[3]
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[Total: 12]

(d) Bisphenol A can also react with a dicarboxylic acid to form a polyester.

Draw the structural formula of the polyester formed.

The dicarboxylic acid can be represented by: 

[2]
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B9 Diagram 9.1 shows the electrolysis of dilute magnesium chloride.

Diagram 9.1

(a) Write the balanced ionic equations, with state symbols, for the reactions at X and Y.

…………………………………………………………………………………………………………

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

(b) (i) Explain why the theoretical ratio of the volumes of gases collected at X and Y should 
be 1:2. 

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

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

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

(ii) Knowing that the gas collected at X is much more soluble in water than that in Y,
Explain how would the actual volume ratio compare to the one in theoretical?

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

………………………………………………………………………………………………….
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……………………………………………………………………………………………....[2]
(c) A few drops of universal indicator is added to Y.

Determine and explain the observation at Y.

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

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

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

[Total: 8]
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Either

B10 Diesel obtained from crude oil is often called fossil diesel. 
Biodiesel can be made from many vegetable oils. 

Tiny particles of solids are produced when the fuel does not burn completely. This increases the 
level of particulates (PM10) in the atmosphere. These particles are small enough to pass through 
the throat and nose and enter the lungs.

One research project compared the exhaust emissions when fossil diesel or biodiesel were used 
as fuels. Some of the relative amounts of these exhaust emissions are shown in Fig.10.1.

                                                    Fig. 10.1

(a) (i) Using the data given, compare the exhaust emission between fossil diesel and 
biodiesel.

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

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

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

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

Key
fossil diesel

biodiesel

type of exhaust emission
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(ii) Exhaust emissions from fossil diesel cause more harm to human health than those 
from biodiesel. Explain why.

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

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

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

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

(b) Some scientists suggest that biodiesel is carbon neutral. Explain why.

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

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

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

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

(c) Refrigerants are substances used to cool refrigerators and freezers. Until recently, many of 
the compounds used as refrigerants were chlorofluorocarbons (CFCs).

One such reaction with CFCl3 is shown below.

                         CFCl3                               CFCl2 + Cl

The Cl atom reacts with ozone in a two-step reaction.
              
              Step 1: Cl + O3 ClO + O2

              Step 2: ClO + O Cl + O2

(i) One molecule of CFCl3 can destroy thousands of ozone molecules. 
Explain why.

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

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

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

UV light
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(ii) Fig. 10.2 below shows the mass and amount of carbon, fluorine and chlorine atoms 
in one mole of a certain compound of CFCs found in the aerosol can of hairspray.

Fig. 10.2

Using the above information, determine the molecular formula of this CFCs 
compound.

[2]

[Total: 10]

carbon           fluorine        chlorine         

m
as

s 
(g

)

am
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nt
 (m

ol
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mass (g) amount (mol)
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Or

B10 Zinc reacts with aqueous iodine to form zinc iodide. The following apparatus below was used to 
measure the rate of the reaction between zinc and aqueous iodine at 25 C.

The mass of the zinc plate was measured every minute until the reaction was completed.

Graph 10.1 below shows the results obtained.

Graph 10.1

(a) Identify the reagent that was used in excess.

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

(b) (i) The experiment was repeated with 100 cm3 of 0.05 mol/dm3 of aqueous iodine and 
keeping all other conditions the same. On the same axes as Graph 10.1 above, 
sketch the curve that would be obtained and label it ‘Y’. 

[1]
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(ii) Explain the shape of the graph obtained in (b)(i).

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

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

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

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

(c) Explain, in terms of collisions between reacting particles, the effect on the speed of 
reaction if the experiment was repeated at 30 oC with all other conditions kept constant.

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

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

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

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

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

(d) Aqueous chlorine was bubbled into zinc iodide solution.

(i) Write the chemical equation for the reaction.

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

(ii) Explain, in terms of electron transfer, why this reaction is considered a redox 
reaction.

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

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

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

[Total: 10]

- - - - - End of Section B - - - -

- - - - - End of Paper - - - -
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The diagram shows a simple laboratory apparatus for the preparation and collection 

of a dry gas. 

  
What is the gas? 

A carbon dioxide  C hydrogen 

B chlorine D hydrogen chloride 
 

2 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

A student accidentally mixed 50 cm3 of hexane with 50 cm3 of sodium chloride 

solution.  

Which methods would allow him to obtain pure samples of hexane and solid sodium 

chloride respectively?  

 

A   filtration followed by crystallisation 
B   fractional distillation followed by evaporation to dryness 
C   simple distillation followed by crystallisation 
D   using a separating funnel followed by evaporation to dryness 
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3 
 
 
 
 
 
 
 
 
 

 
 

The paper chromatogram of a sweet is shown in the diagram.  

 
 

Which of the following statements can be deduced from the chromatogram? 

A   The sweet is blue in colour. 
B   The red dye has a higher solubility than that of the blue dye. 
C   The molecules of the blue dye are heavier than that of the red dye. 
D   The Rf value of the blue dye is greater than that of the red dye. 

 

4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Four bottles containing colourless solutions have no labels. 

A series of individual tests are carried out on each of the solutions. 

 

Which bottle contains aluminium nitrate solution? 

 
test 1: 

add excess aqueous 
sodium hydroxide 

test 2: 
add excess  

aqueous ammonia 

test 3: 
add warm aqueous 

sodium hydroxide with 
Al foil 

A 
white precipitate 

formed, soluble in 
excess 

white precipitate 
formed, insoluble in 

excess 

white precipitate 
formed; gas produced 
which turns damp red 

litmus blue 

B 
white precipitate 

formed, soluble in 
excess 

white precipitate 
formed, soluble in 

excess 
white precipitate formed  

C 
white precipitate 

formed, insoluble in 
excess 

white precipitate 
formed, insoluble in 

excess 
white precipitate formed 

D 
white precipitate 

formed, insoluble in 
excess 

white precipitate 
formed, soluble in 

excess 

white precipitate 
formed; gas produced 
which turns damp red 

litmus blue 
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5 
 
 
 
 
 
 

The rate of diffusion of methane and butane was compared at 30oC and 70oC. 

Which would have the fastest rate of diffusion? 

 

A butane at 30oC  C methane at 30oC 

B butane at 70oC D methane at 70oC 
 

6 
 
 
 
 
 
 
 
 
 

An ion, X2-, has a mass number of m and it contains n electrons.  

What does the nucleus of an atom of X contain? 

 

 number of protons number of neutrons 

A n – 2 m – n 

B n – 2 m – n + 2 

C n + 2 m – n + 2 

D n + 2 m – n – 2 
 

7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A new substance was discovered and a series of experiments were conducted on it.  
Which observation suggests that the substance cannot be an element? 

 

A   It has a fixed melting point. 
B   When heated in air, it forms two oxides. 
C   It dissolved in water to give a colourless solution. 
D   Electrolysis of the molten substance gave two products. 
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8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the lattice structure of ionic compounds, the coordination number of each ion is 

the number of neighbouring ions of opposite charge.  

 

The table below shows the ions present and the coordination number of the ions in 

some ionic compounds. Taking sodium chloride for instance, each sodium ion is 

surrounded by 6 chloride ions, while each chloride ion is surrounded by six sodium 

ions. Hence, the coordination number for both the sodium ions and chloride ions is 

6. 

ionic compound 
ions present coordination number of 

formula 
cation anion cation anion 

sodium chloride Na+ Cl- 6 6 NaCl 

titanium(IV) oxide Ti4+ O2- 6 3 TiO2 

P Q R 4 8 ? 

 

Using information from the table, what is the formula for compound P? 

What is the formula of compound P? 

A QR2 B Q2R C QR4  D Q4R 
 

9 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

The diagram shows the structural formula of hydrogen peroxide.  

 
 

Which statement is true of the number of electrons in the molecule?  

 total number of electrons 

used in bonding 

total number of electrons 

not used in bonding 

A 4 4 

B 6 6 

C 4 8 

D 6 12 
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10 
 
 
 
 
 

Fibreglass is used as a reinforcing agent in many polymer products.  

It contains a mixture of ionic oxides and giant covalent oxides.  

 
Which substance is not a possible constituent of fibreglass? 

A CaO B Cr2O3 C P4O9 D SiO2 
 

11 
 
 
 
 
 
 
 
 
 
 
 
 

The following shows information on bronze, boron nitride and silicon carbide. 

 Bronze is an alloy of copper and tin. 

 Boron nitride, BN, has a structure similar to graphite.  

 Silicon carbide, SiC, has a structure similar to diamond.  

 

Which of the statements about their physical properties are correct? 

1 All atoms are bonded covalently. 

2 All have high melting and boiling point. 

3 All except bronze are soluble in organic solvent. 

4 All except silicon carbide conduct electricity when solid. 

 

A 1 and 2 B 2 and 3 C 2 and 4  D 3 and 4 
 

12 
 
 
 
 
 
 
 

In leaded petrol, an additive is added.  

This additive is a compound made up of lead, carbon and hydrogen only.  

An analysis of this compound shows that it contains 29.7% carbon and 6.19% 

hydrogen by mass.  

 

What is the value of x in the empirical formula, PbC8Hx? 

A 5 B 10 C 15 D 20 
 

13 
 
 
 
 
 

 

Upon strong heating, a metal nitrate compound undergoes decomposition according 

to the following equation: 

2XNO3 (s) → 2X (s) + 2NO2 (g) + O2 (g) 

 

Complete decomposition of 3.40 g of the nitrate gives 240 cm3 of oxygen, measured 

at room temperature and pressure. What is the relative atomic mass of X? 
A 85 B 108 C 133 D 170 

 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



7 
 

Queenstown Secondary School                                                                                         [Turn over  

14 
 
 
 
 
 
 
 
 
 
 
 

The structure of oxalic acid is shown. 

 
 

A 25.0 cm3 solution of oxalic acid reacts completely with 15.0 cm3 of 2.50 mol/dm3 

aqueous sodium hydroxide. What is the concentration of the oxalic acid? 

A 0.750 mol/dm3 B 2.08 mol/dm3 C 1.50 mol/dm3 D 4.17 mol/dm3 
 

15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When electrolysed using inert electrodes, which dilute salt solution would produce 

the greatest increase in mass of the cathode?  

[Ar: K, 39; Cu, 64; Ag, 108; Pb, 207]  

 

 
 

 
            A                       B                        C                       D 

inert electrode 

aqueous 
potassium 

sulfate 

aqueous 
copper(II) 
chloride 

aqueous 
silver 
nitrate 

aqueous 
lead(II) 
nitrate Sm
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16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

The apparatus shown below was set up to electroplate the metal spoon with nickel. 

 
 
The experiment did not work. What was the mistake in the apparatus? 

A   A variable resistor should be included in the electrical circuit. 
B   Dilute nitric acid should be used as the electrolyte. 
C   The nickel electrode should be fully immersed in the solution. 
D   The spoon should be the negative electrode. 

 

17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A simple cell was set up to light up a bulb, as shown in the diagram. 

 
 

What should X, Y and Z be for the bulb to light up the brightest?  

 X Y Z 

A lead zinc dilute salt solution 

B lead iron dilute sugar solution 

C silver zinc dilute salt solution 
D silver iron dilute sugar solution 

 

X Y 

Z 

nickel 

nickel nitrate solution 
spoon 
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18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hydrogen and oxygen react to form steam, as shown in the equation below. 

2H2 (g) + O2 (g) → 2H2O (g) 

 

The energy level diagram below represents this reaction.  

 
 

Which symbols represent the energy involved in bond breaking and formation? 

 energy involved in bond breaking 

only / kJ 

energy involved in bond formation 

only / kJ 

A ∆H1 ∆H2 

B ∆H1 ∆H3 

C ∆H2 ∆H1 

D ∆H2 ∆H3 
 

19 
 
 
 
 
 
 
 
 
 
 
 
 

 

Phosphorus pentachloride, PCl5, is a dangerous substance as it reacts violently with 

water. It is also corrosive when in contact with skin and can be fatal when inhaled. 

 

Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus 

trichloride and chlorine by heating.  
PCl5 (g) → PCl3 (g) + Cl2 (g) 

 

The table below gives the bond energies.  

bond bond energy / kJ mol-1 

P – Cl  330 

Cl – Cl  240 

 

What is the enthalpy change of the decomposition of phosphorus pentachloride? 
A   +90 kJ B   -90 kJ C   +420 kJ D   -420 kJ 

 

∆H3 

∆H1 

∆H2 
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Hydrogen peroxide can be used for the sterilisation of surgical tools.  

It decomposes according to the equation:  
2H2O2 (aq) → 2H2O (l) + O2 (g) 

 

What would be the effect on the initial rate of reaction and the volume of oxygen gas 

produced, if an equal volume of water was added to the hydrogen peroxide solution 

at the start of the reaction? 

 initial rate of reaction volume of oxygen gas produced 

A decreased decreased 

B decreased increased 

C increased decreased 

D unchanged unchanged 
 

21 
 
 
 
 
 
 

In which reaction is pressure least likely to affect the rate of reaction? 

 

A   N2 (g) + 3H2 (g) → 2NH3 (g) 
B   HCl (g) + NH3 (g) → NH4Cl (s) 
C   CO2 (g) + Ca(OH)2 (aq) → CaCO3 (s) + H2O (l) 
D   NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l) 

 

22 
 
 
 
 
 
 

Chromium and manganese are two transition elements.  

In which of the following pairs is the oxidation number of chromium more than that of 

manganese? 

 

A   K2CrO4 and KMnO4 C   Cr2(SO4)3 and MnSO4 

B   CrCl3 and MnO2 D   K2Cr2O7 and MnO4
- 

 

23 Which of the following illustrates a correct result of adding an oxidising agent? 

 

A   It turns aqueous potassium iodide brown. 
B   It turns aqueous iron(III) nitrate pale green. 
C   It turns aqueous copper(II) sulfate colourless. 
D   It turns acidified aqueous potassium manganate(VII) colourless. 

  

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



11 
 

Queenstown Secondary School                                                                                         [Turn over  

24 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The diagrams show three experiments using sulfuric acid.  

Three different powders are added to the acid. The mixtures are stirred. 

 
                       1                                             2                                             3 

Which test-tubes will contain aqueous Cu2+ ions? 

A   1 and 2 only C   2 and 3 only 

B   1 and 3 only D   All of the above 
 

25 
 
 
 
 
 
 
 

A solution of a salt X gives an insoluble hydroxide Y on reacting with aqueous 

sodium hydroxide. Y dissolves in excess aqueous sodium hydroxide to give solution 

Z.  On adding dilute hydrochloric acid to Z, the precipitate Y reappears but dissolves 

in excess dilute hydrochloric acid. 

 

What is the nature of hydroxide Y? 

A   acidic B   amphoteric C   basic D   neutral 
 

26 
 
 
 
 
 
 
 
 
 

 

Which of the following method could not be used to prepare a dry sample of lead salt? 

 
 name of salt method 

A lead(II) carbonate 
add aqueous sodium carbonate to aqueous lead(II) 

nitrate 

B lead(II) chloride add hydrochloric acid to aqueous lead(II) nitrate 

C lead(II) iodide  
add nitric acid to lead(II) carbonate, then add aqueous 

potassium iodide 

D lead(II) sulfate add sulfuric acid to lead(II) carbonate 
 

H2SO4  H2SO4  H2SO4  

Cu powder Cu(OH)2 powder CuCO3 powder 
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Ammonia is produced from Haber Process using a suitable catalyst.  

N2 (g) + 3H2 (g)          2NH3 (g)  

The following graph shows the different yields of ammonia at different temperature 

and pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Which of the following is not true? 

A   A higher percentage yield of ammonia can be obtained at higher pressure. 
B   A higher percentage yield of ammonia can be obtained at lower temperature. 
C   Some of the ammonia formed will decompose to form hydrogen and nitrogen. 
D   At the right conditions of temperature and pressure, all of the hydrogen and 

nitrogen can be converted into ammonia. 
 

28 
 
 
 
 
 
 
 
 

Germanium, Ge, is in the same group as carbon and silicon in the Periodic Table. 

Which is the correct formula for its chloride, hydride and oxide?  

 

 chloride hydride oxide  

A GeCl GeH GeO 

B GeCl GeH4 GeO2 

C GeCl4 GeH GeO 

D GeCl4 GeH4 GeO2 
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29 
 
 
 
 
 
 
 

Excess bromine is shaken with a mixture of sodium chloride and sodium iodide 

solutions. Which substances will the final mixture contain? 

 

A   bromine, iodine, sodium bromide  
B   bromine, iodine, sodium bromide, sodium chloride  

C   bromine, iodine, sodium bromide, sodium iodide  

D   iodine, sodium bromide, sodium chloride  
 

30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In an experiment to determine the order of reactivity, metals Q, R and S were placed 

into four separate solutions containing aqueous metal ions. 

metal 
aqueous metal ion 

P2+ Q2+ R2+ S2+ 

Q     

R     

S     

 

What is the order of reactivity of the metals?  

 most reactive →  least reactive  

A Q P R S 

B Q P S R 

C Q S P R 

D R S P Q 
 

31 
 
 
 
 
 
 
 
 
 
 

Approximately 40% of all iron and steel are produced by recycling.  

The following statements are possible reasons for recycling iron.  

1 Recycling reduces the need to collect scrap iron and steel.  

2 Recycling reduces the amount of waste taken to landfill sites.  

3 Recycling reduces the amount of pollution at the site of the ore extraction. 

4 Scrap steel contains a higher percentage of iron than iron ore.  

 

Which of the statements are correct?  

A   1 and 2 only C   1, 2 and 4 only 

B   1, 2 and 3 only D   All of the above 
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32 
 
 
 
 
 
 
 
 
 
 
 

 

An iron nail takes three days to rust completely when exposed to water and air.  

Two different metals, X and Y, are attached separately to the same type of iron nail. 

The time taken for the iron nail to rust completely is measured and shown in the 

following table.  

metal attached to iron nail time taken for iron nail to rust / days 

X 2 

Y 5  

 

Using the data above, arrange iron, metal X and metal Y, in ascending order of their 

reducing power. 

A   iron, X, Y C   Y, X, iron 

B   X, iron, Y D   Y, iron, X 
 

33 
 
 
 
 
 
 
 
 
 

Biodiesel, an alternative fuel made from vegetable oil, can be used as a fuel for 

vehicles. Although carbon dioxide is released during the combustion of biodiesel, 

scientists still claim that it is a carbon neutral fuel. 

 

Which is the basis for this claim? 

A   Biodiesel is not a carbon compound. 
B   Biodiesel produces less carbon dioxide when it burns. 

C   Plants release carbon dioxide during respiration. 

D   Plants absorb carbon dioxide during photosynthesis. 
 

34 
 
 
 
 
 
 
 
 
 
 

Petrol and diesel are two common fuels used by cars and buses respectively.  

The combustion of these fuels produces air pollutants.  

The following table shows the mass of pollutants found in the exhaust fume when 1 

kg of each fuel is burnt.  

pollutant 
mass of pollutant in  

petrol engine / g 

mass of pollutant in  

diesel engine / g 

carbon monoxide 14 10 

oxides of nitrogen 30 60 

sulfur dioxide 1 4 

unburnt hydrocarbons 15 20 
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Which of the following statements can be inferred using the data in the table?  

A   Petrol contributes more towards the formation of acid rain.  
B   The temperature in petrol engine is lower than that in diesel engine.  

C   The amount of oxygen in petrol engine is higher than that in diesel engine.  

D   All the pollutants listed in the table can be removed by installing a catalytic 

converter. 
 

35 
 
 
 
 
 
 
 
 

 
 

Petrol and diesel are fractions obtained from the fractional distillation of petroleum.  

Which row explains why petrol is collected above diesel?  

 

 relative molecular mass 

of petrol 
boiling point of petrol flammability of petrol 

A lower than diesel higher than diesel lower than diesel 

B higher than diesel higher than diesel higher than diesel 

C lower than diesel lower than diesel higher than diesel 

D higher than diesel lower than diesel lower than diesel 
 

36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The table shows the properties of four hydrocarbons. 

hydrocarbon 1 2 3 4 

state at room 

temperature 
gas gas liquid liquid 

reaction with 

aqueous bromine 

decolourises 

bromine 
no reaction 

decolourises 

bromine 
no reaction 

 

Which of the following statements is true of the hydrocarbons?  

A   Hydrocarbons 1 and 2 are in the same homologous series. 
B   Hydrocarbon 1 is less viscous than hydrocarbon 3. 

C   Hydrocarbons 2 and 4 are unsaturated. 

D   Hydrocarbon 3 could be ethene. 
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37 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The structures of compounds W, X, Y and Z are shown below. 

       W                                    X                                       Y                                   Z 

 
 

What reactions do compounds W, X, Y and Z undergo? 

 
decolourises  

aqueous bromine 

decolourises acidified 

aqueous potassium 

manganate(VII) 

effervescence with 

aqueous sodium 

carbonate  

A X and Y X and Z W and Y 

B X and Y W, X and Y W and Y 

C W and Z X and Z W, X and Y 

D W and Z W, X and Y W, X and Y 
 

38 
 
 
 
 
 
 
 

 

Two esters have the same molecular formula, C3H6O2. 

What are the names of these two esters? 

1 methyl ethanoate 

2 ethyl methanoate 

3 ethyl propanoate 

4 propyl methanoate  

 

A   1 and 2 B   1 and 3 C   2 and 4 D   3 and 4 
 

39 
 
 
 
 
 
 
 
 

Engine oil is used to lubricate the car engine. Certain polymers are added to 

improve the viscosity of engine oil. A portion of the chain of one such polymer is 

shown below.  

–CH2–CH(CH2CH2CH3)–CH2–CH(CH2CH2CH3)–CH2–CH(CH2CH2CH3)– 

 

A molecule of this polymer contains 40 carbon atoms. How many molecules of 

monomer are required to form one molecule of this polymer?  

A   4 B   5 C   8 D   10 
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40 The structure below shows part of a polymer.  

 
Which one of the following options show the correct monomers? 

A C
O

OH
N

NH2

H

 

C N

N

H

NH2

O

OH

 

B 
NH2

N

H

C
O

OH

 

C N

N

H

NH2

O

OH

 

C C
O

OH
N

NH2

H

 

NH2
N

N

H

C
O

OH

 

D 
C
O

OH
N

H

C
O

OH

 

NH2
N

N

H

NH2 
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[insert Periodic Table here] 
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At the end of the examination, fasten all your work securely together. 
The number of marks is given in brackets [ ] at the end of each 
question or part question. 
A copy of the Periodic Table is printed on page 21. 
 
The use of an approved scientific calculator is expected, where 
appropriate. 
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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 Choose from the following substances to answer the questions. 

ammonium sulfate calcium sulfate carbon tetrachloride 

copper(II) chloride hydrogen chloride magnesium nitrate 
 zinc iodide  

 

Each substance can be used once, more than once or not at all. 

Name the substance which 

 

 

 (a) produces a gas that turns damp red litmus paper blue only when reacted with 

warm aqueous sodium hydroxide and aluminium foil, 

………………………………………………………………………………………….. 

 

 

[1] 

 (b) reacts with water to form a solution that turns the Universal Indicator red, 

………………………………………………………………………………………….. 

 

[1] 

 (c) is produced from a substitution reaction, 

………………………………………………………………………………………….. 

 

[1] 

 (d) when dissolved in water leads to a decrease in the temperature of water, 

………………………………………………………………………………………….. 

 

[1] 

 (e) contains both ionic and covalent bonding, 

………………………………………………………………………………………….. 

 

[1] 

 (f) is prepared by reacting aqueous solutions followed by filtration, 

………………………………………………………………………………………….. 

 

[1] 

 (g) is prepared by the use of a pipette and burette. 

………………………………………………………………………………………….. 

 

[1] 

   [Total: 7]  
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A2 There are four bottles of solutions, silver nitrate, copper(II) nitrate, potassium 

carbonate and hydrochloric acid. 

 

Julian mixed the pairs of the solutions together and obtained the following results. 

reactants observation 

solution P and solution Q no visible reaction 

solution R and solution Q green precipitate 

solution S and solution R effervescence formed 

solution P and solution R white precipitate 

solution P and solution S white precipitate 
 

 

 

 

 

 

 

 

 

 

 

 

 Use information in the table to identify the four solutions.  

reactants identity 

solution P   

solution Q   

solution R   

solution S   
 

 

 

 

 

 

[4] 

 

   [Total: 4]  

     

A3 In an experiment, a cell was set up to obtain pure copper from 150 g of a copper-

silver alloy as shown below. 

 
 

When a current of 40.0 A flows through the electrolyte for 26.8 minutes, the mass of 

the anode left was 136.5 g, while the cathode increases by 12.6 g. 
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 (a) (i) Identify which electrode should be pure copper and which should be the 

copper-silver alloy. 

electrode U: …………………….….. electrode V: …………………….….. 

 

 

[2] 

  (ii) Hence, write the half equations for the reactions occurring at both 

electrodes. 

electrode U: …………………………………………………………………….. 

electrode V: …………………………………………………………………….. 

 

 

 

[2] 

     

 (b) Calculate the percentage of silver present in the alloy.  

 

 

 

percentage of silver …………………….….. 

 

 

 

 

[1] 

    

 (c) The experiment was repeated with the change of electrolyte to CuCO3. 

Explain why the setup will be unable to obtain pure copper. 

……………………………………………………………………….…………………. 

……………………………………………………………………….…………………. 

 

 

 

[1] 

   [Total: 6]  
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A4 Respiration is a reaction that occurs in all living things so as to produce energy. It is 

a process which produces energy and carbon dioxide from the intake of food and 

oxygen. The reaction is catalysed by enzymes.  

 

The overall reaction is as shown below. 

C6H12O6 + 6O2  6CO2 + 6H2O          ∆H = -2803 kJ/mol 

 

The structural formula of glucose, C6H12O6, is as shown below. 

 
 

 

 (a) Draw an energy profile diagram for respiration using the axes shown.  

Your diagram should include  

 the reaction pathway for the reaction, and 

 labels to show the enthalpy change of reaction and the activation energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 

energy 

progress of reaction 
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 (b) (i) Using ideas about activation energy, explain how the enzyme catalyst 

affects the rate of respiration. 

……………………………………………………………………….……….…

……….……………………………………………………………………….… 

………………………………………………………………………………….. 

 

 

 

 

[2] 

  (ii) In the school laboratory, this reaction is warmed to 40oC. 

Using ideas about collisions between particles, explain how an increase 

in temperature increases the rate of respiration.  

……………………………………………………………………….…………

……….……………………………………………………………………….… 

 

 

 

 

[1] 

 (c) Using ideas about bond breaking and bond making, explain why this reaction 

is exothermic. 

……………………………………………………………………….…………………. 

……………………………………………………………………….…………………. 

……………………………………………………………………….…………………. 

 

 

 

 

[3] 

 (d) Using the chemical equation and the bond energies below, calculate the bond 

energy of the O–H bond. 

bond C–H O=O O–O C–C C–O C=O 

bond energy / kJ mol-1 413 495 146 347 358 799 

 

 

 

 

bond energy of the O–H bond …………………….….. 

 

 

 

 

 

 

 

 

[3] 

   [Total: 12]  
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A5 Helium, neon, argon, krypton and xenon are five noble gases.  

They are monatomic elements. 

 

 

 (a) State the meaning of the term monatomic. 

……………………………………………………………………….…………………. 

 

 

[1] 

 

 (b) Explain, using the electronic structures of helium and neon, why they are 

chemically similar. 

……………………………………………………………………….…………………. 

……………………………………………………………………….…………………. 

……………………………………………………………………….…………………. 

 

 

 

 

 

[2] 

 

 (c) Scientists have managed to form compounds using xenon.  

The compound is very unstable and hydrolyses to produce dangerous 

substances. 

 

 

  (i) A 1.0 g sample of this xenon compound contains 0.549 g of xenon, 0.134 

g of oxygen and the rest of the compound is made up of fluorine. 

Calculate the empirical formula of this compound. 

 

 

 

empirical formula …………………….….. 

 

 

 

 

 

 

[2] 

  (ii) State one piece of information you need to deduce the chemical formula 

of this compound. 

……………………………………………………………………….…………… 

 

 

[1] 

   [Total: 6]  
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A6 Tungsten, also known as wolfram, is an element with a proton number of 74.  
It was first isolated as a metal in 1781 from tungsten(VI) oxide, WO3. 

 

In the natural state, tungsten can be found as four different particles, namely 

tungsten-182, tungsten-183, tungsten-184 and tungsten-186. 

 

In January 2019, the Straits Times published an article on the poor air quality of 

Bangkok. It contained harmful levels of cadmium, tungsten, arsenic and polycyclic 

aromatic hydrocarbons (PAH). 

 

Traffic, factories and crematoriums are found to be the major sources of air pollution 

in Bangkok. In the transport sector, the incomplete burning of fuel in the vehicles 

emits a large amount of PAH, which is cancer causing. Also, the city’s traffic 

congestion causes an increase in the level of tungsten in the air as the drivers apply 

their car brakes, in which tungsten carbide is used as a brake lining. Hence, 

tungsten particles are released into the air.  

 
Source is extracted from https://www.straitstimes.com/asia/se-asia/bangkok-air-full-of-toxic-heavy-metals-studies-show 

 

 

 (a) Which of the following statements is/are true for tungsten? 

Put a tick ( ) in one box in each row. 

 

 true false 

It has a low melting point.   

It forms coloured compounds.   

It can form oxides with these formulae WO2, WO3, W2O3.   

It contains positive ions in a sea of delocalised negative ions.   
 

 

 

 

 

 

 

 

[2] 

 

 (b) (i) What is the term used to describe the four particles of tungsten? 

……………………………………………………………………….…………... 

 

[1] 
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  (ii) Compare and contrast the number of sub-atomic particles in the four 

particles of tungsten. 

……………………………………………………………………….…………... 

……………………………………………………………………….…………... 

 

 

 

[2] 

 

 (c) Tungsten is obtained from heating its ore, tungsten(VI) oxide, with hydrogen.  

  (i) Write a balanced chemical equation to show the reaction between 

tungsten(VI) oxide, WO3, and hydrogen.  

……………………………………………………………………….…………... 

 

 

[1] 

  (ii) Use oxidation states to explain why this is a redox reaction. 

……………………………………………………………………….…………... 

……………………………………………………………………….…………... 

……………………………………………………………………….…………... 

 

 

 

[2] 

  (iii) Predict the position of tungsten in the reactivity series with reference to 

hydrogen. 

……………………………………………………………………….…………... 

 

 

[1] 
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 (d) Besides air pollution caused by PAH, heavy metals and so on, there are other 

air pollutants that contribute to the poor air quality in Bangkok from traffic, 

factories and crematoriums. 

 
Name two other air pollutants that contribute to the poor air quality.  

What are the harmful effects of these air pollutants. 

 

 

  air pollutant ……………………………………………………………………………. 

harmful effect …………………………………………………………………………. 

………………………………………………………………………………………….. 

air pollutant ……………………………………………………………………………. 

harmful effect …………………………………………………………………………. 

………………………………………………………………………………………….. 

 

 

 

 

 

[3] 

   [Total: 12]  

     

A7 Tetradecane, C14H30, can be cracked to produce octane, C8H18, and one other 
hydrocarbon, T. 

 

 

 (a) Give the conditions for cracking to occur.  

……………………………………………………………………….…………………. 

……………………………………………………………………….…………………. 

 

 

[1] 

 (b) Draw the full structural formulae of two isomers of T. 

isomer 1 isomer 2 

 

 

 
 

 

 

 

 

[2] 

 

   [Total: 3]  
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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 Many carbonates thermally decompose to form an oxide and carbon dioxide. 

 

Six 2.00 g samples of metal carbonates are heated strongly until there is no further 

change in mass. The table shows the mass of solid remaining at the end of the 

heating process. 

carbonate mass before heating / g mass after heating / g 

metal carbonate 1 2.00 1.12 

metal carbonate 2 2.00 1.29 

metal carbonate 3 2.00 1.24 

metal carbonate 4 2.00 0.95 

metal carbonate 5 2.00 2.00 

metal carbonate 6 2.00 1.30 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) (i) Using information from the table, arrange the metal carbonates in order of 

decreasing thermal stability. Explain your answer. 

order ……………………………………………………………………………… 

explanation ……………………………………………………………………… 

…………………………………………………………………………………..…

………..…………………………………………………………………………… 

…………………………………………………………………………………….. 

 

 

[1] 

 

 

 

[1] 

  (ii) Suggest a possible name for any two of the metal carbonates. 

metal carbonate 

(1, 2, 3, 4, 5 or 6) 
name of metal carbonate 

  

  
 

 

 

 

 

[2] 
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 (b) Cement can be produced when clay is heated with powdered calcium 

carbonate. As the temperature is high, calcium carbonate decomposes to form 

calcium oxide and carbon dioxide. 

CaCO3 (s) → CaO (s) + CO2 (g) 

 

 

  (i) Draw the “dot and cross” diagrams for calcium oxide and carbon dioxide, 

showing only the outer shell electrons.  

 

   calcium oxide carbon dioxide 

 

 

 

 

 
 

 

 

 

 

 

[2] 

  (ii) If the percentage yield of the reaction is 90%, calculate the mass of 

calcium oxide formed when 200 kg of calcium carbonate is used. 

 

 

    

 

 

 

mass of calcium oxide …………………….….. 

 

 

 

 

[2] 

  (iii) Describe a chemical test to show that carbon dioxide is formed. 

chemical test …………………………………………………………………… 

result ……………………………………………………………………………. 

……………………………………………………………………………………. 

 

 

 

[1] 
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  (iv) Concrete is made from cement, sand and water and it is slightly porous. 

When rain water soaks through concrete, some of the calcium oxide 

dissolves in rain water to form calcium hydroxide. 

 

The aqueous calcium hydroxide in wet concrete reacts with carbon dioxide 

in the air to form a white solid and water. 

 

The diagram shows the pH at various points inside a cracked concrete 

beam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Explain why the surface of the beam has a lower pH than the centre of 

the beam. 

……………………………………………………………………………………

…………………………………………………………………………………… 

 

 

 

[1] 

  [Total: 10]  

 

 

 

inside 
of beam 

surface of beam air pH 7 

pH 13 
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B9 The table below shows some information of the different types of plastics that are 

commonly used. 

plastics 
tensile strength  

/ MPa 
density / g cm-3 

number of years to 

break down plastic 

biopolymers 36 1.24 0.5 

poly (propene) 40 0.92 20-30 

kevlar 3620 1.44 - 

Extracted from http://www.matweb.com/reference/tensilestrength.aspx 

Note: Tensile strength measures the resistance of a material to breaking under tension. 

 

Biopolymers are renewable plastic 

materials manufactured from biomass such 

as corn, wheat, sugar cane and potatoes. 

An example of the structure of a type of 

biopolymer, polylactic acid (PLA), is as 

shown. 

 

 (a) (i) With reference to the structural formula of PLA, state the type of 

polymerisation for its formation.  

…………………………………………………………………………………… 

 

 

[1] 

  (ii) This biopolymer can be broken down easily to its monomer. 

Draw the full structural formula of this monomer when the biopolymer is 

being broken down. 

 

 

 

 

 

 

 

 

 

 

[1] 
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  (iii) Based on the given information, discuss one advantage and one 

disadvantage of using biopolymers to make plastic products. 

advantage ……………………………………………………………………… 

…………………………………………………………………………………… 

disadvantage …………………………………………………………………… 

…………………………………………………………………………………… 

 

 

 

[1] 

 

[1] 

 

 (b) Poly (propene) is used in piping systems due to its high strength and rigidity.  

  (i) Draw the structure of poly (propene) showing three repeating units. 

 

 

 

 

 

 

 

 

[1] 

  (ii) Describe a chemical test to differentiate between poly (propene) and its 

monomer. 

chemical test …………………………………………………………………… 

result with poly (propene) …………………………………………………….. 

……………………………………………………………………………………. 

result with monomer …………………………………………………………… 

……………………………………………………………………………………. 

 

 

 

 

 

 

[2] 

  (iii) Poly (propene) is non-biodegradable.  

Describe one environmental issue when poly (propene) is burnt. 

.……………………………………………………………………………………

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

 

 

 

[1] 
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EITHER  

B10 Alkynes are a homologous series of unsaturated hydrocarbons, with at least one 

carbon-carbon triple bond. The table shows information about some alkynes. 

alkyne molecular formula melting point / °C boiling point / °C 
ethyne C2H2 -81.5 -84 

propyne C3H4 -102.7 -23.2 

pentyne C5H8 -90 39.3 

  

 

 (a) Use the information in the table to give two pieces of evidence that suggest 

that the alkynes are a homologous series.  

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

 

 

 

 

[2] 

 

 (b) Butyne is an alkyne. 

Deduce the formula and predict the boiling point of butyne. 

formula …………………….….. predicted boiling point …………………….….. 

 

 

[2] 

 

 (c) At room temperature, propyne diffuses at a slower rate than ethyne. 

Explain why. 

……………………………………………………………………………………………

…………………………………………………………………………………………… 

 

 

 

 

[2] 
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 (d) Ethyne, C2H2, reacts with basic sodamide, NaNH2, to form a sodium salt and 

ammonia gas. 

 

 

  (i) Describe a chemical test to check if the reaction is occurring. 

chemical test …………………………………………………………………… 

result …………………………………………………………………………….. 

 

 

[1] 

  (ii) Write a balanced chemical equation for the reaction mentioned above. 

……………………………………………………………………………………. 

 

[1] 

  (iii) Ammonia can also be produced from Haber process.  

Describe how is ammonia produced in the industry.  

Include a balanced chemical equation in your answer.  

……………………………………………………………………………………. 

……………………………………………………………………………………

……………………………………………………………………………………. 

