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Which change, if any, would be observed in the colour of the Universal indicator?
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The tap water contained sulfate ions.

The tap water was acidic.

The tap water contained nitrate ions.

The tap water contained magnesium ions.
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Name: _______________________________ (          )               Class:___________ 

 

CHIJ ST. NICHOLAS GIRLS’ SCHOOL 

Secondary 4 

Preliminary Examination (40 Marks) 

______________________________________________________________________ 

CHEMISTRY (SPA) 5073                                      

                                                                                                                 29 August 2017 

                                                                                 

1 hour  

______________________________________________________________________ 

 

READ THESE INSTRUCTIONS FIRST 

  

Write your name, register number and class on the OAS sheet using a soft pencil. 

 

There are forty questions in this paper. 

Answer all questions. 

For each question there are four possible answers A, B, C and D. 

Choose the correct answer and record the corresponding letter using a soft pencil on 

the OAS sheet. 

Amendments may be done using a soft eraser. 

 

Each correct answer will score one mark. A mark will not be deducted for a wrong 

answer. 

A calculator may be used. 

 

A copy of the Periodic Table is provided on page 2. 

The total number of marks for this paper is 40. 

 

 

 Marks 

Total (40)  

 

 

 

______________________________________________________________________ 
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1 The diagram shows apparatus used to separate ethanol (boiling point, 78 oC) 

and propanol (boiling point, 98 oC). 

 

 
 

Which graph best shows the change in concentration of the ethanol in the round-

bottomed flask as the distillation proceeds from room temperature? 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

B 

concentration 

of ethanol 

C 

concentration 

of ethanol 

D 

concentration 

of ethanol 

mixture of 
ethanol and 
propanol 

A 

concentration 

of ethanol 

time 

time 

time 

time 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 387



 

 

4 

 

2 A drug substance has an Rf value of 0.375 using water as the solvent.  
 
What would be the position of this drug substance in the chromatogram shown 
below? 

 

 
 

3 The apparatus below consists of a porous pot containing butane which is 

surrounded by air in a beaker.   

 
Over a period of time, which one of the following series of changes of water level 

at X will be observed?  

 

A falls and remains at a lower level 

B rises and remains at higher level 

C falls then rises and returns to X 

D rises then falls and returns to X 

air 

X 

beaker 
porous pot 

A 

B 

C 

D

solvent front (water 

as solvent) 

sample of drug 

substance 

start line 

butane 
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4 The diagram below shows an apparatus in which ammonium bromide is formed 

by the reaction between ammonia gas and hydrogen bromide gas. The chemical 

equation is shown below. 

 

NH3 + HBr → NH4Br 

 

At which position in the apparatus is ammonium bromide most likely to be found? 

 

 
 

 

5 The boiling points of some elements are given below. 

 

element boiling point / oC 

X -137 

Y -152 

Z -141 

 

A mixture of elements X, Y and Z is heated gradually from -159 oC to -139 oC. 

Which of the element(s) would still remain as a liquid at -139 oC? 

 

A Element X only 

B Elements X and Y only 

C Elements Y and Z only 

D Elements X, Y and Z 

 

6 What is the atomic structure of X2+ ion if it has atomic number 13 and mass 

number 27? 

 

 Number of protons Number of neutrons Number of electrons 

A 11 27 13 

B 13 14 11 

C 13 14 15 

D 13 27 13 

 

A B C D 

midpoint 

concentrated 

aqueous 

ammonia 

concentrated 

hydrobromic 

acid 
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7 An element X which has 2 different isotopes, X-11 and X-12, exists as diatomic 

molecules, X2. The relative molecular mass of X2 is 22.48. 

 

What is the relative abundance of X-11? 

 

A 24.0%      B 38.0% 

C 48.0%      D 76.0% 

 

8 The following diagram shows structure of diamond and white phosphorus. Both 

structures show atoms bonded in a tetrahedral arrangement. However, diamond 

has a high melting point of 4723 oC while white phosphorus has a low melting 

point of 280 oC. 

 

Which of the option explains the difference in the melting point of diamond and 

white phosphorus? 

    
 

    Diamond     White phosphorus 

 

A Both diamond and white phosphorus have covalent bonds between 

atoms. 

B Diamond has covalent bonds in between carbon atoms in a vast network, 

whereas white phosphorus has Van der Waals’ forces between 

phosphorus atoms in a vast network. 

C Diamond has covalent bonds in between carbon atoms in a vast network, 

whereas white phosphorus has Van der Waals’ forces between the 

discrete molecules. 