 

 

 

 

 

[2] 

  [Total: 10]  

OR  

B10 Deepwater Horizon was an ultra-deepwater, offshore drilling rig, built in South Korea 

in 2001 by Hyundai Heavy Industries. The concrete foundation of the rig usually 

includes massive steel legs. The rig drilled the deepest oil well in history at a vertical 

depth of about 10 683 m. The rig exploded in 2010, when a surge of natural gas 

blasted through the concrete core, which killed 11 crewman, and the fire was 

inextinguishable. 
Extracted from https://en.wikipedia.org/wiki/Deepwater_Horizon 

 

 

 (a) Steel can be obtained by mixing 70% iron with 30% carbon.  

  (i) Explain why steel is used instead of pure iron, which has a lower cost. 

……………………………………………………………………………………

…………………………………………………………………………………… 

 

 

[2] 
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  (ii) Draw a labelled diagram to show the arrangement of the particles in 

steel containing 70% iron with 30% carbon. 

 

 

 

 

 

 

 

 

 

 

 

[1] 

  (iii) Iron is produced in a blast furnace by heating a mixture of iron(III) oxide, 

coke and limestone with air. 

With the help of relevant equations, describe how iron is produced. 

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………….  

 

 

 

 

 

 

 

[3] 

 

 (b) What is the main component found in natural gas? 

…………………………………………………………………………………………… 

 

[1] 

 

 (c) Describe how petrol can be obtained from the oil from oil rigs. 

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

 

 

 

 

[2] 
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 (d) A protocol called the Convention for the Protection of the Marine Environment 

of the North East Atlantic, which came into force in 1998, stated that offshores 

platforms cannot be disposed of at sea or simply be left to rust and corrode if 

they weigh less than 10 000 tonnes. The scrap metals are then sent to a shore-

based recycling centre. 
Obtained from http://www.bbc.com/future/story/20160804-what-it-takes-to-dismantle-

an-oil-rig 

 

 

 

 

 

 

 

 

  Apart from the potential issues that affect the marine life, explain why the scrap 

metals from the rigs need to be recycled. 

…………………………………………………………………………………………… 

 

 

[1] 

  [Total: 10]  
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[insert Periodic Table] 
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MARK SCHEME

Section A

A1 (a) magnesium nitrate (b) hydrogen chloride

(c) carbon tetrachloride (d) ammonium sulfate

(e) magnesium nitrate / ammonium sulfate / calcium sulfate

(f) calcium sulfate (g) ammonium sulfate

[2]

[2]

[1]

[2]

A2 P = silver nitrate R = potassium carbonate

Q = copper(II) nitrate S = hydrochloric acid

[2]

[2]

A3 (a) (i) U = copper-silver alloy V = pure copper

     (ii) U = Cu (s) Cu2+ (aq) + 2e- V = Cu2+ (aq) + 2e- Cu (s)

(b) mass loss at anode = 150 -136.5 = 13.5 g

mass copper deposited at cathode = 12.6 g

mass of silver at anode = 13.5 -12.6 = 0.9 g

% impurities = 0.9 / 13.5 x 100 = 6.6667 % = 6.67% (to 3 s.f.)

(c) As CuCO3 is insoluble, there are no mobile ions present to carry the electric 

current.

[2]

[2]

[1]

[1]

A4 (a) 1m – correct reaction pathway, showing the reactants and products

1m – correct labelling of the enthalpy change with a single-sided arrow

1m – correct labelling of the activation energy with a single-sided arrow

[3]

m carbononatatee

drochloric aaaacicicicidddd
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(b) (i) The enzyme catalyst provides an alternative pathway with a lower 

activation energy, thus increasing the rate of respiration.

     (ii) An increase in temperature increases the kinetic energy of the reactant 

particles. The particles move faster, resulting in more effective collisions,

hence leading to an increase in the rate of respiration.

(c) The energy released from bond-forming (i.e. C=O and O-H bonds) is more

than the energy absorbed from bond-breaking (i.e. C-C, C-H, C-O, O-H and 

O=O bonds).

(d) Let the bond energy of the O-H bond be x.

Energy absorbed = 5 C-C + 7 C-H + 7 C-O + 5 O-H + 6 O=O
                             = 5(347) + 7(413) + 7(358) + 5x + 6(495)

                             = 10102 + 5x kJ/mol

Energy released = 12 C=O + 12 O-H
                           = 12(799) + 12x

                              = 9588 + 12x kJ/mol

10102 + 5x – 9588 – 12x = -2803

                                      x = 474 kJ/mol

[1]

[1]

[1]

[3]

[1]

[1]

[1]

A5 (a) Monatomic means that the element exists as one / a single atom.

(b) Helium has an electronic structure of 2, while neon has an electronic structure 

of 2,8. Since both have a stable electronic configuration, they do not lose, 

gain or share electrons (i.e. unreactive).

(c)(i) xenon oxygen fluorine

Mass 0.549 g 0.134 g 0.317 g

Ar 131 16 19

mass ÷ Ar 0.0041908 0.008375 0.016684

÷ 0041908 1 2 4 empirical formula = 

XeO2F4

[1]

[1]

[1]

[1]

[1]

C O + 5 O-HHHH ++++ 6666 O=O=O=O=OOOO

13) + 7(358) ++ 55555555555555555555555555555555555555555555xxxxx ++++ 6(6(6(6(66 444495))

+ 5x kJJJJJJJJJJJJJJJJJJJJ/m/m/m/mm/m/m/m//m/m/m/m/m/m/m/mm/m/m/m/m/m/ ol

12 C=O +++++++++++++++++++++++ 1111111111112 O-HHHHHHHHHHHHHHH

     = 12121212122121212121212121222212212121222122122222221111111111 (7(7(7(7(77(77(7(7(7(77(7(77(7(7(7(7(77(77(77(77(((((( 9999999999999999999999999999999999999999999999999999999999999999999))))))))))))))))))) +++ 121212122122212222111111111 xxxxxxxxxxxx

                = 9595959595959595959959959595959995999999599999999595995959995555555888888888888888888888888888888888888888888888888888888888 ++++++++++++++++++++  122121212121212121212121212121111122122121111212112121211 xxxx kJJkJkJkJkJkJkJJkJkJJkJJkJJJJJkJJkJkJJkJkJJkJJkJkkkkkkk /m/m/m/m/m//m/m/m/m/m/mm/m/m/m/m/m/mm/m/m///m//////////mmolololooololoololoooolololllooloooololoooo

1010101010101010101110101010101010101010110100111010101011111011 102 2 222222222222 ++++++++++++++ 5x –––––––––––––– 9995959595959595959595995955959959599959959959999999555888888888888888888888888888888888888888888888888 –––––––––––––––––––––– 121212212121212112121212121112121121212111121121121112222222222222222x = -282888888882882888882828888888288288888803030303003030330300333033030303030330303333303300000000000

                                  xxxx ============================= 474747444747477777447477774777777777777777777777777777777774444444444444444444444444444444444 kJkJkJkJkJkJkJkJkJkJkJkJkJJJJkJJJJJkJkJkJJkJkJkJkJJkJkJkJkJkJkJkkJJkJJJJJJJJJJJkkJkkkkkkkkk /m/m/m/m/m/m/mm/mm/m/mm/m/m/m/mmmmmmmmmmmmmmmmmmmmol

(a)a))))))))))))))))) MoMoMoMMMoMoMMMoMMMMMMM naatomiiiiiiiiiiiiiiiic cccccccccccccccccccccccccccccccccccccccccc memememememememememememememememememememememememeemmemmememmmmememmeeeeeemeeeeemeememmemmmmmmeemeanananaananananananananananaaaaaaaaaaanans sss s sssss ssss thththhththhthhththththththththhttttttttt ataaaaaaaaaaaa  theeee eeeelelelelemememementn exi
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(ii) relative molecular mass [1]

A6 (a) true false

It has a low melting point.

It forms coloured compounds.

It can form oxides with these formulae WO2, WO3, W2O3.

It contains positive ions in a sea of delocalised negative ions.

(b) (i) isotope

(ii) All the four particles of tungsten have 74 protons and 74 electrons in each 

of their atom. 

The atoms of tungsten-182 has 108 neutrons, tungsten-183 has 109

neutrons, tungsten-184 has 110 neutrons and tungsten-186 has 112

neutrons.

(c) (i) WO3 + 3H2 W + 3H2O

(ii) WO3 is reduced to W, as the oxidation state of tungsten decreases from +6 

in WO3 to 0 in W. H2 is oxidised to H2O, as the oxidation state of hydrogen

increases from 0 in H2 to +1 in H2O.

(iii) It is lower than hydrogen.

(d) Choose any two: 1m for naming the two air pollutants; 1m for each effect

air pollutant harmful effect

Carbon monoxide When inhaled, carbon monoxide combines with 

haemoglobin, causing the body to be starved of 

oxygen, leading to death.

Nitrogen dioxide / 

Sulfur dioxide

When inhaled, nitrogen dioxide / sulfur dioxide 

corrodes the body’s internal organs. OR

They form acid rain, which corrodes limestone 

buildings.

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[3]

and 744 eelelectc ro

neutrons, tutututungngngngststststenenenen-18833 has s 109

0 neutrons anananannnnnnndddd ddddddd dd ddd ddd ddd ddd ddd d d tututututttttttttttttttttttttttttttttttttttttutungngngngnggggngngngnggngngnggggggggngngngngngggnggngggngngngnggngngnggngggnggggggggggggggststststss eeen-181866 hahas s 1112

2 W ++++++++++++++++++++++++++++++++++ 3333333333333333333333333333333333HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH2OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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in WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWOOOOOOOOOOOOOO3 to 0 0 ininnnnnnnnnnnnnnnnnnnnnnnnn WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW.... H2222222222222222222222 isisisisiisiisiisissiisisisissss oxoxoxoxoxoxoooxoxoxoxoxoxoxxxxoxoxooxoxxoxoxoxooxoxoxoxoooxoxoxididdddididdidididddddidididddidddddddddididdddidi isississississisisisissisissisissississsssisssssssssssssssssssed tooo HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH222222222222222222222222222222O,O,O,O,O,O,O,O,O,OO,OOOO,OOOO,OO,OOO,O,O,OOOOOOOO,O,O,OOO,OO  aasasasasasasasasasasasasaasasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa thttttt e oxididatatioionn state o

iiiiiniiiiiii creaeaeeaeaeaeaeaeaeaeaeaee sesssssessssssss s fffffrffffffffffffffffffffff omomomomomomomomomomomomomomommomoooooooo  0 inininininininininininininininininininninnnnnnnnnnnnnnnnnnnnnnn HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH222222222222222222222222 totototototttttotoottotttttooototototototootototooooo +1+111+1+1+1111+11+111+11111111+ iiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnn HHHHHHHHHHHHHHHHHHHHHHHHHHHHH22222222222222222222222222222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO.............
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A7 (a) Cracking takes place in the presence of high temperature, high pressure,

usually in the presence of a catalyst (e.g. aluminium oxide, silicon dioxide, 

broken porous pot, broken glass).

(b) isomer 1

           H    H    H    H    H    H

            |     |      |      |      |     |

H – C = C – C – C – C – C – H

                         |      |      |     | 

                        H     H    H    H

isomer 2

           H    H    H    H    H    H

            |     |      |      |      |     |

H – C – C = C – C – C – C – H

          |                   |      |     |

           H                  H    H    H

[1]

[2]

Section B

B8 (a) (i) order: 5, 6, 2, 3, 1, 4
explanation: The metal carbonate with no mass loss after heating is the 

most stable (i.e. metal carbonate 5). The metal carbonate 

with the smallest mass loss is the second most stable (i.e. 

metal carbonate 6) while the metal carbonate with the 

largest mass loss is the least stable (i.e. metal carbonate 4). 

   (ii) metal carbonate name of metal carbonate

5 potassium / sodium carbonate

4 copper(II) carbonate 

(b) (i) ‘Dot-and-cross’ diagram for calcium oxide – ionic [Ca]2+ [O]2-

‘Dot-and-cross’ diagram for carbon dioxide – covalent O=C=O

(ii)                 CaCO3 (s) → CaO (s) + CO2 (g)

Fr. Eqn.: 1                     1               1

Given   : 200 000 g

Mr        : 100                  56

              2000 mol         2000 mol

Mass of CaO formed = 2000 mol x 56 x 90%

                                  = 100 800 g / 100.8 kg

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

|     

         H H   H

metal cacacaaaaaaaaaaaaaacaaaacacacaacacaacaacacaaacaccacaaccacc rbonatatatatatatatatatatatatatatateeeeeeeeee wiwiwiwww ththththtthththththhthhhthtththhhhththththhthththtthtthtthththtttttttthttthttthttthhhthhhhhhhhhhhhhhhhh oonononononononononononononononononoonononoononoonooonoonoonononooonoooooonoooooonoonoooooononooonononooonnoonooonoononnoonnnnonnnoooonnooooonoooooooo mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmasasasasaaaaaaaaaasaaasasasasasaaaaasaaasaasasasasasasasasasasasasasssssssssssssssssssssssssssssssssss s lolololollllllllllllollllllll ssssssss afafteterr heheata ing is the 

mostststststststtsttstststtststststtststsstsssssssss ssssssssssssssssstatattttttattttatttattttttttttatttattatablblblblblbbblbblbbbbblblblblblblblbblblblbbbbbbblbllleee (i(((((((((((((( .e.e.e.eee.e.eeeee. metataaaaatataaaataaaaaaaaaaaaaaaaal ccacccccccccccccccccccccccccccccccccc rbonate 55).). TThhe mmetetala  carbobonanatet  

withthtttttttttttttttttttttttttttttttttttttttttttt ttttttttttttttttttttttttheheeeeeeeeeeee  smsmsmmsmmmsmsmsmsmsmsmsmmsmsmsmmmmmsmmmmsmsmmsmsmsmmsmmsmssssmsmsmssss alalalaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaala leeeeeeeeeeeeeeeeeeeeeeestststststtsttttststtttttttttttttttt mmmmmmmmmmmmmmmmmmmmasasasasasasasasasasasassasssassasassassassassssaaaaaaaaaa s s s ssssssss ssssssssssssssssssssss loss is the sesecoc nd mosostt ststabablel (i e

memmmmm tal carbonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa e 6) whhhhhhhhhhhhhhhhhhhhhhhhhhililillliliilililliiiillliliiili e e eeeeeeeeeeeeeeeeeeeeeeeeee eeeeee thththhthththththhththththhhhhhhhhhthhhhhhhhthhhe metal carbrbrbrbononononatatatateeee with t

lalalalalalaalallalallllllalallalalaallalallaaaaaaaargrgrgrgrgrggrgrgrggrggrgrgggrggrgrggrgrgeseseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee tttttttttttttttttttttttt mamamamamamamamamamamamamammamamaaaammamamammamaamammaamammmmaaamasssssssssssssssssssssssssssssssss  lososssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss ississisisisisssisisisiisisisissssisssssisssssssssss tttttttttttttttttttttttttttttheheheheheheheehehehehehehehehehehehehheheheeeheehehheehehehhheeheehehhhh  leleleleeleeleeleeeleeeeleleleeeleeleeeellelllelellleelleleeeeeasast stabababa lelelele (i(i.e. met
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5555555555555555 potassiuuuum m m m / / / / sosososodididd um c

444444444444444444444444444444444444444444444444 cocopppper(II)

b) (i)))))))))))))))))) D‘DD‘D‘D‘‘‘D‘‘‘‘D‘D‘‘‘D‘D‘D‘D‘D‘D‘‘D‘D‘DDDDDDDDDDDDDDDotototototototototototototototototototototott----------------aanaaaaaaaaaaaaaaaaaaaaaa d-crcrososs’s’ ddiiagram
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(iii) chemical test : Deliver the gas into a test-tube of limewater.

result : Gas evolved gives a white precipitate with limewater,

(iv) On the surface of the beam, acidic carbon dioxide neutralises the alkaline

calcium hydroxide, causing the pH to be 7.

Inside the beam, the crack allows little or no carbon dioxide to enter. 

Hence, calcium hydroxide, being alkaline, causes the pH to be 13.

[1]

[1]

B9 (a) (i) Condensation polymerisation

(ii)             H     O

                    |      ||
H – O – C – C – O – H
              |

             H

(iii) advantage: As it takes only 0.5 years to break down, it will not cause 

landfill problems.

disadvantage: As it has a low tensile strength of 36 MPa, it breaks 

easily.

(b) (i)     H    H      H   H       H   H

              |      |        |     |        |     |

– C – C –– C – C –– C – C –

    |      |        |     |        |     |

   H     CH3 H   CH3 H    CH3

(ii) chemical test : Pass both substances into aqueous 

bromine.

result with poly (propene) : No visible reaction.

result with monomer : The red-brown aqueous bromine turns 

colourless immediately.

(iii) When burnt, poly (propene) undergoes incomplete combustion to 

produce a toxic gas, carbon monoxide. When inhaled, carbon monoxide 

combines with haemoglobin, causing the body to be starved of oxygen,

leading to death. OR

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

it takes oooooooooooooooooonnnnnnlnlnnnnn y 0.55 yeyeyeyeyeyeyeyeyeeeyeyeeyeyyy araaaaaaaaaaaaa s tototototottttottotototoooototototoottotototoootototototottototooototooootoooooooooooooooooooootooooooooooooooooooooooooooooooooooo bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrererrrerererererereerererrrreerererrreerererrrrererrrrrerrrrerrrrrrrrrrererrrrererrrrerrrrrrrrerrrererrrrerrerrerreerrrrereeeaakaaaakakakakakakakakakakakakakakak dddddddddowowowownnnn, itit wwilll l non t cause

landnddnddndnddnddndndndndndddndndddndndnddddddnddddnddndnddnddnnnnn fifififiifififfififfiififififffififiiififfff lllllllllllllllllllllllllllll pppppppppppppppppppppppppproroororooroororororororororoorrorrrrrrrrrrrrrorrr blbbbbbbbbbbbbbbbbbb emeemememeememmmmememmmemeeeemssssssssssss.

sadvanannnnnanannannnnnannanannnnananananannannnanannnnannnnnnntatttttttt ge: AsAsAsAsAsAsAAsAsAAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAsAAAAAAAAAAAAAAAAAA iiiiiiiiiiiit ttttttttttttttttttttt hahahahahahahaahahhahaahahahhahahahahhahahahahahahahahahhahhhahaaaaaasssssssssssssssssssssss aaaaaaaaaaaaaaaaaaaaaaaa loooooooooooooooooooooooooooow wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww teteteteteteeetetetettteeteteeeetetetetteteeeteeeensnsnsnsnsnsnsnsnsnnsnsnsnssssssnsnsnssnsssssssnsnssnnnn iliiiiiiiiiiiii e ststststtttttttsttttttstttttttttrerrrrrrrrrrrrrrr ngth oooof f ff 33336 MPaaaa,, itit brbreaks

eaaaaaaaaaaaaaaaaaasisiiiiisisiiissisiissssisiisisiss lylylylylylyllylylylylylylylylllylyyyyyyyyyyyyy.

(bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb))))) ))))))))))))))))) (i((((((((((((((((((((((((((((((( )     H   HHHHHHHHHHHHHH        H   H       HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH   HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

           ||||||||||||||||    ||||||||||||||        ||||||||||||||||||||||||||      ||||||||||||||||||||||      |||||    |

– C – CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC –––––––––––––––––––––––––––––– CCCCCCCCCCCCCCCCCCC ––––––––––––––– CCCCCCCCCCCCCCCCCCCCCCCCCC –– CC –– CC –

  |||||||||||     |||||||||||||||||||||        |     ||||     ||||    |

  HHHHHHHHHHHHHHHHHHHHHHH     CHHHH33 HH   CCH3
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When burnt, poly (propene) produces a greenhouse gas, carbon dioxide.

The trapping of heat on Earth’s surface results in the melting of ice caps 

causing flooding in some areas. 

(c) monomer 1 monomer 2 [2]

B10 Either
(a) Choose any two:

Alkynes have the same general formula, CnH2n-2.

Alkynes have the same functional group, C≡C triple bond.

Alkynes have names ending with ~yne.

(b) C4H6, 8.08oC

(c) Propyne (Mr = 40), having a higher relative molecular mass than ethyne (Mr

= 26), diffuses at a slower rate. 

(d) (i) chemical test : Insert a piece of damp red litmus paper into the test-

tube of gas.

result : Gas evolved turns the damp litmus paper blue.

(ii)  C2H2 + NaNH2 → C2HNa + NH3

(iii) Ammonia can be produced from the Haber process at 450oC, 200 atm,

using finely divided iron as catalyst.

N2 (g) + 3H2 (g) ↔ 2NH3 (g)

[2]

[2]

[2]

[1]

[1]

[1]

[1]

H H HO OH

he sameee gggggggggggggggeeeeeeneeeeee eral ffffffffffffffforororororrrorrrrrrrrmummmmmmmm lalalaaalalalllaaaaaaaa,,,,,, CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCnnnnnnnnnnnnnnnnnnnnnnnnnHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH22n2 -2.
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B10 Or
(a) (i) Steel is harder and stronger than iron.

Steel contains different-sized atoms (i.e. bigger iron atoms and smaller 

carbon atoms), which disrupt the orderly arrangement of atoms, making it 

difficult for the layers to slide over each other.

(ii)  On diagram (70% iron : 30% carbon)

(iii) The coke burns in air to produce carbon dioxide and a large amount of 

heat. C (s) + O2 (g) → CO2 (g)

The carbon dioxide reacts with more coke to produce carbon monoxide.

CO2 (g) + C (s) → 2CO (g)

The carbon monoxide reacts with the iron(III) oxide to produce molten 

iron. Fe2O3 (s) + 3CO (g) → 2Fe (s) + 3CO2 (g)

(b) methane / CH4

(c) Petrol can be obtained from petroleum (crude oil) by fractional distillation.

Petrol, with the second lowest boiling point, will be collected second from 

the top, of the fractionating column.

(d) Choose any one:

The scrap metals need to be recycled:

to conserve Earth’s limited resource

to save costs from extracting the metal from its ore

to prevent pollution caused by the extraction of metal from its ore

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

rbon

II) oxide too pproduduce m
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1 A student accidentally mixed 60 cm3 of water with 60 cm3 of oil. 
 
Which method would allow her to obtain 30 cm3 of the oil most easily? 
 

 A chromatography C filtration 
 B evaporation D use of a separating funnel 
     
     
2 When concentrated aqueous ammonia and concentrated hydrochloric acid are placed at opposite 

ends of a tube, a white ring of ammonium chloride forms nearer to the hydrochloric acid. 
     
        

 

     
 Which conclusion about this experiment is correct? 
     
 A The boiling point of ammonia is less than that of hydrogen chloride. 
 B The concentration of the aqueous ammonia is less than that of the acid. 
 C The reactivity of ammonia is less than that of hydrogen chloride. 
 D The relative molecular mass of ammonia is less than that of hydrogen chloride.  
     
     
3 Aqueous ammonia is added to a solution of a salt. A white precipitate is formed which dissolves 

in an excess of aqueous ammonia. 
 
Which metal ion could the salt contain? 

     
 A Al3+ C K+ 

 B Ca2+ D Zn2+ 

     
     

  

concentrated 
aqueous ammonia 

white ring concentrated 
hydrochloric acid 
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4 The diagram shows the chromatogram for a dye. 
  
  

 Which fraction shows the Rf value for the dye? 
     
 A 10

50 
 

C 50
40 

 B 50
10 

D 40
50 

     
     
5 The table shows the structure of different atoms and ions. 
     
 

particle proton 
number 

nucleon 
number 

number of 
protons 

number of 
neutrons 

number of 
electrons 

Mg 12 24 12 W 12 

Mg2+ X 24 12 12 10 

F 9 19 9 Y 9 

F− 9 19 9 10 Z 
 

     
 What are the values of W, X, Y and Z? 
     
  W X Y Z 

A 10 10 9 9 
B 10 12 10 9 
C 12 10 9 10 
D 12 12 10 10 

 

     
     

 
  

  

solvent front 

final position of dye 

starting position of dye 

solvent 
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6 Metals have positive ions in a ‘sea of electrons’. 
 
Which metal atom contributes the most electrons to the ‘sea of electrons’? 

     
 A aluminium C rubidium 
 B barium D zinc 
     
     
7 Which two elements react together to form a compound that can conduct electricity only when it 

is in the molten or aqueous states? 
               

element electronic structure 
R 2, 4 
T 2, 8 
X 2, 8, 1 
Z 2, 8, 7 

 

     
 A R and T C X and Z 
 B T and X D Z and R 
     
     
8 Element J forms an acidic, covalent oxide.  

 
Which row shows how many electrons there could be in the outer shell of an atom of J? 

     
  number of outermost electrons 

 1 2 6 7 
A   x x 
B  x  x 
C x x   
D x  x  

 

     
     
9 The chemical formulae of two substances, W and X, are given. 

 
                       W   NaAlSi3O8 
                       X    CaAl2Si2O8 

 
Which statements are correct? 

     
 1 W and X contain the same amount of oxygen. 

2 W contains three times as much silicon as X. 
3 X contains twice as much aluminium as W.  

 

     
 A 1 and 2 C 2 and 3 
 B 1 and 3 D 1, 2 and 3 
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10 An atmospheric pollutant can be removed by the process of reduction. 
 
Which pollutant is removed by this process? 
 

 A carbon monoxide in a catalytic convertor 
 B nitrogen dioxide in acid rain by reaction with calcium carbonate 
 C nitrogen oxide in a catalytic convertor 
 D sulfur dioxide from flue gases by reaction with calcium carbonate 
     
     
11 Which quantity is the same for one mole of ethanol and one mole of ethane? 
     
 A mass C number of molecules 
 B number of atoms D volume at r.t.p 
     
     
12 What is the volume of hydrogen produced at room temperature and pressure, when 4.6 g of 

sodium is reacted with an excess of water? 
 

2Na + 2H2O         2NaOH + H2 
     
 A 1.2 dm3 C 4.8 dm3 
 B 2.4 dm3 D 12 dm3 
     
     
13 The Apollo moon missions used hydrazine, N2H4, as rocket fuel. Hydrazine is made by reacting 

ammonia with sodium chlorate(I), NaClO. 
 

2NH3(g) + NaClO(s)         N2H4(g) + NaCl(s) + H2O(l) 
 

If 28 g of hydrazine is made from 34 g of ammonia, what is the percentage yield of hydrazine? 
     
 A 12.5% C 87.5% 
 B 17.0% D 100% 
     
     
14 When pink cobalt(II) chloride crystals are heated, they form steam and a blue solid. 

When water is added to the blue solid, it turns pink and becomes hot.  
 
Which terms describe the pink cobalt(II) chloride crystals and the reactions? 
 

  pink cobalt(II) chloride reactions 
A aqueous irreversible 
B anhydrous reversible 
C hydrated irreversible 
D hydrated reversible 
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15 Which pairs of statements correctly describe the differences between the conduction of electricity 
during electrolysis and the conduction of electricity by metals? 

     
  conduction during electrolysis conduction by metals 

1 The current is due to the movement 
of both positive and negative ions. 

The current is due to the movement 
of electrons. 

2 Charged particles move towards 
both electrodes. 

Charged particles move in one 
direction only. 

3 It results in a chemical change. It does not result in a chemical 
change.  

 

     
 A 1, 2 and 3 are correct C 2 and 3 only are correct 
 B 1 and 2 only are correct D 1 only is correct 
     
     
16 When the wick of a candle is touched by a lit match, the candle begins to burn. When the match 

is removed, the candle continues to burn. 
 
What is the role of the match in the reaction involving the candle wax? 
 

 A It acts as a catalyst. 
 B It increases the rate of combustion. 
 C It lowers the activation energy barrier.  
 D It supplies the activation energy. 
     
     
17 Which of the following statements is not true? 
     
 A An endothermic reaction requires a constant supply of heat as long as the reaction proceeds. 
 B An exothermic reaction only needs heat to initiate. 
 C Photosynthesis is an exothermic reaction. 
 D Reactions with high activation energies do not occur spontaneously and may require heat or 

the addition of catalyst to initiate the reaction.  
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18 Hydrogen is increasingly being investigated as a fuel for the future. It burns in oxygen to produce 
water. 
 
Which of the following describe(s) the advantages of carrying out the above reaction in a fuel cell 
rather than burning hydrogen and converting the heat into electricity? 

     
 1 It reduces pollution to the environment. 

2 Less energy is wasted or lost during conversion. 
3 It increases the ease of storage and handling of hydrogen. 

 

     
 A 1 only C 1 and 3 only 
 B 2 only D 2 and 3 only 
     
     
19 The table compares the properties of four different fuels.  
     
 property ethanol hydrogen methane petrol 

molar mass (g/mol) 46 2 16 114 
density (kg/l) 0.79 8.4 x 10−5 6.4 x 10−4 0.69 

enthalpy change 
(kJ/mol) −1360 −285 −891 −5460 

 

     
 Which of the following shows the correct order of fuels which produce decreasing amounts of 

energy when 1 g of the compound is completely burnt? 
     
 A hydrogen, methane, ethanol, petrol 
 B hydrogen, methane, petrol, ethanol 
 C methane, hydrogen, ethanol, petrol 
 D methane, hydrogen, petrol, ethanol 
     
     
20 Which set of conditions is ideal for the manufacture of ammonia in the Haber process? 
     
  pressure / atm temperature / oC ratio of H2 : N2 

A 250 450           3 : 1 
B 250 450           1 : 3 
C 450 250           3 : 1 
D 450 250           1 : 3  
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21 Two reagents were mixed in a beaker and the mass of the beaker and its content was recorded 
as the reaction progressed. The graph shows the result that was obtained. 

     
  

     
 Which of the following reactions could not have produced the graph? 
     
 A Mg(s) + 2HCl(aq)         MgCl2(aq) + H2(g) 
 B ZnCO3(s) + 2HNO3(aq)           Zn(NO3)2(aq) + CO2(g) + H2O(l) 
 C NaNO2(aq) + NH4Cl(aq)          NaCl(aq) + 2H2O(l) + N2(g) 
 D (NH4)2SO4(aq) + 2NaOH(aq)         Na2SO4(aq) + 2NH3(aq) + 2H2O(l) 
     
     
22 A poorly ventilated flour mill has a higher risk of explosion as compared to a bakery with similar 

ventilation. 
 
What could be the most likely reason for the higher risk of explosion in the poorly ventilated flour 
mill? 

     
 A The flour mill has a higher temperature than the bakery. 
 B The flour mill has more gaseous pollutants than the bakery. 
 C The flour mill has more fine particles of flour in the air as compared to the bakery. 
 D The flour mill has more oxygen in the air than the bakery. 
     
     
23 To reduce atmospheric pollution, the waste gases from a coal-burning power station are passed 

through powdered calcium carbonate.  
 
Which waste gas will not be removed by the powdered calcium carbonate? 

     
 A carbon monoxide C phosphorus(V) oxide 
 B nitrogen dioxide D sulfur dioxide 
     
     

  

mass of beaker and content / g 

time / s 0 
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24 A gaseous mixture of ethene, hydrogen and sulfur dioxide is passed through the apparatus 
shown. Only one of the gases is collected. 

     
  

     
 What is a property of the gas collected? 
     
 A burns with a lilac flame 
 B extinguishes a lighted splint with a “pop” sound 
 C relights a glowing splint 
 D turns purple acidified potassium manganate(VII) colourless 
     
     
25 The elements W, X, Y and Z have increasing proton numbers. They are all in period 3 of the 

Periodic Table but are not necessarily next to each other.  
 
Which statement is correct? 

     
 A The chloride of Z is ionic. 
 B The oxides of W and Z are both amphoteric. 
 C W and Y contain the same number of shells of electrons. 
 D X and Y could be in the same Group in the Periodic Table. 
     
     

  

gas mixture 

aqueous sodium 
hydroxide 

aqueous bromine 

water 
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26 The atomic radii of four Group I elements of the Periodic Table are given below in picometres.  
     
 element atomic radius / pm 

P 231 
Q 152 
R 248 
S 186 

 

     
 What are the possible melting points of the four elements? 
     
 

 
melting point (oC) of element 
P Q R S 

A 39 98 64 180 
B 64 180 39 98 
C 98 64 39 180 
D 180 98 64 39 

 

     
     
27 The bar graph below shows the trend in a property for elements across period 2 of the Periodic 

Table. 
     
  

 Which of the following properties could be represented by the bar graph? 
     
 A charge of ion C size of ion 
 B melting point D valency 
     
     

  

property 

period 2 
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28 Which metal should be used in the sacrificial protection of the hull of a boat made from iron? 
     
 A calcium C lead 
 B copper D zinc 
     
     
29 What is a disadvantage of recycling metals? 
     
 A Collection and transportation costs money. 
 B Metal ores are a finite resource. 
 C Most metals corrode slowly in the environment. 
 D Scrap metal melts when heated. 
     
     
30 The welding of railway tracks was done in the past with the aid of a chemical reaction known as 

the Thermite reaction. The Thermite reaction involves the displacement of a metal from its solid 
oxide by another metal. 
 
Which of the following equations could represent the Thermite reaction? 

     
 A Al2O3 + 3Zn         3ZnO + 2Al 
 B 2Fe + Al2O3         2Al + Fe2O3 

 C Fe2O3 + 2Al           Al2O3 + 2Fe 
 D MgO + Zn         Mg + ZnO 
     
     
31 Metal A is higher than metal B in the reactivity series.  

 
Which of the following statements is true? 

     
 A Metal A is a stronger oxidising agent than metal B. 
 B Metal A forms a stronger acid than metal B.  
 C Metal A forms more stable compounds than metal B. 
 D Metal A takes in more energy than metal B when reacting to form compounds.  
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32 Iron filings are wrapped in a damp cloth and left to rust in the apparatus as shown. 
 
Which letter indicates the water level when rusting has been completed? 

     
  

     
     
33 The average temperatures of the Earth have been observed to be increasing very gradually.  

 
Which of the following statements describe the environmental consequences of an increase in 
global warming? 

     
 1 depletion of the ozone layer 

2 increase in the acidity of the soil, leading to poor cop output 
3 increase in droughts and wildfires, and heavier rainfall 
4 increase melting of glaciers and ice caps, leading to increase in sea levels 

 

     
 A 1 and 2 only C 1, 3 and 4 only 
 B 3 and 4 only D 2, 3 and 4 only 
     
     
34 Anhydrous ammonia, also known as ‘the other hydrogen’, has been described as the closest 

thing to a perfect transportation fuel. Its combustion does not produce any environmental 
pollutants. 
 
Which of the following are possible products obtained from the combustion of ammonia? 

     
 A nitrogen and hydrogen only 
 B nitrogen and water only 
 C nitrogen oxides and hydrogen only 
 D nitrogen oxides and water only 
     
     

  

iron filings 
in the  
damp cloth 

water level 
at start 

water  

iron 
filings 
in the  
damp 
cloth 

graduated 
tube 

graduated 
tube 

cm3 cm3 
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35 Photosynthesis and respiration are important natural processes. 
 
Which of the following statements is correct? 

     
 A Carbon dioxide is formed by the reaction of glucose with water during photosynthesis. 
 B Carbon dioxide is removed from the air by respiration. 
 C Glucose reacts with water to form oxygen during respiration. 
 D Photosynthesis produces glucose and oxygen. 
     
     
36 Which of the following is the same for all the members of a homologous series? 
     
 A empirical formula C molecular formula 
 B general formula D physical properties 
     
     
37 Which of the following alkenes can form an alcohol which can only have three structural isomers? 
     
 A butene C pentene 
 B ethene D propene 
     
     
38 A mixture containing 1 mole of ethene and 4 moles of oxygen is ignited, in a sealed container at 

100oC. The reaction is as shown below. 
 

C2H4(g) + 3O2(g)           2CO2(g) + 2H2O(g) 
 

What is the total number of moles of gas at the end of the reaction? 
     
 A 2 C 4 
 B 3 D 5 
     
     
39 Four drops of Universal Indicator were added to a solution of glucose that has undergone 

fermentation.  
 
Which of the following is observed? 

     
 A The Universal Indicator is decolourised. 
 B The Universal Indicator remains green. 
 C The Universal Indicator turns purple. 
 D The Universal Indicator turns red. 
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40 Vitamin A is an important vitamin required by humans to prevent problems such as night 
blindness. The structure of Vitamin A is as shown below. 

     
  

 Which of the following pairs of reagents will not react with Vitamin A? 
     
 A aqueous bromine, sodium carbonate 
 B ethanol, sodium hydroxide 
 C hydrogen gas with nickel, chlorine gas in UV light 
 D magnesium, steam 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

END OF PAPER 
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Section A 
 

Answer all the questions in this section in the spaces provided. 
 

1 The structures of some substances containing nitrogen are shown in Fig. 1.1.  
     
   

     
 Fig. 1.1  
     
 Answer the following questions by choosing from the structures A, B, C, D or E.  

You can use each structure once, more than once or not at all.  
 
Which structure represents 

 

     
 (a) an acidic oxide,  
     
  …………………………………………………………………………………………… [1] 
     
 (b) a salt,  
     
  …………………………………………………………………………………………… [1] 
     
 (c) a gas which turns damp red litmus paper blue,   
     
  …………………………………………………………………………………………… [1] 
     
 (d) a compound which is formed under conditions of high temperature and pressure 

in car engines, 
 

     
  …………………………………………………………………………………………… [1] 
     
 (e) a molecule containing halogen atoms?  
     
  …………………………………………………………………………………………… [1] 
     
   [Total: 5] 

  

A B C 

D E 
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2 Table 2.1 shows the most common oxidation states of some elements A, B, C, D and 
E in their compounds. 

 

     
 Table 2.1  
     
 element most common oxidation states metal or non-metal? 

A −2  
B +2, +3, +4, +6, +7  
C +1 non-metal 
D +3  
E −1  

 

 

     
 (a) Complete Table 2.1 by filling in the last column to show which elements are 

metals and which are non-metals. 
 

[1] 
     
 (b) Use the letters A, B, C, D and E to answer the following questions.  
     
  (i) Which element is most likely to be hydrogen?  
     
   ……………………………………………………………………………………. [1] 
     
  (ii) Which element is most likely to be in Group VI?  
     
   ……………………………………………………………………………………. [1] 
     
  (iii) Which element is most likely to form coloured compounds?  
     
   ……………………………………………………………………………………. [1] 
     
 (c) No elements from Group 0 appear in Table 2.1.  

Use the information in Table 2.1 to explain why this statement is true.  
 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
   [Total: 6] 
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3 Dilute ethanoic acid reacts with metal oxides.  
Dilute hydrochloric acid also react with metal oxides. 

 

     
 (a) How are the reactions of the two acids with metal oxides similar?  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [1] 
     
 (b) The rate of reaction of dilute ethanoic acid with metal oxides is observed to be 

slower than that of dilute hydrochloric acid at the same concentration and 
temperature. 
 
With your knowledge of Collision Theory, explain the observation above.  

 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
 (c) Table 3.1 shows some information on the mixing of three different sets of 

solutions. 
 

     
  Table 3.1  
     
  

solutions that are mixed formula of 
precipitate 

colour of 
precipitate 

aqueous copper(II) sulfate and 
aqueous sodium hydroxide   

aqueous potassium iodide and 
aqueous silver nitrate   

dilute sulfuric acid and aqueous 
barium chloride   

 

 

     
  Complete Table 3.1. [4] 
     
   [Total: 7] 
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4 Chromium is commonly used to electroplate steel objects.  
Fig. 4.1 shows how this could be done.  

 

     
 

 

 

     
 Fig. 4.1   
     
 (a) Give two reasons why steel objects are plated with chromium.  
     
  1 …………………………………………………………………………………….  
     
  2 ……………………………………………………………………………………. [2] 
     
 (b) Deduce the chemical formula for chromium(III) sulfate.  
     
  …………………………………………………………………………………………… [1] 
     
 (c) Construct the ionic half-equation, with state symbols, for the reaction at the 

cathode. 
 

     
  …………………………………………………………………………………………… [2] 
     
 (d) Effervescence is observed at the anode.  

Identify the gas that is produced at the anode, and state the chemical test that 
can be carried out to confirm the identity of the gas.  

 

     
  name of gas: …………………………………………………………………………… [1] 
     
  chemical test: …………………………………………………………………………..  
     
  …………………………………………………………………………………………… [1] 
     

  

 lead anode 

aqueous 
chromium(III) 
sulfate 

object to be 
plated 
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 (e) During electroplating, it is necessary to add more aqueous chromium(III) sulfate 
but during copper plating using a copper anode, it is not necessary to add more 
aqueous copper(II) sulfate.  
 
Explain the difference. 

 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
   [Total: 9 marks] 
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5 The Ostwald Process is a chemical process for manufacturing nitric acid, HNO3. It is 
done via two stages.  
 
The following chemical equation illustrates the chemical reaction that occurs in Stage 
One.  
 
Stage One:  4NH3(g) + 5O2(g)       4NO(g) + 6H2O(g)                            H = −905.2 kJ 

 

     
 (a) Draw an energy profile diagram for the reaction in Stage One, and you are to 

indicate the enthalpy change and activation energy clearly. 
 

     
   

[2] 
     
 (b) In terms of oxidation states, explain why Stage One is a redox reaction.  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
 (c) Stage Two consists of two steps.  
     
  Step 1:  2NO(g) + O2(g)         2NO2(g)  
     
  In Step 2, NO2 that is produced in Step 1 is absorbed by water readily to form 

dilute nitric acid as well as nitrogen monoxide, which is recycled to be used in 
Step 1.  

 

     
  (i) Construct a chemical equation to show the reaction in Step 2.   
     
   …………………………………………………………………………………..... [1] 
     
  (ii) Name a physical process that can be carried out to increase the 

concentration of the dilute nitric acid that is obtained at the end of Stage 
Two. 

 

     
   ……………………………………………………………………………………. [1] 
     
   [Total: 6] 
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6 Chlorine can react with many substances and has different uses in our daily life.   
    
 (a) (i) Name the products that are formed when aqueous chlorine reacts with 

aqueous potassium bromide. 
 

     
   ……………………………………………………………………………………. [1] 
     
  (ii) State one observation that you can see from the reaction in (a)(i).  
     
   ……………………………………………………………………………………. [1] 
     
 (b) An oxide of chlorine was analysed. A 0.366 g sample was found to contain  

0.224 g of oxygen.  
 
Calculate the empirical formula of this oxide.  

 

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
   empirical formula of this oxide is ……………………………………………... [3] 
     
   [Total: 5] 
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7 A kiln is a special kind of oven for firing things like pottery and bricks. 
Fig. 7.1 shows a rotary lime kiln used to make lime from limestone. The chemical name 
for limestone is calcium carbonate. Limestone is fed in at the top of the kiln and lime 
comes out at the bottom.  

 

     
 

 

 

     
 Fig. 7.1   
     
 (a) State the chemical name for lime.   
     
  …………………………………………………………………………………………… [1] 
     
 (b) State the name of the type of chemical reaction that takes place in the rotary kiln.  
     
  …………………………………………………………………………………………… [1] 
     
 (c) Suggest why the air coming out of the kiln has a greater percentage of carbon 

dioxide than the air entering the kiln. 
 

     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [1] 
     
 (d) State one use for lime.  
     
  …………………………………………………………………………………………… [1] 
     

  

hot air 

lime 

kiln moves 
round 

 air out 

limestone 
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 (e) A student compared the rates of reaction of three metal carbonates. She 
measured the volume of gas released using the apparatus shown in Fig. 7.2. 

 

     
    

     
  Fig. 7.2  
     
  State one thing that must be kept constant if the rates of the three reactions are 

to be compared in a fair way. 
 

     
  …………………………………………………………………………………………… [1] 
     
 (f) The graph in Fig. 7.3 shows the volumes of carbon dioxide released when the 

three metal carbonates were heated.  
 

     
    

     
  Fig. 7.3  

  

volume of 
carbon 
dioxide / cm3  

time / minutes  

calcium  
carbonate 

strontium 
carbonate 

barium 
carbonate 

metal carbonate  

heat 

gas-syringe 
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 (f) (i) With reference to Fig. 7.3, which carbonate produced carbon dioxide at the 
highest rate? 

 

     
   ……………………………………………………………………………………. [1] 
     
  (ii) What volume of carbon dioxide was produced by strontium carbonate in 

twelve minutes? You need to indicate clearly on Fig. 7.3 how you 
obtained the answer.  

 

     
   ……………………………………………………………………………………. [1] 
     
  (iii) How do the rates of the reactions of these three metal carbonates relate 

to the position of calcium, strontium and barium in the Periodic Table? 
 

     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [2] 
     
 (g) Describe how hydrochloric acid and limewater can be used to show that 

carbonate ions are present in calcium carbonate. 
 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [3] 
     
   [Total: 12] 
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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. 
 

8 Mass spectrometry is an important technique which can identify the amount and type 
of chemicals present in a sample by using a machine called a mass spectrometer. In 
general, the two quantities that can be measured are the mass/charge ratio (m/z) 
and the relative abundance of particles in the sample.  
 
Mass/charge (m/z) ratio: This is calculated by dividing the mass of an ion by its 
charge. For example, a sodium-23 ion, Na11

23 +, would have a m/z value of 23. , Hence, 
the m/z value of an ion with a charge of 1+ is essentially its relative mass.  
 
Relative abundance: This refers to the percentage of a particular isotope which 
occurs in nature. For example, in a sample of chlorine, the relative abundance of 
chlorine-35 is 75% and chlorine-37 is 25%.  
 
The following steps show how mass spectrometry is done. 
 
Step 1: Ionisation – the sample is vapourised. Energy is then used to knock off one 
or more electrons from atoms or molecules in the sample, changing them into positive 
ions. If enough energy is supplied, some bonds of the molecules are broken, and 
smaller ions are formed.  
 
Step 2: Acceleration – the ions formed from Step 1 are accelerated through the 
spectrometer by the use of negatively-charged plates.   
 
Step 3: Deflection and detection – the ions are deflected by a magnetic field and are 
detected electrically. 
 
Step 4: Mass spectrum – the mass spectrometer records the m/z value and relative 
abundance of all ions in the form of a histogram, called a mass spectrum.  

 

     
 Fig. 8.1 shows the mass spectrum of a pure sample of lithium.  
     
  

     
 Fig. 8.1  

relative abundance (%) 

additional information 
It is known that all ions analysed in 
this sample have a charge of 1+. 

m/z 
3.75 

96.25 

6    7 
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 Fig. 8.2 shows the mass spectrum of a pure sample of chlorine.  
     
   

     
 Fig. 8.2  
     
 Fig. 8.3 shows the mass spectrum of a pure sample of an unknown hydrocarbon.  
     
  

     
 Fig. 8.3  
     

  

relative abundance (%) 

m/z 
35      37                               70   x    y 

25.0 

75.0 
additional information 
It is known that all ions analysed in 
this sample have a charge of 1+. 

14   15     26  27  28   29  30           37   38  39  40    41  42    43   44 

relative abundance (%) additional information 
It is known that all ions analysed in 
this sample have a charge of 1+. 
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 (a) (i) Explain how the data in Fig. 8.1 shows that there are two isotopes of 
lithium. 

 

     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [2] 
     
  (ii) With appropriate calculation, show that the average relative atomic mass 

of lithium is 6.96, correct to 3 significant figures.  
 

     
    

[1] 
     
 (b) (i) With reference to Fig. 8.2, calculate the values of x and y.   
     
    

[2] 
     
  (ii) Chlorine-35 and chlorine-37 are the only two known isotopes of chlorine. 

Use the data in Fig. 8.2 to suggest why there were three additional peaks 
of 70, x and y on the mass spectrum of chlorine.  

 

     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [2] 
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 (c) (i) A student comments that the unknown hydrocarbon is propane.           
 
Explain how the data in Fig. 8.3 shows that this is true.  

 

     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [2] 
     
  (ii) Suggest the formula of the ion which has a m/z value of 14.   
     
   ……………………………………………………………………………………. [1] 
     
  (iii) Another mass spectrometry analysis was carried out on a sample of 

butane.  
 
Suggest how the results of the mass spectrum of butane would differ from 
that of propane.  

 

     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [2] 
     
   [Total: 12] 
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9 Besides its use in food products, vinegar is also commonly used as a household 
cleaner. The chemical name of vinegar is ethanoic acid.  

 

     
 (a) Name the elements that are present in ethanoic acid.  
    
  …………………………………………………………………………………………… [1] 
     
 (b) Showing only the outermost electrons, draw a ‘dot-and-cross’ diagram of 

ethanoic acid.  
 

     
   

[2] 
     
 (c) Will ethanoic acid have a high or low boiling point?  

With reference to your knowledge of chemical bonding, give a reason for your 
answer. 

 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
 (d) (i)     Name the two products that are formed when magnesium reacts with 

ethanoic acid. 
 

     
          ……………………………………………………………………………………... [1] 
     
  (ii) Construct a chemical equation, with state symbols, for the reaction of 

magnesium with ethanoic acid.  
 

     
   ……………………………………………………………………………………. [2] 
     
   [Total: 8] 
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EITHER   
10 Table 10.1 shows some information on four organic compounds.   
     
 Table 10.1  
     
 

compound molecular formula Does it decolourise 
aqueous bromine? 

effect on blue 
litmus paper 

A C2F4 yes remains blue 

B C3H6O2 no turns red 

C C3H6O2 yes remains blue 

D HO2C-C2H4-CO2H no turns red 
 

 

     
 (a) (i) Compound A can be polymerised to make poly(tetrafluoroethylene) also 

known as poly(tetrafluoroethene). It is also commonly known as PTFE. 
 
Name the type of polymerisation that is present in PTFE.  

 

     
   ……………………………………………………………………………………. [1] 
     
  (ii) Showing two repeat units, draw the displayed formula of PTFE.   
     
    

[1] 
     
  (iii) There are high and low grades of PTFE.  

Molecules of high-grade PTFE typically have a relative molecular mass of 
1.2 x 106. 
 
By showing your working clearly, calculate how many repeat units are 
present in a typical molecule of high-grade PTFE.  

 

     
    

[1] 
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  (iv) Low-grade PTFE molecules typically have a relative molecular mass of  
1.4 x 104.  
 
Explain why low-grade PTFE has a lower melting point than high-grade 
PTFE.  

 

     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [1] 
     
  (v) Describe and explain a pollution problem caused by getting rid of 

substances made of PTFE.  
 

     
   …………………………………………………………………………………….  
     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [2] 
     
 (b) Compound B can react with another organic compound to form ethyl 

propanoate. 
 

     
  (i) Draw the full structural formula of the organic compound which can react 

with compound B to form ethyl propanoate.  
 

     
    

[1] 
     
  (ii) Draw the full structural formula of ethyl propanoate.  
     
    

[1] 
     
 (c) Compound C can be polymerised with compound D.  

During this polymerisation process, small molecules of water are eliminated. 
 
Showing two repeat units, draw the structure of the polymer that is formed when 
compound C is polymerised with compound D.  

 

     
     
     
    [2] 
     
   [Total: 10] 
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OR    
10 Iron is produced in the blast furnace using the ore, haematite (melting point 1566oC), 

as one of the raw materials.  
 
Titanium is produced from the ore, rutile. The chemical name for rutile is titanium 
dioxide (melting point 1843oC). Rutile cannot be reduced by coke and hence, it 
requires a different method of extraction.  
 
Fig. 10.1 shows a quick summary of the extraction methods for iron and titanium.  

 

     
 iron  titanium 

Haematite is reacted with coke at 
1500oC in a furnace to produce 
molten cast iron.  
 
Cast iron contains iron, about 4% 
carbon and some impurities such as 
silicon and phosphorus. 
 

 Rutile is reacted with chlorine at 
1000oC to produce titanium(IV) 
chloride. 
 
Titanium(IV) chloride is cooled and 
collected.  

 

  
 Titanium(IV) chloride is reacted with 

magnesium at 1100oC in a seal 
reactor for 3 days.  
 
The sealed reactor contains an 
atmosphere of argon. 

Oxygen is blown into the molten cast 
iron and molten recycled iron at 
1500oC in a furnace to produce low-
carbon steel. 
 
Low-carbon steel contains mainly 
iron and about 0.1% carbon. 

  
 The reactor is allowed to cool, and 

then opened. The titanium is then 
separated from its other product, 
magnesium chloride. 

 

 

     
 Fig. 10.1  
     
 Titanium reactors produce about 1 tonne of the metal per day. 

Iron blast furnace produce about 20 000 tonnes of the metal per hour. 
 

     
 (a) Explain why the production of low-carbon steel uses oxygen but the production 

of titanium requires ‘an atmosphere of argon’. 
 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [3] 
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 (b) The melting point of haematite is higher than the temperature in the blast 
furnace. 

 

     
  (i) What is the chemical name for haematite?  
     
   ……………………………………………………………………………………. [1] 
     
  (ii) Explain why haematite could remain in the molten state in the blast 

furnace. 
 

     
   …………………………………………………………………………………….  
     
   ……………………………………………………………………………………. [1] 
     
 (c) There is less titanium than iron in the Earth’s crust.  

 
Other than titanium’s scarcity, use the information to explain why titanium costs 
much more than iron. 

 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
 (d) Suggest why water is used to flush the titanium at the last stage.  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [1] 
     
 (e) Suggest the position of titanium in the Reactivity Series of Metals.  

Explain your answer.  
 

     
  ……………………………………………………………………………………………  
     
  ……………………………………………………………………………………………  
     
  …………………………………………………………………………………………… [2] 
     
   [Total: 10] 
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Setter: Mrs S Yap 2

4E Pure SKSS Chemistry Prelim Exam 2019 Paper 2– Answers  

1 (a) E (b) B (c) A (d) E (e) C 5

2 (a) element most common oxidation states metal or non-metal?
A −2 non-metal
B +2, +3, +4, +6, +7 metal
C +1 non-metal
D +3 metal
E −1 non-metal

1
all 
correct 
entries

(b) (i) C (ii) A (iii) B 3

(c) Elements in Group 0 have a full valence shell (allow: stable noble gas configuration),
they are electronically stable and do not form ions as they are chemically unreactive.
(allow: do not need to gain or lose electrons)
(not accepted: electronically stable alone / chemically unreactive alone / 
                         noble gas alone / full electron shell)

1
1

3 (a) Neutralisation occur, a salt and water is produced.
(no mark: mention neutralisation alone )

1

(b) Dilute ethanoic acid is a weak acid and is partially ionised into hydrogen ions (H+) in 
solution. Hydrochloric acid is strong acid and it is completely ionised into hydrogen 
ions (H+) in solution. (no mark: mention of strong acid or weak acid alone)

There are more hydrogen ions (H+) ions per unit volume in hydrochloric acid, hence 
there are more frequent effective collisions between the reactants and thus rate of 
reaction of hydrochloric acid with metal oxides is faster than that of ethanoic acid with 
metal oxides.  

     1

     1

(c)
solutions that are mixed formula of 

precipitate
colour of 

precipitate

aqueous copper(II) sulfate and 
aqueous sodium hydroxide Cu(OH)2 blue

aqueous potassium iodide and 
aqueous silver nitrate AgI yellow

dilute sulfuric acid and aqueous 
barium chloride BaSO4 white

1m for 
each 
formula, 
max 3

1m - all 
correct 
colours 
of ppt 

Total: 
[4]

  

opper(I
d

ble noblee gass coc nf
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chemically uuuunrnrnrnreaeaeaeactctctctiiivive alalalalononononeeee / / //
lectron shell))))
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(H+) ) ininiiiii sssssssssssssssssssololololololololololololololutu ion.nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ((((((((((((((((((((((((((((((((((((((((nooooooooooooooooooooooooooooooooooooooooooooooooooo mmmmmmmmmmmmmmmmmmmmmmmmararaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk:::::::::::::::: memememememememememememememmememeemm ntntntntnntntntntnnntntntntntntntntntntnttnttnnntnnn ioioiiiiiiiiiiiiiiiiii n ofofofofofofofofoffofofofofofoffofofofofofofofofofooofoooooooo sssssssssssssssssssssssssssstrtrtrrtrrrrrrtrtrtrrtrtrtrrrrtrrrtrtrrtrrrrrrrtronononoononononononononoononooononooonnoooooononoooooo g g g gg gg g ggg ggggg ggggggggggggggggggggggggggggggg acacacacacacacacacacacacacacccccccccccccccccid or weweweweakakakak aaaacccic d al

ThThhhhhhhhhhhhhThhhhTThhhTThhThhTheeeeeeeereeeeeeeeeeeeeee e arararaarararararrararraararararararraaaaaaaraaaraaaarararraarreeee eee morerereeeeeeeeeeee hhhhhhhhhhhhhhydydyddddddyddddddydddddddddddddddddddddddddddddrorooooooooooooooooooooooooooooooooogen ioonsnsnsnnnsnsnsnsnsnnsnnnsnsnsnsnsnssssnsnsnsnnnsnnnssssssnssnsnss (((((((((((((((((((((((HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH+)))))))))))))))))))))))))))))))))))) ioioioioioioioioioiooiooioioiooiooioiooiooiooiooiooioiooioioiioooonsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnnsnsnnnsnnnsnnsnsnnnsnnsnsnnssnsssssssssnnssssn pppppppppppppppppppppeeeeeeeeeeeeeeereeeeeeeeeeeeeee  unit t t t vovovovolulululumemmm in h
thereeereeeereeeeeeeeee eeeeeeeeeeeeeeeee araaararararaaaaaaararaaaraaaaaaaaaaaaaaaaa eeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee mommmmmmmmmmmmmmmmmmmmmmm re ffffffffffffffrereeeeereeeeeeeeququuquuquuuquuquququuuququuuuquuuuquuuuuuuuuququuuuuuuuuuuueneeeeeeeeeeeeeeeeeeeeeeeeeeeeeee t efefffffffffffffffffffffffffffefefefefefefeefefefefefefefeeeefeffefeffeeeefefeeeeeectctctctctctctctctctctctctttcttcttcttivivivivivivivvvivivivivvivvivviviivivivvvvvvvvvvvvvve eeeeeeeeeeeeeeeee coooooooooooooooooooooooooooooooooooooooolllllllllllllllllllllllllllllllllllllllllllllll issisisisisiisisissisisissisisssssiiisionsnsnss bebetwtween th
reacccccccccccccccccctittttttttttttttttt onnnnnnnnnnnnnnnnnnnnnnnnnnnn oooooooooooooooooooooooof ffffffffffffffffffffffffff hyhyhyhyhyhyhyhyhyhyhyhyhyhyhyyhyyyyhyhyhyyhhhhyhhhhhhyydrdrddrdrddrdrdrdddrdrdrdrdrdrdrdrdrdddrddrddrdddrrrrrrococococococococcocococccoccoccoccoccococcocooooooooooooooooo hlhlhhhhhhhhhhhh oriccccccccccccccccccccccccccccc aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaciccccciccccicicccccccccccccicccccccccc ddddddddddddddddddddddddddddddddd wiwiwiwiwiwiwiwiwiwiwiwiwwwiwiwwwiwwww ththththththththhhthhthththththhththhhhhhhhhh metal ooooxxxix dedededes sss is fas

etallllll llllllllllll oxoxoxoxoxxxoxxxxxxxxxxides.  

ons s s sssssssssssssss ththththhththththththththththththttttthtththtttttttthtttthataa  aree mmmmixixixixedeededSm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Setter: Mrs S Yap 3

4 (a) Any 2 of the following:
chromium is more attractive / shiny than steel /
to improve the appearance of steel / 
to resist corrosion / rusting of steel

(reject: make it harder / serves as protective layer)

2

(b) Cr2(SO4)3 1

(c) Cr3+(aq) + 3e Cr(s)  
correct equation with correct balancing 1

correct state sym (this mark is only awarded if all the formula are correct) 1

(d) oxygen 
gas relights / rekindles a glowing splint
(no mark: glowing splint alone)

1
1

(e) to replace chromium ions that are used to plate the steel / chromium ions are used 
up;
copper(II) ions are continually being replaced from copper anode (active electrode)

1

1

5 (a)

Correct exothermic profile and correct labels for axes , reactants and products 1
Correct Ea and H indicated on diagram, and correct direction of arrows 1

(no mark: use of double-headed arrows; wrong symbols for Ea or H)

(b) Oxidation occurs in NH3, oxidation state of N increases from −3 to +2 1
Reduction occurs in O2, oxidation state of O decreases from 0 to −2 1
(no mark: if oxidation state changes are mentioned but did not state oxidation or 
reduction)

(c) (i) 3NO2 + H2O 2HNO3 + NO 1

(ii) distillation 1
(reject: fractional distillation / heating / evaporation)

  

plate the steeeeel l / /// chchchchrorororommmmiummmm iiiionononons s s s aaarare us

ng replacacacacacacccaccacacacacaccaaaacacaaaaaaaaaaaacededeeeeeeeeeeeee  frorororooooommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ccccocccococococococococococococcococococococccococococoooooooooooooooppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppperereereereeeeeererererererreereeeereeererrerrrererrererererererererererer aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnon de (a(actctivive electrode

CoCoCoCCCoCoCoCoCoCoCCoCoCoCoCoCoCoCCCCoCoCCCCoCCCoCoCoCoCooooooooooooooooooorrrrrrrrrecececccceccccecececccccceccecceccececececececcececccccccccct ttttt exexexexexexexexexexeexexexexexexexeexeeeeeeeexxexexeexeexxeexeee ototototototototototoototootototototototototootootoooototototooothehehehehehehehhehehehehehehhehheheheehehehhehehheheehheeeheheehhhhhhhhh rrmicc pppproooofifififilelelele and c
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Setter: Mrs S Yap 4

6 (a) (i) bromine and potassium chloride
(reject: bromine gas)

1

(ii) colourless solution becomes red-brown
(no mark: solution becomes red-brown)

1

(b) No. of moles of Cl
= (0.366-0.224)

35.5
=0.004

No. of moles of O
= 0.224

16
= 0.014

NOTE: This mark is only awarded if the above working is shown

whole no. ratio of Cl : O = 1 : 3.5
                                        = 2 : 7

Empirical formula is Cl2O7

      1

1

1

7 (a) calcium oxide (reject: CaO) 1

(b) thermal decomposition (reject: decomposition) 1

(c) carbon dioxide comes from the thermal decomposition of limestone /
carbon dioxide is a product of the reaction
(no mark: carbon dioxide is produced from combustion)

1

(d) neutralising acidic soils / treating acidic lakes / flue gas desulfurisation / drying agent 
for ammonia gas
(no mark: neutralise soil / drying agent alone)

1

(e) Answers need to be accompanied with  specific scientific terms
temperature of Bunsen / temperature of heat  source / distance of Bunsen burner from
the tube / mass of carbonate used / duration of heating

(no mark: amount of carbonate / amount of heat / temperature alone / strength of heat)

1

(f) (i) calcium carbonate 1

(ii) 27 cm3 (mark is only awarded when this answer is indicated on the graph,
and with correct units)

1

(iii) Calcium carbonate produces carbon dioxide at the highest rate, followed by 
strontium carbonate, and lastly barium carbonate.
(no mark: calcium produces highest amount, followed by strontium, and lastly 
barium wrong concept , it is not the metal that produces the gas!)

State the trend: less rapid reaction the further down the Group / down Group II
(accept reverse argument)

1

1

t: decococoooooooooooooooooooooooooooooooooooooooompmm ositititititititititititititititioioioiooooioioooioioioon)n)n))nnnnnnnnnnnn

mes from mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm thththththththththhhthththththhththttttthtttttt e thhhhhhhhhhhhhhhhhhhhhhhhhhhermaaaaaaaaaaaaaaal dedddddddddddddd compmpmpmpmpmpmpmpmpmpmpmpmpmpmpmppmpmmpmpmpmpmmppmpmpmmpppmpppmmmpmpmmmppmpppppmmppmppppposition of liimemesstone e //
e is a a   prprprprpprprpprprpppprppprprprpppprprprprprprprpprpprprpprrrrrrrrodo ucttttttttttttttttttttttttttttt ofofofofooffofoofoffofofofofofffofffffofffffffooooo ttttttttttttttttttttttthehehhehehehehehehhehehehehehhehehehehehehehehehehhehehhhehehhheheee rrrrrrrrrrrrrrrrrrrrrreaeaeaeaeaeaeaeaeaeaeaaeaeaeaeeeeeeeee ctctctcttctctctctctctctctctctctctccccccccccccccc ioioioioioioioioiioioioioioioiioioioioioooooooooooooooooooooooooonnnnnnnnnnnn

k: carbon dddddddddddddddddddddddddddddddddddddddddiooooooooooooooooooooooooooooooooooooooooooooooooooxixixixxixixixxixiixixxixixixixiiix dededddedededdddddddeddddddddedededddeddddddee is prrodooooooo ucededeeeeeeeedededeeeeeeeeeeeeedeeeeeee  from cooooooooooooooooooooooooooombmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmmbmbmmmmmbmbmmbmbmmmmbmmbbbbbbbbbbbmbbbusususususuussususususssususussussusstion)

neutraliiiiiiiiiiiiiiiiiisisisisisississisisisisissisisisisssisssinnnnnngnnnnnnnnnnnnn  accccccccccccccididddddddddddddiciiiiiiiiii sososososoosososooosososoooooooooillllllllllllllllllls ssssssssssssssss ////////// //// treaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeeaeaaaaaaaaaaaaaaaaaaaaaaaaaaaatititiitititiititiiitititiitititititititingngnnngngngnngngngngnnnnnngngnngngnggngggggggggnggnggggngnnnnn acaccccaccaccacccacccacacccccccccaccaacididdddiddidididddddidididddiddididididididddidididddidididdddddiciciciciiciccciciicicccicccciciciciccicccccccciiic lalalalaaaalaaaaaaakekekekekekekekekekekekekekekekekkekekkekkkekkkkekeekekeeekeeeeeeesssssssssssssssssssssssssssssssssss / flue ggggasasasas  dedesulfuris
fooooooooooooooooooooooooooooooorrr rrrrrrr aaaaaamamaaaaaaaaaa momomomomomomomomomomomomomomomommoomommmmoomomommoommmmmmmm nia gaaaaaaaaaaaaaasssssssssss
(noooooooooooooooooo mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmararararararararararrrrrrrrrrrrrrkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk::::::::::::::::: nenenenenennennnenennenenenenenenennennnennennnnnennnnneeutraaaaaaaaaaaaaalilllllllll sesesssesesesesesesesesseseseeeeeeeeeeeee ssssssssssssssssoil / / drdrdrdrdrdrdrdrdrdrdrdrdrrdrdrdrrdrddrdrdrdrdrddrdrrdddddrdddrdddrrdrdrddddryiyiyiyiyiyiyyyyyyyyyiyiyiyyyiyyiyyyyyyyyyiyiyyyiyiyyyiyiy ngngngngngngnggngnggnngnggngggggggngggggggggggggggg ageentntttttttttttttt aaalolooonenenene))))

swereeeeeeeeeeeeeeeee s ssssssssssssssssssssssssssssssssss neneeeeeeeneeeeeeeeeeeeeeeeeeeeeeeeeeed ttttttttttttttttttttttttttttttto ooooooooooooooooooooooooooooooooooooooooooooo bebebebebebebebbebebebebebbebebebbebebbeebebebbebeebeeeebeebebebbeebebbebbebbbeebebeebbbbeeb acacacacacacacacacacacacacacacacacacacaccaccacacacacacccccacaccccccccca coccococococcocococococcococococoocoococococoooococoococccoccc mpannnnieieieiedddd wwwwithththth s
peratatttattttttttttatttaataaaaaataatattttururuurururururururrurururuururuuururuuuuuuuuuuuuuuuuuuuuuuu ee ofoffofofoofoofofoffoffofofofofoffofofoffffofofoffoooooooooooooo BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBunununununuunununununununuuununuuununununuuuunuunnnnnnnnnunnsesesessesesesesesesessesesesesesesesesesseseseseeseseeeseeeeess nnnnnnnnnnnnnnnnnnnnnnnn // tempmpereratature of h

be ////////////////// mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmasasasssssssssssssssssssssssssssssssss ofooooofoooooooooooooooooooooooooooooooooo  carboooonanananatetetete used /
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Setter: Mrs S Yap 5

7 (g) add hydrochloric acid to carbonate 1

bubble gas (carbon dioxide) through limewater,      
gas produced white precipitate (accept – ppt) in limewater      1

carbon dioxide is produced / evolved / given out, carbonate is present 
(no mark: carbon dioxide is present)

1

8 (a) (i) In Fig. 8.1, there are 2 ions (accept particles) / 2 peaks which have different 
m/z values of 6 and 7.

This shows that these two ions have different number of neutrons.

1

1

(ii) 3.75
100 ×6 +

96.25
100 ×7 =   6.9625 ≈ 6.96 (3sf)

1

(b) (i) x = 35 + 37 = 72
y = 37 + 37 = 74
NOTE: No mark will be awarded if no working is shown

1
1

(ii) Chlorine exists as diatomic molecules.
There are 3 possible combinations as follow:
2 atoms of Chlorine – 35 
1 atom of Chlorine – 35 and 1 atom of Chlorine – 37
2 atoms of Chlorine – 37 

NOTE: if student did not list out the combinations no marks awarded

1

1

(c) (i) Propane has a relative molecular mass of 44 / molar mass of 44 g/mol )
(no mark: wrong use of terms e.g. mass = 44; molecular mass = 44)

The largest m/z value is 44, which belong to the ion formed by the largest 
molecule. This molecule would be that of the unknown hydrocarbon as it is 
unbroken.

1

1

(ii) CH2
+ 1

(iii) The highest m/z value recorded would be 58.
There would also be more peaks on the mass spectrum of butane. 
(no mark: vague phrases e.g. should be higher than propane)

1
1

   

utro

25 ≈ 6.96 (3(3sf)

arded if nnnnnnnnnnnnnnnooooooooooooooo wowowowwwwwwwwwwwworkrkrkrkrkrkkrkrkrkrkrkkkkkrkkkkkkkkkrkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkkiniininniinninnninninnnninnininninninininnnnnninnnnnnnnnininnnnninnnininniiniiniiinnnnnnnnnnnnnnnnnnnnnnnngggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg isisisisisiisisiisiisisisisisisisisisisisisisisisisisisisisisisssssssssssss ssssssssssssssssssssssssssssssssssssssssshohohhhhhohhohohohhohohohohohohohohohohhohohohohohhohhohohohohohohohoohohohooooooowwwwwwwnwnwnwnwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwnwwwwwwnwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

as diattttttttttttttttttttttttttttomomoomomomomomomomommomomomomomoomoomooomomomoooomommmmmmmicicicicicicicicciciciciciiiciciic mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmolololololololololololololololecececcceccceccccee ules.
possiblee  cocoooooooooooooooooooooooooooombini atiooooooooooooooonsnsnsnssnssssnsssnnnnnnnnn  as foooooooooooooooooooooooooooooooooooooollllowoooooooooooooooooooooooooooooooooooooooooo :

s of CChlhlhlhlhlhlhlhlhlhlhlhlhlhhlhhlhhhhh ororooooooooooooooooooooooooooooooooooooorine ––– 353535353535353535353535355355355553555553535553553555333333333  
atom of Chhhlololllllllllllllllllllll riririrrirrrririrrririririrrrrirrrrirrrrrrrrrrrrriririirrirriir neneneeeeeeeeeneeeneneneeeeeeneeeeee  – 35 aaaaaaaaaaaaaaaaaaaaaaaaaaaand 1 aaaaaaaaaaaaaaaaaaaaaaaatototototoototooootootoooototootooottootoootttttt m of CCCCCCCCCCCCCCCCCCCCCCCCCChlhlhlhhhlhhhlhllhllhlhlhlhlhlhlhhhlhlhhhlhlhhhhlhhlorororororororororororororroooooooooooooooooooooooooooo ininininnnnninininininnnnininnnninninine – 37

2 attomomomommmmomomomommommmmomommommmmmommmooooooooo s s s ofooooooooooooo  Chlhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh oroooooooooooooooooooooooooooooooooo innnnninnnnnnnnnnnnnnnnnnnnnnnnnnnne eeeeeeeeeeeeeeeeeeeeeeeeeeeee –––––––––––––––– 373777777777777777777777777777777 

NONONNNONONONONONONONONONOONONONONONONONONOONONONONNNONNNNNNNNNONNNOOTTE: ifffffffff sssssssssssssstutututututututututututututudeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeentntntntnttntnttntttntntntttttttttttttttttttt did nooooooooooooooooooooooooooooooooooot t t ttt t t t tttttttttttt tttttttttttttt lililiilililiilililillililiiilillliliil ststststststsststststsstststststsstststststtstssttsstststtsttstsstsssttstt oooooooooooooooooooooooooooooooooooututututututututututututututututututututututuutuuttttuutututttutuuutttutttuttutuuutuuuut ttttttttttttttttheheheheheheheheheheheheheheheheheheeehehhhhhhhhhhhhhhhhhh cccccccccombibibibinanananatitititionooo s

i) PrPrPrPPPrPPPPPPPPPPPPPPPPPrropanananananananananananananananaanananaanaaanaaaannnnnnnnneeeeeeeeeeeeeeeeeeeeeeeeeeee hahahhhahhhhhhhahhhhhhahhhhhhhhhahaaaaahahh s a rereeeeeelalalaalalalalalalalalalalalalallaalalaaalalalalalallaaalaatitittttttitttttttiiititttt vevvevveveeveveeevvveeeeeveeeveevvvvvv mmmmmmmmmmmmmmmmmmmmmmmololooloololololololoooolololololoolooloooololoooo eceeeeeeeeeeeeee ularrrr mamasss of 44
((((((((((((((((((nononononooononoooonooononon  mark: wrwrrwrwrwrwrwrwrrwrrwrwrwrwrwrwwrwrwrwrwrwwwrwrwwwwwwrwwwwrwrwrwwwwwwwrwwrwrwrwwwronononononononononononnononoonononoonoooononoonoononnonnnnonnnnonnnonnonnoonoonnoo gggggggggggggggggggggggggggggggggggggggggg usususususususssususususussusu ee eeeeeeeeeeeeeeeeeeee oofofoooooooooooooooooooooo  termsmsmsms eeee.g.g.g.g. mass

The eee e e eee e eeeeeeee lalalaaalalaaaalaaaalalalalalaaalaalalaalalaallllllaaaaargrgrgrgrgrgrgrgrgrgrgrgrgesesssssssssssssssssssssst t t ttt t t t m/m/m/m/m/mmm//m/m/mm/m/m/m/m/m////m/m/m/m/m/m/mmmmmmmm z vaaaaluuuue e e e isisiis 44444, whi
moleeeeeeeeeeeeeeeeeecucucucucucccuuucucucucucucuccucuccucuuccuuucucucccccccuucc lellellelellelelelellelelllelelelelele. Thissss mmmmololololeeeecule w
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Setter: Mrs S Yap 6

9 (a) carbon, oxygen, hydrogen 1

(b)

Covalent bonding shown + Correct number of shared electrons in all the atoms 1
Correct number of  valence electrons on 2 oxygen atoms that are not involved 

in bonding
1

(c) It will have a low boiling point.
Not much energy is required to overcome the weak intermolecular forces between the 
ethanoic acid molecules. 
(zero mark: high boiling point)

1
1

(d) (i)     magnesium ethanoate and hydrogen 1

(ii) Mg(s) + 2CH3COOH(aq) (CH3COO)2Mg(aq)   + H2(g)
correct formula, equation correctly balanced 1

correct state sym (this mark is only awarded if all the formula are correct 1

E10 (a) (i) addition polymerisation (reject: additional polymerisation) 1
(ii) 1

No mark awarded if the end bonds are not drawn / if brackets are drawn

(iii) Mr of one repeat unit = (12 x 2 ) + (19 x 4) = 100
No. of repeat units = ( 1.2 x 106) / 100 = 12 000 1

(iv) Low-grade PTFE molecules are smaller in size, hence the force of attraction 
between the molecules is weaker (accept : weaker intermolecular forces) than 
that of high-grade PTFE molecules, hence lesser energy is needed to overcome 
the low-grade PTFE molecules. 
NOTE: all underlined words must be stated before mark is awarded

1

(v) Substances made of PTFE are non-biodegradable.
If they are disposed by burning, toxic gases are released /
if they are disposed by burying, valuable land space is used up as landfills.