D Diamond has ionic bonds in between carbon atoms in an ionic lattice, 

whereas white phosphorus has Van der Waals’ forces between 

phosphorus atoms in a vast network. 
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9 The reaction between magnesium and dilute nitric acid is as shown below: 

 

Mg(s) + 2HNO3(aq) →Mg(NO3)2(aq) + H2(g) 

 

From the equation, it can be deduced that 

 

A  1 g of magnesium reacts with 2 g of nitric acid in a complete reaction. 

B 6 g of magnesium reacts with 31.5 g of nitric acid in a complete reaction. 

C 24 dm3 of magnesium reacts with 48 dm3 of nitric acid in a complete 

reaction. 

D 1 mol of magnesium reacts with 0.5 mol of nitric acid in a complete 

reaction. 

 

10 In a titration, it was found that 8 cm3 of 0.5 mol/dm3 of acid X needed 20 cm3 of 

0.4 mol/dm3 of potassium hydroxide solution for complete reaction.  

 

Which of the following is the molecular formula of acid X? 

 

A HCl 

B H2SO4 

C H3PO4 

D CH3COOH 

 

11 Which experiment does not show a redox reaction? 

 

 Experiment Observations 

A aqueous chlorine added to 

sodium iodide solution 

 brown solution observed 

B copper solid dipped into a beaker 

of silver nitrate solution 

 grey solid formed on copper and 

a blue solution observed 

C aqueous hydrogen peroxide 

added to a mixture of potassium 

manganate(VII) and dilute sulfuric 

acid 

 mixture changed from purple to 

colourless 

D aqueous barium nitrate added to 

copper(II) sulfate solution 

 white precipitate formed in blue 

solution 

 

  

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 391



 

 

8 

 

12 Transition metals are well known for having several stable oxidation states and 

manganese has more than any other. In its compounds, manganese exhibits 

oxidation states from +2 to +7.  
 

The common oxidation states are +2, +4, and +7, while the less common 

oxidation states are +3, +5, and +6.  

 

Which of the following contains manganese in all six oxidation states? 
 

A KMnO4, MnO, MnO2, MnCl, Mn(SO4)3, Mn(NO3)2 

B KMnO4, NaMnO4, Mn(SO4)2, Mn(SO4)3, Mn(NO3)2, Mn(NO3)2.4H2O 

C MnO, MnO2, MnF, NaMnO4, Mn(SO4)3, MnCl2 

D KMnO4, MnO2, MnF3, Mn2(CO3)5, Mn(SO4)3, Mn(NO3)2.4H2O 

 

13 In a reaction between copper(II) oxide and carbon monoxide, which of the 

following is the reducing agent? 

 

A CuO 

B CO 

C Cu 

D CO2 

 

14 In a chemical analysis, excess silver nitrate solution is added to dilute 

hydrochloric acid. The reaction mixture is then filtered.  

 

What are the ions present in the filtrate after filtration? 

 

A H+ and NO3
- only 

B Ag+, Cl
- and NO3

- only 

C Ag+ and NO3
- only 

D H+, Ag+ and NO3
- only 

 

15 Which of the following substances would not produce copper(II) nitrate crystals 

with dilute nitric acid? 

 

A copper(II) hydroxide    B copper(II) sulfate 

C copper(II) carbonate    D copper(II) oxide 
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16 Which one of the options below matches the correct salt preparation methods 

used to prepare the salts? 

 

 titration precipitation adding excess base to 

acid 

A ammonium nitrate lead(II) sulfate sodium chloride 

B calcium carbonate lead(II) chloride magnesium chloride 

C copper(II) sulfate lead(II) nitrate lead(II) nitrate 

D potassium ethanoate lead(II) bromide zinc sulfate 

 

17 Which statement correctly describes the changes in the elements from left to 

right across a period of the Periodic Table? 

 

A The size of atoms increases. 

B The number of electron shells increases. 

C The number of valence electrons increases. 

D  The elements changes from non-metallic to metallic. 

 

18 Each of the halogens, X2, Y2 and Z2 was added to separate solutions containing 

ions of one of the other two halogens. 

The table shows the results. 

 

halogen added NaX solution NaY solution NaZ solution 

X2 ̶ Y2 displaced No visible reaction 

Y2 No visible reaction ̶ No visible reaction 

Z2 X2 displaced Y2 displaced ̶ 
 

Which of the following shows the order of increasing reactivity of elements X, Y 

and Z? 

 

A Y, X, Z     B Y, Z, X 

C X, Y, Z     D Z, X, Y 
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19 The chemical equation below shows the reaction between element X and cold 

water. The element X has an atomic number of 55. 

 

2X + 2H2O → 2XOH + H2 

 

Which statement about element X is correct? 

 

A It displaces metallic potassium from aqueous potassium chloride. 

B It is produced during the electrolysis of XCl(aq). 

C It forms a carbonate that is readily decomposed by heat. 

D Its reactivity with cold water is the same as potassium. 

 

20 Astatine (At) is a member of the halogen family. It has a proton number greater 

than the other halogens. It is expected that astatine   

 

A has the lowest melting point.  

B is a coloured liquid at room temperature.  

C is the halogen with the weakest oxidising power.  

D is the most reactive halogen. 

 

21 The diagram shows the structure of bronze.  

 
Why is bronze harder than pure copper? 

 

A The tin atoms form strong covalent bonds with the copper atoms. 

B The tin atoms prevent layers of copper atoms from sliding past one another 

easily. 

C The tin atoms prevent the sea of delocalised electrons from moving freely 

among the copper atoms. 

D Tin atoms have more electrons than the copper atoms. 
 

  

copper 

tin 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 394



 

 

11 

 

22 Which of the following reactions produce both carbon dioxide and oxygen gas? 

 

A decomposition of hydrogen peroxide 

B decomposition of copper(II) carbonate 

C decomposition of silver carbonate 

D reaction between hydrochloric acid and sodium carbonate 

 

23 The diagram below shows two metal strips, iron and lead, placed in a beaker 

containing a mixture of cations. 

 
 

In which of the following mixture of cations, would the two metal strips remain 

unchanged? 

 

A Na+, Ca2+, Al
3+, K+ 

B Ag+, Zn2+, Ca2+, Mg2+ 

C Fe2+, Pb2+, Cu2+, Zn2+ 

D Zn2+, Ag+, Cu2+, Ca2+ 

 

24 When a current was passed through acidified aqueous copper(II) sulfate, there 

was simultaneous liberation, at the cathode, of x mol of copper and y dm3 of 

hydrogen (measured at room temperature and pressure). 

 

How many moles of electrons passed through the solution? 

 

A ࢞ + 	 ଶ࢟ସ 
B ࢞ + 	 ଵ࢟ଶ 
C 2࢞ + 	 ଵ࢟ଶ 
D 2࢞ + 	 ଶ࢟ସ 

  

lead 

mixture of cations 

iron 
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25 The apparatus was set up in the diagram shown below. 

 
Which of the following observation(s) would be seen? 

 

1. Bubbles of colourless gas are formed around the zinc electrode. 

2. The aqueous iron(II) nitrate fades from green to colourless. 

3. The iron electrode decreases in size. 

 

A 2 only 

B 1 and 3 only 

C 1, 2 and 3 

D None of the above 

 

26 In the diagram below, each cell contains an aqueous solution of a single salt and 

all four electrodes are graphite. Electrodes R and Y increase in mass during the 

electrolysis but no gas is given off at R and Y. 

 

 
 

If an increase in mass of R is greater than the increase in mass of Y in the same 

time, which of the following statements is necessarily true? 

 

A The anions of the solutions in cells 1 and 2 are different. 

B The cations of the solutions in cells 1 and 2 are different. 

C The current flowing in cell 1 is greater than the current flowing in cell 2. 

D The solution in cell 1 is more concentrated than the solution in cell 2. 

Q R X Y 

Cell 1 Cell 2 

zinc iron 

aqueous iron(II) nitrate 
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27 Dilute sodium chloride was electrolysed using inert electrodes. After some time, 

the remaining electrolyte was then added in excess to an unknown colourless 

solution. 

 

The graph of mass of precipitate formed against volume of electrolyte added was 

plotted. Which of the following shows the correct graph and the possible identity 

of the cation in the unknown colourless solution? 

 

 Graph Possible cation in 

unknown solution 

A  
 
 
 
       
   
           

 

 

 

 

Zn2+ 

B  
 
 
 
       
   
 
 

 

 

 

Ag+ 

C  
 
 
 
       
  
 
 

 

 

 

Al3+ 

D  
 
 
 
       
   
 
 

 

 

 

Cu2+ 

 

  

volume of electrolyte added / cm3
 

volume of electrolyte added / cm3 

volume of electrolyte added / cm3
 

mass of 

precipitate 

formed / g 

mass of 

precipitate 

formed / g 

mass of 

precipitate 

formed / g 

mass of 

precipitate 

formed / g 

volume of electrolyte added / cm3 
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28 The diagram below represents the energy profile diagram for the following 

reaction:   

    Y + Z → 2X 

  

 

 

 

 

 

 

 

What is the enthalpy change for the decomposition of 4 moles of X to substances 

Y and Z? 