1
1

(reject: greenhouse gases / pollute land and sea)
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oate anannnannnananannananannannananannanannnnananannnnnananaaaaaaaa ddddddddddddddddddddddddddd hyhyhyhyhyhyhyyhyyhyyhyhyhyhh drdrdrrrdrrdrdrrrddddddddd oooogoooooooo en

) + 2CHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH3333333333333333COCOCOCCCCOCCOCOCOCOCCOCCCOCOCCCOCOCOCCOCCOCOCCOCOCCCCCCCOCCOCCOCOCOOOOOOOOOOH(aa(a(a(a(a(a(a(a(a((a((((a((a(((a(a((a(a(a(a(a((((a((a((a((aaaaaaaaaaaaq)q)q)q)q)qq)q)q)q)qqq)q)qq)q)q)q)qq)q)qqqq)q))))qqq)q)qq  (C(C(C(C(C(C(C(C((C(C(C(C(C(C(C(C(C(CCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH3COCOCOCOCOCOCOCOCOCOCOCOCOCCOCCOCOCOCCOCCCCCOCCOCOCCOCOCCCCOCOCOCOCCOCCOCCOCOOOOOOOOOOOOOOOO)O)O)O)O)O)O)O)O)OO)O))O)O)O))O)O)O)O)))OOOOOOOOOOOOOOOOOOOOOOOOOO 2MgMgggggggggggggggggggggggggg(a(a(a(aa(a(a(a(a(aa(a(a(a(aaa(a(a(a(a(aa(a(a(a(a(aaa(aaa(aaa(((aaaa( q)qqqqqqqqqqqqqqqqqqqqqq    + HHHH22(g(g)
corrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreeceececececececececececececececececeecececeeccececeececceceeeee t t t tttttttttttttt tt ttttttttt ttt fofofofofofofofofofofofofofoffffffffffffffffffffffffffffff rmrmrmrmrmrmrmrmrmrmrmrmrmrmula, eeeeququququatatatatioioioion corre

cococoococoocooocoooccoccccc rrrrrrrrrrrrrrr ecccccccccccccccccccccctt tttttttttttttttttttttttt ststststssstsststssstsstststststssttstssssss atatatatatatatatatatatatatatatatate eeeeeeeeeeeeeeeeeeee sysysysssysysysysysssysysyssysysysysyssyssssssysysyssyssssysysyyyyyyym mmmmm m mmmmmmm mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm (thhis mamamamamammammamammmamamamammamamamamamaamamammmamamaaaamaamarkrkrkrkrkrkrkrkrkrkrkrkrkrkrrkrk is ononononoonononononononononononnonononnoonoooooooooooooooooo lylylylylylylyyyylylylyyylylyyylylylyllylyllyyyyy aaaaaaaaaaawarddddedededed if fff ala l the

(i) adadaddaddadadadadadadddadaddadaddddddddddddddddidididdiddididididdiiididiiidiiidididdddddddddddddd titittititittittititittititttitittitttitttittitittiiiiionononooononoooononoooonoononononooonoooononononononononnn popooooooooooooolylylyylyyylyylyylylylllylylyylyyyyyyyyyymemmmmmemmmmmmmmmmmmmmmmmmmmmmmm risasaaaaaaaaaaaaaaaaaaaaaaaasaaaaaaaaatititiitititiiiitiitititititititiititiitittitittttttttttt oonononononononononononononoononoonoonoononooooonononononnnnonno ((((((((((((((((((((rerererererererererereeeeeeeeerrrr jejj ct: addidididititititiononononalal polym
i) 

ark

CC C

F
||

||||||||||||||||||||||
── ────

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF F FF F

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Setter: Mrs S Yap 7

E10 (b) (i) 1

(ii) 1

(c)
      O                 O                               O                 O
      ||                  ||                                ||                  ||
── C ─ C2H4 ─ C ─ O ─ C3H4 ─ O ─ C ─ C2H4 ─ C ─ O ─ C3H4 ─ O ──

1 repeat unit shown 1
2 repeat units shown 2

  

              OOOOOOOOOO               OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
                      |||||||||||||||||                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

─ O ─ CCCCCCCCCCCCCCCCCCCCCCCCCCC33333HHHHHHHHHHHHHHH444444444444444 ──────────── O ─ CC CCCCCCCCCCCCC ─────────────── C2HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH44444444444444444444444444444444 ──────────────── C ──── OOO O ─ CCCC33HH44 ── O ──

11 rrepeeatat uuninit t show
2 2 rerepepeatat units
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Setter: Mrs S Yap 8

OR
10 (a) (i) Oxygen is needed to react with / oxidise carbon to reduce the carbon content

and produce low-carbon steel.

To produce titanium, argon is used to create an inert / unreactive atmosphere,
as the presence of oxygen would cause a reaction / oxidation to occur with 
titanium

1

1
1

(b) (i) iron(III) oxide (reject: Fe2O3) 1

(ii) The presence of impurities such as silicon dioxide / sand lower the melting point 
of iron(III) oxide / haematite.

OR The energy released from the combustion of carbon / coke results in a 
higher temperature in the blast furnace for the iron(III) oxide / haematite to melt.

1

(c) As seen from the summary flowchart, there are more stages to manufacture titanium,
hence more energy is needed.

In one day, blast furnace could produce 24 x 20 000 = 480 000 tonnes of metal while 
the reactor can only produce 1 tonne of metal, hence the rate of production is slower. 

NOTE: relevant data from the information given must be used to support the answers

1

1

(d) To remove soluble magnesium chloride from titanium (reject: remove impurities) 1

(e) Titanium is below magnesium AND above zinc in the reactivity series.
(no mark: below magnesium alone / middle position)

1

Magnesium can displace titanium from titanium(IV) chloride, hence magnesium is 
more reactive than titanium. Titanium dioxide cannot be reduced by coke, but iron(III) 
oxide can be reduced by coke. Thus, titanium is more reactive than iron.

1

co
e / haem

stages to mmmmanufufuffaaaacture
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3 

1 Potassium dichromate(VI) contains potassium ions (colourless) and dichromate(VI) ions 
(orange). An experiment was set up as shown below. 

After a few days, a uniformly orange solution was obtained in the measuring cylinder. 

The phenomenon was caused by the movement of ________________________.

A  dichromate(VI) ions only.
B dichromate(VI) ions and water molecules only.
C potassium ions and dichromate(VI) ions only.
D potassium ions, dichromate(VI) ions and water molecules. 

2 Two students were investigating the type of pigments found in flower petals. After obtaining 
a solution from the petals, the separation of the pigments was performed using 
chromatography. The chromatograms obtained are shown below. 

If both students used flowers from the same plant, why were the chromatograms different?

A One student did not use enough solvent.
B  The solvent travelled up the paper at different speeds.
C The two students used different solvents.
D The solvent in one of the separation did not reach the top of the paper. 

measuring cylinder

distilled water

potassium dichromate(VI)
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3 The diagram below shows the apparatus used to separate a mixture of two liquids with 
boiling points 102.5°C and 115°C. 

Which graph would be obtained if the temperature at point P was plotted against the total 
volume of distillate produced? 

water in

water out

distillate

thermometer

P

mixture of 
liquids

Heat

A B

C D

temperature /°C

total volume of distillate /cm3

100

110

120
temperature /°C

total volume of distillate /cm3

100

110

120

temperature /°C

total volume of distillate /cm3

100

110

120
temperature /°C

total volume of distillate /cm3

100

110

120
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4 The apparatus below was set up with two cotton wool plugs soaked in concentrated aqueous 
ammonia and concentrated aqueous hydrochloric acid respectively.

These plugs were secured at opposite ends of a long glass tube as shown. After some time, 
a white solid formed within the tube.

The experiment was then repeated by placing the tube vertically, where the cotton wool 
soaked in concentrated aqueous hydrochloric acid is at the top. 

Which of the following is true of the repeated experiment?

A The white solid forms even closer to X compared to the first experiment but at the 
same rate.

B The white solid forms even closer to Y compared to the first experiment but at the 
same rate.

C The white solid forms even closer to X and at a much faster rate compared to the 
first experiment. 

D The white solid forms even closer to Y and at a much faster rate compared to the 
first experiment.

5 Which of the following list of substances contains an element, a compound and a mixture?

A crude oil, stainless steel, graphite
B diamond, ethanol, dry air
C petrol, neon, oxygen
D methane, carbon dioxide, air

6 An ion X3- has a mass number of m and n electrons. 

What does the nucleus of an atom of X contain?

number of protons number of neutrons

A n - 3 m – n

B n – 3 m – (n -3)

C n + 3 m – (n – 3)

D n + 3 m – (n + 3)

X Y

concentrated aqueous 
ammonia on cotton wool

concentrated aqueous 
hydrochloric acid on cotton wool
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7 An element Z exists in three isotopic forms as shown below. 

isotope 86Z 87Z 88Z

isotopic 
abundance (%)

10 p q

If the relative atomic mass of element Z is 87.7, what is the value of p?

A 10
B 20
C 70
D 80

8 Hydrogen can form both H+ and H- ions. 

Which statement about these two ions is correct?

A H+ ion has 1 more proton than a H- ion.
B H+ ion has 2 more protons than a H- ion.
C H- ion has 1 more electron than a H+ ion.
D H- ion has 2 more electrons than a H+ ion.

9 Which substance consists of both ionic and covalent bonds in their structures?

A ethanol
B magnesium chloride
C potassium nitrate
D ethyl ethanoate

10 When dry ice is left at room temperature, it sublimes. 

Which of the following statements correctly describes this process?

A Energy is absorbed to overcome the ionic bonds between the ions. 
B Energy is absorbed to overcome the covalent bonds between the atoms. 
C Energy is absorbed to overcome the van der Waals forces between the atoms.
D Energy is absorbed to overcome the van der Waals forces between the molecules. 
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11 In the lattice structure of ionic compounds, coordination number is the number of nearest 
neighbouring ions of the opposite charge. For instance, in sodium chloride, each sodium 
ions is surrounded by 6 chloride ions and each chloride ion is surrounded by six sodium 
ions. Hence, coordination number of sodium ions and chloride ions is 6. 

The table below shows the ions present and the coordination number of the ions in some 
ionic compounds. 

compound ions present coordination number of formula

cation anion cation anion

sodium chloride Na+ Cl- 6 6 NaCl

titanium(IV) oxide Ti4+ O2- 6 3 TiO2

P Q R 4 8 ?

What is the formula of compound P?

A QR2
B Q2R
C QR4
D Q4R

12 Which of the following equations suggests that the underlined oxide has amphoteric 
properties?

A K2O + H2O 2 KOH
B P2O5 + 6 NaOH 2 Na3PO4 + 3 H2O
C Cl2O + 2 LiOH 2 LiClO + H2O
D Ga2O3 + 2 KOH 2 KGaO2 + H2O
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13 An excess of substance J was added bit by bit, with stirring, to aqueous solution M. The 
changes in the pH of the mixture are shown in the graph below.

What could substance J and solution M be?

substance J solution M

A aqueous ammonia sulfuric acid

B magnesium oxide nitric acid

C potassium oxide hydrochloric acid

D zinc oxide ethanoic acid

14 Which pair of reagents is most suitable in preparing the following salts? 

salt reagents

A copper(II) chloride copper + hydrochloric acid

B iron(II) sulfate iron(II) chloride + sulfuric acid

C lead(II) chloride lead(II) nitrate + ammonium chloride

D potassium nitrate potassium + nitric acid

pH

13

7

2

Amount of substance J added
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15 The diagram below shows the change in electrical conductivity when aqueous barium 
hydroxide is added to a fixed volume of substance X.

Which of the following is a possible identity for substance X?

A aqueous zinc sulfate 
B aqueous iron(III) nitrate
C aqueous sodium hydroxide
D aqueous copper(II) chloride

16 Which of the following does not represent 0.25 mol of nitrogen gas?

A 0.5 mol of atoms
B 3 x 1023 atoms
C 1.5 x 1023 molecules
D 14 g of nitrogen

17 Sodium reacts with water in a violent reaction to give an alkaline solution. A small piece of 
sodium of mass 0.400 g was added to excess water. When the reaction was complete, the 
resulting alkaline solution required 35.0 cm3 of 0.200 mol/dm3 dilute hydrochloric acid for 
complete neutralization. 

What is the percentage purity of the sodium added?

A 24.8%
B 40.3%
C 60.0%
D 80.5%

conductivity

volume of aqueous barium 
hydroxide / cm3
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18 When skunks are threatened, they release a foul smell that contains a group of compounds 
known as thiols. 

An example of a thiol is methanethiol, CH3SH, which burns as follows:

CH3SH + 3 O2 CO2 + SO2 + 2 H2O

A sample of 10 cm3 of methanethiol was burnt in 60 cm3 of oxygen. What would be the final 
volume of the resultant mixture of gases when cooled to room temperature and pressure?

A 20 cm3

B 40 cm3

C 50 cm3

D 70 cm3

19 The atomic radius of some Group I elements of the Periodic Table is given.

element atomic radius / pm

K 231

L 152

M 248

N 186

Which of the following shows the correct ascending order of melting point for the elements?

lowest highest

A L K N M

B L N K M

C M K L N

D M K N LSm
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20 Four experiments on rusting are shown.

     
    1    2       3         4

Which two experiments can be used to show that air is needed for iron to rust?

A 1 and 3
B 1 and 4
C 2 and 3
D 2 and 4

21 Solid carbonates of three metals W, X and Y are heated. 

result

carbonate of W
carbon dioxide given off

solid changes colour from green to black

carbonate of X
carbon dioxide given off

solid does not change colour

carbonate of Y
carbon dioxide not given off
solid does not change colour

Which of the following statements is/are correct?

I Metal Y is a stronger reducing agent than metal X.
II Metal W can displace metal Y from its solution.
III Only the carbonate of W gives off carbon dioxide when added to dilute 

nitric acid. 

A I only
B I and III
C II and III
D I, II, and III

paper clip paper clip paper clip paper clip

dry air
15°C

tap water
15°C

oil
boiled tap 
water 15°C

tap water
25°C
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22 X is an unknown metal.

A student did the following experiments to compare the reactivity of magnesium, copper 
and metal X.

Six tubes were arranged as shown in the diagrams below. Each tube contained a piece of 
metal half immersed in an aqueous solution containing ions of one of the other two metals. 

   I     II     III      IV       V      VI

The following observations were made:

There was a deposit seen in only three tubes including tube V.

There was no deposit in tube VI.

Besides tube V, which two other tubes contain a deposit?

A I and II
B II and III
C II and IV
D III and IV

Copper Copper Magnesium Magnesium N N

Mg2+ (aq) X2+ (aq) Cu2+ (aq) X2+ (aq) Cu2+ (aq) Mg2+ (aq)

X X
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23 The diagram shows an apparatus used to demonstrate the reduction of a metallic oxide Z
by hydrogen, which is produced by the action of steam on metal Y.

Which of the following could be Y and Z?

Y Z

A copper iron(II) oxide

B iron copper(II) oxide

C lead lead(II) oxide

D magnesium zinc oxide

24 Nitric acid, HNO3, is a strong oxidizing agent. 

Which of the following cannot be a product of nitric acid in its reaction with other 
substances?

A N2
B NO
C NO2
D N2O5

Y
Z

excess 
hydrogen 
escaping

heat

cold water

moist inert 
absorbent

heat
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25 The equations below show the properties of sulfur dioxide. 

SO2 + Cl2 SO2Cl2
SO2 + 2 H2S 3 S + 2 H2O

In two different experiments, sulfur dioxide was bubbled into acidified aqueous potassium 
manganate(VII) and aqueous potassium iodide. Which of the following correctly describes 
the observations seen in these experiments?

acidified aqueous potassium 
manganate(VII)

aqueous potassium iodide

A colourless to purple remains brown

B purple to colourless remains colourless

C purple to colourless colourless to brown

D colourless to purple brown to colourless

26 Which of the following chemicals can be used to distinguish between aqueous calcium
chloride and lead(II) nitrate?

A ammonium sulfate
B iron(II) sulfate
C sodium hydroxide
D potassium carbonate

27 The energy profile diagram of a reaction, where X is a catalyst, is shown. 

Which of the following statements is correct?

A The addition of X increases the yield of the products.
B As the reaction proceeds, the amount of X present decreases.
C The enthalpy change of the reaction is decreased by the addition of X.
D Less heat is absorbed in bond breaking than is released in bond forming.
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28 Which of the following reactions is an exothermic reaction?

A photosynthesis
B boiling of water
C condensation of steam
D thermal decomposition of metal carbonates

29 Methane and sulfur dioxide are gases which affect the atmosphere and the environment. 

In what way do these gases affect the environment?

methane sulfur dioxide

A depletion of the ozone layer acid rain

B global warming photochemical smog

C photochemical smog global warming

D global warming acid rain

30 During the Haber process, ammonia that is produced is separated from the reaction mixture 
by _____________________.   

A cooling the mixture 
B dissolving the other two gases
C passing the gaseous mixture through fused calcium oxide 
D filtering out the other two gases by passing through cotton wool

31 The diagram below shows an experiment involving ammonia. 

In this experiment, copper(II) oxide functions as ___________________________.

A a basic oxide
B a catalyst
C a reducing agent
D an oxidising agent

NH3

N2

CuO
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32 The diagram below is an incomplete diagram of an electrolysis experiment.

A student carries out the experiment above and obtains two different results I and II as 
shown below. 

       result I result II

Which of the following correctly identifies the electrolyte used in the experiment to obtain 
results I and II?

electrolyte used to obtain result I electrolyte used to obtain result II

A dilute hydrochloric acid dilute sodium chloride

B concentrated hydrochloric acid dilute nitric acid

C concentrated sodium chloride concentrated hydrochloric acid

D dilute sodium chloride dilute nitric acid

33 In an electrolysis experiment, the same amount of charge deposited 32 g of copper and 
13 g of chromium. 

What is the charge of the chromium ion?

A +1
B +2
C +3
D +4

graphite 
electrodes

electrolyte

H2Cl2 H2O2
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34 When electroplating an orchid with gold, a coating of carbon particles is painted onto the 
orchid first. 

Why is this coating applied?

A It allows the orchid to act as the negative electrode. 
B It provides a rough surface for the gold plating to stick to. 
C It allows the gold to form a tough alloy on the orchid’s surface.
D It pre`vents the pigments on the orchid from dissolving into the electrolyte. 

35 Consider the simple cell below. 

What would be observed in the simple cell after the bulb has been lighted for some time?

A Oxygen gas was produced at the copper electrode.
B The solution of copper(II) sulfate turned dark blue.
C Oxygen gas was produced at the magnesium electrode.
D The copper electrode was coated with a layer of pink solid.

36 A sawmill is a facility where logs are cut into lumber. Sawmills with a large amount of 
sawdust face a greater danger of explosions with a naked flame than sawmills with a large 
amount of wood shavings. 

What is the most likely reason for this?

A Sawdust is more flammable than wood shavings. 
B Sawdust has a larger surface area than wood shavings.
C Wood in powdered form acts as a catalyst for combustion.
D Sawmills produce methane which combine with the sawdust to form an explosive 

mixture.

copper magnesium

copper(II) sulfate 
solution 
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37 In two separate experiments, a substance was decomposed and the gas evolved was 
collected. The graph below shows the total volume of gas collected against time for each 
experiment. 

Which of the following graphs shows how the speed of the reaction varied with time in each 
experiment?

38 Useful fractions are obtained by the fractional distillation of petroleum.

Which of the following petroleum fractions is correctly matched with its use?

fraction use

A bitumen fuel in cars

B kerosene fuel for cars

C naphtha petrochemical feedstock

A B

C D

volume of gas 
collected

time

time time

time time

speed

speed

speed

speed

0

0

0

0

0

I
II

I
I

I

I

II

II
II

II
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D diesel fuel for aircraft engines
39 The following shows some descriptions about different organic compounds P – T.

I P (C4H8) can undergo hydration to form Q
II Q can be oxidised to form R.
III R and magnesium react together to form bubbles of gas. 
IV S is formed from the fermentation of sugar. 
V R and S react together to form a sweet smelling product T.

Which of the following correct shows the full structural formula of R and T?

R T

A

B

C

D Sm
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40 Terylene is made by the condensation polymerisation of the two monomers shown. 

Which diagram represents the structure of the polymer formed?

- End of Paper -

A B

C D
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Section A [50 marks]

Answer all the questions in this section in the spaces provided. 

A1 Choose from the following substances to answer the questions below. 

CF3Cl O3 Ni NaCl

Mg CO Al2O3 Cu

Each substance can be used once, more than once or not at all. 

(a) State the substance which

(i) is responsible for ozone depletion.

…………………………………………………………………………………..[1]

(ii) dissolves in rainwater and speeds up rusting.

…………………………………………………………………………………..[1]

(iii) must be used in order to convert naptha to ethene.

…………………………………………………………………………………..[1]

(iv) reacts with aqueous iron(II) chloride and causes the solution to 
decolourise. 

…………………………………………………………………………………..[1]

(b) Is the reaction in (a)(iv) a redox reaction? Explain your answer in terms of 
electron gain or loss. 

………………………………………………………………………………………………

………………………………………………………………………………………………

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

[Total: 6]
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A2 An oxyacid is an acid that contains an oxygen atom bonded to a hydrogen atom and at 
least one other element. Sulfuric acid (H2SO4), phosphoric acid (H3PO4) and nitric acid 
(HNO3) are all oxyacids. 

Chlorine forms several types of oxyacids. The table below shows some properties of 
oxyacids of chlorine that have the same concentration.

name of acid chemical formula reaction with 
magnesium

oxidation state 
of chlorine

perchloric acid HClO4 very vigorous +7

hypochlorous acid HOCl only a few bubbles 
seen

chloric acid HClO3 vigorous

chlorous acid HClO2 reacts readily +3

(a) Complete the table by filling in the oxidation state of chlorine.       [1]

(b) (i) Arrange, in ascending order, the strength of these acids.

……………………………………………………………………………………..

…………………………………………………………………………………[1]

(ii) Hence, deduce the trend in the strength of the acid with reference to the 
information in the table. 

……………………………………………………………………………………..

…………………………………………………………………………………[1]
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(c) Carboxylic acids are also a type of oxyacid. 

In another experiment, a solution containing 0.172 g of an unknown carboxylic 
acid, CxHyCO2H, is titrated with 0.100 mol/dm3 aqueous sodium hydroxide. The 
volume of sodium hydroxide solution needed to exactly neutralize the acid is    
23.20 cm3.

CxHyCO2H + NaOH CxHyCO2Na + H2O

Calculate the relative formula mass of the carboxylic acid and suggest its identity. 

relative formula mass: …………………….

identity: ……………………………… [3]

[Total: 6]
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A3 Ammonia is manufactured on a large scale by the Haber Process. Fig. 3 below shows 
the effect of pressure on the amount of ammonia in the equilibrium mixture at five 
different temperatures. 

N2 (g) + 3 H2 (g)            2 NH3 (g)

Fig. 3

(a) Using data from Fig. 3, describe the effect of pressure on the percentage of 
ammonia at equilibrium.        

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(b) State the actual conditions used in industry for the manufacture of ammonia in 
the Haber Process. 

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

(c) (i) Based on the information in Fig. 3, state the temperature of the 
reaction that would give 80% ammonia at equilibrium when the pressure 
is at 100 atm. 

…………………………………………………………………………………..[1]

(ii) By comparing the temperature in (c)(i) with the actual temperature stated
in (b), explain why the temperature in (c)(i) is not used in practice.

……………………………………………………………………………………

…………………………………………………………………………………[1]
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silicon carbide

(d) Ammonia is used to make ammonium nitrate fertilisers. 
To ensure that crops grow well at a suitable pH, farmers add fertilisers and 
slaked lime to the soil. 

Explain why slaked lime and ammonium nitrate fertilisers should not be added 
together.

………………………………………………………………………………………………

………………………………………………………………………………………………

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

[Total: 7]

A4 The structure of graphite and silicon carbide are shown in Fig. 4.

Fig. 4

With reference to the bonding present in the substances, 

(a) state and explain which substance is able to conduct electricity. 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(b) state and explain which substance is more suitable to be used as drill bits. 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

[Total: 6]

       =  carbon atom
       =  silicon atom   

graphite 
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A5 An electrical circuit is set up as shown. A and B are the poles of the battery. Electrodes 
P and Q are both made of platinum. 0.2025 g of silver metal was deposited on electrode 
P.

Fig. 5

(a) (i) State whether electrode Q is the positive or negative electrode. 

…………………………………………………………………………………..[1]

(ii) Write an ionic equation for the reaction occurring at electrode Q.

…………………………………………………………………………………..[1]

(iii) Calculate the volume of gas collected, at room temperature and pressure, 
in the tube.        

volume of gas collected: ……………………… [3]

BatteryA B

Q

P

Solution of 
AgNO3
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(b) If the experiment was repeated using molten zinc chloride as the electrolyte,
describe and explain the observations seen in the set-up.

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

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

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

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

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

[Total: 8]

A6 The Periodic Table shows trends down each group and across each period. 

(a) Which trends are only true down a group, across a period, true for both or not 
true for both?

Put a tick( ) in the appropriate box for each trend.        [2]

trend only 
true 

down a 
group

only 
true 

across 
a period

true for 
both

not true 
for both

The mass number increases.

The atomic radius decreases.

The melting point increases.

The character of the oxides changes 
from basic to amphoteric to acidic.

(b) Chlorine gas was bubbled into a solution of potassium iodide. 

(i) Describe the expected observation of this reaction.

……….………………………………………………………………………….[1]

(ii) With reference to the atomic radii of relevant elements, explain why 
the reaction in (b)(i) occurs. 

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……….………………………………………………………………………….[3]

[Total: 6]
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A7 The table shows some information about the homologous series of organic compounds 
called aldehydes. 

name condensed formula full structural formula

methanal HCHO

ethanal CH3CHO

propanal

(a) (i) Complete the table to show the name, condensed formula and structural 
formula of propanal.              [1]

(ii) With reference to the structural formula, explain how you can deduce that 
these molecules are from the same homologous series. 

……………………………………………………………………………………

…………………………………………………………………………………[1]

(b) Suggest and explain the trend in the boiling points of the aldehydes down the 
series. 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

[Total: 5]
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A8 Acrylamide is an organic compound that is classified as a hazardous substance as it is a 
potential carcinogen and is easily absorbed by the skin. It is used to manufacture 
polymers that are highly water absorbent and are used as thickeners. Acrylamide has 
the following structure. 

Fig. 8

(a) Draw the structure of the polymer formed from acrylamide, showing three 
repeating units.        [1]

(b) Name the polymer drawn in (a).

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

(c) Describe one difference and one similarity between acrylamide and its 
polymer. 

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

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

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

…………………………………………………………………………………………[2]

(d) The polymer from acrylamide is non-biodegradable.
Explain the term ‘non-biodegradable’ and describe a problem caused by the 
disposal of non-biodegradable polymers. 

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

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

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

…………………………………………………………………………………………[2]

[Total: 6]
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Section B [30 marks]

Answer all three questions from this section.

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

B9 Heat waves and carbon emissions

The recent spell of heat waves that are sweeping across Europe and the United States 
have led to an increase in global awareness about the need to control carbon emissions. 
Extreme heat refers to temperatures that are exceptionally high relative to typical local 
conditions or reach levels that may be harmful to human health or infrastructure. When 
extreme daytime temperatures persist over a prolonged period (usually at least two 
days), it is often referred to as a heat wave. 

In order to control carbon emissions, scientists have found ways to ‘lock away’ carbon 
dioxide. The article below was adapted from The Straits Times dated June 11, 2016.

Scientists say they may have found a radical breakthrough to tackling climate change –
by pumping heat-trapping carbon dioxide gas into the ground and turning it into stone. 

The research, called the CarbFix project and led by Columbia University, was published 
in American journal Science on Thursday (June 9). 

The approach involves dissolving carbon dioxide gas with water and pumping the 
resulting mixture – essentially soda water – down into certain kinds of rocks. Soda water 
then accelerates the release of metal ions from the rocks, such as calcium and 
magnesium, which react with the soda water to form minerals such as calcite (CaCO3)
and magnesite (MgCO3). Acidic ions also produced in this reaction, which then further 
promotes the release of metal ions from the rocks, hence speeding up the reaction of 
soda water with metal ions. By turning the carbon dioxide gas into calcite and 
magnesite, scientists can then lock it away permanently. 
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One key to the approach is to find the right kind of rocks. Volcanic rocks called basalts 
are excellent for the process, because basalts are rich in calcium and magnesium. 

The research was conducted for years in Iceland, a volcanic island made up mainly of 
basalt. Scientists found that the conversion yield is about 95%; meaning that 95% of the 
carbon dioxide was converted into calcite. More importantly, the conversion happened 
relatively quickly – in less than two years, instead of ten years as previously predicted by 
scientists. 

Fig. 9

(a) Explain how high levels of carbon emissions cause heat waves.

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

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

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

…………………………………………………………………………………………[2]

(b) (i) ‘Soda water’ mentioned in the article is weak carbonic acid (H2CO3). 
Explain what is meant by the term weak acid. 

……………………………………………………………………………………

…………………………………………………………………………………[1]

(ii) Write an equation for the formation of magnesite.

…………………………………………………………………………………[1]

(c) Other than calcite, name another mineral that also contains calcium carbonate. 

…………………………………………………………………………………………[1]

(d) Suggest a reason why

(i) the conversion of carbon dioxide gas into calcite happened relatively 
quickly around volcanic areas in Iceland. 

……………………………………………………………………………………

…………………………………………………………………………………[1]

(ii) conversion yield of carbon dioxide gas into calcite may not reach 100%.

……………………………………………………………………………………

…………………………………………………………………………………[1]
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(e) Other than the process described above, describe two other natural process that 
traps and stores carbon dioxide in the atmosphere. 

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

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

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

…………………………………………………………………………………………[2]

(f) As vehicles are a major source of air pollution, governments have introduced 
regulations to ensure that all vehicles install catalytic converters. 

Describe briefly how catalytic converters work and explain why they are not 
useful in lowering carbon emissions.

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

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

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

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

…………………………………………………………………………………………[3]

[Total: 12]
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B10 A growing concern for the environment has promoted a shift towards the use of cleaner 
sources of energy such as hydrogen fuel. Currently, the dominant technology for the 
production of hydrogen is through steam reforming of hydrocarbons. 

Steam-methane reforming is a method used for producing hydrogen from natural gas. In 
the process, methane reacts with steam to produce carbon monoxide and hydrogen. 

CH4 (g) + H2O (g)            CO (g) + 3 H2 (g)

The carbon monoxide produced is transferred into another reaction vessel, where it is 
further reacted with more steam to produce more hydrogen in the water-gas shift 
reaction. 

CO (g) + H2O (g)          CO2 (g) + H2 (g)

(a) The bond energies of various bonds are shown in the table. 

bond bond energy (kJ/mol)

358

1080

464

436

Given that the enthalpy change of the steam-methane reforming reaction is 
+200 kJ/mol, c

bond energy: …..…………….[2]

(b) Explain, in terms of bond breaking and bond forming, whether the reaction above 
is endothermic or exothermic. 

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[2]
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(c) Both reactions described above are reversible reactions. 

Explain the term ‘reversible reaction’. 

………………………………………………………………………………………………

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

(d) If 1 kg of methane and 1.6 kg of steam are used in the steam-methane 
reforming reaction, what is the maximum mass of hydrogen that can be 
produced from 1 kg of methane?

mass of hydrogen: ………………………. [3]

[Total: 8]
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EITHER 

B11 Perfumes usually contain three groups of components called the top note, middle note 
and end note. 

(a) The top note compounds vapourise most readily. An example of a top note 
compound is geranyl acetate. The structure of geranyl acetate is shown below. 

(i) Explain why geranyl acetate is suitable to be used as a top note for 
perfumes. 

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………[2]

(ii) Draw the full structural formula of the carboxylic acid and alcohol used to 
synthesize geranyl acetate.

(iii) State the name of the carboxylic acid drawn in (a)(ii).
      

…………………………………………………………………………………[1]

carboxylic acid

alcohol

CH3 CH

CH3

CH2

CH2

CH3

CH

CH2

O

C

O

CH3

C C

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



18

(iv) Using the following percentage composition data, calculate the empirical 
formula for geranyl acetate. 

element percentage by mass (%)

carbon 73.47

hydrogen 10.20

oxygen 16.33

empirical formula: ……………………….. [2]

(b) The middle note compounds vapourise less readily. A typical middle note is 2-
phenylethanol. The structure of 2-phenylethanol is shown below. 

Describe a chemical test which can be carried out to distinguish between the top 
note (geranyl acetate) and middle note (2-phenylethanol) compounds. 

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

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

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

…………………………………………………………………………………………[2]
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(c) The end note of a perfume has a long lasting odour which stays with the user. An 
example of an end note compound is shown below. 

Draw the structure of the compound formed when the end note compound above 
reacts with steam in the presence of a catalyst.              [1]

[Total: 10]

C
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OR

B11 Lead(II) carbonate reacts with dilute nitric acid as shown by the equation below:

PbCO3(s)   +    2 HNO3 (aq)   CO2(g)   +    Pb(NO3)2(aq)   +    H2O(l)

Two experiments are carried out using lumps or granules of lead(II) carbonate of the 
same mass, with other conditions kept the same. The results are shown in the graph
below. 

(a) With reference to the graph, which experiment, A or B, was carried out using 
granules of lead(II) carbonate? 
Explain your answer in terms of collisions between particles. 

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

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

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

…………………………………………………………………………………………[3]

Experiment B 

Volume of 
gas / cm3

Time / min

Experiment A 
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4 Exp 6092 Chemistry Prelim 2019: Answer Scheme

Paper 1

Qn Ans Qn Ans Qn Ans Qn Ans
1 D 6 B 11 B 16 D 
2 C 7 A 12 D 17 B 
3 D 8 D 13 B 18 C
4 C 9 C 14 C 19 D
5 B 10 D 15 A 20 C 

Qn Ans Qn Ans Qn Ans Qn Ans
21 A 26 C 31 D 36 B 
22 D 27 D 32 B 37 D 
23 B 28 C 33 D 38 C
24 D 29 D 34 A 39 C
25 C 30 A 35 D 40 A 

Paper 2

Section A 

A1 (a) (i) CF3Cl

(ii) NaCl

(iii) Al2O3

(iv) Mg

(b) Mg loses two electrons and is oxidised to form Mg2+ [1] while Fe2+ gains two
electrons and is reduced to Fe. [1] Since oxidation and reduction occurs at the same
time, it is a redox reaction. 

A2 (a)

chemical formula oxidation state 
of chlorine

HClO4 +7

HOCl +1

HClO3 +5

HClO2 +3

(2 correct answers, 1 mark. No 0.5 mark)

Qn
36

B 377777
D 383838383838

34 AAAAAA 393939393939 C
353333 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 404040404040 A 

CFCFFFFFFFFFFFFFFFCFFFFFFFFCFFFFFCCCCC 333333333333CCCCCCCCCCCCCCl
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    (b) (i) hypochlorous acid, chlorous acid, chloric acid, perchloric acid

  OR HOCl, HClO2, HClO3, HClO4

(ii) The stronger the acid, the higher the number of oxygen atoms in each unit of 
the acid. 

OR The stronger the acid, the higher the oxidation state of chlorine in the 
acid. 

   (c) No. of mol of NaOH = 0.1 x 23.2/1000 = 0.00232 mol [0.5]

By mol ratio, NaOH : acid
               1 : 1

                    0.00232 mol  : 0.00232 mol [0.5]
Relative formula mass of acid = 0.172 / 0.00232 = 74.138 (to 5 s.f.) 

       = 74.1 (to 3 s.f.) [1]
  

Identity of acid = propanoic acid OR C2H5CO2H [1]

A3 (a) The higher the pressure, the larger the percentage of ammonia present at 
equilibrium. [1]

[1 mark  - student quotes data from the graph, stating the percentage of ammonia at 
different pressures but at the same temperature.]

   (b) 450°C, 250 atm, iron catalyst [1]

   (c) (i) 200°C

(ii) This temperature is lower than the actual temperature and thus the rate of the 
reaction to be slower, hence the process of manufacturing ammonia will not 
be cost-effective.[1]  

(d) When ammonium nitrate fertilisers and slaked lime are added together, they react to 
release ammonia gas [1] which escapes from the soil, thus reducing the amount of 
nitrogen available in the soil that is needed for plant growth. [1]

A4 (a) Graphite. [1] In graphite, each carbon atom is covalently bonded to three other 
carbon atoms and has one valence electron that is not used in bonding. [1] These
electrons are delocalised and act as charge carriers to enable graphite to conduct 
electricity. [1]  

(b) Silicon carbide. [1] In silicon carbide, each atom is covalently bonded to 4 other 
atoms to form a repeated network of tetrahedral structures. [1] It takes a large 
amount of energy to overcome the strong covalent bonds between the atoms, hence 
it is hard [1] and more suitable to be used as drill bits. 