 

A +40 kJ 

B - 40 kJ 

C +80 kJ 

D - 80 kJ 

 

29 Which of the following processes are endothermic? 

 

1  F2 → 2F 

2  combustion of ethane 

3  obtaining lime (CaO) from limestone (CaCO3) 

4  reacting hydrogen with oxygen 

 

A  1 and 2  

B  1 and 3 

C  2 and 4  

D  3 and 4 

 

  

 Y + Z 

Energy 

 2X 

100 kJ 
60 kJ 

progress of reaction 
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30 Nonane is a hydrocarbon with molecular formula, C9H20. 

One of the reactions of nonane is shown by the equation below.  

 

C9H20 → C5H12 + C4H8    ∆H = +114 kJ/mol 

 

Which of the following statements about the reaction is correct?  

 

A It is a substitution reaction.  

B The enthalpy change of combustion is 114 kJ per mole of nonane.  

C The products possess more energy than the reactants. 

D The total energy change in bond formation is more than that in bond 

breaking. 

 

31 In an experiment, magnesium powder is added to dilute hydrochloric acid at 

room temperature. When the temperature of the same reaction was increased to 

50 oC, the speed of the reaction increased.  

 

This is because an increase in temperature 

 

A results in the particles to possess more kinetic energy which in turn 

increases the frequency of collision between the particles. 

B lowers the activation energy of the reaction which in turn increases the 

frequency of effective collisions. 

C produces chemical energy which causes the particles to move faster which 

in turn increases the frequency of collision between the particles. 

D causes magnesium to expand resulting in larger surface area to volume 

ratio which in turn increases the frequency of collision between the 

particles. 
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32 Curve I shows the total volume of hydrogen gas produced after 1.0 g of zinc 

strips were added to 25 cm3 of 1.0 mol/ dm3 hydrochloric acid.  

 

 

 

 

 

 

  

  The equation for this reaction is: Zn (s) + 2HCl (aq)  ZnCl2 (aq) + H2 (g) 

 

  A second experiment was conducted using 5.0 g of zinc powder with 25 cm3 of 

1.0 mol/ dm3 hydrochloric acid. 

Which of the curves, A, B, C or D, would be obtained for the second experiment? 

 

33 Potassium chlorate, KClO3, undergoes thermal decomposition as shown in the 

chemical equation below: 

 

2KClO3 (s) → 2KCl (s) + 3O2 (g) 

 

A student would like to investigate the factors affecting the rate of thermal 

decomposition of potassium chlorate, KClO3, in the presence of manganese(IV) 

oxide as catalyst. The student performs the investigation as follows: 

 

Experiment 1 Experiment 2 

25 cm3 of 0.50 mol/dm3 of KClO3 and 

powdered manganese(IV) oxide 

50 cm3 of 0.50 mol/dm3 of KClO3 and 

lump manganese(IV) oxide 

 

What would be the effect on the rate and on the final volume of O2 released in 

experiment 2 compared to experiment 1? 

 

 Rate of reaction Volume of O2 released 

A Decrease Unchanged 

B Decrease Increase 

C Increase Unchanged 

D Increase Increase 

 

 

 

v
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34 The diagram below shows the setup of manufacturing ammonia using the Haber 

Process. 

 
 

Which of the following statements is true?  

 

A P dissolves in water to form an alkaline solution. 

B Q is a compound consisting of two elements. 

C R is a compound of a transition metal. 

D X is obtained from the distillation of air. 

 

  

Compressor 

Re-circulation 

Pump 
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n
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r 

Reaction 

chamber 
N2 X 
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35 A sample of dry air trapped in a syringe is slowly passed over excess heated iron 

filings in a tube until there is no further decreased in volume. 

 
The original volume of dry air is 150 cm3. When the tube is cooled to room 

temperature, what is the expected volume left in the syringe? 

 

A 30 cm3 

B 45 cm3 

C 80 cm3 

D 120 cm3 

 

36 Which atmospheric pollutants, emitted by internal combustion engines, may react 

together in the presence of palladium catalyst to convert them into more 

environmentally-friendly products? 

 

A carbon monoxide and unburnt hydrocarbons 

B carbon monoxide and nitrogen dioxide 

 C nitrogen dioxide and sulfur dioxide 

D sulfur dioxide and unburnt hydrocarbons 

 

  

dry air iron filings 
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37 Which of the following shows the correct uses of paraffin? 