(to 5 s.f.) 
1 (to 3 ssssss fffff.f ))))).) [[[[[[1]111111

O2H [1]

arger the pepepepepeeepepeeeepepeeepeepppp rcrcrcccceneneneenenenneneneneeennnnenenneenenenenennnnennenennenennnennennennnnenenenenenennenneneeneeneeeeeeeeeeeeeeeeneenentaatatatatatattatatatatatatatatataatatatatatttttatatatatattatatttatttattattatattattatatatattatatatatatataatatataataaaatataaaataaaaaataaaatataaatataaaaaatataaaataattatttaaaaaataaaaataagegeggeggegeggeggegegegegegegegegegegegegegegeggegegeggegegegeggeegegeeegeeeeeggegegegggggggggggggggggggggggggggg oooooooooooooooooooooooooooooooooooooof ffffffffffffffffffffff ffff fff f ff f ff amamamamammmmmmmmammmammmammmmmmamaamammmmmmamamammmmmmamamammmammaaammmmammmmammamammmmamammmmmammmmmammmammmmmmmmmmmmmmmmmom niaaaaaa prprprprprpresesesesesesene t at 
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bebebebbbebebebebbebebebbbebbbbbbbbbbbbbbbbbbb cccccccccccccccccccccccososooososososososososososssosoosoosooososooososososoososoosoosooosssososoossssstttttttttttttttttttttttttttttttttttttttttt------eefefeeeeffefeeeeeeeeeefeeeeeeeeeeeeefeeeeeeeeeefeefefffefeffefefefefefefeffefeefefefefefefefefeffefefefefefefefeefeeffefeeefeffeeffefffeeeeeeeeeectctctctctctcttctctctctttctcttctcctctctctctctccctctttcctcctcccccctttttcccccccc iiiiiiiiiviiiiiiiiiii e.[1]]]]]] 

n ammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmononooooooooooooooo ium ninininininitrtrtrtrtrtratatatatatate fertil
ammomomomomomoninininininiaaaaaa gaggg s [1]
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A5 (a) (i) Positive electrode [1]

(ii) 4 OH- (aq) 2 H2O (l) + O2 (g) + 4 e-

(iii) No. of mol of silver = 0.2025 / 108 = 0.001875 mol [1]

At P: Ag+ (aq) + e- Ag (s) 

By mol ratio, Ag : e-

  1 : 1

    0.001875 mol : 0.001875 mol [0.5]

4 OH- (aq) 2 H2O (l) + O2 (g) + 4 e- 

By mol ratio, O2 : e-

  1 : 4

0.00046875 mol : 0.001875 mol [0.5]

Vol of oxygen gas produced = 0.00046875 x 24 = 0.01125 dm3  

      = 0.0113 dm3 [1]

(b) If molten zinc chloride was used, grey metal deposits will be seen at P and a yellow-
green gas will be obtained at Q. [1]

When molten zinc chloride is used, zinc ions are discharged at P to form molten zinc 
metal [1], chloride ions are discharged at Q to form chlorine gas. [1]

A6 (a)  

trend only true 
down a 
group

only true 
across a 
period

true for 
both

not true 
for both

The mass number 
increases.

The atomic radius 
decreases.

The melting point increases.

The character of the oxides 
changes from basic to 
amphoteric to acidic.

(b) (i) Colourless potassium iodide solution turns brown. [1]

[0.5]

ced = 0000000000000000000000000.0.000.0000.000.000.0.00000.000000000466666666666666666668787878787878787878787878787878787878787878787878787878888875 5 5555555555 55 55555555555 5555 555 x xxxx xxxxxxxxxxxxxxxxxxxxxxxxxx x xx x x 2424242424242422422224224224242424242242224424242442424442442424242424242424444444444444 ======== 000000.011111112225252525 dddm3 

    ====== 0.0.0.0.0.0.0101113133131313 ddddddmmmmmm33 [1]

chloride wawawaaawaawaaawwaawwawawwawawawwwwwwwwwwwwwwwwwwww s sssssssssssssssssssssssssssssssssssss useded,,,,,,,,,,,,, grgrgrrgrgrgrrrgrgrrgrgrgrgrgrgrgrggggggggg eyeyeyeyeyyyeyyeyeyeyeyeyyeeeeeeyeeeyyy mettttttttttttalalaaaalaaaaaaaaaalaaaaaaaaaaaaaaaaaaaaaaaa ddddddddddddeposits wwwwiwiwilllllll bbbbbbe seenen aaaaaaat t tt t t P P P P P P anananananand a ye
s will be e ee eee eeeee eeeeeeeeeeeeeeeeeeeeeeeeeeee oboboboboboboboboobobobobobobobobobobobobobobobbobbbbbbbbbbbbbbbbbbbbbbbtatttttttttttttt inededededededededededdeddededdeddddddddddddddddddddddddddd aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaat ttttttttttttttttttttttttt Q.QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ [[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1]1]1]1]1]1]1]111111111111111111111

When mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmollllllllltetetetetetetetetetetetetetetetett nnnnnn nnnnnnnn zinccccccccccccccccccccccccccccccccccccccccc cccccccccccccccccccccccccccccccccccccccccccchlhlhllhlhlhlhlhlhlhlhlhlhlhllhlorororoororoooooroorooorooooooooooooooorididdiddddddddddddddddddddddddddddddddddde e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ssisisssisisisisisisisississiissssssssssssssssssss uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuseseseseseseseseseseseseseeeseseseeseseeseseeseeeeseseeseeseseesssssss d,ddddddddddddddddddddddddddddddd zzininnnininininnnininnninnnnininnnnnnnninninninininnnnninninnnnnini c c c cccccccccc cccccccccccccccccccccccccc ioioioiioioioioiioioioioiioioioiooioioiooooooooooooioooioooooooiiiiii nsnsnsnsnsnsnsnssnsnnsnsnsnssnnnsnsnnsnnnsnsnsnssnnssnsnsnsnnnssnnssnnsnsssssssnnn aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarerererrerrererererereererreererrreerrrrrrrrrrrrrrrrrrrrrrr ddddddddddischarararararargegegegegegedddddd ata P t
memmm tal l lll l ll ll l l [1[1111111111111111111111111111111111111111], chlhlhlhlhlhlhlhlhlhlhlhlhlhlhlhlhlhlororororrrorrrororrororidi ee eeeeeee eeeeeeeeeeeeee eeeeeeeeee ioooooooooooooooooooooooooooooooooooooooonnnnsnn  arereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ddddddddddddddddddddddddddddddddisissssssssisssssssisssisissssssissisisssisssisisiisi chchccccchccccccccchcccccchccccccccccccccccchcccccccccc ararararararararararaararaaraararararararaaraaaraaaaraararaaraaaarraraaarararaaraarara gegegegegegegegeegeegegeggeegggegegegggeggggggggggggggeggeggggeggggeggggeggggggg d d ddddddddddddddd atatataatatatatatatataatatataaataatatataaatataaaataaaaatatattaattttttta QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ to formmmmrmm cccccchlhhlhlhlhlh orine
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(ii) The reaction occurs as chlorine is more reactive than iodine, hence chlorine is 
able to displace iodine from its solution. [1] Chlorine has a smaller atomic radii
compared to iodine, and the distance between the positively charged nucleus
and the valence electron shell is smaller. [1] Thus when chlorine reacts, its 
nucleus is able to attract the electrons more strongly [1], and thus chlorine is 
more reactive than iodine. 

A7 (a) (i)  

name condensed formula full structural formula

methanal HCHO

ethanal CH3CHO

propanal CH3CH2CHO OR 
C2H5CHO [0.5]

 [0.5] 

(ii) They have the same functional group – CHO, hence they belong to the same 
homologous series. [1]  

OR They have the same general formula, Cn-1H2n-1CHO, hence they belong 
to the same homologous series. [1]

(b) The boiling points of the aldehydes increases down the series. [1] Going down the 
series, as the molecules increase in size, there will be stronger intermolecular forces 
of attraction between the molecules [1], thus more energy is needed to overcome 
these intermolecular forces [1] and hence the boiling point will increase. 

A8 (a)   

CH3CHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH222222CCCHCHCHCHCHCHCHCCHCHCHCHHCHCHHCHCHCHCHHCHCHHCHCHCHCHHCCCCCCCC OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ORORORORORRRORRORORRRORROOOOOOOOOO  
C2H5CHCHCHCHCHCHCHCHCHCHCHCHCHCCHCCCHCHCHCCHCHCCHCCHCHCCCCCHCCHCHHHCCCCCCC OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO [0[000[00[000[00[0[00[0[000000[00[0[0[000[0[0[0000[[[[[[ .5.5555555555555555555555555555555555]]]]]]]]]]]]]]]]]]]]]]]]]]]

) ThThThThThThThThThThThTThThThTTTThThThhhhhhhheyeyeyeyeyeeyeyeyeyeyeyeyeeyeyeeeyeeeyeeeeyeyeyeyeyeyyyyyyyyyyyyyyyyyyyyy hhhhhhhhhhhhhhhhhhhhhhhhhavaaaavavaaaaaaaaaaaaaaaaaaaaaaaaaaaaa eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ththththththththhththththththththththttththttthhththththtthththhhhhtttt e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeee ssamemememe ffffununununctctctctional g
hohohohohohohohohohohohohohhohohoooooohohoohooohooooohohohooohhhhooommmmmomommmmmmmm loloooooooooooooooooooooooooooogogogogogogogogogogogogogogogoogogogogogoogoogogogogoogoogoogooggggg uuuuus ssssererererieieieiessss. [[[[1]111  
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   (b) polyacrylamide [1]

   (c) Both of them have the same empirical formula / contain the amide functional group. 
[1]

Polyacrylamide has a higher melting and boiling point than acrylamide 

OR polyacrylamide has a giant molecular structure while acrylamide has a simple 
molecular structure. [1]

(Accept any other logical difference and similarity)

(d) ‘Non-biodegradable’ means that the polymer cannot be broken down by bacteria in 
the soil. [1] 

Disposal of the polymer by burning releases toxic gases such as CO and thus 
contributes to air pollution. 

OR Disposal of the polymer by burying results in the filling up of landfill sites and 
reduces the amount of land available for other uses such as agriculture and 
development. [1]

Section B

B9  (a) Carbon dioxide is a greenhouse gas that traps infrared radiation from the earth’s 
surface and prevents it from escaping into space. [1] This thus causes the earth’s 
temperature to rise, and causes heat waves. [1]

   (b) (i) Weak acids dissociate partially in water to form hydrogen ions. [1]

(ii) Mg2+ + H2CO3 MgCO3 + 2 H+  

   (c) Limestone

   (d) (i) The higher temperature due to volcanoes around Iceland increases the speed 
of the reaction. [1]

(ii) The calcite decomposes at high temperatures, hence 100% conversion may 
not be possible. 

OR Carbonic acid is a weak acid, hence lesser amounts of soda water may 
have reacted and hence the yield is lower. [1]

(e) Plants carry out photosynthesis by taking in carbon dioxide from the atmosphere and 
converting it into glucose, which is used by plants for energy. [1]

Carbon dioxide dissolves in the oceans, and is subsequently used by plants for 
photosynthesis or converted into calcium carbonate in the form of shells and 
skeletons of marine organisms. [1]

w

ases suchhhhhh as COCOCOCOCOCO an

g results in theheheeeeeeeee ffffffffffffilililililillilililililingngngngngngnnnnnnnnnnnnnnnnnnnnnnnnnnn uuuuuup ofofoffff llllllanananananandfdfdfdfdfdfililililililllllll sites
able fforororrrororrrororrrororrorrrororororrrrorororrorrorrrooooo  otherrrrrrr uuuuuuuuuuuuuuuuuuuuuuuuuuusesesesseseseseseseseseseseseseseseseseseseseseeeeeeeees sssss sssssss ssss s ss ss ss ssss ss ss ss ss susususssususssssussususususususususssssusususususususususususususuuuccccccchchchccchchccccccccccccccccchchccccchchchcccccccccccccccccccccchcccccccccc aaaaaas agagggggrriririrr cucultltltltltlture and

oxide iissssssssssssssssssssssss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa grgggggggggggggggggggggggggggggg eenhnhnhnhnhnhnhnhnnhnnhnhnhnhnhnhnhnnhnnhnhnhnhnhnhnhnnhnnnhnnhnhnnnhhhhhhhhhhououououououououououououououououuouuouuououuuuuuuuououuuououououuouoooooooo seseseseseseseseseseseseseseseeseseeeeeeeeeeeseseseseeseesseessssssssssss ggggggggggggggggggggggggggggggggggggggggggggggggggasasasasasaassasassasasssassssssssssssssssssssssssss tttttttttttttttttttttttttttttttthahahahhahahahahahahahhhhahahahahhhahahahahahahhahahahhhhahhahahahhahahaaaaaaaaaaaaaaaat tttttttttttttttttttttttttttttttttt trtrtrtrtrtrtrtrtrtrtrtrtrrrtrtrrrrtrrrtrrrrrrrtrtttttttttttttt aaaps s s ssss sssssssssssss sssss inininnnnnnininnninnnnnnininninnininininininnnininininiininnninininiiiniiiniiinnnnnnnnnninnfrared rrrrrradadadadadadiationononononoon ffffffrorororororom mmmmm the e
ce anndddddddddddddddddddddddd prevvvvvvvvvvvvvvvvvvvvvvvvvvvvvenenenennnenenennennnennnnnnennnnenenennnnnnenennnenenennnnennennnnenntstststststststststststtstststtsttststststtsttststttststtttsssssss iiiiiiiiiiiiiiiiiiiit tttttttttttttttttttttttttttttttttt frffffff ommmmmmmmmmmmmmmmmmmmmmmm eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeescscapapaapapapapapapapapapapappapapapapaapapapaapaaapaapaapaaaaaaaaaaaappppppppinininininiiininininininnininiininnninnnniniiiiiiiii g intoo sssssssssssssssssssssssssssssssssssssspapapapapapapapapapapapapaaapaapapaaapapapaaapapapppppapapappppapappppppapaapappappaaacececececececececececececececececececcccccccc .. [1] Thiis ss ththththththhususuususus ccause

tempererererrerrererererererereeeeeeeeeeeee ataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa urrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeee tototototototototottttt  rissssssssssssssssssssssssssssssssssssssssssssse,e,,,,,,,,,,,,,,,,,,,, aaaaaaaaaaaaaaaandndndndndndndndndndndndndndndnddddddddnddddddddddddd cccccccccccccccccauauauaaaaaauaauaaaaaaauauauaaaaaaaauaaaaauaaaaaaaaaauaauusesesesesseseseseseeeeeeeseseeeseeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssss s hhhhhhhhhehhhhhhh attttttttttt wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwavavavavavavavavavvavvavaavavavvaavvavaavavavavavvavvvvvvvvvvvvvvvvvvvvvvvveseseseseseseseeeseseseseesesesessesesseseseseseseseseesesesessseseeesssssessesseseessseeseeeese .................. [1[11[1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[1[1[1[11[[1[[111[11[1[1[1[11[[[1[[1111[11[1[111[[[[ ]

) (i(i(i(i(i(i(i(i(i(i(i(i(i(i))))) Weakk aaaaaaaaaaaaaaaaaaciciciccciciccicicccc dsssssssssssssssssssssssssssssssssssssssssssssssssss ddddddddddddddddddddddddddddddddddddddddddddddddddissociiatatatatatatatatatatatatatatatatatatatttte e eeeeeeee eee e eee ee eeeeeeeeeee papappppppppppppppppppppppppppppppppppppppppppppppp rtrtttttrttttttttttrtrttttttttttttrttrttttrtrttrtrtrtrtrrtrttttiaiaiaiaiaiaiaiaiaiaaaiaaaiaaiaiaaaaiaiaaiaiiaiaiiiiaiiaiaiaiaiaaaaaaallllllllllllllllllllllllllllllllllllllllllllllllllllll yy yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy innnnnnninnininnnninninnnnnnnnnnnnnnnnn wwwwwwatatatatataterererererer tttttto ooooo fffform h

(ii) MgMgggggg2+2+2+2+22+2222+222222222+2222222 ++++++++++++++++++ H22COCOCOCCOCOCCCOOOOCOCCOCCCOCOCOCOCCOCOCOOOOOCCOCCOCOCOCOCOCOCOOCOCCOOCOCOCOOCCOCCOOOCCCCO333333333333333333 MgMgggMgMggMgMgMggMgMgMgMgMgggMMMMMgMggggggggggggggCOCOCOCCCCCOCCCOCOCCCOCOCCCOCOCCCCCCCCCCCCCCCCCCC 3 + 2 22 2 2 2 HHHHHH++++++ 

meststststststttttttttttttttttttttononoonononononononooononononoooooooooooooooooo ee

ThThThThhThhhThThThhThhhhhhhhhThhhe eeeee eeeeeeeeeeeeeeeeeeeee hihhhhhhhhhhhhhhhh ghererererrer ttttttemememememempppeppp ratu
of theheheheheheh rrrrrreaeaeaeaeaeactctctctctction. [1
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(f) Catalytic converters contain rhodium and platinum catalysts [1] that convert harmful 
gases such as CO and NO into harmless gases such as N2 and H2O. [1] 

It does not help to lower carbon emissions, as CO is converted into CO2, and thus 
causes an increase in the amount of CO2 present in the atmosphere. [1]

B10 (a) Let the bond energy for C-H bond be x  

Energy absorbed for bond breaking = 4(+x) + 2 (+464)

Energy released for bond forming = -1080 + 3 (-436) = - 2388 kJ/mol

Enthalpy change = Energy absorbed for bond breaking + Energy released for bond 
forming

+200 = 4(+x) + 2 (+464) + (-2388) [1]

1660 = 4 x

X = 415

Bond energy = 415 kJ/mol [1]

(b) More energy is absorbed to break C-H and O-H bonds and less energy is released to 
-H bonds. [1] Thus the reaction is endothermic. [1]

(c) Reversible reactions are reactions where reactants are converted into products, and 
products are converted back into reactants at the same time. [1]

(d) No. of mol of steam = 1600 / (16 + 1 + 1) = 88.889 mol [0.5]

No. of mol of methane = 1000 / (12 + 1 x 4) = 62.5 mol [0.5]

By mol ratio of the steam-methane reaction, 
  CH3 : H2O 

1 :  1
                  62.5 mol : 62.5 mol (reaction is possible as there is sufficient H2O)

88.889 mol   : 88.889 mol (reaction is not possible as there is insufficient methane)

Hence, as all methane is used up, methane is the limiting reagent. [0.5] 

From the seam-methane reaction, 

By mol ratio, CH4 : H2 : CO
   1 : 3   : 1

     62.5 mol : 187.5 mol : 62.5 mol [0.5]
  

From the water-gas shift reaction, 

By mol ratio, CO : H2

  1 : 1
62.5 mol : 62.5 mol [0.5]

to breakakakkkakkkakkkakakkkakakkkkakakakakakkakakakkakkakkakakkakaaaaaaaaaaaaaaaa CC-H anananananananananananananandddddddddddddddddd OOOOOOOO-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH bobobooboboboboboboboboboboboboboboboobobobobobbobobbobobobobbobobobobobobbobobobobbobobobbbbobobbbbbbobobbbobobbobobbobbobboboboboboboboboboobobobbboobobbbbooboooobooboooooooobooooobbb ndndndnndnndndndndndndndndnndndnndndndndndndndndndndndndndndndndndndndnnnnnnnndnndddndddnndddnnndnnnnnnnddssssssssssssssss anananananananndddddd lelelelelelessssssssssss eeeeeenenenenenenerrrrgrr y is releas
bonds.s.s.s..s.s..s.......s.s..sssss [[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]11]1]1]11]11]]1]1]1]]1]11111]1]1]1]111111]1]1]1]1]1]1]1]1]]]]]] TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTThuhuuhuhuhuhuhuhuhuuhuhuuuhuhuuuhhhhhhhh ssssssssssss thtttttttttttttt e reacacaacacaacacaacacaaaaacaaaaaa titittttttttttttttttttttttttttttttttttttttttt on is endooththththththerererererermic.c.c.c.c.c. [[[[[[1]1]1]1]1]1]

reactiooooooooooooooonsnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  areeeee rrrrrrrrrrrrrrrrrrreaeaeaeaeaeeaeaeaeaeaeaeaeaeaeaeeaeaeeaeaaaaaaaaaaaaaaaaactctctttcttttttttcttctcttttttctctccttctctcccccctctctctccccccccccc ioiooiiioioioioioioioiooioioioioooioioiioioiiooiooooooonsnsnsnsnsnsnsnsnsnsnsnsnsnsssnssnnnnnnnnnnn wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhehehehehehehehehehehehehehehehehehehehehehehehehehhhhhhhhhhhhhhhhhhhh rerererrerrrrerererererereereerererererrreeererererererereeeeeeereeee rrrrrrrrrrrrrrrrrrrrrrrreaeaeeeeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ctananaananaanananaaaaanaaaanaannnaaanaanannnaants aree ccccccononononononvertededededededed iiiiiintntntntntnto ooooo produ
cts are connnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnveveveeeeveeeeeveveeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeertrtrtrtrtrtrttttrtrtrtrtttrtrtrrrrrrrrr ededededededeeededededeedededededeededeeedededededeedededeeedeeeeedddddddd back k kkkkkkkkkkkk kkkk kk k into rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreaeaeeeaaaeaaeaaaeeeeaeeaeeeaaeeeeeeeeeee ctantssssssssssssssssssssss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaattttttttttttttttttttttttttttttt thththththththhthththththththththhhththththhhhhhthhhhthtttt ee eeeeeeeeeeeeeeee same timmmmme.e.e.e.e.e [1]1]1]1]1]1]
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NoNNoNoNoNoNoNNNNoNoNN ... ofofooooooooooooooooooooooooooooooooooooooo mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoloooooooooooooooooooooo  of mememmememmeemememeemmmmemememmeththhhththhhththhhhthhhhhhhhhhhthhhthhhthhthhhhthththhhhhhananananannanannnanannnanannnanannanananannannaananaaaa e = 10100101010010100101010101011010110000111010000101010110101010000000000000000000000000000000000000000000000000000000000000000000000000000 /////////////////////////////// (12222222222222222222222222222222222222222222222222222 +++++++++++++++++++++++++++++++++++++++ 1 xxxxxx 444444)))))) ====== 626262626262.5 mo
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Total amount of H2 formed = 187.5 + 62.5 = 250 mol  
Mass of H2 formed = 250 x (1 + 1) = 500 g [0.5]

EITHER

B11 (a) (i) Geranyl acetate is a covalent compound with a low boiling point. [1] Only a 
  small amount of energy is needed to overcome the weak intermolecular 

forces between the molecules, [1] thus it evaporates readily and is suitable to 
be used as a top note for perfumes. 

   (ii)

(iii) ethanoic acid [1]

(iv)  
C H O 

% by mass / % 73.47 10.20 16.33

Mass in 100 g / 
g 

73.47 10.20 16.33

No. of mol / mol 73.47 / 12 
= 6.1225

10.20 / 1
= 10.20

16.33 / 16
= 1.0206

Mol ratio 6.1225 / 1.0206
= 5.9989

10.20 / 1.0206 
= 9.9941

1.0206 / 1.0206
= 1

6 10 1 

  (Calculation of number of mol for all elements – [1])
  Empirical formula = C6H10O [1]

   (b) Add the two compounds to 2 separate test tubes containing acidified potassium 
manganate(VII) and heat. [1]
If the test tube contains the middle note, purple acidified potassium manganate(VII) 
solution will turn from purple to colourless. 

(iii) eeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee hahaaaaaaaaaaaaaaaaanonononooonooooooooic aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaciciiiiciciiiiiiiiiciiiiiiiiiiiiiiiiiiiiiiiiiiiid ddddddddddddddddddddd [1[1[1[[1[1[1[1[1[1[1[1[1[[[[[1]]]]]]]]]]]]]]]]]]]]]]]]]]

(i(i(i(i(i(i(i(i(i(i(((( v)v)v)v)v)v)v)v)v)v)v)v)v)v)v)v)v)v)))))))))))))) 
C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
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If the test tube contains the top note, purple acidified potassium manganate(VII)  will 
remain. [1]

   (c)  

OR

B11 (a) Experiment A. Granules has a smaller particle size compared to lumps, thus it has 
more surface area exposed for collisions. [1] Hence the reaction that uses granules 
of lead(II) carbonate will have a higher frequency of effective collisions between 
reactant particles and thus have a faster rate of reaction. [1] Since the gradient of the 
graph for experiment A is steeper, it shows that experiment A has a faster rate of 
reaction, [1] and thus it used granules of lead(II) carbonate. 

   (b) The total volume of gas produced will be higher. Although the same mass of 
carbonates are used, the experiment using CaCO3 will have a larger amount of 
carbonate present compared to PbCO3, as CaCO3 has a smaller molar mass. [1] 
Thus, more CO2 will be produced in the reaction that uses CaCO3 [1].

   (c) (i) Graph drawn should have the highest loss in mass initially, but quickly 
   remains constant. Volume of gas produced should be small. – [1]

(ii) The rate of reaction is fast initially as sulfuric acid is a dibasic acid and hence
the reaction has a twice the number of H+ per unit volume / twice the 
concentration of H+ compared to experiment A [1] , thus frequency of 
effective collisions between reactant particles is higher. [1]

  The volume of gas produced quickly remains constant as PbCO3 reacts with 
sulfuric acid to form insoluble PbSO4 [1] which forms a protective layer 
around the carbonate and prevents further reaction from taking place. [1]
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1 The following diagrams show the arrangement of particles of a substance at 
two different temperatures.

Which substance could the diagrams represent?

Substance Melting point / 0C Boiling point / 0C
A
B
C
D

210
210
100
100

50
10
50
10

2 When concentrated aqueous methylamine, CH3NH2 (Mr = 31) and 
concentrated hydrochloric acid, HCl (Mr = 36.5) are placed at opposite ends of 
a tube, a white ring of solid, methyl ammonium chloride, CH3NH3Cl is formed. 
 
At which position A, B, C or D, will the white ring be found?

3 Which two gases each change the colour of damp red litmus paper?

A ammonia and chlorine
B ammonia and hydrogen chloride
C carbon dioxide and chlorine
D carbon dioxide and sulfur dioxide

-190 ºC -30 ºC
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4 Four students were asked to test a solution for the presence of a cation by 
using various anions. The students obtained these results.

Student chlorides sulfates carbonates
A No precipitate No precipitate Precipitate
B Precipitate Precipitate No precipitate
C Precipitate Precipitate Precipitate
D No precipitate Precipitate No precipitate

Each student concluded that Pb2+ was present. 

Which student had results consistent with this conclusion?

5 Solid samples of ammonium chloride, silver chloride and sodium chloride were 
accidentally mixed together. Which of the following sequences outlines the 
best method to obtain the pure dry sample for each substance?

A dissolving, filtration, sublimation, crystallisation
B dissolving, fractional distillation, filtration, evaporation
C sublimation, filtration, evaporation, crystallisation
D sublimation, dissolving, filtration, evaporation

6 The results of a paper chromatography experiment carried out on an ink  
sample are shown below.

                    

Given that the Rf value of Dye X is 0.40, what is the Rf value of Dye Y?

A 0.50
B 0.57
C 0.69
D 1.73

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Sec 4E Chemistry P1 Page 4 of 15 USS PRELIM 2019

7 An imaginary element Unitium (Um) has a proton number of 113 and a nucleon 
number of 237. Which of the following indicates the number of sub-atomic 
particles in the Unitium ion, Um3+?

Number of 
electrons

Number of 
neutrons

Number of 
protons

A 110 124 110
B 110 124 113
C 113 237 113
D 113 124 110

8 The relative atomic mass of naturally occurring chlorine on planet Jupiter is 
found to be exactly 36.0. What cannot be a reason for this?

A All the chlorine atoms on Jupiter have 19 neutrons.
B Half the chlorine atoms on Jupiter have 18 neutrons and the rest have 20 

neutrons.
C There is only one type of chlorine atom found on Jupiter.
D The chlorine atoms on Jupiter have different number of protons but same 

number of neutrons.

9 How many covalent bonds are there in the molecule with the formula 
CH2CHCH3?

A 7
B 8
C 9
D 10

10 The proton numbers of elements, Q, R and Z are 4, 6 and 8 respectively.  
Which of the following lists give the correct formulae of the compounds formed 
between them?

A QZ RZ2 QRZ3
B QZ RZ2 QRZ4
C Q2Z RZ QRZ3
D Q2Z RZ QRZ4
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11 J, K and L are three different elements in the Periodic Table. The electronic 
diagram (showing only the valence electrons) of the compound formed 
between J, K and L is shown below:

Which of the following statements are correct?

I Element K could be nitrogen.
II Element J belongs to Group II of the Periodic Table.
III Element K and element L are bonded together by covalent bond.
IV Element L is a metal.

A I, II and III
B I, II and IV
C I, III and IV
D II, III and IV

12 A pure compound contains 24 g of carbon, 4 g of hydrogen and 32 g of 
oxygen. What is the empirical formula of the compound?  

A CHO
B CH2O
C CH4O
D C2H2O

13 When solid sodium hydrogencarbonate (Mr = 84) is heated strongly, the 
following reaction occurs.

                2NaHCO3 2CO3 (s) + H2O (g) + CO2 (g)

What is the loss in mass when 25.2 g of solid sodium hydrogencarbonate is 
heated?

A 2.7 g
B 9.3 g
C 15.9 g
D 18.6 g
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14 In an experiment, 4.0 cm3 of 1.0 mol/dm3 copper(II) sulfate solution are mixed 
with 8.0 cm3 of 1.0 mol/dm3 sodium carbonate solution.

What does the reaction vessel contain?

A a green precipitate and a blue solution
B a colourless solution only
C a white precipitate and a colourless solution
D a green precipitate and a colourless solution

15 Concentrated aqueous iron (II) iodide is electrolysed using platinum electrode. 
Which of the following correctly describes the reactions at each electrode? 

Ions attracted to cathode Observations at anode
A I and OH Colourless gas evolved
B I and OH Grey deposit formed
C Fe2+ and H+ Brown solution formed
D Fe2+ and H+ Colourless gas evolved

16 Four electrolytes are listed. Each is electrolysed using inert electrodes.

1 aqueous copper(II) chloride
2 concentrated aqueous sodium chloride
3 dilute aqueous sodium chloride
4 molten aluminium oxide

Which two of the electrolytes will result in a metal forming at the cathode?

A 1 and 2
B 1 and 4
C 2 and 3
D 3 and 4

17 Which statement describes what happens when hydrogen and oxygen are 
used in a fuel cell?

A Electricity is generated directly.
B Electricity is used to produce water.
C Hydrogen is burned to form steam.
D Hydrogen reacts to form a hydrocarbon fuel.
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18 The energy profile diagram of a certain reaction is shown below. X is a 
catalyst.

       

Which one of the following statements is correct?

A More heat is absorbed in bond-breaking than is released in bond-making.
B The addition of X increases the yield of the products.
C The enthalpy change is decreased by the addition of X.
D The frequency of effective collisions is increased by the addition of X.

19 Gaseous phosphorus pentachloride can be decomposed into gaseous 
phosphorus trichloride and chlorine by heating. 

Given that the bond energy of P-Cl is 330 kJ/mol and Cl-Cl is 240 kJ/mol, 
calculate the enthalpy change for the reaction.

A 420 kJ/mol
B 90 kJ/mol
C +90 kJ/mol
D +420 kJ/mol
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20 When excess calcium carbonate pieces are added to dilute hydrochloric acid, 
the reaction gradually becomes slower and finally stops. 

Which statement best explains why the rate of reaction becomes slower?

A An insoluble layer of calcium chloride is formed on calcium carbonate.
B The concentration of hydrochloric acid gradually reduces to zero.
C The mass of calcium carbonate decreases throughout the reaction.
D The pieces of calcium carbonate gradually become smaller.

21 Which of the following graphs shows the correct change with time when nitric 
acid reacts with excess iron filings?

22 A textbook writes ‘Nitric acid, HNO3, is a strong oxidising agent’.

Which of the following cannot be a product of nitric acid in its reaction with a 
reducing agent?

A N2O5
B N2
C NO
D NO2

23 Which of the following pairs of reactants will not give a neutral solution when 
they are mixed together in equal number of moles?

A Sodium hydroxide and nitric acid
B Calcium hydroxide and sulfuric acid
C Potassium hydroxide and hydrochloric acid
D Barium hydroxide and nitric acid
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24 Solid R is gradually added to aqueous solution S. The changes in pH are 
shown on the graph.

What are substances R and S?

Substance R Substance S
A insoluble metal oxide nitric acid
B soluble metal oxide hydrochloric acid
C soluble non-metal oxide aqueous ammonia
D soluble non-metal oxide sodium hydroxide

25 A new indicator has just been produced in the laboratory. It changes colour 
according to the table below:

pH Colour
0 - 3 Red
4 - 7 Green

8 - 14 Dark blue

This indicator will be suitable to distinguish between

A aqueous ammonia and sodium hydroxide.
B aqueous sodium chloride and water.
C aqueous sodium nitrate and sodium hydroxide.
D dilute hydrochloric acid and dilute sulfuric acid.
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26 Which of these statements are true in Haber Process?

         I     The hydrogen needed can be obtained by cracking of petroleum. 
         II    The reaction chamber is pressurized to speed up the reaction.
         III   The ammonia formed is removed by condensation.    

A I and II
B I and III
C II and III
D I, II and III

27 Many properties of an element and its compounds can be predicted from the 
position of the element in the Periodic Table.

Which property could not be predicted in this way?

A the acidic or basic nature of its oxide
B the formula of its oxide
C the number of isotopes it has
D its metallic or non-metallic properties

28 A large volume of copper(II) sulfate solution is left in an iron container 
overnight.

Which statement describes what happens?

A The solution evaporates completely and some copper(II) sulfate crystals 
are left behind.

B The part of the container in contact with the solution is coated with 
copper.

C Some fine iron particles are formed in the solution.
D Atmospheric oxygen reacts with the copper(II) sulfate to give black 

copper(II) oxide.

29 The Apple® Watch (Sport) is made up of an alloy comprising aluminium and 
tightly controlled amounts of magnesium and zinc.

Which of the following is not a good reason for alloying metals? 

A It is cheaper to use alloys than pure metals.
B The use of alloys enhances the appearances of the product. 
C The use of alloys enhances the strength of the product.
D The use of alloys makes the product less susceptible to corrosion.
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30 The haemoglobin molecule in our blood contains 0.33% by mass of iron. If the 
molar mass of haemoglobin is 68 000 g, how many iron atoms are there in one 
mole of haemoglobin?

A 4
B 8
C 224
D 401

31 Petrol and diesel are two common fuels used by cars and buses respectively. 
The combustion of these fuels produces air pollutants.

The table shows the mass of pollutants found in exhaust fumes when 1 kg of 
each fuel is burnt. 

pollutant produced mass of pollutant after 
petrol is burnt / g

mass of pollutant after 
diesel is burnt / g

carbon monoxide 240 10

oxides of nitrogen 30 60

sulfur dioxide 1 4

unburnt 
hydrocarbons 25 20

Which of the following statements can be inferred using the data in the table?

A All the pollutants listed can be removed by installing a catalytic converter.
B Carbon monoxide is produced by complete combustion of the fuels.
C Petrol contributes more towards the formation of acid rain.
D The temperature in petrol engine is lower than that in diesel engine. 

32 Which of the following changes does not happen in a catalytic converter?

A carbon monoxide carbon dioxide
B nitrogen dioxide nitrogen
C nitrogen monoxide nitrogen dioxide
D unburnt hydrocarbons carbon dioxide and water
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33 Four alkanes, H, I, J and K were extracted from a fractional distillation sample 
of crude oil.

                   K is more viscous compared to I.
             J burns with a less sooty flame compared to I and K.

                   H is less flammable than K.

Which of the following shows the sequence in which the alkanes were 
collected, in order of increasing boiling point?

A J, H, K, I 
B H, I, K, J 
C K, H, J, I 
D J, I, K, H

34 A molecule of C17H36 undergoes catalytic cracking. The products of the 
reaction are one butane molecule, one propene molecule and some ethene 
molecules. How many ethene molecules are produced during the reaction? 

A 5
B 6
C 7
D 8

35 200 cm3 of methane is burned in 300 cm3 of oxygen.

When cooled to room temperature, what could be the resulting mixture of 
gases?

A CH4, CO, CO2
B CH4, CO, H2O
C CH4, CO2, O2
D CO2, H2, O2

36 Some cooking oils contain a mixture of water with molecules of saturated and 
unsaturated fats. A pure fat molecule has a relative molecular mass of 300. 

75 g of the fat reacts with 120 g aqueous bromine. 

How many double bonds are there in each molecule of the fat?

A 2
B 3
C 4
D 6
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37 A compound X has all of the following properties:

It is a liquid at room temperature and atmospheric pressure.
It does not mix completely with water.
It does not decolourise acidified potassium manganate (VII).

What could X be?

A ethane
B ethanoic acid
C ethanol
D ethyl ethanoate

38 Which prediction about the compound below is not likely to be true?

A It forms salts with bases.
B It reacts with ethanol.
C It reacts with hydrogen to form a saturated compound.
D It can be oxidised by acidified potassium manganate (VII).

39 The reaction between a carboxylic acid, CxHyCO2H, and an alcohol, 
CnH2n+1OH, produces an ester.

How many hydrogen atoms does one molecule of the ester contain?

A y + 2n
B y + 2n + 1
C y + 2n + 2
D y + 2n + 3Sm
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40 Which of the following shows the repeating unit of terylene?

End of Paper 1
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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 diagram shows part of the Periodic Table. Only some of the elements are 
shown.

(a) Answer each of the following questions using only the elements shown in 
the diagram.
Each element may be used once, more than once or not at all.
State one element which

(i) has a melting point below room temperature but a boiling point 
above room temperature

……………………………….

[1]

(ii) has an atom with three occupied electron shells, the outer of which 
has only five electrons.

……………………………….

[1]

(iii) is colourless, diatomic gas

……………………………….

[1]

(b) Chlorine was passed through a tube as shown below. After some time, 
coloured substances were seen at P, Q and R.

State the observations seen at each of the region.