 

A fuel for jet engines and cooking 

B fuel for car engines and heating 

C for making waxes and road surfaces 

D feedstock for petrochemicals and fuel for cooking 

 

38 Which of the following structural formulae is not an isomer of each other? 

A  B  

 

C    D  

 

39 Which substance is formed when butan-1-ol, C4H9OH, is oxidised by aqueous 

acidified potassium manganate(VII), KMnO4?  

 

A  C4H10 

B  C3H7CO2K 

C  C3H7CO2H 

D  C4H9CO2H 
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40 The diagram below shows the structure of a part of polymer X. 

 
 

Which is the monomer that makes up polymer X? 

 

A  B  

 

C  D  

 

 

~~End of Paper~~  
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Answers (2017 Prelim Paper 1) 

1 A  21 B 

2 B  22 C 

3 C  23 A 

4 D  24 C 

5 A  25 A 

6 B  26 B 

7 D  27 B 

8 C  28 C 

9 B  29 B 

10 B  30 C 

11 D  31 A 

12 D  32 B 

13 B  33 B 

14 D  34 A 

15 B  35 D 

16 D  36 B 

17 C  37 A 

18 A  38 D 

19 A  39 C 

20 C  40 D 
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Section A 

Answer all the questions in this section in the space provided. 

The total mark for this section is 50. 

 

A1 Using only the substances in the following list, answer the questions below.  

Each substance may be used once, more than once or not at all. 

propanol  sodium iodide methyl ethanoate  

silicon dioxide carbon monoxide water  

bromine  hydrogen peroxide lead(II) sulfate 
 

 

   

(a) Which substance is an insoluble compound that contains both ionic and covalent 

bonds? 

 

......................................................................................................................................... 

[1] 

   

(b) Which substances excluding water, when mixed together, can be separated by 

fractional distillation? 

 

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

[1] 

   

(c) Which substance can be separated from water by a separating funnel? 

 

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

[1] 

   

(d) Which substance is best obtained by simple distillation when mixed with potassium 

chloride? 

 

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

[1] 

   

(e) Which two substances can react to form a brown solution? 

 

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

[1] 
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(f) Which substance is removed by limestone in the extraction of iron? Explain why this 

substance has a very high melting point in terms of bonding and structure. 

 

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

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

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

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

 

[3] 

 [Total: 8 marks] 

    

A2 The relative atomic mass of magnesium can be determined in the laboratory by 

finding the volume of hydrogen given off when magnesium reacts with dilute 

hydrochloric acid.  

0.0360 g of magnesium reacts at room temperature and pressure with excess dilute 

hydrochloric acid to produce 36 cm3 of hydrogen.  

 

 

(a) (i) Define the term relative atomic mass. 

 

……………………………………………………………………………………………

…………………………………………………………………………………………… 

[1] 

    

 (ii) Write a balanced equation, including state symbols, for the reaction of 

magnesium and dilute hydrochloric acid. 

 

…………………………………………………………………………………………… 

[2] 

    

 (iii) Show, by calculation, that the relative atomic mass of magnesium is 24.0 

 

 

 

[2] 
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(b) Magnesium reacts with oxygen in the air to form magnesium oxide.  

If the yield of the reaction is 75%, calculate the mass of magnesium oxide formed 

when 12 kg of magnesium burns in excess air. 

 

 

 

 

 

 

 

[2] 

   

(c) Another magnesium compound can also be formed when magnesium burns in air.  

One mole of this magnesium compound reacts with excess water to produce 

magnesium hydroxide and a colourless gas in the mole ratio 3:2. The gas turns damp 

red litmus paper blue.   

 

 (i) State the name of the gas evolved and suggest the chemical formula of the 

magnesium compound. 

 

……………………………………………………………………………………………

…………………………………………………………………………………………… 

[2] 

    

 (ii) Explain how this magnesium compound is formed when magnesium burns in 

air. 

 

…………………………………………………………………………………………… 

[1] 

  [Total: 10 marks]  
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A3 Aluminium has a low density, high ductility, good corrosion resistance and good 

conductivity, which makes it suitable to be used as an electric conductor for 

transmission and distribution of electricity. Aluminium is also able to react with fluorine 

to form aluminium fluoride. The physical properties of aluminium fluoride and fluorine 

are shown in the table below. 

 melting point / °C conducts electricity in molten state 

aluminium fluoride 1290 Yes 

fluorine - 220 No 
 

 

 

(a) 

 

Explain, in terms of bonding and structure, why aluminium is often used in electrical 

transmission.  