[3]
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Region Observations

P

Q

R

(c) Arsenic reacts with oxygen to form arsenic(III) oxide, As2O3.
Arsenic(III) oxide is slightly soluble in water. A weak acid, arsenous acid, 
H3AsO3, is formed.

Use the kinetic particle theory to explain why a 0.05 mol/dm3 solution of 
arsenous acid reacts much more slowly with magnesium ribbon than a 0.05 
mol/dm3 solution of hydrochloric acid.

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

[2]

A2 The chemical equation for the thermal decomposition of calcium nitrate is shown 
below.
                         2 Ca(NO3)2 (s) 2 CaO (s) + 4 NO2 (g) + O2 (g)

(a) What is the total volume of gases produced at room temperature and 
pressure when 49.2 g of calcium nitrate undergoes thermal 
decomposition?

[2]
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(b) State the oxidation state of nitrogen in calcium nitrate.

……………………

[1]

(c) Explain, using oxidation state, whether the nitrogen in calcium nitrate is 
oxidized or reduced during the reaction.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

A3 The graph below shows the first ionisation energy of the atoms of elements in 
the Periodic Table. The first ionisation energy is the amount of energy needed 
to remove the most loosely held electron in the atom to form a positive ion.

Example of the first two elements is given as follows:

H H+ + e First ionisation energy = 1250 kJ/mol

He He+ + e          First ionisation energy = 2300 kJ/mol
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(a) Based on the graph,

(i) which element is the least reactive between the proton number of 10 
to 20?

…………………………

[1]

(ii) estimate the first ionization energy of Krypton.

…………………………

[1]

(iii) suggest an explanation for the difference in the first ionization energy 
between beryllium and magnesium.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(b) Oxygen contains two isotopes, O-16 and O-18. Do you think that the first 
ionization energy of both the isotopes is the same? Give a reason for your 
answer.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[1]

A4 Sodium phosphate is a soluble salt used as a water softener in detergents. It 
can be prepared by reacting phosphoric acid, H3PO4, with sodium hydroxide in 
a neutralization reaction. 

(a) Give the formula of sodium phosphate.

…………………………

[1]

(b) Write a chemical equation for the reaction between phosphoric acid and 
sodium hydroxide.

……………………………………………………………………………………..

[1]
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(c) 50.0 cm3 of 1.0 mol/dm3 phosphoric acid reacted completely with sodium 
hydroxide to form sodium phosphate solution.

(i) Calculate the mass of sodium phosphate formed. [2]

(ii) Describe how you would obtain pure, dry crystals of sodium 
phosphate from the salt solution.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[3]
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A5 Experiments were carried out on the rate of reaction of zinc with dilute sulfuric 
acid. In each experiment, excess sulfuric acid was used. The results are shown 
in the following graphs.
In Experiment 1, 0.26 g of powdered zinc were used. All three experiments 
were carried out at room temperature.

(a) The x-axis has been labelled for you. Suggest the label for the y-axis.

……………………………………………………………………………………..

[1]

(b) Suggest, with a reason, how the condition might have been altered to 
produce the results for Experiment 2.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(c) In Experiment 3, some copper(II) sulfate was added. Suggest two reasons 
for the results obtained for this experiment.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(d) Explain why attaching a piece of zinc to an iron pipe prevents the pipe from 
rusting.

……………………………………………………………………………………..

……………………………………………………………………………………..

[1]
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A6 The diagram shows an electric cell.

            

(a) (i) Draw an arrow on the diagram to show the direction of the flow of 
electrons in the wire. [1]

(ii) Write a half-equation with state symbols for the reaction taking place 
at the negative electrode. Explain why it happens that way.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(b) The zinc electrode is now replaced by iron.

(i) State and explain the change in the ammeter reading obtained.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(ii) State one other observation that will be different from the original 
set-up.

……………………………………………………………………………….

[1]
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A7 The table below shows the enthalpy of combustion of three fuels.

fuel enthalpy change of combustion 
(kJ/mol)

ethanol 1370
hydrogen 256

octane 5510

(a) Using ideas about bond-breaking and bond-forming, explain why the 
enthalpy change of combustion for ethanol is negative.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(b) Ethanol and octane both undergo combustion to produce carbon dioxide. 
The equation for the combustion of ethanol and octane are given below.

          combustion of ethanol: C2H5OH + 3O2 2CO2 + 3H2O

combustion of octane: 2C8H18 + 25O2 16CO2 + 18H2O

(i) Calculate the volume of carbon dioxide that will be produced when 
ethanol undergoes combustion to produce 200 kJ of energy.

[2]

(ii) Calculate the volume of carbon dioxide that will be produced when 
octane undergoes combustion to produce 200 kJ of energy.

[2]
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(iii) Green fuel is a fuel that produces lesser carbon dioxide when burnt.
An example of green fuel is biogas.

Is ethanol “necessarily” a greener fuel? Explain.

……………………………………………………………………………….

……………………………………………………………………………….

[1]

A8 Acyl chlorides belong to a class of organic compounds that are analogous to 
carboxylic acids. Methanoyl chloride and ethanoyl chloride are the first two 
members of the acyl chloride homologous series.

(a) (i) Define the term homologous series.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[1]

(ii) Describe and explain how the boiling point of ethanoyl chloride 
compares with that of methanoyl chloride.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….
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(iii) Draw the full structural formula of the fourth member of the acyl 
chloride homologous series.

[1]

(b) Acyl chlorides undergo the same type of reaction with alcohols as their 
carboxylic acid counterparts to form the same ester.

For example, methanoic acid and ethanol react to form ethyl methanoate.
Methanoyl chloride reacts with ethanol to also form ethyl methanoate.

Using your answer from (a)(iii), draw the full structural formula of the ester 
formed between the fourth member of the acyl chloride homologous series 
and methanol. Name this ester.

Name of ester: …………………………………………………..

Full structural formula of ester:

[2]
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Section B

Answer all three questions in this section.

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

B9 Glass is a mixture of oxides, made up of three components: formers, fluxes and 
stabilizers.

Formers make up the largest percentage of the mixture to be melted to 
produce the glass.
Fluxes lower the temperature at which the formers will melt.
Stabilizers make the glass strong and weather resistant.

The composition of a type of glass (percentage by mass of their components) is 
shown in the table below.

chemical present soda lime silica 
glass

silica, SiO2 73.6%
soda, Na2O 16.0%
potash, K2O 0.6%

alumina, Al2O3 1.0%
Note: not all the components of glass are shown in the table above

(a) (i) Identify the chemical that serves as the former.

……………………………………………………………………………….

[1]

(ii) Explain, based on structure and bonding, why the chemical in (a)(i)
can withstand high temperatures.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]
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(b) Soda and potash are commonly used as fluxes. These fluxes have to be 
thermally stable. 

Which flux, soda or potash is more thermally stable? Explain your answer. 

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(c) The Gorilla Glass is a type of scratch-resistant glass made by the company, 
Corning. Glass sheets are dipped into a molten potassium salt bath at 
about 400 ºC, where the potassium ions undergo an exchange with the 
sodium ions (see diagram below). 

The larger potassium ions now present in the glass structure exert a 
“compressive effect” on the glass (similar to what happens in an alloy) that 
strengthens it.

particle ionic radii / 10-12 m

sodium ion 116

potassium ion 142

(i) Explain why the molten potassium salt bath has to be at 400 ºC.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….
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(ii) Explain, using data, how the ion-exchange process strengthens the 
glass through the “compressive effect”. 

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(iii) As part of the quality control process, a sample of Gorilla Glass was 
immersed in two solvents and the weight loss per unit surface area 
was measured after some time.

time / hours weight loss / mg cm-2

HCl 24 0.12 
NaOH 6 1.42

Explain the results in the table above.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[1]
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B10 The diagram shows the electrolysis of three different solutions using inert 
electrodes.

        

(a) (i) Write equations for the reactions that happen at each electrode in cell 
B during electrolysis. Include state symbols.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(ii) Describe two observations that take place at cell B.
Explain your observations.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[4]
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(b) 6.0 dm3 of oxygen is liberated from cell A, at room temperature and 
pressure.

(i) Calculate the increase in mass of the cathodes in cells A and C. [2]

(ii) What is another observation in cell A?
Explain your observation.

……………………………………………………………………………….

……………………………………………………………………………….

[2]
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B11 EITHER

The diagram shows four monomers.

(a) Monomer B was formed by reacting propenoic acid, CH2CHCOOH with 
another compound, X. State the conditions of the reaction and name 
compound X.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(b) (i) Which of these monomers can be used to produce a polymer through
condensation polymerisation by itself?

……………………………………………………………………………….

[1]

(ii) Which of these monomers will undergo polymerisation without a 
change in percentage composition? Explain your answer.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[1]
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(c) (i) Using two monomers above, draw a repeat unit of the polymer 
formed, which has the same linkages as found in nylon. [1]

(ii) Explain why the polymer formed in (c)(i) should not be disposed by 
burning.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(d) A student has four solutions containing monomers A to D each. Describe
chemical tests the student could do to identify the four solutions.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[3]
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B11 OR
Haematite and coke are used to make iron in the blast furnace. A series of 
chemical reaction occurs within the furnace before molten iron is collected. Iron 
from the blast furnace contains carbon and silicon as impurities.

(a) Explain, with the help of equations, why coke is essential to the process of 
making iron from haematite.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[4]

(b) Three beakers were set up to study the reactivities of iron, lead and an 
unknown metal X.

After some time, it was observed that the metal pieces in beakers 1 and 3 
decreased in size. However, the metal piece in beaker 2 remained the 
same.

Fe 
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Deduce the order of the reactivities of iron, lead and metal X, starting with 
the least reactive metal. Explain your answer.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[3]

(c) Iron was reacted with dilute sulfuric acid to obtain a solution. Adding some 
aqueous ammonia to the solution in a test-tube resulted in a green 
precipitate. After some time, the green precipitate started to turn reddish-
brown.

(i) Write an ionic equation for the formation of the green precipitate. 

……………………………………………………………………………….

[1]

(ii) Name the brown solid and explain how it was formed.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

End of Paper 2
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UNITY SECONDARY SCHOOL
PRELIMINARY EXAMINATION 2019
SECONDARY 4 CHEMISTRY

Paper 1

1 A 11 A 21 C 31 D
2 D 12 B 22 A 32 C
3 A 13 B 23 D 33 D
4 C 14 D 24 D 34 A
5 D 15 C 25 C 35 A
6 C 16 B 26 D 36 B
7 B 17 A 27 C 37 D
8 D 18 D 28 B 38 D
9 C 19 D 29 A 39 B
10 A 20 B 30 A 40 B

Paper 2

A1 ai Br 1
ii P 1
iii N or H 1

b P – brown gas is seen 1
Q – purple fumes/vapour seen 1
R – purple-black solid condensed on surface of tube 1

c Arsenic acid being a weak acid ionises to form a few hydrogen ions 
only. At any time, there are only a few hydrogen ions colliding with the 
magnesium ribbon causing little reaction. 
Lesser number of colissions result in a lower proabability of effective 
colissions with magnesium. Thus rate of reaction is slow.

1 

1 

A2 a 49.2 g of calcium nitrate
Number of mol = 49.2/164 = 0.3

0.3 mol of calcium nitrate produces 0.6 mol of NO2 and 0.15 mol of 
O2. 

Total volume of gases = (0.6 + 0.15) x 24 dm3

= 18 dm3

1 

1 

b +5 1

i

C 33133333
AAAAAA 332333

23 DDDDDD 3333333
24 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 343434343434

C 255 CCCCCCCCCCCCCCCCCCCCCCCCC 3333335
BBBBBBBBBBBBBBB 26262626262626666666666666666662626666626266626666666662666666666666666666666666666666666666666 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 363636363636 B
AAAAAAAAAAAAAAAAAAA 2272222222222222222222 CCCCCC 373737333 D

18 DDDDDDDDDDDDDDDDDDDDDDDDD 28288888888888888888888888888888888888888888888888888 BBBBBB 38 D
19 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 2922222222222222222222222222222222222222222222222222222222 AAAAAA 393939393939

A 202202220220202202022202022020220202020222222220222020222202020000000000000 BBBBB 30303330330330303303030300030303030300000330303030303000030303000330000003000 AAAAAA 404

er 2r

ai BrBrBrBrBrBBrBrBrBBBBrBrBrBrBrBBrBrBrBrBrBBrBrrBrBrBrrBrBrBrrrrBrrrrBrBrBB
i PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP

NNNNNNNNNNNNNN ororoooooororrororororooooorooooooooooooorrrrr HHHHHHHHHHHHHHHHHHHHHHHHHHH

P –––– brbbrbbbbrbrbrbrbrbbbbbbbbrbbbbbbrbrbbbrbbbbbbbrrrrrbbrrrowowowowowowowowowwwowowwwowowowowwowowwwwwowwwowwwowowwwwwwwwwwwwowownnnnnnnnnnnn gaaaaaassssss isisisisisis sssssseeeeeeeeee n
Q – pup rppppppleeeeee  fufufufufufumemmmmm s/va

puuuuurprprprprprplelelelelele-black
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c Oxidation state of nitrogen in calcium nitrate (+5) decreased to +4 
nitrogen dioxide; decrease in oxidation state; so reduced 1 

1
A3 ai Argon 1

ii 1375 kJ/mol

[Range: 1300 – 1400 kJ accepted] 

1

iii
The two valence electrons of magnesium is in the third shell that is 
further away from nucleus as compared to beryllium’s valence electron 
in second shell which is nearer to the nucleus.

Hence, attraction between the valence electron and the positively 
charged nucleus is less strong in magnesium and needs lesser 
ionization energy. 

1 

1 

b Should be the same; as the difference between the two isotopes is 
only the number of neutrons. The number of protons is the same and 
hence the attractive force will be the same.

1

A4 a Na3PO4 1
b H3PO4 +   3NaOH  Na3PO4   +   3H2O 1

ci Number of mol of H3PO4 = 0.05 x 1 = 0.05 mol

0.05 mol acid 0.05 mol of sodium phosphate

Mass of sodium phosphate = 0.05 x 164 
                                            = 8.2 g

1 

1 

ii Pour the solution into an evaporating dish and heat it till the saturation 
point.
Let the hot saturated solution to cool for crystals to form.
Filter to get the crystals, rinse with distilled water and dry by pressing 
between filter papers.

1

1 

1 

A5 a y-axis : Volume of hydrogen gas/ cm3 1

b The volume of hydrogen gas produced is double that of expt 1.

Since zinc is the limiting reactant, they used double the mass of zinc;
0.52 g of zinc was used

1

1 

c
1
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Copper(II) sulfate could have acted as a catalyst; which makes the 
rate of reaction faster as indicated by a steeper gradient.

Some zinc could have reacted with the copper(II) sulfate in 
displacement reaction; thus less zinc reacted with the acid.  
Hence the volume of hydrogen is lesser.

1 

d Zinc being more reactive than iron, provides sacrificial protection to 
iron. It corrodes by reacting with the oxygen and protects the iron.

1

A6 ai Electron flow from zinc to copper in the wire 1

ii Zn (s) Zn2+ (aq)  +  2e-

  
Zinc is more reactive than copper so it loses electrons easily to form 
zinc ions.

1

1 

bi Ammeter will record a lower reading than that for zinc.

This is because iron is closer to copper in the reactivity series as 
compared to zinc and copper.

1

1 

ii The container will have a light green solution whereas it was 
colourless when zinc was used.

1

A7 a Ethanol burns in oxygen to form carbon dioxide and water.

In this combustion reaction, the energy needed to break the bonds
(C-C, O-H, C-H,) in ethanol and oxygen molecules (O=O) is 
much lower than

the energy released in forming the bonds (C=O) in carbon dioxide and 
(O-H) bonds in water; hence the enthalpy change is negative.

1 

1 

bi From the table,
1 mol of ethanol gives out 1370 kJ of energy.
1370 kJ of energy from 1 mole
200 kJ of energy will come from = 1/1370 x 200 
                                                    = 0.146 mol of ethanol

No of mol of CO2 produced = 0.146 x 2 =0.292
Volume of CO2 = 0.292 x 24 dm3

                         = 7.01 dm3

1 

1 

bii
1 mol of octane gives out 5510 kJ of energy.
5510 kJ of energy from 1 mole

1 
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200 kJ of energy will come from = 1/5510 x 200 
                                                    = 0.0363 mol of octane

No of mol of CO2 produced = 0.0363 x 8 = 0.290
Volume of CO2 = 0.290 x 24 dm3

                         = 6.97  dm3

1 

c Ethanol is not necessarily a greener fuel because it produces 
slightly more carbon dioxide than octane in combustion when the 
same amount of energy is released.

1

A8 ai It refers to a group of organic compounds having similar chemical 
properties and the same functional group.

1

ii Ethanoyl chloride will have a higher boiling point than methanoyl 
chloride.

This is because ethanoyl chloride is a bigger molecule and there are 
stronger forces of attraction between the molecules as compared to 
that in methanoyl chloride.(smaller molecule)

1

1 

iii

b
Name of ester: methyl butanoate

Structure:  
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tructurrrre:e:e:e: 
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B9 ai Silica / SiO2 ; 1

ii Silica has a giant molecular structure where all the silicon and oxygen 
atoms are held together by a network of strong covalent bonds.;  

A lot of energy is required to overcome these bonds, hence, it can 
withstand high heat.;

1

1 

b Potash is more thermally stable ; 

because K is a more reactive metal than Na and forms a more stable 
compound with oxygen. 

1

1 

ci Potassium salt is an ionic compound and ions are held by strong 
electrostatic forces of attraction. ;  

Only in the molten state will the ions be free to move / mobile. ; hence 
the temperature is high

1

1 

ii The potassium ions have a larger ionic radii of 142 x 10-12 m while the 
sodium ions only have an ionic radii of 116 x 10-12 m. ;

potassium ions fills up the structure and prevents the atoms (and ions) 
in the glass from moving/sliding easily, hence increasing its strength. ;

Accept:
- K+ ions were larger / larger ionic radii than Na+ ions
- Reduces the empty spaces between particles / limits movement 

between particles. 

1

1 

iii Silicon dioxide is the main component in the Gorilla glass and is an 
acidic oxide that reacts with an alkali. ;

1

B10 ai Anode: 2Cl (aq) Cl2 (g)   +  2e

Cathode: 2H+ (aq)  +  2e H2 (g)

1

1 

ii Bubbles of gases (yellow-green) will be seen at anode
  

1

1 
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This is because although both chloride and hydroxide ions are 
attracted to the anode, it is the chloride ions that are preferentially 
discharged due to its higher concentration

Bubbles of gas (colourless) also formed at cathode
This is because although hydrogen ions and sodium ions are attracted 
to the cathode, due to the ease of discharge, hydrogen ions are 
preferentially discharged.

1 

1 

bi Number of mol of oxygen gas = 6/24 = 0.25 mol

4OH- (aq) 2H2O  +  O2 +  4e-

When 1 mol of oxygen is formed at anode, 4 mol of e are lost.
Since only ¼ mol of oxygen is formed, only 1 mol of e are lost.

Cu2+ (aq)  +  2e- Cu (s)   
From this,
1 mol of e can only produce ½ mol of Cu
Mass of copper formed = ½ x 64 g  = 32 g

Ag+ (aq)  + e- Ag (s)
1 mol of e can produce 1 mol of silver
Mass of silver formed = 108 g

1 

1 

ii The blue solution turned colourless
when all the copper ions had been discharged from the solution.
  
Or

Reddish-brown solid is formed at cathode
as copper ions are being discharged to form copper metal.

1
1 

B11 Either

a The compound X is methanol.

Concentrated sulfuric acid is needed as a catalyst and the mixture 
must be heated.

1

1 

bi Monomer D 1
ii Monomer B which has C=C bonds in it.

It undergoes addition polymerisation where atoms are not lost.
1

ci Monomer A and C

o
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ii It has amide group in it with nitrogen atoms; on burning it may form the 
harmful gases, nitrogen monoxide and nitrogen dioxide. 

These nitrogen oxides may give rise to the formation of acid rain that 
corrodes buildings and affects vegetation.

1

1 

d Adding some bromine solution separately into all the four solutions.
Only monomer B, having the C=C bond, will decolourise the red-
brown iodine solution.

Add acidified potassium manganite(VII) solution to the three 
remaining solutions and heat. Monomer D, having the hydroxyl group, 
will get oxidised and there will be a colour change in the solution. 
Purple solution will turn colourless. 

In the remaining two solutions, add a piece of magnesium ribbon.
The one which produces bubbles of gas will be monomer A as it is 
an acid.

The monomer which does not react in all the three reactions above is 
monomer C.

1

1 

1 

B11 OR
a Coke is essential in the blast furnace for the following two reactions.

Firstly, coke is needed to burn in oxygen to form carbon dioxide.
                     C   +   O2 CO2

Secondly, it is needed to reduce carbon dioxide to carbon monoxide.
                  CO2    +    C   2CO

We need this carbon monoxide because, carbon monoxide will reduce 
the iron(III) oxide in haematite to produce iron.

         Fe2O3 +   3CO   2Fe  +  3CO2

1 

1 

1 

1 

b Order of reactivity: lead, iron, metal X (least reactive to most reactive)

In beaker 1, iron displaces lead; iron is more reactive.
In beaker 3, X displaces iron, metal X is more reactive than iron.

1

1 
1
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In beaker 2, lead cannot displace X; as X is most reactive

ci Fe2+ (aq)   +  2OH (aq)  Fe(OH)2 (s) 1

ii The brown solid is iron(III) hydroxide.

It is formed when green iron(II) hydroxide gets oxidised to brown 
iron(III) hydroxide by the atmospheric oxygen. 

1

1 
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Section A: Structured Questions [50 marks]
Answer ALL questions in the spaces provided.

A1 The figure below shows the reaction scheme of an orange metal oxide, A, which undergoes a 
series of reactions.

Name the following

(a) metal oxide A, ……………………………………………..[1]

(b) acid B, ……………………………………………..[1]

(c) solution C, ……………………………………………..[1]

(d) precipitate D, ……………………………………………..[1]

(e) gas E. ……………………………………………..[1]

[total: 5]

A2 Superglue is a very strong adhesive used to fasten materials, such as wood, together.
The active ingredient in superglue is methyl cyanopropenoate, commonly known as methyl 
cyanoacrylate.  The structure of methyl cyanopropenoate is shown below.

methyl cyanopropenoate

Superglue polymerises when exposed to moisture in the air.  This causes the glue to set.

(a) Draw the structural formulae of the two functional groups present in methyl cyanopropenoate.  
Name these two functional groups.

[2]

(b) What type of polymerisation does methyl cyanopropenoate undergo when it forms superglue?

…………………………………………………………………………………………………………...[1]
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(c) Draw the structural formula of the polymer formed, showing two repeat units.

[1]

(d) Other than superglue, suggest another name for the polymer formed in (c).

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

(e) (i) A sample of methyl cyanopropenoate is shaken with bromine water.

Describe what you would observe.

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

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

(ii) What type of reaction has occurred in (e)(i)?

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

[total: 8]

A3 People with kidney problems are advised against eating starfruit as it contains a significant amount 
of oxalic acid.
The concentration of oxalic acid in starfruit is estimated to be at 0.020 mol/dm3.
The acid concentration in starfruit can be determined by performing an acid-base titration with 
sodium hydroxide solution.
Assume that the oxalic acid found in starfruit is dibasic and can be represented by H2A.
(a) Write a balanced chemical equation, with state symbols, for the reaction between oxalic acid 

and sodium hydroxide.

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

(b) A student suggested that 25.0 cm3 of starfruit juice should be pipetted into a conical flask and 
titrated against 0.050 mol/dm3 sodium hydroxide solution.
Based on the information provided, calculate the maximum volume of sodium hydroxide solution 
required for complete neutralisation.

maximum volume of sodium hydroxide solution required = ……………….. cm3 [2]
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(c) Oxalic acid is made up of carbon, oxygen and hydrogen and it contains 26.7 % carbon and 2.20 % 
hydrogen by mass.
(i) Determine the empirical formula of oxalic acid.

empirical formula: …………….. [2]

(ii) The relative molecular mass of oxalic acid is 90.
Determine the molecular formula of oxalic acid.

molecular formula: …………….. [1]

(d) A patient was advised by the doctor to consume not more than 0.05 g of oxalic acid per day.  If 
a typical serving of starfruit contains 0.00011 mol of oxalic acid, calculate the maximum number 
of servings of starfruit the patient can eat in a day.

maximum number of servings = …………… [1]

[total: 8]

A4 (a) The table shows some information about two homologous series of alcohol and ether.

name of 
alcohol

formula of 
alcohol

number of C 
atoms

formula of 
ether name of ether

ethanol C2H5OH 2 CH3OCH3 methoxymethane

propanol C3H7OH 3 CH3OC2H5 methoxyethane

butanol C4H9OH 4 CH3OC3H7 methoxypropane

pentanol C5H11OH 5

(i) Deduce the name and formula of the ether that contains 5 carbon atoms.

name: ………………………………………………………………………………………………….

formula: …………………………………………………………………………………………….[2]

(ii) Suggest a relationship between alcohols and ethers by comparing the chemical formulae 
with the same number of carbon atoms.

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

……………………………………………………………………………………………………….[1]
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(iii)Hence, calculate the relative molecular mass of the ether that contains 20 carbon atoms.

Mr of ether = …………. [1]

(b) The table below shows some information about another homologous series of organic 
compounds called aldehydes.  The functional group of the aldehydes is:

name molecular 
formula

boiling point 
/oC

methanal HCHO 19

ethanal CH3CHO 20

propanal C2H5CHO 49

pentanal C4H9CHO 103

(i) Use the information in the table to give two pieces of evidence that suggest that the 
aldehydes are a homologous series.

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

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

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

(ii) Deduce the name of the aldehyde that contains 4 carbon atoms and predict its boiling point.

name: ………………………………………………………………………………………………….

predicted boiling point: ……………………………………………………………………………[2]

[total: 8]

A5 The relative positions of the elements rubidium (Rb), beryllium (Be) and bismuth (Bi) in the reactivity 
series are shown in the table below.

Position in the reactivity series
(highest to lowest)

Rubidium
Sodium

Magnesium
Beryllium

Iron
Hydrogen
Bismuth
Copper
Silver

You may assume that these elements do not show variable valencies.
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(a) An unknown photograph showing specks of silvery deposits with the caption

“Pure rubidium found on a tiny island in the Pacific Ocean”

was posted in the early morning of August 16, 2016, on social media.  The post has since gone 
viral.  Using the information above and your knowledge, discuss the validity of this post.

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

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

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

(b) Predict, with reasons, the reactions of beryllium with cold water and steam.

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

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

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

(c) Suggest a suitable method to extract bismuth from its ore.

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

[total: 6]

A6 One important property of a rocket fuel mixture is the large volume of gaseous products formed 
which provide thrust.  Hydrazine, N2H4, is often used as a rocket fuel.  The combination of hydrazine 
with oxygen is represented by the equation:

N2H4(g)  +  O2(g) N2(g)  +  2H2O(g)       H = 585 kJ/mol

(a) Explain if the reaction is a redox reaction.

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

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

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

(b) Hydrazine can also react with fluorine to produce gaseous nitrogen and hydrogen fluoride.  The 
amount of energy produced is 1179 kJ/mol.  Write a balanced equation for this reaction, 
including the state symbols and the enthalpy change.

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

(c) Suggest, giving two reasons based on the information given, whether a mixture of hydrazine 
and oxygen is a better rocket fuel than a mixture of hydrazine and fluorine.

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

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

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

…………………………………………………………………………………………………………...[2]
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(d) The local government promotes the use of hydrazine with oxygen due to the environmental 
safety of the products.  Explain why this is so.

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

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

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

[total: 8]

A7 Isotopes are variants of a particular chemical element and most elements have several naturally-
occurring isotopes.

(a) Define the term ‘isotopes’.

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

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

(b) Hydrogen, deuterium and tritium are isotopes of one another.

Using this information, complete the table below.

name formula number of 
protons

number of 
neutrons

number of 
electrons

hydrogen atom 1
1H 1 1

deuterium ion 2
1H+ 0

tritium ion 2 2

[3]

(c) The table below gives the relative abundance of each isotope in a mass spectrum of sample of 
germanium, Ge.

mass 70 72 74

relative abundance (%) 24.4 32.4 43.2

Use the data in the table to calculate the relative atomic mass (Ar) of this sample of germanium.

Ar of germanium = …………………. [2]

(d) A student commented, “Isotopes of an element should all have the same chemical properties.”
Do you agree with the student?  Give a reason for your answer.

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

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

[total: 7]
End of Section A
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Section B: Essay Questions [30 marks]
Question B8 and B9 are compulsory. Question B10 is an Either/Or.

B8 Changing of variables in reversible reactions

Most chemical reactions only proceed in one direction.  But some reactions can be reversed.  They 
are known as reversible reactions.
In reversible reactions, the forward and backward reactions take place at the same time.  At the end 
of the reaction, a mixture of reactants and products is present.
When the forward and backward reactions become equal in speed, the mixture is said to be in 
equilibrium.  At equilibrium, the forward and backward reactions do not stop.
To alter the yield of products in a reversible reaction, we can change the experimental conditions 
such as temperature and pressure.  The change in the yield of products in a reversible reaction 
follows the Le Chatelier’s Principle.
According to Le Chatelier’s Principle, the reaction will shift either to the left towards the backward 
reaction or to the right towards the forward reaction to reduce the effect of the new condition.

Changing temperature
When hydrogen iodide, HI, is heated in a closed tube, the following equilibrium is established.

Reaction 1 2HI(g)    H2(g)  +  I2(g) H = +9.6 kJ/mol

The equation shows the forward reaction producing hydrogen and iodine is endothermic.  An 
increase in temperature shifts the reaction to the right to reduce the temperature.  This increase the 
yield of hydrogen and iodine.

The table shows the concentrations of HI(g) and I2(g) in the equilibrium mixture at 2 different 
temperatures when the same concentration of HI(g) was injected into the tube at the start of the 
experiment.

substance concentration in mol/dm3

at 25 °C
concentration in mol/dm3

at 450 °C
HI(g) 0.94 0.79
H2(g) 0.033 0.11
I2(g) 0.033 0.11

Changing pressure
Changing pressure affects reactions involving gases.  However, there must be different number of 
gas molecules on either side of the equation.
The greater the number of gas molecules in the same volume, the greater the pressure the gas 
exerts.
Reaction 2 2SO2(g) + O2(g)    2SO3(g) = -197 kJ/mol

The equation shows a reaction used to change sulfur dioxide into sulfur trioxide.  An increase in 
pressure shifts the reaction to the right.  As there are more molecules on the left side of the equation, 
the reaction shifts to the right side with lesser number of molecules to reduce the pressure.
The conditions for reaction 2 are:

Pressure: atmospheric pressure
Catalyst: vanadium(V) oxide
Temperature: 450 oC

The conditions chosen are a compromise between speed of reaction and yield of SO3.  Using these 
conditions, the yield of SO3 is 95%.
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(a) A change in temperature or pressure does not affect the yield for the reaction between sodium 
hydroxide and hydrochloric acid to form sodium chloride.  
Suggest why.

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

(b) Explain the differences in the concentrations of reactant and products at 25 oC and 450 oC in 
reaction 1.

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

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

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

(c) With reference to the table, state the concentration of HI(g) injected into the tube at the start of 
the experiment, giving your answer to 3 significant figures.

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

(d) Suggest why reaction 2 is carried out at 450 oC, and not at a higher or lower temperature.

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

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

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

(e) Explain why reaction 2 is carried out at atmospheric pressure even though an increase in 
pressure shifts the position of the equilibrium further to the right.

…………………………………………………………………………………………………………...[1]
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(f) The following graphs show how the percentage of products of a reversible reaction at equilibrium 
could vary with pressure.
Match reaction 1 and reaction 2 to a graph each.  Give a reason for your choice.

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

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

[total: 10]
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B9 Nickel is a transition element.  It is manufactured in a four-stage process from nickel(II) sulfide, NiS.

Stage 1 – nickel(II) sulfide is heated in air to form nickel(II) oxide and sulfur dioxide
Stage 2 – nickel(II) oxide is heated with carbon to give impure nickel
Stage 3 – impure nickel is reacted with carbon monoxide to make nickel tetracarbonyl, Ni(CO)4

Stage 4 – nickel tetracarbonyl is decomposed to give pure nickel

(a) (i) Construct the balanced equation for the reaction in stage 1.

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

(ii) Calculate the mass of sulfur dioxide that is formed when 182 kg of nickel(II) sulfide is heated 
in air.

mass of sulfur dioxide = …………………. kg [2]

(b) Nickel tetracarbonyl is a liquid with a boiling point of 43 oC.

Suggest, with a reason, the type of structure and bonding in nickel tetracarbonyl.

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

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

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

(c) In an experiment, small amounts of three metals were added to three aqueous metal nitrate 
solutions.  The results are shown in the table.

aqueous zinc 
nitrate

aqueous nickel(II)
nitrate

aqueous copper(II)
nitrate

zinc no reaction
green solution turn 
colourless and zinc 

coated with a grey solid

blue solution turn 
colourless and zinc 

coated with a pink solid

nickel no reaction

copper no reaction no reaction no reaction

Predict the observations when nickel is added to separate solutions of zinc nitrate and copper(II)
nitrate.

with zinc nitrate ……………………………………………………………………………………..........

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

with copper(II) nitrate …………………………………………………………………………………….

……………………….......................................................................................................................
[3]
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(d) Explain why this 4-stage process cannot be used to manufacture magnesium.

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

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

[total: 10]
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Either
B10

A student carried out two separate reactions between 0.488 g of zinc and two acids, hydrochloric 
acid and sulfuric acid.  The volume and concentration of the acids used were both 20.0 cm3 and 
2.00 mol/dm3.  The curves A and B shown in the graph below show the results of the reactions.

He carried out a third reaction with C with 20.0 cm3 of a 2.00 mol/dm3 acid, but forgot to weigh the 
mass of zinc as well as take note of which acid, hydrochloric acid or sulfuric acid, was used.
(a) Explain, with relevant calculations, why the same volume of gas was produced for both curves 

A and B.

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

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

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

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

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

(b) Between curves A and B, identify the curve for the reaction that used sulfuric acid.  Explain your 
choice.

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

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

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

(c) In experiment C, identify the acid used and calculate the mass of zinc the student had used.

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

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

…………………………………………………………………………………………………………...[2]
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(d) The student repeated experiment C using the same mass of zinc and the same volume and 
concentration of the acid, but this time, he added in a small amount of copper(II) sulfate crystals 
to the reaction mixture.
He noted that the effervescence was more vigourous and a brown deposit was formed.  The 
volume of hydrogen collected was slightly less than in experiment C.
(i) Explain why less hydrogen was collected.

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

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

(ii) The student concluded that copper(II) sulfate acted as a catalyst.

Comment, with a reason, whether the student’s conclusion was right or wrong.

…………………………………………………………………………………………………………

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

[total: 10]
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Or
B10

Graph 1 shows the changes in pH level when 20.0 cm3 of ethanoic acid (CH3COOH) is titrated with 
0.1 mol/dm3 of sodium hydroxide.

Graph 1

The endpoint of a titration is reached when a ‘step’ occurs.  At this point, all the acid has been fully 
neutralised.

(a) What is the name and formula of the salt formed in the titration?

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

(b) Using information from Graph 1, calculate the concentration of the ethanoic acid used in the 
reaction.

concentration of ethanoic acid = ……………………….. [2]

(c) An indicator changes colour when the endpoint of a titration is reached.  The table below shows 
the colours of some indicators at different pH values.  The best indicator for a titration gives a 
distinct colour change when a ‘step’ occurs.

indicator low pH pH range where indicator 
changes colour high pH

methyl orange red 3.1 to 4.4 yellow
thymolphthalein colourless 9.3 to 10.5 blue
phenolphthalein colourless 8.3 to 10.0 pink

Using information from Graph 1 and the table, explain which indicator will not be suitable for 
use when titrating ethanoic acid with sodium hydroxide.

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

…………………………………………………………………………………………………………...[2]
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(d) The titration was repeated using the same concentration and volume of hydrochloric acid 
instead of ethanoic acid, with all other variables remaining constant.  Graph 2 shows the 
changes in pH level for this reaction.

Graph 2

(i) Explain how and why the time taken for the endpoint to be reached is different from that in 
the experiment using ethanoic acid.

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………[4]

(ii) Sketch on Graph 2, the graph you would obtain if dilute sulfuric acid of the same 
concentration and volume is used instead.

[1]

[total: 10]

End of Section B
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Paper 1 [40 marks]
Shade your answers in the OTAS sheet provided.

1 Two experimental set-ups used to demonstrate diffusion of gases are shown in the 
diagrams below. Each porous pot contains a mixture of nitrogen and oxygen.

In the first experiment, the gas introduced into the beaker is carbon dioxide while in the 
second experiment, it is hydrogen.

What changes, if any, to the water levels P and Q, would you expect to see in both 
experiments?

2 A substance dissolves in water to form a colourless solution.  This solution reacts with 
aqueous silver nitrate in the presence of dilute nitric acid to give a yellow precipitate.
What is the possible identity of the substance?

A calcium iodide
B copper(II) chloride
C iron(II) iodide
D sodium chloride

                     Experiment 1                                           Experiment 2

Q

nitrogen 
and

oxygen

beaker

porous 
    pot

P
water

carbon 
dioxide beaker

porous     
    pot

nitrogen 
and

oxygen

water

P Q

hydrogen

     Experiment 1            Experiment 2

A P and Q remain the same                    P and Q remain the same            

B P and Q remain the same      Q is higher than P

C P is higher than Q                                Q is higher than P

D Q is higher than P          Q is higher than PSm
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3 A sample of air is passed through the apparatus shown below.