 

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

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

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

 

[2] 

   

(b) In terms of kinetic particle theory, explain how the arrangement and movement of 

particles in fluorine change when the temperature increases from -240 °C to -200° C.  

 

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

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

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

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

[3] 
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(c) Draw a ‘dot-and-cross’ diagram to show the bonding in aluminium fluoride. You only 

need to show the outer shell electrons. 

 

 

 

 

 

 

 

[2] 

(d) Explain, in terms of bonding and structure, the difference between the melting points 

of aluminium fluoride and fluorine.  

 

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

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

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

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

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

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

[3] 

 [Total: 10 marks] 

A4 In chemical analysis, the identity of aqueous cations can be found by using aqueous 

ammonia.  

A colourless sulfate solution with missing label is suspected to contain either 

aluminium or zinc ions. 

 

 

(a) A student suggested that lead(II) ion is another possible cation in the salt solution.  

Do you agree with this student? Explain your answer.  

 

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

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

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

[1] 
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(b) The student conducted an experiment to identify the cation:  

Step 1:  

Several salt solutions of the same volume and same concentration were prepared. 

Step 2: 

To each of the salt solutions, a known volume of aqueous ammonia was added and 

the mass of any resulting precipitate was measured. 

 

The results of the experiment is shown in the graph below. 

 

 

 (i) State the formula of the cation present in the salt solution. 

 

…………………………………………………………………………………………… 

[1] 

    

 (ii) Write an ionic equation, with state symbols, for the formation of precipitate 

when x cm3 of aqueous ammonia was added.  

 

…………………………………………………………………………………………… 

[2] 
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 (iii) State your observations as 2x cm3 of aqueous ammonia was added drop-wise 

to the salt solution. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

  

[2] 

(c) A second experiment was conducted replacing aqueous ammonia with aqueous 

potassium carbonate.  

Sketch a graph in the axes below to show the change in mass of precipitate when  

aqueous potassium carbonate was added drop-wise to the salt solution until no 

further change was observed.   

 

 

[1] 

 [Total: 7 marks] 
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A5 Propyne (C3H4), can undergo combustion according to the equation below: 

C3H4 + 4O2  3CO2 + 2H2O 

A student carried out an experiment to determine the enthalpy change of combustion 

for one mole of gaseous propyne in the gas cylinder.  

A beaker of water was heated during the reaction and the initial and highest 

temperature reached were recorded. The gas cylinder containing propyne was also 

weighed before and after the experiment.  

 

The following data was recorded by the student. 

Mass of propyne before combustion / g 4.60 

Mass of propyne after combustion / g 2.16 

Mass of water in beaker / g 750 

Initial temperature of water / °C 28.0 

Highest temperature of water / °C 48.5 
 

 

 

(a) 

 

Given that 4.18 J of energy is needed to raise the temperature of 1 g of water by 1 °C, 

calculate the heat absorbed by the water.  

 

 

 

 

 

[2] 

   

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 415



11 

 

(b) Calculate the number of moles of propyne burnt in this experiment. 

 

 

 

 

[1] 

   

(c) Using your answers in (a) and (b), calculate the enthalpy change of combustion for 

propyne in kJ/mol. 

 

 

 

 

[1] 

   

(d) The expected enthalpy change of combustion for propyne is -1850 kJ/mol.  

Suggest a reason for the difference between this expected value and the value 

calculated in (c).  

 

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

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

[1] 

   

(e) Sketch the energy level diagram of the combustion of propyne. 

 

 

 

 

 

 

 

 

 

 

[3] 

 [Total: 8 marks] 
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A6 Thallium is a metal in Group III of the Periodic Table. It has oxidation states of +1 and 

+3.  

 

(a) Thallium(I) chloride is a white solid which is insoluble in water. It can be prepared 

using thallium(I) sulfate solution.  

 

 Describe how you would obtain a pure dry sample of thallium(I) chloride from 

thallium(I) sulfate solution. 

 

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

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

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

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

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

[3] 

   

(b) Thallium(I) hydroxide is an alkali. It has similar properties as aqueous sodium 

hydroxide.  

Aqueous thallium(I) hydroxide was added in excess to a sample of aqueous iron(II) 

sulfate and left to stand. 

 

 (i) Describe your observations for this chemical reaction. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

[2] 

    

 (ii) Explain your observations in b(i). 

 

……………………………………………………………………………………………

…………………………………………………………………………………………… 

……………………………………………………………………………………………  

[2] 

 [Total: 7 marks] 

 

 

 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 417



13 

 

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. 