What would be the composition of gas A after passing air through aqueous sodium 
hydroxide and then concentrated sulfuric acid?
A noble gases only
B oxygen, carbon dioxide, nitrogen
C oxygen, nitrogen, water vapour
D noble gases, oxygen, nitrogen

4 Chromatogram 1 below shows the separation of coloured inks in mixture X, using solvent 
A.  Chromatogram 2 shows the separation using the same piece of paper after it has been 
rotated anti-clockwise 90 o in another solvent, B.

How many different types of ink are present in mixture X?

A 3
B 4
C 5
D 7

5 A new substance was discovered and a series of experiments were conducted on it.

Which observation suggests that the substance cannot be an element?

A It has a fixed boiling point.
B It dissolves in water to form a yellow-green solution.
C When heated strongly, a brown solid and a yellow gas are produced.
D When heated in air, it can form oxides with two different chemical formulae.

2nd starting line1st starting line

rotate 
anticlockwise 

90 °

original 
position of X

X

gas A

Chromatogram 1 Chromatogram 2 
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6 Which substance is wrongly matched with the type of particles it contains?

substance type of particles

A HCl (g) ions

B I2 (s) molecules

C LiBr (s) ions

D graphite atoms

7 A student is given the nucleon number of an atom as well as its position in the Periodic 
Table.
What can be deduced about the structure of the atom?

A number of protons only
B number of neutrons only
C number of neutrons and protons
D number of neutrons, protons and electrons

8 Two elements, P and Q, have the electronic configuration 2,8,1 and 2,6 respectively.  A 
student describes the compound formed by P and Q using the following statements.

1 It is insoluble in water.
2 It has a high melting and boiling point.
3 It has a crystal lattice structure similar to that of sodium sulfide.
4 The elements in it can be separated by electrolysis.

Which of the above statements correctly describe the compound formed by P and Q?
A 1 and 3
B 1, 3 and 4
C 1, 2 and 4
D 2, 3 and 4

9 Titanium tetrachloride has a structure similar to tetrachloromethane.  What is the property 
of titanium tetrachloride?
A Titanium tetrachloride conducts electricity in all states.
B Titanium tetrachloride is insoluble in organic solvent.
C Titanium tetrachloride has a high melting point.
D Titanium tetrachloride has a high volatility.Sm
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10 The diagram shows an electrolysis set-up involving two electrolytes.

Which substance contains both positive ions and mobile electrons?

A aqueous sodium chloride
B copper wire
C graphite electrodes
D molten sodium chloride

11 At room temperature and pressure, two identical flasks which have been filled up with gas 
X and Y were put on a balance.  The result is shown below.

Which statement is correct?

A The number of gas particles in bottle A is greater than the number of gas particles in 
bottle B.

B The number of moles of gas particles in bottle A is greater than the number of moles 
of gas particles in bottle B.

C The molar mass of gas particles in bottle A is greater than the molar mass of gas 
particles in bottle B.

D The molar volume of gas particles in bottle A is greater than the molar volume of gas 
particles in bottle B.

Bottle A

Bottle B
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12 To identify an oxide of nitrogen, 0.1 mol of the oxide is mixed with an excess of hydrogen 
and passed over a catalyst at a suitable temperature.

                

                       NxOy                                           xNH3      +     yH2O

The water produced weighs 7.20 g.  The ammonia produced is neutralised by 200 cm3 of 
1.0 mol/dm3 HCl.
What is the formula of the oxide of nitrogen?

A NO
B NO2

C N2O
D N2O4

13 A 10 cm3 sample of a gaseous hydrocarbon is completely burnt in oxygen.  The total 
volume of the products is 70 cm3.
All gas volumes are measured at room temperature and pressure.
Which equation represents the combustion of the hydrocarbon?

A CH4(g) + 2O2(g) CO2(g) + 2H2O(g)
B C2H4(g) + 3O2(g) 2CO2(g) + 2H2O(g)
C C3H8(g) + 5O2(g) 3CO2(g) + 4H2O(g)
D 2C2H6(g) + 7O2(g) 4CO2(g) + 6H2O(g)

14 Elements X, Y and Z are in the same period of the Periodic Table.

Oxides of X reacts with both alkali and acid.
Oxides of Y dissolves in water to form solution with pH < 7.
Solid Z conducts electricity.

In which order do the elements appear in the Periodic Table.

A X Y Z
B Y X Z
C Z X Y
D Z Y X

15 Excess bromine is bubbled through three different solutions.

What are the observations in the respective solutions when the reactions are completed?

potassium iodide
solution

potassium chloride
solution

acidified
potassium manganate(VII)

A brown colourless purple

B colourless colourless colourless

C brown greenish yellow colourless

D colourless greenish yellow purple

H2 (g)

catalyst
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16 Which of the following, when added to water, makes a solution that is a good conductor 
of electricity?
A calcium sulfate
B copper
C ethanol
D sodium hydroxide

17 A black powder is burned in air.

The gas produced dissolves in water to form solution R.  The pH of R is close to 7.

The gas is readily absorbed in aqueous sodium hydroxide.

What type of substance is present in solution R?

A strong acid
B strong base
C weak acid
D weak base

18 Which test is best used to distinguish between calcium chloride and calcium carbonate?

A adding aqueous sodium hydroxide
B adding dilute hydrochloric acid
C using damp litmus paper
D using silver nitrate solution

19 In a qualitative analysis, reagent P is added gradually to solution Q, followed by the 
addition of a dilute acid R.

The graph shows how the mass of the precipitate changes as the reagents are added.
Which of the following entries is correct?

P Anions in Q R

A aqueous silver nitrate Cl and CO3
2 dilute nitric acid

B aqueous silver nitrate Cl dilute nitric acid

C aqueous barium chloride Cl and CO3
2 dilute hydrochloric acid

D aqueous barium chloride CO3
2 dilute hydrochloric acid
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20 In the apparatus shown, gas P is passed over solid Q.

No reaction occurs if P and Q are

P Q

A hydrogen copper(II) oxide

B hydrogen magnesium oxide

C oxygen carbon

D oxygen sulfur

21 Given the following reactivity series,

Which action would not result in a chemical reaction?
A adding dilute hydrochloric acid to manganese
B heating manganese(II) carbonate strongly
C heating manganese(IV) oxide with carbon
D mixing zinc sulfate solution with manganese powder

22 One of the raw materials used in the extraction of iron in the blast furnace is calcium 
carbonate.  Which statement best explains the use of calcium carbonate?
A To produce slag as a by-product.
B To oxidise haematite to iron.
C To remove the basic impurities in the ore.
D To speed up the rate of reaction.
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23 Metal strips are secured on the outside of the wooden box by means of screws.  After a 
few weeks of being exposed to the wind and rain, the screws are heavily corroded but the 
metal strips are not.

Which statement best explains the observation?
A The metal screw loses electrons less readily than the metal strip.
B The metal screw stops oxygen in the air from getting to the metal strip.
C The metal strip has a protective oxide layer but not the metal screw.
D The metal screw is a pure metal and the metal strip is an alloy.

24 In an electrolysis experiment, the same amount of electrical charge deposited 65 g of zinc 
and 394 g of gold.  What was the charge on the gold ion?
A 1+
B 2+
C 3+
D 4+

25 Consider the following chemical cell:

Which of the following changes would lead to an increase in the voltage of the cell?
1 The copper electrode is replaced with an iron electrode.
2 The sodium chloride solution is replaced with a sugar solution.
3 The zinc electrode is replaced with a magnesium electrode.

A 1 and 2
B 1 and 3
C 2 only
D 3 only

26 When one mole of ethanol (CH3CH2OH) undergoes complete combustion, 1370 kJ of 
energy are released.  When one mole of dimethyl ether (CH3OCH3) undergoes complete 
combustion, 1460 kJ of energy are released.
What causes this difference in the amount of energy released?
A The two compounds have different boiling points.
B The two compounds have different relative molecular masses.
C The two compounds have different bonds within the molecules.
D The two compounds have different products of combustion.

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



10

27 The energy level diagram for the reaction between sodium hydroxide and hydrochloric acid 
is shown below.

What can be deduced from the diagram?
A The reaction is rapid.
B Heat is needed to start the reaction.
C The OH ions have more energy than the H+ ions.
D The products contain less energy than the reactants.

28 Excess zinc was added to 100 cm3 of 1.0 mol/dm3 hydrochloric acid and was represented 
by Graph I.

Which condition could Graph II be representing?

A Excess zinc reacting with 100 cm3 of 2.0 mol/dm3 hydrochloric acid.
B Excess zinc reacting with 100 cm3 of 1.0 mol.dm3 sulfuric acid.
C Excess zinc reacting with 100 cm3 of 1.0 mol/dm3 ethanoic acid.
D Excess magnesium reacting with 100 cm3 of 1.0 mo/dm3 hydrochloric acid.

29 Nitrogen and hydrogen react to form ammonia in the Haber process.  Which statement is 
correct about this process?
A A high yield of ammonia is favoured by high temperature.
B Increasing the pressure speeds up the reaction.
C Nickel catalyst is used to increase the production of ammonia.
D The reaction between nitrogen and hydrogen is irreversible.

volume of 
hydrogen 
produced

time
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30 Sodium hypochlorite undergoes decomposition according to the following equation.

3NaClO 2NaCl +  NaClO3

Which option shows the correct oxidation states of chlorine respectively?

NaClO NaCl NaClO3

A -1 -1 +5

B +1 -1 +5

C +1 -1 +7

D +2 +1 +7

31 Which of the following is not a product of the reaction sequence shown below?

A copper
B iron(III) oxide
C oxygen
D water vapour

32 Which two gases do not damage limestone buildings?

A nitrogen and carbon monoxide
B nitrogen dioxide and carbon monoxide
C nitrogen dioxide and carbon dioxide
D sulfur dioxide and carbon dioxide

33 Chlorine atoms are involved in the decomposition of ozone by reacting with ozone in a 
two-step reaction.

Cl +  O3 ClO  +  O2 step 1
ClO  +  O3 Cl +  2O2 step 2

Which observation is true for the reaction?

A The reaction is reversible.
B Chlorine atoms are reduced in step 1.
C Chlorine atoms act as catalysts in the reaction.
D Each chlorine atom causes one ozone molecule to decompose.
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34 The fractions obtained from the fractional distillation of petroleum mainly contain alkanes.

Which of the following molecules are most likely to be found in kerosene, naphtha and 
diesel oil respectively?

kerosene naphtha diesel oil

A C8H18 C13H28 C20H42

B C8H18 C20H42 C13H28

C C13H28 C8H18 C20H42

D C20H42 C8H18 C13H28

35 The general formula of alkanes is CnH2n+2.

Which property decreases as n increases?

A boiling point
B flammability
C melting point
D viscosity

36 Linoleic acid is found in sunflower oil.  The molecular formula of linoleic acid is C18H32O2.

How many double bonds between carbon atoms are present in one molecule of linoleic 
acid?
A 1
B 2
C 3
D 4

37 In an artificial hip joint, bone cement is used to attach the poly(ethane) cup for the joint to 
the pelvic girdle.  Bone cement is formed by the polymerisation of methyl 2-
methylpropenoate and the process is highly exothermic.

methyl 2-methylpropenoate

Which statement is true about bone cement?

A Aqueous bromine is decolourised by bone cement.
B Less energy is released in the formation of C-C bond than the energy absorbed in the 

breaking of C=C bond.
C The empirical formula of bone cement is C5H8O2.
D Water is formed in the polymerisation of methyl 2-methylpropenoate.

g y
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38 An ester is formed from a carboxylic acid and an alcohol.
How does the number of carbon, hydrogen and oxygen atoms in an ester differ from the 
total number of these atoms in the carboxylic acid and alcohol from which the ester is 
formed?

carbon atoms hydrogen atoms oxygen atoms

A fewer fewer fewer

B fewer same fewer

C same fewer fewer

D same same same

39 The structure below shows a section of a polymer.

Which monomer was used to make the polymer?
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40 The following are monomers of a few compounds.  Which of them can be used to produce 
a polymer via condensation polymerisation?

A I and III only
B II and IV only
C I, II and IV only
D II, III and IV only

End of paper 1
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Yishun Secondary School 
Preliminary Examination 2019 
Secondary 4 Express Chemistry (6092) 
Mark Scheme 

Paper 1 
1 C 11 C 21 C 31 C 
2 A 12 D 22 A 32 A 
3 D 13 C 23 C 33 C 
4 B 14 C 24 A 34 C 
5 C 15 A 25 D 35 B 
6 A 16 D 26 C 36 B 
7 D 17 C 27 D 37 C 
8 D 18 B 28 D 38 C 
9 D 19 A 29 B 39 B 

10 B 20 B 30 B 40 D 

Paper 2 
Qn no. Key marking points Remarks
A1a iron(III) oxide;
b nitric acid;
c iron(III) nitrate;
d iron(III) hydroxide;
e ammonia;

A2a

carbon-carbon double bond;   ester;

b Addition polymerisation;
c

d Poly(methyl cyanopropenoate);
ei Red brown; aqueous bromine turns colourless;
ii Addition reaction / addition of aqueous bromine / bromination;

A3a H2A (aq) + 2 NaOH (aq) Na2A (aq) + 2 H2O (l)
Correct equation;
Correct state symbols;

b (25/1000) X 0.02 = 1
V X 0.05          2  ;
      V  =  20 cm3 ;

COOCH3 COOCH3

cac rrbobobobobobobobobobobobobobobobobobobobobbooobobbbbbbbb nnnnnnnnnnnnnnnnn-----------------cacacaccaccacccaaacacccaaaaccacarbrbrbrbrbrbrbrbrbrrrrbrbrbrbrbrrbrrrbrbrbrbrrbrbrrbrbrrbrrrrbbbbonononononononononoononoonoonononononoonooooonnnnnnnnnnnnnnnn doublblbblblblblblblblblblblblbbblbbllblblbbbbbbbbbb e e eeeeeee eeeeeeeeeeeeeeee eeeeeeeee bobobobobobooboboboobobobbbobobobooobboooooooooooooonddndddddddddddddddddddddddddddddddddddddddddd;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;   eeeestettt r;

bbbbbbbbbbbbbbbbb Adddddddddddddddidididiiidididiidiiididdd tittttttttttttt ononononononononononononoonononnooononnononononoononooonoonnoonnooooooo  polymymymymymmymymymmymmmymymymmymmymymmymymmmymymymmymymymmyyymymyymymmyyyy erererererererererererrrrerrrrerrrrrerrisisisisisisisisisisiiisisiiississsisisiiiiiiiiiii aatioooooooooooooooooooooooooon;n;n;;n;n;n;n;n;n;n;;n;n;n;n;nnn;n;;nnnnnnnnnnn
cccccccccccccccccc

Po

COCOOOCH3Sm
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ci carbon hydrogen oxygen
mass (in 100g) 26.7 2.2 71.1
no of moles 2.225 2.2/1 = 2.2 4.44
lowest ratio 1 1 2

working;
Empirical formula of oxalic acid = CHO2 ;

ii n (12 + 1 + 32) = 90
                     n  = 2
molecular formula of oxalic acid = C2H2O4 ;

d mass of oxalic acid in one star fruit = 0.00011 X 90 = 0.0099 g
maximum amount of serving = 0.05 g/0.0099 g = 5;

A4ai methoxybutane ;
CH3OC4H9 ;

ii isomers 

with the same number of carbon, both the alcohol and ether has the same 
molecular formula ;

no marks given 
without 
comparison

iii 298;
bi same general formula of CnH2nO / CnH2n+1CHO;

same functional group of –CHO;
must make ref to 
the table

ii butanal ;
any temp between 70 – 80oC (midpoint of 49oC & 103oC);

A5a the photograph is unlikely to show deposits of pure rubidium / hoax

Rubidium is a highly reactive metal /more reactive than sodium ;
so will react violently when exposed to air / water ;

no mark without 
explanation

b Beryllium is less reactive than magnesium ;
no reaction with cold water / reacts very much slower than magnesium 
with water ;
react with steam to form beryllium oxide and hydrogen gas ;

c reduction by carbon / carbon monoxide ;

A6a Oxidation state(O.S) of N increases from -2 in N2H4 to 0 in N2, and O.S of 
O decreases from 0 in O2 to -2 in H2O ;  
N2H4 is oxidised while O2 is reduced ;

or using any 
definition of [O] or 
[R]

b N2H4(g) + 2F2(g) N2(g) + 4HF(g) ;
-1179 kJ/mol ;

H must be 
negative

c hydrazine and fluorine is a better rocket fuel

any 2 of the following reasons: 
(produces larger volume of gases and more thrust, 5 moles of gases 
compared to hydrazine and oxygen which produces 3 moles of gases ;) 
amount of energy produced per mole by the fluorine mixture is more / is a 
more energy efficient fuel ;
does not use oxygen as a reactant;
more energy release, causing a larger increase in the volume of gases;

no mark without 
reasons

d reaction of hydrazine with fluorine produces HF which is acidic compared 
to water which is neutral ;
HF is likely to cause acid rain which is harmful to the environment and 
aquatic life ;
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creaaaaaaaaaaaaasesesesesesesesesesessesesesesesesesesseesseesesssseeeeeeeeesssssssssssssss frfrfrfrffffrfrrrffrfrfrfrffrfrfrfrrfrffrrfrfrrrrrfrrrrrrfrrrfroooooomooooooo 000000 in n n n n n OOOOOO222222 tttottt  -2 in
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ther hasasasasasas tttttthehehehehehee sam
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t
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A7a atoms of the same element with the same number of protons but different 
number of neutrons / nucleon number ;

b

3m – all correct; 2m – 3 to 4 correct; 1m – 1-2 correct;
c Ar of Ge = ( (24.4/100) x 70) + ((32.4/100) x 72) +((43.2/100) x 74) ;

               = 72.4 (3sf) ;
d Agree

all isotopes of the same element have same number of valence electrons ;
no mark if no 
reason given

B8a reaction is not reversible ;
b endothermic reaction causes the temperature to decrease ;

at a higher temperature of 450 °C, the reaction shifts to the right to 
increase the concentration of products and decrease concentration of 
reactants; ;

c 1.01 mol/dm3; 3 s.f.
d higher temperatures would shift reaction in favour of forming the 

reactants, lowering yield;  
at lower temperatures rate of reaction is slower;

accept: high cost 
to maintain high 
temperature

e high yield of sulfur trioxide without increasing pressure  /
increase in pressure would be expensive (for marginal increased yield) ;

f Reaction 1 – graph B
Vr = Vp ;
Reaction 2 – graph A
Vr > Vp ;

both graphs must 
be correct

accept: moles of 
gas / molecules 
of gas as an 
alternative to 
volume

B9 2NiS + 3O2 2NiO + 2SO2 ;
no. of moles of NiS= 182000

59+32
=2000 mol ;

2000 x (32 +16x2) = 128 kg ;
b simple covalent molecule/ simple molecular structure with 

weak intermolecular bonds/FOA ; 
low boiling point;

c with zinc nitrate - no reaction;
with copper(II) nitrate - blue solution turned green; 
nickel coated with pink solid;

d magnesium is more reactive than carbon ;
thus manufacture by electrolysis (of its ore);

Either Zn + H2SO4 4 + H2

Name Formula Number of 

protons

Number of 

neutrons

Number of 

electrons

Hydrogen 

atom

1 0 1

Deuterium 

ion
+ 1 1 0

Tritium ion - 1 2 2

Reaaaaaaacaaaaaaaaaaa titiiiiiiiiiiiiiiiiionononononononononononoononononononnnnoo 1111111111111111111111111 – grgrgrggrggrgrgrggggrggrgrggrggggrggggrgrgrgrgggrgrgggrrrrgrrrrrrrrrrrrrrrrrrapapapappppppppapppppppppppa hh B
Vr = VVVVVVVVVVVVVVVVVVp p p pp ppp ppp p pp p pp ;

actitititiiiitiiiiiiiiiiiononononononononnonnonononononononononoononooooonooonooonnn 222222222222222222222222 –– grgrgrgrgrgrgrgrgrgrgggggrgrggrgggrgrggrgrgggrgrgrggrrrgrgrgrgrrrrrggggggg apaaaaapaaaaaaaaaaaaaaaaaaaaaaaaa h h hh h h hh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhh AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

emperaturrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrresesssssssssssssssssssssssssssssssss wowowowowwwwowowowowwwwwowwowowwwowwwwwwwowoooould shift reacacacaacacacacacacacacaacaacacacaccacaaccaaacacaacaccaacacacacaacttion in fafaaaaaaaafafaaaafaaaaaaaaaaafafaaafaaaff vovovovovovovovovovovovovovovovovvovvvvvvvvvvvvovvovv ururuuuuuuuuuuuuuuuuuuuuuuuuuuu  of 

0) x 7474)) ;

number off vavavavalelelelencncncnce eleleleleceee trons ;
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B10a 2 + H2
Mol of zinc = 0.488/65 = 0.00751 ;
Mol of acid = 2.0 x 20.0/1000 = 0.04mol ;
Zinc is the limiting reagent and will produce the same volume (180 cm3) of 
hydrogen ;

b A – sulfuric acid, dibasic due to twice the concentration of H+ and
higher rate;
B – hydrochloric acid, due to lower concentration of H+ and lower rate;

c C – sulfuric acid, as same gradient as A ;

mol of hydrogen = 90/24000 = 0.00375 
mass of zinc = 0.00375 x 65 = 0.244 g ;
Or
half the volume of hydrogen, therefore half the mass of zinc 
so 0.488/2 = 0.244 g ;

no mark if no 
calculation 
presented

di zinc displaces copper from copper(II) sulfate to produce brown copper 
deposit ;
less zinc reacts with acid to produce less hydrogen ;

ii Wrong
copper(II) sulfate forms copper, but a catalyst should remain chemically 
unchanged after the reaction ;

no mark given 
without reason

Or
B10a

sodium ethanoate + CH3COONa ;

b From graph, volume of NaOH used = 20 cm3

mole of NaOH = 20/1000 X 0.1 = 0.002mol ;
1 mole of CH3COOH = 1 mole of NaOH
conc of CH3COOH = mole / vol
                               = 0.002 / (20/1000) = 0.1 mol/dm3 ;

c Methyl orange ;
‘Step’ occurs at pH 9, but methyl orange only changes colour between 3.1 
to 4.4 / does not change colour at pH 9 ;

accept OWTTE 

di hydrochloric acid ionises/ dissociate completely while ethanoic acid 
ionises/ dissociate partially / hydrochloric acid is a strong / stronger acid 
while ethanoic acid is a weak / weaker acid ;
so hydrochloric acid has a higher concentration / no of moles per unit 
volume of H+ ions   
so frequency of effective collision increases ; 
thus time taken is shorter ;

ii Volume of NaOH = 10cm3 and same shape ;
 

f NaaaaaaaaOHOOOOO = 1

opp

t should rerererereremamamamamamainininininin cccccchehehehehehemically

;

NaOHH uuseeeeeeeeeeeeeeeeeeed d d d dd dd dd ==== 20 ccccccccccccccmmmmmmmmmmmmmm333333333333333333

/1000 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 0000000000000000000000000000000000000000000.1.11111111111111111111111111111 =========================== 0000000000000000000.0.0.0.0.0.0.00.0.0.0.0...0.....00000200000000000 mol ;;;;;;;;;;;;;;;;;;;
COOH = 1 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoloo e e ofofofofffofofoffoffofffffoffofooooooffofofofofofoooofofofofooooofofooofoooo NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNaOaOaOaOaOaOaOaOaOaOaOaOOOaOaOaOaOaOaOaOOOOHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

H3COOHOHOHHOHOHHHHHHHHHHOOOOOOOOOOOOOOOOOOO ============================================ mole eeeeeeeeeeeeeeeeeeeeee / //////////////////////////// vovovovovovovovovoovovovovovovovovovovooooovovooovovoovovvoooovovvvovvvvvvvv lllllllllllllllllll
                  ===================================== 0.0.00.0.0.0.000.0.0000.0.000.0.000.00 0000000000000000000000000000000000000000000000 2 / / / / / ///////////// (2(2((2(2(2(2(2((((2(2((2(2(2(2(2(2(2(2(2(2(2(2((22222222220/0/101000101010100001010010101000000100000010000111101111111111 00000000000000000000000000000000000000000000000000000 ) = 0.......111111111111111111111111111111111111111 momomomomomomomomomomomomommommomomommomomomomommmommommmmmomommmmomomoommmommmmomooomool/l/l/l/ll/l/l//l/l/l/l/l/l/l/l/l/l/l/dmddddddddddddddddd 3 ;

Methyl oooooooooooooorarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr ngngngngngngngngngngngngngngngngngngeeeeeeeeeeeeee ;
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totooooooooooooo 444444444444444444.4.4444444 // dddodddddddddddddddddd es nnototototototootototototoooooo cccccccccccccchahahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh nnnnngnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn e colololololololololololololololoolololooooururuuururururruuurrruurruururrruruurrrurrrruuu  ataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa pppppppppppppppppppppppppppppppppppppppppppppppppppHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 99999999999999999999999999999999999999999999999999999999 ;;
hydydydydydydydydydydyddydydrororororooooororooooooroooooooooooooooooooooooooooooooooochchchchchchcchhchchchchchchhhhchchchhhchchcchchhhchchhchchcchcchhchc lololoololololololololololooollllllll ririrriririrrirrirrriririrrrririrrirrrrrrrririiiiccccccccccccccccccccccccccccccccccccccc aca ididdddddddddidddddddd ioioiioiioioiooioioioioioioioioioooooooooi nniseeeeeeeeeeeees/s/s/s/s//s///s/s/s/s/s///s/s/s/s///s/s///ss/s/ssssss/s/sss/////ss/ss/ss ddddddddddddddddddddddddddddddddddissisisiisisisisiississsisisisisississisisssssii sosossososososososososososososoooociate coompmpmpmpmpmpleleleleleletetetetetetelyl whil
onisessesesesessesesesesess s/s/ssssssssssssssssssssssssssss  disssosososososososossosossosososososssososssososososososssssoooooooooooooooooocicicciciciciiciciciciiiiiiciciiiiiiiiiiiciicic ate e papappppapppappppppappappappapapappapappappapapappaaaaaapappaappaaaaapaaaaaaartrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtiaiaiaaaiaaaiaiaaaiiaaaiaaaaaalllllllllllllllllllllllyyyyyyyyyyyyyyyyyyyyyy / /// hyhyhyhyhhyhyhyhyhyhyhhyhyhyhyhyhyhyhyhyhhyhyhyhyhyhyhyhyhhhhhhhh ddddrddd ochlhlhlhlhlhlorooooo icccccc acid is
hile etetetetettttettttetettttteeeeee hahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh nononnnnnnonnonnnnnnnn ic aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaciciiciciiciciiciciciciiciciccicicccciccccicicicicicciciciciciccciciiiiciciicciiccccccc dddddddddddddddddddddddddddddddddddddddddddd isisisisisisissisisisisissisissisiisiiisiiiiiiiiiissisiissssssisissisississsssisssssisissi aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwweak / weweweweweweakakakakakakerererererer acid

hydrororororoorororooroorooororrororrroorooochchchcchchchchchchchchccccccccc loloooooooooooooooooooooooooooooorriririiririririiriririririirirriiriiiiic c cccccccccccccccccccccccccccc cccccccccccccc acacacacacacacacacacaacacacaacaaaaaaaaaacaacacaaacaacacaaaccacccccccccccccididdidididddddiddiididdididddiddddiddididididddddddddiddddddddddd hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhas a gggggghihihihihihighghghghghghererererere conc
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1 The solubility curves of four different substances A to D in water are shown below.
The solubility of a substance refers to the mass of substance that can dissolve completely in 
100 g of water at a specific temperature to form a saturated solution.

Which substance is the most suitable to be collected by crystallisation from cooling its hot 
saturated aqueous solution?

2 The following apparatus is commonly used to oxidise ethanol to ethanoic acid

What is the purpose of the condenser?

A prevent air from oxidizing ethanoic acid formed

B prevent ethanoic acid from reforming back to ethanol

C prevent ethanol from being converted to ethene

D prevent the escape of any unreacted ethanol.

A

B

C

D
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3 A sample of isotonic drink containing two water soluble vitamins was analysed using the 
method of chromatography with water as a solvent. The following chromatogram (not drawn 
to scale) was obtained.

Given that the Rf value of vitamin B2 is 0.35, which of the following statements can be 
deduced from the chromatogram?

1 Isotonic drink is a mixture.
2 The solvent front is at 10 cm from the start line.
3 The Rf value of vitamin B6 is 0.27
4 Vitamin B6 is more soluble in ethanol than vitamin B2.

A 1 and 2 B 2 and 3

C 1, 2 and 3 D 2, 3 and 4

4 Two elements, X and Y, have the electronic configurations 2.8.2 and 2.8.7 respectively.
Which of the following statements describe the compound formed by X and Y?

1 It is soluble in water.
2 It has high melting and boiling point.
3 It has a crystal lattice structure similar to that of sodium chloride.
4 The elements in it can be separated by electrolysis of the aqueous mixture.

A 1 and 2 B 3 and 4

C 2, 3 and 4 D 1, 2, 3 and 4
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5 Element A forms an acidic, covalent oxide 
Which row shows the possible number of electrons that could be present in the outer shell 
of an atom of A?

1 2 6 7

A x x

B x x

C x x

D x x

6 Carbon can form different structures as shown in the diagram below. Which of these 
structures are able to conduct electricity? 

1 2

3 4

A 1 and 4 B 2 and 3

C 3 amd 4 D 1, 2 and 3

7 The formation of metallic chlorides involves the transfer of electrons from a metal atom to 
chlorine atoms. 
Which of the metal atom in the metallic chloride below do not transfer exactly two moles of 
electrons to form the metallic chloride?

A barium chloride B iron (II) chloride

C magnesium chloride D sodium chloride
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8 Hardness in tap water can be determined by titrating a sample of water against a reagent 
which reacts with dissolved metals ions. The indicator for this titration requires the pH to be 
maintained at about 10.
Which substances, in aqueous solution, could be used to maintain the pH at about 10?

A ammonia and ammonium chloride

B ammonia and sodium hydroxide

C sodium hydroxide and sodium ethanoate

D sodium hydroxide only

9 Gas Y is soluble in water. Its solution turns red litmus paper blue.
Which statement is not correct?
A A green precipitate is obtained when an aqueous solution of Y is added one drop at a 

time to aqueous iron(III) nitrate.
B A white precipitate is produced, which is soluble when an aqueous solution of Y is added 

one drop at a time to aqueous zinc nitrate.
C Gas Y could be made by warming ammonium nitrate with aqueous sodium hydroxide.

D Gas Y could be made by warming calcium nitrate with aqueous sodium hydroxide and 
powdered aluminium.

10 Barium sulfate which is used as a medical tracer is prepared by mixing two substances, X
and Y.
Which row shows the best way to prepare pure barium sulfate?

substance X substance Y

A aqueous barium nitrate lead(II) sulfate

B aqueous barium chloride aqueous sodium sulfate

C barium carbonate dilute sulfuric acid

D barium oxide dilute sulfuric acid

11 A student added 12.5 cm3 of 0.0500 mol/dm3 sodium hydroxide to 25.0 cm3 of 0.100 mol/dm3

hydrochloric acid.
What is the concentration of hydrochloric acid remaining in the reaction mixture?
A 0.0333 mol/dm3 B 0.0500 mol/dm3

C 0.0667 mol/dm3 D 0.0750 mol/dm3
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12 Iron(II) sulfate is a common nutritional supplement used in treating patient with iron-deficiency 
anaemia. The percentage of iron(II) sulfate present in one tablet of this supplement can be 
determined by dissolving 5.00 g tablet containing iron(II) sulfate in water with excess barium 
chloride solution. 
After mixing, 2.89 g of barium sulfate is precipitated out, what is the percentage of iron(II)
sulfate in the tablet?

A 18.9 % B 37.7 %

C 42.2 % D 57.8 %

13 In an experiment, 8.0 cm3 of 1.0 mol/dm3 aqueous copper(II) sulfate and 4.0 cm3 of 
1.0 mol/dm3 aqueous sodium carbonate are mixed.
What does the reaction vessel contain once the reaction is completed?
A a colourless solution only

B a green precipitate and  a blue solution

C a green precipitate and a colourless solution

D a white precipitate and a colourless solution

14 Metal R is more reactive than metal S which is more reactive than metal T.
The sulfates of R and T are colourless; the sulfate of S is blue.
Which observation is correct when a metal is added to a solution of sulfate?

metal added solution of sulfate colour change

A R S blue to colourless

B S R colourless to blue

C S T blue to colourless

D T S blue to colourlessSm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



7

[Turn over

15 The diagram shows the positions of elements W, X, Y and Z in the Periodic Table.
These letters are not the chemical symbols of the elements.

Which statement is not correct? 

A W and Z could react together and form a compound, WZ

B W has a melting point that is lower than that of Z.

C X could form an oxide, X2O3

D Y could form an oxide, YO2.

16 Which statement about metals and their compounds is not correct?

A Unreactive metals are likely to be found as elements in soil or rocks.

B Metals low in the reactivity series are generally extracted from their oxides by heating 
with carbon.

C Heating magnesium with iron(III) oxide produces iron and a white ash containing 
magnesium oxide.

D Higher temperature are needed to reduce copper(II) oxide to copper than are needed 
to reduce zinc oxide to zinc by hydrogen.

17 An underground water tank made of iron is joined to a copper pipe. 
Which of the following will occur? 

A The corrosion of copper is faster. 

B Electrons will flow from the iron to copper. 

C Copper atoms will be oxidised to form copper(II) ions.

D A chemical cell will be formed with the copper pipe acting as the negative terminal. 
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18 P, Q and R are elements found in Group VII of the Periodic Table. Three experiments 
were carried out to determine the reactivity of P, Q and R.
The three reactions are represented by the three equations shown below. 

1 R-(aq) + Q2(aq) no reaction 
2 P-(aq) + R2(aq) no reaction 
3 2Q-(aq) + P2(aq) Q2(aq) + 2P-(aq)

Which statement about P, Q and R is correct? 

A P2 is a solid at room temperature.

B R2 is a stronger oxidising agent than Q2.

C Aqueous HQ turns red litmus paper blue.

D P2 is a reducing agent for reaction 3.

19 In which equation(s) is nitrogen being reduced? 

1 HNO3 (aq) + NH4 4NO3 (aq) + H2O (l)
2 4NO3

– (aq) + 5CH2O (l) + 4H+
2 (g) + 5CO2 (g) + 7H2O (l)

3 2NO3
– (aq) + 4H+ 2+ (aq) + 2NO (g) + 2H2O (l)

A 3 only B 1 and 2

C 2 and 3 D 1, 2 and 3

20 In which reactions are reduction taking place?

1 the formation of iron from hematite in the blast furnace 
2 the manufacture of ammonium sulfate from aqueous ammonia and sulfuric acid.
3 the manufacture of margarine from vegetable oil
4 a reaction of acidified potassium dichromate(vi) in which colour changes from 

orange to green

A 1 and 3 B 1 and 2

C 1, 3 and 4 D 2, 3 and 4
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21 Bismuth(III) oxychloride is dissolved in concentrated hydrochloric acid to give a colourless
solution of bismuth(III) chloride.

BiOCl(s) + 2HCl(aq) BiCl3(aq) + H2O(l); -132 kJ/mol
The activation energy for the forward reaction is 45 kJ/mol. 

Addition of water re-forms the bismuth(III) oxychloride as a white precipitate.
What is the activation energy for the reverse reaction?

A -45 kJ/ mol B 87 kJ/ mol

C -87 kJ/mol D 177 kJ/mol

22 The following diagram shows the energy changes associated with one stage of the heating 
of water under atmospheric pressure.

Which of the following statements about this system are correct?

1 The conversion H2O(l) to H2O(g) is exothermic.
2 When 18 g of steam at 100oC condense to water at 100oC, 40.7 kJ of energy is 

given out.
3 Water at 100oC has particles further apart than steam at 100oC.
4 Steam at 100oC contains more energy than the same mass of water at 100oC.

A 1 and 2 B 2 and 4

C 1, 2 and 3 D 2, 3 and 4

23 When aqueous potassium iodide is added to hydrogen peroxide, the following reactions are 
observed.

H2O2(aq)  + I-(aq)  IO-(aq) + H2O (l)
H2O2(aq) + IO-(aq)  I-(aq) + H2O (l) + O2(g)

There is a vigorous reaction and energy is liberated very rapidly, leading to a rise in 
temperature of the reaction mixture.
What is the role of aqueous potassium iodide in the overall reaction?
A as a base B as a catalyst

C as a reducing agent D as an oxidising agent

energy /kJ
H2O (g)

H2O (l)

H = +40.7kJ/mol
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24 Aqueous hydrogen peroxide decomposes according to the following equation. 
2H2O2 2H2O + O2

Two experiments were carried out to measure the rate of production of oxygen from aqueous 
hydrogen peroxide. The results are given below.

experiment solution used

X 100 cm3 of 2 mol/dm3 H2O2

Y mixture of 100 cm3 of 2 mol/dm3 of H2O2 and 50 cm3 of 0.5 mol/dm3

H2O2

Which graph best shows the results of the two experiments?
A B

C D
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25 Sulfamic acid, H2NSO3H, is used as an acidic cleaning agent. It reacts with dilute nitric acid 
to produce the gas dinitrogen monoxide, N2O.

H2NSO3H + HNO3 2O + H2O + H2SO4

Three experiments were performed using a fixed concentration and volume of sulfamic acid 
but with varying concentrations and volumes of dilute nitric acid. The total volume of the 
dinitrogen monoxide evolved was recorded against time.

experiment concentration of HNO3/
mol/dm3

volume of HNO3 /cm3

1 2.0 50
2 1.0 100
3 2.0 100

Assuming that sulfamic acid is in excess, which of the curves X, Y and Z in the graph above 
relate to experiment 1, 2, and 3?

1 2 3

A X Y Z

B X Z Y

C Z X Y

D Y Z X

time/s
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27 Metal P can be obtained from its oxide by heating with carbon, and from its aqueous 
chloride by electrolysis.