 

B7 

 

The Pollutant Standards Index (PSI) is an air quality indicator. It is based on five 

pollutants: particulate matter (PM10), sulfur dioxide, carbon monoxide, ozone and 

nitrogen dioxide.  

This table below gives some information about the overall PSI and the corresponding 

concentrations for each of the five pollutants. 

 

 

i 

PSI value 

(Pi) 

Concentration (Ci) 

PM10 

(µg/m3) 

SO2 

(µg/m3) 

CO 

(mg/m3) 

O3 

(µg/m3) 

NO2 

(µg/m3) 

1 50 50 80 5.0 118 - 

2 100 150 365 10.0 157 - 

3 200 350 800 17.0 235 1130 

4 300 420 1600 34.0 785 2260 

5 400 500 2100 46.0 980 3000 

6 500 600 2620 57.5 1180 3750 

Table 1: Overall PSI and the corresponding concentrations for each of the five pollutants. 

[ 1 µg = 1 x 10-6 g ; 1 mg = 1 x 10-3 g] 

 

To calculate the overall PSI, the PSI value is first calculated for each of the five 

pollutants. The overall PSI is the maximum value out of the 5 calculated PSI pollutant 

values. 

Given the concentration of a pollutant (with units stated as above), the PSI of 

pollutant can be calculated as follows: 

PSI of Pollutant = [(Pi+1 – Pi ) ÷ (Ci+1 – Ci) × (concentration of pollutant – Ci)] + 100  

     where Ci+1 > concentration of pollutant > Ci 

 

 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 418



14 

 

 In Singapore, the 24-hour PSI is used by the National Environment Agency (NEA) to 

provide health advisory to different groups of people. This can be summarised as 

shown in the table: 

 

24-hr PSI Healthy Persons Elderly, Pregnant 

women, Children 

Persons with chronic 

lung disease, heart 

disease, stroke 

< 100 Normal activities 

101 - 200 Reduced 

prolonged or 

strenuous outdoor 

physical exertion. 

Reduced prolonged 

or strenuous outdoor 

physical exertion. 

Avoid prolonged or 

strenuous outdoor 

physical exertion. 

201 - 300 Minimise 

prolonged or 

strenuous outdoor 

physical exertion. 

Minimise all outdoor 

activities. 

 

Avoid outdoor 

activities. 

> 301  Minimise all 

outdoor activities 

Avoid outdoor 

activities. 

Table 2: Health advisory based on 24-hour PSI. 

 

Sources:  

Table 1: http://www.haze.gov.sg/docs/default-source/faq/computation-of-the-pollutant-standards-

index-(psi).pdf 

Table 2: http://www.haze.gov.sg/ 

 

 

(a) (i) Explain why, when the 24-hour PSI exceeds 301, NEA would advise people to 

avoid outdoor activities. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

[3] 
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 (ii) Unlike nitrogen dioxide, sulfur dioxide is present in air even at PSI less than 

100. Suggest a source for the production of sulfur dioxide. 

 

…………………………………………………………………………………………… 

 

[1] 

 (iii) Describe a simple chemical test to show that sulfur dioxide is present in a 

sample of air. State all your observations.  

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

 

[2] 

 (iv) Desulfurisation can reduce the concentration of sulfur dioxide in air. Write two 

chemical equations to show the reactions that occur in the desulfurisation 

process. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

[2] 

    

(b) (i) Given that in a 1 m3 sample of air, the PSI value of PM10, sulfur dioxide, 

carbon monoxide, ozone and nitrogen dioxide are 100, 150, 190, 112 and 133 

respectively. Determine the overall PSI and explain your answer. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

[1] 

    

 (ii) Assuming that the current PSI is according to your answer in (b)(i), what advice 

would you give to a 8 year old who wants to play at the outdoor playground? 

 

…………………………………………………………………………………………… 

[1] 

  [Total: 10 marks] 
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B8 Hydroxypropanoic acid, also known as lactic acid, can be produced through 

anaerobic metabolism. It has the following structure: 

 

 

 

(a) Draw the full structural formula of an isomer of hydroxypropanoic acid which will 

react with aqueous sodium hydroxide. 

 

 

 

 

 

[1] 

   

(b) Describe a chemical test to show the similar chemical property shown by both 

hydroxypropanoic acid and propanoic acid. 

 

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

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

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

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

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

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

[2] 

   

(c) Describe a chemical test to show the difference in chemical property shown by both 

hydroxypropanoic acid and propanoic acid. 