Which metal is P?
A lead B copper

C silver D sodium

28 Three electrolytic cells are set up using inert electrodes. 
The electrolytes used are listed below. 

cell 1: concentrated aqueous potassium chloride
cell 2: dilute sulfuric acid 
cell 3: molten magnesium oxide

In which of these cell(s) is/are gases formed at both electrodes?

A 2 only B 3 only

C 1 and 2 D 2 and 3

29 During the electrolysis of an aqueous solution of a molybdenum salt, 24 g of molybdenum
(Ar of Mo = 96) is deposited at the cathode by 1.5 moles of electrons.

What is the formula of the molybdenum ion?

A Mo+ B Mo3+

C Mo4+ D Mo6+

26 In an experiment, 2 moles of aluminium ions, Al3+ were discharged in the electrolysis of 
molten aluminium oxide. 

Which amount of metal ions would be discharged by an equal amount of electricity in the 
following experiments? 

A 2 mol of Cu2+, in the electrolysis of aqueous copper(II) nitrate.

B 3 mol of Pb2+, in the electrolysis of molten lead(II) bromide

C 3 mol of Ag+, in the electrolysis of aqueous silver nitrate

D 6 mol of Zn2+, in the electrolysis of aqueous zinc sulfate
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30 The circuit shown is set up and an electric current is passed through the four cells in 
series. 
In which cells are the intensity of the blue colouration of the solution unchanged?

A W and Z B X and Y

C X and Z D Y and Z

31 Which of the following reaction(s) produces greenhouse gases?

1 Cracking of C9H20 to form 4 moles of ethene and another organic compound. 
2 Heating potassium carbonate over a strong flame.
3 Passing of unburnt hydrocarbons through the catalytic converters.

A 2 only B 1 and 3

C 2 and 3 D 1, 2 and 3

32 A car burning lead-free fuel has a catalytic converter fitted to its exhaust. On analysis, its 
exhaust gases are shown to contain small quantities of nitrogen oxides.
What modifications would results in lower exhaust concentrations of nitrogen oxides?

1 An increase in the surface area of the catalyst in the converter.
2 An increase in the air-fuel ratio through the engine of the car.
3 A much higher temperature of combustion in the engine.

A 1 only B 2 and 3

C 1 and 2 D 1, 2 and 3

y g
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33 Which of the following are true of the Haber Process?
1 Nitrogen is oxidised to form ammonia
2 The hydrogen is obtained from cracking of petroleum fractions.
3 Ammonia formed is condensed and obtained as liquid.
4 A high temperature will increase the yield of ammonia.

A 1 and 2 B 1 and 4

C 2 and 3 D 2, 3 and 4

34 A diagram of the hydrogen-oxygen fuel cell is shown below.

Which of the following are correct statements about the fuel cell? 

1 Electricity is used to generate hydrogen and oxygen.
2 Electrons flow from the anode to the cathode in the electrolyte.
3 Hydrogen and oxygen undergo redox reactions to generate electricity. 
4 The anode and cathode are the negative and positive electrodes respectively

A 1 and 2 B 1 and 3

C 2 and 3 D 3 and 4

35 Esters are sweet smelling substances found in fruits and flowers.
The following is the ester from pear.

Which of the following react together to form the above ester?

A methanol and  butanoic acid B propanoic acid and ethanol

C ethanoic acid and propanol D methanoic acid and butanol

y g yg
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36 When iodine, I2, reacts with an unsaturated compound, one molecule of iodine adds 
across each double bond. 
Unsaturated fatty acids react similarly with iodine. 0.150 mol of a particular fatty acid reacts 
with exactly 0.300 mol of I2.
What could the fatty acid be?

A lauric acid CH3(CH2)10COOH

B linoleic acid CH3(CH2CH=CH)2(CH2)10COOH

C palmitoleic acid CH3(CH2)5CH=CH(CH2)7COOH

D arachidonic acid CH3(CH2CH=CH)4(CH2)6COOH

37 The chemical formulae of four organic compounds are listed below. 

1 H2C=CH(COOCH3)
2 HOOC(CH2)3COOH 
3 NH2CH2CH2CH2COOH 
4 H2NCHClCHClNH2

Which two compounds can undergo self-polymerisation to form a polymer?

A 1 and 2 B 1 and 3

C 2 and 4 D 3 and 4

38 A student carried out some test on citronella, a compound which is found in rose oil.
The structure formula of citronella is shown below.

Which of the following statements about citronella are correct?
1 Aqueous bromine was decolourised when citronella was added to it.
2 Effervescence observed when sodium carbonate was reacted with citronella.
3 Citronella turns aqueous acidified potassium manganate(VII) from purple to 

colourless.
4 A sweet smelling smell was detected when citronella was heated with a mixture 

of methanoic acid and concentrated sulfuric acid.

A 1 and 2 B 2 and 3

C 1, 3 and 4 D 2, 3 and 4
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39 Petroleum can be separated into fractions by fractional distillation.
Which statement about this process is not correct?

A The lubricating oil fraction is a source of polishes and waxes.

B The fraction obtained at the top of the fractionating column has the highest boiling point.

C In a fractionating column, the bitumen fraction is obtained below the kerosene fraction.

D The molecules reaching the top of the column have the smallest relative molecular mass.

40 The structure below shows part of a polymer. 
Which one of the following show the correct monomers?

A C
O

OH
N

NH2

H

C N

N

H

NH2

O

OH

B NH2
N

H

C
O

OH

C N

N

H

NH2

O

OH

C C
O

OH
N

NH2

H

NH2
N

N

H

C
O
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D C
O

OH
N

H
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N

N

H

NH2

end of paper
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Section A

Answer all questions in the spaces provided below.

The total marks for this section is 50.

A1 Choose from the following solutions to answer the questions below.

CuSO4        KCl K2Cr2O7    KI

KMnO4        MgSO4 NH3    ZnSO4

Al(NO3)3                 AgNO3 NH4NO3             NaNO3

Each solution can be used once, more than once, or not at all.

Write the formula for a solution which

(a) reacts with an acid to produce a fertiliser.

[1]

(b) turns colourless when sulfur dioxide is bubbled through it.

[1]

(c) is used to test for an oxidising agent.

[1]

(d) reacts with magnesium strips to give a pink-brown solid.

[1]

(e) gives a white precipitate that dissolves in excess of sodium hydroxide and aqueous 
ammonia.

[1]

(f) reacts with lead(II) nitrate to give a bright yellow precipitate.

[1]

[Total: 6]

 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



3 
 

A2 Ammonia, NH3, is a colourless, pungent-smelling gas which has been known to man from the 
beginning of record time. It is given off from urine such as that on a wet soiled nappy used by a
baby.

The nitrogen-containing substance in urine is urea, CO(NH2)2 which reacts with water and 
decomposes by hydrolysis into ammonia and another colourless gas. 

(a) Construct a balanced chemical equation for the hydrolysis of aqueous urea.

[1]

(b) Ammonia burns in pure oxygen to produce nitrogen and steam.

4 NH3(g) + 3 O2(g) 2 N2(g) + 6 H2O(g) 

Explain in terms of oxidation state, whether the reaction is a redox reaction.

[2]

(c) The Haber process makes use of hydrogen and nitrogen to manufacture large scale 
amount of ammonia, NH3 in the industry. Calculate the maximum mass of ammonia 
formed when 6 dm3 of hydrogen reacts with 10 dm3 of nitrogen if the percentage yield 
is 88%.

mass of ammonia = [3]
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(d) When ammonia dissolves in water, the water feels cold. 

NH3(g) + H2O(aq)  NH4OH (aq) 

Complete the energy profile diagram for this reaction.

Your diagram should include:

(i) the formulae of reactants and products.
(ii) labels to show activation energy and enthalpy change of the reaction.

[3]

[Total: 9]
 

A3 An experiment is carried out to electrolyse copper(II) sulfate solution and concentrated potassium 
chloride solution at the same time using inert electrodes.

energy/ kJ

progress of reaction

Cell 1 Cell 2

battery

copper(II) sulfate 
solution

concentrated potassium chloride 
solution + universal indicator
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(a) State one visible change that can be observed on electrode X.

[1]

(b) Student A commented that the colour intensity of the blue copper(II) sulfate solution 
will start to fade away throughout the experiment in Cell 1.

Student B commented that there will be no changes in the colour intensity of the blue 
copper(II) sulfate solution throughout the experiment in Cell 1.

Which student is correct? Explain with the help of ionic half equations to support your 
answer.

[3]

(c) (i) Describe the colour change of the Universal Indicator during electrolysis of the 
concentrated potassium chloride solution in Cell 2.

[1]

(ii) Explain your observation in (c)(i).

[2]

[Total: 7]
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A4 The reaction scheme below shows compound A converted into compound B.

(a) One mole of compound A reacts with one mole of steam to form compound B at high 
temperature and pressure in the presence of a catalyst. 

Draw the full structural formula of compound A.

[1]

(b) Compound A is an unsaturated organic compound. Describe a chemical test to show 
that it is unsaturated.

[1]

(c) Compound A can form an addition polymer. Draw two repeat units of this addition 
polymer.

[1]

compound A

compound B

compound C

polymer D
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(d) Compound B can be oxidised by acidified aqueous potassium manganate(VII) to form 
compound C. Draw the full structural formula of compound C.

[1]

(e) Compound B and compound C can undergo condensation polymerisation to form 
polymer D. Draw a repeat unit of polymer D.

[1]

[Total: 5]
 

A5 (a) Unripe fruit often contains polycarboxylic acids, that is acids with more than one carboxylic 
acid functional group in their molecule. A citric acid organic molecule is shown below.

Draw the full structural formula of the organic compound produced when citric acid is 
reacted with an excess of Na2CO3.

[1]
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(b) Another polycarboxylic acid present in unripe fruit is a colourless crystalline solid, W,
which has the following composition by mass: 

C, 40.7%; H, 5.1%; O, 54.2%. 

(i) Show that the empirical formula of W is C2H3O2. Present your working clearly 
in a table.

[3]

(ii) A sample of a compound W of mass 1.73 g and relative molecular mass of 118
was dissolved in water and the resulting solution was titrated with 1.00 mol/dm3

NaOH. 29.40 cm3 of NaOH was required for complete neutralisation.

Deduce the number of carboxyl functional groups that are present in one 
molecule of compound W. Show your working clearly.

[2]

[Total: 6]
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A6 Electronegativity refers to the ability of an atom to attract electrons and is otherwise known as 
‘electron attracting’ power. The greater the electronegativity value of an atom, the greater is its 
ability to attract electrons and vice versa. 
The diagram below shows the electronegativity of Group I and VII elements.

(a) Suggest why the electronegativity of fluorine is the highest among Group VII 
elements?

[2]

(b) Suggest why the electronegativity of Group I elements are very low.
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(c) The diagram below shows the electronegativity across Period 3 elements with argon 
(Ar) being excluded. In addition, it is observed that the electronegativity increases 
across the period.

Explain why argon is excluded in illustrating the electronegativity across Period 3.

[2]

(d) With reference to all the diagrams above and the Periodic Table, state an element 
other than the noble gases, that is most likely to have the lowest electronegativity. 
Predict the value of electronegativity for the element that you have stated.

[2]

[Total: 7]
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A7 In a series of experiments, different types of acid were added to powdered sodium carbonate. 
The acids added were hydrochloric acid (HCl), sulfuric acid (H2SO4) and phosphoric acid 
(H3PO4).

(a) Phosphoric acid is a weak acid. Define ‘weak acid’.  

[1]

(b) Phosphoric acid is a weak tribasic acid. Write an ionic equation to show the ionisation 
of phosphoric acid.

[1]

(c) Different sodium salts can be formed by reacting sodium carbonate and phosphoric 
acid. Other than Na3PO4, suggest the chemical formula of two other salts formed from 
phosphoric acid and sodium carbonate.  

[1]

(d) The graph below shows the volume of gas collected over a fixed period of time when 
the three different acids were added to powdered sodium carbonate. In all the 
experiments, three different acids of the same concentration and volume were added 
in excess to the same mass of sodium carbonate. 

volume of gas 
collected/ cm3

time/s
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(i) In the table below, match the acids used to the curves labelled I, II and III obtained 
in the graph.

acid used curve
HCl

H2SO4

H3PO4 [1]

(ii) Using the collision theory, explain how the types of acid chosen in (d)(i) affect 
the rate of reaction as seen in the different curves.

[3]

(e) On the graph shown on the previous page, sketch the curve obtained when

(i) the mass of sodium carbonate added to sulfuric acid is doubled but in lump form. 
Label this curve as IV.

[1]

(ii) sodium carbonate added to sulfuric acid is replaced with calcium carbonate of 
the same mass. Label this curve as V.

[1]

(f) Describe briefly another method that can be used to monitor the rate of reaction.

[1]

[Total: 10]
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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 of the alternatives should be attempted.

B8 Galvanisation is the process of coating the entire surface of a piece of iron with zinc to prevent it 
from rusting. The information below shows two common ways of galvanising iron. Either through 
hot-dip galvanisation or electro-galvanisation (electroplating an object with zinc).

Hot-dip galvanisation 

The piece of iron to be galvanised is dipped into a molten bath of zinc at a temperature of around 
460°C. The piece of iron is then cooled and exposed to the air. The outermost layer of zinc then 
reacts with oxygen and carbon dioxide in air as follows: 

Reaction 1: Zinc reacts with oxygen to form zinc oxide 
Reaction 2: Zinc oxide reacts with carbon dioxide to form zinc carbonate 

The resulting iron piece looks like this:

Electro-galvanisation (electroplating an object with zinc) 

The piece of iron to be galvanised and a piece of zinc are used as electrodes and dipped into an 
electrolyte containing a mixture of aqueous zinc cyanide [Zn(CN)2] and aqueous sodium 
hydroxide at room temperature and pressure. An external electrical power supply is used. Zinc 
ions are discharged to form zinc atoms, which are coated onto the piece of iron.

Other facts about both types of galvanisation

Hot-dip galvanised iron Electro-galvanised iron 

Layer of zinc is coarse and thick. Layer of zinc is smooth and thin.

Used to make alloy sheets for roofs. Used to make bolts and nuts.

outermost layer of zinc carbonate

zinc

piece of iron
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(a) A student made the following comment on galvanisation: 

“Galvanising a piece of iron is more effective in preventing it from rusting than painting or 
greasing it.” Use the information given and your knowledge to explain whether this 
comment is true.

[2]

(b) In hot-dip galvanisation,

(i) use the information given to write balanced chemical equations for reaction 1
and reaction 2.

[2]

(ii) if 12.5 g of zinc carbonate were found on a piece of galvanised iron, calculate the 
mass of zinc which reacted to form this mass of zinc carbonate. 

[2]

(c) In electro-galvanisation,

(i) use the information given to draw a clearly-labelled diagram of the experimental 
setup. In your diagram, label the piece of iron, the piece of zinc and the 
electrolyte.

[1]
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(ii) some older processes of electro-galvanisation employ the use of dilute acids in 
the electrolyte instead of aqueous sodium hydroxide. 

Explain what problem this could pose.

[1]

(d) From the information given, suggest one advantage and one disadvantage that 
hot-dip galvanisation has over electro-galvanisation.

[2]

[Total: 10]
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B9 Read the following article on using artificial leaves to make hydrogen.
Gasoline comes mostly from fossil fuels which cause air pollution when they are processed.
Scientists are trying to find an alternative to gasoline that is cost-efficient and sustainable. 
Materials that work like leaves, called synthetic leaves, could be such an alternative. Plant leaves 
use sunlight to make their own food, which is glucose, a type of carbohydrate.
An artificial leaf would also use sunlight and water to create hydrogen and oxygen. The hydrogen 
created through this process could serve as a source of energy that would ultimately replace 
gasoline. When used as a car fuel, hydrogen combines with the oxygen in the air and releases 
energy along with water. The reaction is more exothermic compared to burning gasoline.
The artificial leaf below that Nate Lewis, a chemist at California Institute of Technology in 
Pasadena, and colleagues have developed consists of a membrane that produces hydrogen in 
two steps. 
Step 1: Catalysts in the membrane help to form oxygen from water, releasing hydrogen ions and 
electrons. 
Step 2: The electrons combine with hydrogen ions to form hydrogen gas as shown in the diagram 
below.

Artificial Leaf

 
The artificial leaf produced in Lewis’ laboratory looks more like a small spherical structure than a 
leaf. Such small structures look like bubble wrap on the rooftop of a house.

The artificial leaf absorbs sunlight and water from the air. This material would generate hydrogen
that could be collected into a tank and converted later into a fuel.

~ Sherry Karabin

Adapted and modified from ChemMatters, December 2012
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(a) Processing crude oil often releases methane into the environment. State two effects that 
methane has on the environment.

[2]

(b) Describe with the help of a balanced chemical equation, how plant leaves make food 
for themselves.

chemical equation:

[2]

(c) Artificial leaves can be used to produce hydrogen gas for hydrogen fuel cell in the 
future. Describe how the current source of hydrogen gas is obtained and explain why 
it is unsustainable.

[2]

(d) Suggest two other advantages, other than cost, of using hydrogen as a fuel instead of 
gasoline.

[2]

(e) The artificial leaf functions as an electrolytic cell. Using information given, write the 
anode half equation and the overall cell equation.

anode half equation:

overall cell equation: [2]

[Total: 10]
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Either

B10 (a) Diesel obtained from crude oil is often called fossil diesel. 
Biodiesel can be made from many vegetable oils. 

Tiny particles of solids are produced when the fuel does not burn completely. This 
increases the level of particulates (PM10) in the atmosphere. These particles are small 
enough to pass through the throat and nose and enter the lungs.

One research project compared the exhaust emissions when fossil diesel or biodiesel 
were used as fuels. Some of the relative amounts of these exhaust emissions are 
shown in the bar chart.

(i) Using the data given, compare the exhaust emission between fossil diesel and 
biodiesel.

[2]

(ii) Explain why exhaust emissions from fossil diesel cause more harm to human 
health than those from biodiesel. 

[2]

relative 
amount of 
exhaust 
emission

type of exhaust emission

Key
Fossil diesel

Biodiesel

CO NOx SO2 PM10
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(b) Coal-burning power stations generate large amount of heat from the combustion of 
coal to convert water into steam which in turn drives turbine generators to produce 
electricity. Flue gas that is produced contains sulfur dioxide and oxides of nitrogen. 
These two gases cause acid rain. 

Sulfur dioxide can be removed from the flue gases by several methods. One method 
uses a ‘scrubber’ that contains wet compound X.

(i) Identify compound X that is added to the purification chamber to remove sulfur 
dioxide. Write a balanced chemical equation to show how compound X removes 
sulfur dioxide.

[2]

(ii) Oxides of nitrogen generally consist of a mixture of nitrogen monoxide and 
nitrogen dioxide. In flue gas, nitrogen monoxide is the main component in the 
oxides of nitrogen produced. Explain how nitrogen monoxide cause acid rain 
even though it is a neutral oxide.

[2]

(iii) Acid rain impacts farming greatly as it often causes the soil to be overly acidic 
and results in the leaching of nutrients. In order to alleviate the effects of acid 
rain, a farmer has been advised to treat the soil to reduce the acidity. 
The table below gives the solubility of some calcium compounds. 

Using the information given in the table, suggest and explain why calcium 
carbonate is less effective at reducing acidity than calcium hydroxide and 
calcium oxide.

[2]

[Total: 10]
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OR

B10 (a) Polymers have several uses, and can be found almost everywhere. Some information 
about two polymers are shown below.

name of polymer polypropene polyglycine

structural formula

name of monomer propene glycine

average Mr 2000 – 4000 2000 - 5000

(i) Polyglycine is a polyamide, which is made by the condensation polymerization 
of the amino acid monomer, glycine. Draw the full structural formula of the 
monomer, glycine. 

[1]

(ii) Describe one similarity and one difference between the structures of the 
addition polymer, polypropene, and the condensation polymer, polyglycine. 

[2]
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(iii) The condensation polymerisation of glycine to produce one molecule of 
polyglycine eliminates 990 g of water. 

Calculate the relative molecular mass of this molecule of polyglycine, showing 
all your working (Mr of glycine is 75).

[2]

(b) When compound A (C2H6O), an alcohol, was heated with acidified potassium    
manganate (VII), an organic compound B was formed. When a mixture of A and B
was heated in the presence of a catalyst, a sweet smelling liquid C was obtained.        

(i) Draw the full structural equation for the reaction that occurs between A and B.
Identify compound A, B and C and write their respective names next to their     
structural formula in the equation.

[3]

(ii) Compound A can be used as a car fuel. In some countries it is produced from 
the sugars in sugar cane.

An environmentalist makes a comment about using compound A as a fuel.

Do you agree with the comment? Explain your reasoning.

[2]

[Total: 10]

Compound A as a fuel is ‘carbon neutral’ because using it does not add to 
the amount of carbon dioxide in the atmosphere.
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A1(a) NH3 [1]
(b) KMnO4 [1]
(c) KI [1]
(d) CuSO4 [1]
(e) ZnSO4 [1]
(f) KI [1]

A2
(a)

CO (NH2)2 + H2O 2NH3 + CO2 [1]

(b) Ammonia is oxidized to form nitrogen gas. Oxidation state of nitrogen increases from 
-3 in NH3 to 0 in N2. [1]

Oxygen gas is reduced to form steam. Oxidation state of oxygen decreases from 0 in 
O2 to -2 in H2O. [1]

Since oxidation and reduction take place, it is a redox reaction.

(c) N2 + 3H2 2NH3

No of moles of N2: H2
                         1 : 3 
                         2 : 6
Nitrogen is in excess, hydrogen is the limiting reactant. [1]

Theoretical mass of ammonia = 6/24 x 2/3 x 17
                                                = 2.83 g [1]  

Maximum mass of ammonia = 2.83 x 88%
                                              = 2.49 g [1] (3sf)

(d)

[1] for EA

[1] for reactants and products

n dec

dox reactitiionononononon.

ess, hydyddydydydyddydydddydydydydydydydyddydydydddddddddydyddyddydddyddyddyydydydyyyyyyyyyy rororoororororororororooroooooooooroooooororoooooooorrrrorr gegegegegegegeggegegegegegegegegegegegegggeggeggegegeggegegegegeeeeeeeeeeeeeeeennnnnnnnnnnn iss tttttttttttttttttthehehehehehehehehehehehehehehe limittininininnnininninininininininninnnnnnnnnnnnnng gggggggggggggggggggggggggggggggggggggggggggggggggg reactant. [1[1[1[1[1[1]

cal massssssssssssssssssssssssssssssssssssssss s ssssssssssssss ofoofofofofofofofofofofoofofofoofofofofofofofofofoooofoofoofoofofffffffffffffff ammmmmmmmmmmmmmmmmmmmmmmmmmmmmononononononoonononooonooooononooonoonononoonoonooononoooonnnnnnnnnnno iaiaiaiaiaaaiaaiaiaiaiaaaaaaaiaaaiaaaaaaaaiaaaaaiaiiaai ====================== 66666666666666666666666666666666666666/2/2/2/2/222/22/2/2/2/222/222/2222/22/2/222222// 4 44444444444444444444444 xxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 2/2/2/2/2/2/2/2/2/2/2/2/2//2//222///////222222/22////2/2//222222222222/2/22/2/3 33333333333333333333333333333333333 x 1777777777777777777777777777777777777777777
                                      = 2.2.22.2.22.22.2.2.2.2.22.22.22.222.2222222222222222222222 838383883388383838383383838383833333838333838333833888888888888888 g [1] 

Maxiiiiiiiiiiiiimummmmmummmmmmmmmmmmmmmmmmmmmmmm m mamammamamamamamaammammaamaammmm sssssssssssssss ooooooooooooooooooooooooooooooooooooooof amamamamamamamamamamamamamaaaaaaaaaaaaaaaaa moooooooooooooooooooooooooooooooonininininnninininnininnninnnnininnniinnnnninnnnnnnnnnnnnnnnnnnnn aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa == 2.2.838333833833838338383833838383833383838338383833838383838338383383838388388888388838888883383338333338883 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 8888888888888888888888888888%8%%%8%8%8%%8%8%8%8%8%%8%%8%8%8%%8%%8%%8%8%%8%%8%%%8%8%8%8%8%8%888%8%88%%8%88%8%%88%%%8%%%%%
                                       = 2.2.2222.22222.2222222.22.22.22222222.22222.222222222222222222222 494949494949494944494949494944449499494949494999494949494999494944949494449444999494994999499999494499494499499499 gggggggggggggggggggggggggggggggggggggggggggggggggg [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1]1]1]1]1]1]1]1]1]1]1]]]1]1]1]1]]]]]]]]] ((((((((3sf))))))
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A3(a) Reddish brown solid will be formed on X. [1]

(b) Student A is correct.

Cu2+ ions will be preferentially discharged at the cathode and reduced to form Cu. [1]

Cu2+ (aq) + 2e Cu(s) [1]

Blue colour intensity fades away due to Cu2+ ions being removed from the electrolyte. 
[1]

(c)(i) Green to violet/blue [1]

(ii) Initially concentrated potassium chloride solution is neutral and universal indicator is 
green. Hydrogen ions will be preferentially discharged at the cathode to form 
hydrogen gas. Chloride ions will be preferentially discharged at the anode to form 
chlorine gas. [1]

Thus the remaining electrolyte is potassium hydroxide, which is alkaline. Universal 
indicatior turns violet in the presence of an alkaline solution. [1]

A4(a)

(b) Add aqueous bromine to compound A. It decolourises from reddish brown solution to 
colourless. [1]

(c)

Addddddddddd aqaqaqaqaqqqaqaqqqqqqaqaqaqqaqqaqaqqqqaqqaqqqqqqqaqaqaqaaqueueueueeeueeeueeeueueeeueueeeououoouououoououoooououoooouooooouooouuuus ssssssssss brbrbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrbbbbbbbbbbbbbbbbbbb omomomomomomomomomomomomomomomomomomomomomomomoommmomooommoomommmmooommooommmommmmmmmmmmmmmmmmmmmininininnninininnnninininiiiiiniiiiiiiiiinneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee totottototttttototototootoootooottotoootootototoototttttttt  commmmmmpopopopopopounununununund ddddd AA. It d
olourrrrrrrrrrrrrrrrrrrrlelelelelelelelelelelelleleleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssss... [11111111[1[1[1[[111[[111111111111111111]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

and univers
at the ccccccatatatatatathohohohohohodedededededed  to 

ischarged atatatatatat theeeeee aaaaaanode

assium hydroxxxxxxxxidididididdidddiddddddddddddddddddddde,e,e,e,e,e,eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhihihiiiihhhhhhhhhhhhhhhhhhh ccccchc  is alalalalalalkakakakakakalilililililinenenenenene. Univ
ence ofoffofffffofffffffffoooofo  anaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  alkakaaaaaaaaaaaaaalilililililililililililililiiliiiiiliiiiiiinenenenneneneneneneneneneneneneneneneneneneneeeeeeeeee ssssssssssssssssssssssssssssssssssssolololooolololololoololoololololololololololololololololololololololololollutuututtututututtutttttttttututtuttuuutuuuttuuuttuttuuuuttuututtuuuttuttututututututttuttututtutuutuu ioioooooooonnnnn.n  [1]]]]]]
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(d)

(e)

A5
(a)

(b)(i)
Element C H O
Percentage 40.7 5.1 54.2
No. of 
moles 

40.7/12 
= 3.39

5.1/1
=5.1

54.2/16 
= 3.39

Simplest 
ratio 

3.39/3.39
=1

5.1/3.39
=1.5

3.39/3.39
=1

2 3 2
Correct table with values [2] marks

Empirical formula is C2H3O2. [1]

(ii) No. of moles of NaOH = 1 x (29.40/1000) 
                                    = 0.0294 mol  
No. of moles of W reacted = 1.73/118 
                                           = 0.0146 mol [1]

No. of carboxylic acid groups in each molecule of W = 0.0294 / 0.0146
                                                                                    = 2 [1]

Elemmmmmmmmmmmmmmmmmmmmmmeneneeeeneneneneneneneneneeeeeeeeeeeeeeeeeee ttttttt CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC HHHHHH
erceneenenenenennnnnneneneenennnnnnenennnnnnnnnnnnnnnnnnntattatatatatatatatatatatatatatatatt gegeeeeeeegeeeegegeegeeegegegeeeeegegegeegegegee 404044444444444444 .7 5.1

of 
s

404040404040.7.7.7.7.7.7/1/1/1/1/1/1222222
====== 333.333 39

5
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A6
(a)

Fluorine has the smallest atomic size in group VII. [1]

Thus the electrostatic forces of attraction between the valence electron and nucleus is 
the strongest and it is able to attract an electron most readily. [1]

(b) Group I elements have only one valence electron. Thus they have tendency to lose 
their valence electron to be stable instead of attracting electrons. [1]

(c) Argon has a stable octet structure / fully filled valence shell. [1]

Thus it does not lose, gain/attract or share any electrons.[1]

(d) Francium [1]

Range of value = 0.50 – 0.79 [1]

A7
(a)

Weak acids partially ionize to produce lower concentration of H+ ions. [1]

(b) H3PO4 (aq) 3H+ (aq) + PO4
3- (aq) /

H3PO4 (aq)  2H+ (aq) + HPO4
2- (aq)/

H3PO4 (aq)  H+ (aq) + H2PO4
- (aq)    [1]

(c) NaH2PO4 and Na2HPO4 [1]

(d)(i)
Acid used Curve

HCl II

H2SO4 I

H3PO4 III

All correct for [1] mark 

(ii) Both sulfuric acid and hydrochloric acid are strong acids. Sulfuric acid is a dibasic 
acid while hydrochloric acid is a monobasic acid. Thus, the experiment using sulfuric
acid has a faster rate of reaction as compared to hydrochloric acid since the
concentration of hydrogen ions is doubled compared to hydrochloric acid. [1]

The experiment using phosphoric acid will have the lowest rate of reaction because 
the concentration of hydrogen ions in phosphoric acid is lowest among the three 
acids. [1]

The higher the concentration of hydrogen ions per unit volume, the higher the 
frequency of effective collisions and the faster the rate of reaction. [1]

th ssssssssssssssululululuuulululuululuululuuuluuuluulululuulllullullfufufufufufufufufufufufufufufufufufuffufffuufuuriiririririririririiiiririiiiriiiirriririr cc acacacacacacacacacaccacacacacacacaccacacacacacacaccaaccaacacaaaccacaccacacaccccididididididdidididididdididddddiddddidididididdddiidddddddddddd andd hhhhhhydydydydydydroooooochccccc loric
whhhhhhhhhhilililililllililililililiii eeeeee e eeeeeeeeeeeeeeeeeeeeeeeeeeeeee hyhyhhhyhyhyhyhyhyhyhyhyhhyhyhyhyhyhyhyhyhyddddrddddddddddddddd ochlhlhlhlhlhlororororororicicicicicic aaaaaacid is
has a fasssasssteteteteteter r rr rr rarararararatetetetetete of re

tratitittittitit onononononon ooooofffff f hydr

ntration of HHHHHH+ ionsnsnsnsnsns. [1]

)/
(aq)    [1[1[1111[1[1111[111[[[1[1[11[111[1[[111111]]

4 [1]

Aciddddddddddddddddddddddddddd uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuusesssssssssssssssssssssssssssssssssssssssss d CuCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC rve
HCHCHCHCHCHCHCCHHCHCCHCHCHCHCHCHCHHCCCHCHCHCHCHCCHCHHCHCHCCHHCCHHCHCHCHHHCHCHHHHHH lllllllllll II

HHHHHHHHHHH2SOSOSSSOSOSOSOSOSOSOSOOSOSOSOSSOOOSOSSOSOOSOSSSSSSSSOSSSSSSSSSSSSO4444444444444 III

HHHHHHHHHHHHHHHHHH33333333333333POPOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO444444444444444444444444444444444444444444 III

All ccococococooococoooocoocooococcc rrrrrrrrrrrrrrrrrrr ect for [1[111[11[1[11111[11[[[[1111[1[1[11[[1[1111[[[[[[ ] ] ]] ]] ]] ] ]] ] ]]] ]] ]]]]]] ] ]]]]]]]  ]]]]]]]]]]]] mamamamamamamamamamamamamammammammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm rkrkkkkrkrkrkkrkrkrkkrkkrkkkrrr   
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(e)

(f) Measure the mass of the reaction mixture using an electronic balance at fixed time
intervals. [1]

B8 (a) Galvanising not only protects the piece of iron from coming into contact with oxygen 
or water (just like painting or greasing), but even if the surface is scratched and the 
iron beneath is exposed, the iron will not rust. [1]

This is because zinc is more reactive than iron and will corrode in place of iron. [1]

(b)(i) 2Zn + O2 2ZnO [1]
ZnO + CO2 ZnCO3 [1]

(ii) Mr of ZnCO3 = 65 + 12 + (16 x 3) 
                     = 125 
No. of mol of ZnCO3 = 12.5/125 
                                 = 0.1 mol [1]

No. of mol of ZnO = 0.1 x 1 
                             = 0.1 mol 
Mass of Zn = 0.1 x 65 
                   = 6.5 g [1]

(c)(i)

c balance 

the pieccccccccccccccccee eeeeeeeeeeee ofooooooooooooooooo iiiiirorororororoorooooooooroooooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn frfrfrfrfffffffrfrfrfrfrffrfrffffrfrfrfrfrfrfrfrfrfrffffffffrfffffffrffffffffrfrffrfffffrfffffffrrfffrrfrromomooomooomoomoomomomomomomomomomomomomomomomomomomomomoomomomommmmmmmmmmmm cccccccccccccccccccccccccccccccccccccomomomomomoomomooooomomomommmmmmomomoommmomomoommmmmmmmmmmomommmmommommmomommmmmomommmmommommmmommmmmmmommmmmmmmminininininini g g intotototototo cccccconononononontat ct with ox
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Zn + OOOOOOOOOOOOOOOOOOOOO22222222222222 2ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZnOnOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO [1[1[1[1[1[1[11[1[1[1[1[1[1[[1[[[[[[[[[1[1]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]
ZnOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO +++++++++++++++++++++++++++++++++++++++ COCOCOCOCOOOCOCOCOOOOCOOOCOO2222222222222 ZnZnZZnZZnZnZnZnZnZnZZnZZnZnZnZZnZnZZnZZnZnnZnZnZnZnZnZZnZZnZZnZnZnZZZZZZZZZ COCOCOOCOCOCOCOOCOCOCOCOCOCOCOCOCOCOCOCOCCCCCCCCCCOC 3333333333333333333 [1[1[1[1[111[1[1[1[1[11[1[111[1[11[11[1[1[1[1[1[[[[[[[[[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]
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                        =================== 1212121121112212211221211212122212212111111111 5 
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(ii) The acids in the electrolyte may react with the iron and zinc electrodes. /
H+ ions from the electrolyte can be preferentially discharged to form H2 gas. [1]

(d) A piece of iron galvanised by hot-dip galvanisation is more durable / less likely to 
rust, as the layer of zinc is thicker. [1]

However, it is more expensive/ more energy is needed as the electrolyte needs to be 
heated to 460°C to carry out galvanisation. [1]

B9 (a) Methane is a greenhouse gas. It causes global warming. [1]
Methane also leads to the formation of photochemical smog. [1]

(b) 6CO2 + 6H2O C6H12O6 + 6O2 [1]
Plants take in carbon dioxide and water in the presence of sunlight to manufacture 
glucose. [1]
 

(c) Hydrogen is currently obtained from cracking of petroleum. [1]
Petroleum is a non-renewable source / depleting finite resource. [1]

(d) Any 2 answers:

Burning hydrogen does not produce any pollutants, it produces only water. [1]

The reaction between hydrogen and oxygen is more exothermic, thus producing more 
energy than that of gasoline. [1]

Hydrogen is a renewable resource. [1]   

(e) Anode equation: 2H2O(l) O2(g) + 4H+(aq) + 4e- [1]
Overall equation: 2H2O(l)  O2(g) + 2H2(g) [1]

B10(a)
(i)
Either

The amounts of CO, SO2 and PM10 emissions are lower when using biodiesel than 
fossil diesel. [1] 

On the contrary, the amount of NOx exhaust emission is higher when burning biodiesel 
than fossil diesel. [1]

(ii) There is more amount of CO produced. CO is a pollutant which binds with 
haemoglobin in red blood cells, reducing its ability to transport oxygen. 
This causes breathing difficulties and may even result in death. [1]

There is more SO2 produced. SO2 irritate the eyes and lungs and causes breathing 
difficulties [1]
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(b)(i) CaO/ calcium oxide [1]
CaO + SO2 CaSO3 [1]

OR

CaCO3/ calcium carbonate [1]
CaCO3 + SO2 CaSO3 + CO2 [1]

(ii) NO will be oxidised by oxygen in the air to form nitrogen dioxide. [1]

Nitrogen dioxide will then further react with oxygen and water in the air to form nitric 
acid which causes acid rain. [1]

(iii) Calcium carbonate is almost insoluble/ much less soluble than calcium hydroxide,
with a solubility of 6.17 x 10-4 g compared to 0.173 per 100g of water. [1]

Thus CaCO3 reacts slowly with acid/effective only in reducing acidity on the surface 
of the soil/ cannot penetrate the soil to neutralise acid deeper down. [1]

B10
(a)(i)
Or

(ii) Similarity: Both polymers only require one type of monomer / both polymers have 
giant molecular structures. [1]

Difference: Polypropene is a hydrocarbon while polyglycine is a non-hydrocarbon / 
polyglycine has amide linkage while polypropene is held together by C-C single bonds. 
[1]

(iii) No of monomers = 990/18
                           = 55 [1]
Mr of polyglycine = 55 x [75 – 16 – 2(1)] 
                          = 3135 [1]

han calciu
100g oooooof fffff wawawawawawatetttttt r. [

only in reeeeeedudududududucicicicicicingngngngngng aaaaaacicicicicicidddddid ty on t
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