 

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

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

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

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

[2] 
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(d) PLA, or poly(lactic acid), is a biodegradable plactic that is used in medical implants 

and decomposable packaging materials. 

 

 (i) Name the reaction that produces this plastic from hydroxypropanoic acid. 

 

…………………………………………………………………………………………… 

[1] 

    

 (ii) Draw 3 repeating units of PLA. 

 

 

 

 

 

 

[2] 

    

 (iii) What is the name of the group that links the monomers together in PLA? 

 

…………………………………………………………………………………………… 

[1] 

    

(e) Explain if the percentage mass of carbon changes when lactic acid forms PLA. 

 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

[1] 

 [Total: 10 marks]  
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EITHER 

B9 An application of electrolysis is in electroplating, which is a process of depositing a 

thin layer of metal over another metal with the help of electric current. 

 

(a) Draw a well labelled diagram, including all the chemical reagents used, to show how 

copper can be plated on a steel spoon. 

 

 

 

 

 

 

 

[2] 

   

(b) Explain how galvanising prevents the rusting of the steel spoon. 

 

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

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

[2] 

   

(c) Besides electroplating, electrolysis can also be used to extract metals from its ore. 

One example would be the extraction of aluminium from bauxite.  

The diagram below shows an electrolysis tank used industrially to produce 

aluminium from aluminium oxide. 

 

 

 (i) Write the ionic equation for the reaction at the anode. 

 

…………………………………………………………………………………………… 

[1] 
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 (ii) Hence, explain why the graphite anodes need to be replaced regularly. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

[1] 

    

 (iii) Construct a balanced overall chemical equation for the decomposition of 

aluminium oxide. 

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

[1] 

    

 (iv) Hence, calculate the mass of aluminium obtained if 1020 g of electrolyte is 

being electrolysed. 

 

 

 

 

 

[1] 

(d) In another experiment, rubidium chloride was electrolysed using inert electrodes. 

Write the ionic equation for the reaction occuring at the anode if 

 

 (i) dilute rubidium chloride solution was electrolysed, 

 

…………………………………………………………………………………………… 

[1] 

 (ii) molten rubidium chloride solution was electrolysed. 

 

…………………………………………………………………………………………… 

[1] 

  [Total: 10 marks] 

 

 

 

 

 

 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 424



20 

 

OR  

B9 The table below shows the displayed formulae of organic compounds from three 

homologous series: alkenes, cycloalkanes and cycloalkenes.  

 

homologous series name displayed formula 

alkenes butene  

 

cycloalkanes cyclobutane 

 

cycloalkenes cyclobutene 

 
 

 

   

(a) Suggest a test that can be used to distinguish between cyclobutane and 

cyclobutene. 

 

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

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

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

[2] 
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(b) Butene is one of the components found in petroleum gas which is commonly used as 

fuel for heating and cooking. There is a large demand for petroleum gas and 

cracking ensures that the supply meets demand.  

Explain how cracking helps to meet the demand for petroleum gas. 

 

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

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

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

[2] 

  

(c) Butene and cyclobutene can undergo an addition reaction to produce alcohols.   

 (i) State the conditions for this addition reaction. 

 

…………………………………………………………………………………………… 

[1] 

    

 (ii) Draw the structural formulae of all the possible products of the addition 

reaction. 

 

 

 

 

 

 

 

 

 

[3] 

 (iii) Using a product from (c)(ii), draw the structure of the compound formed when 

it reacts with propanoic acid. 

 

 

 

 

 

[1] 
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(d) Butene and cyclobutene can undergo combustion according to the equations: 

C4H8 + 6O2  4CO2 + 4H2O 

2C4H6 + 11O2  8CO2 + 6H2O 

Using the equations, explain which compound will burn with a more smoky flame. 

 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

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

[1] 

   

[Total: 10 marks] 

-- End of Paper -- 
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2017 S4 Prelim Paper II Solutions  

 

 

   

 

 

 

Section A 

A1(a) Lead(II) sulfate [1] 

   

(b) Propanol, methyl ethanoate 

Bromine, Methyl Ethanoate 

Bromine, Propanol 

[1] 

   

(c) Methyl ethanoate [1] 

   

(d) Water  [1] 

   

(e) Bromine and sodium iodide 

Hydrogen peroxide and sodium iodide 

[1] 

   

(f) Silicon dioxide 

It has a giant molecular structure / giant convalent structure/compound 

Si and O atoms are bonded by strong covalent bonds in a vast/giant network. 

A lot of energy is required to overcome the strong covalent bonds hence boiling 

point is very high. 

[3] 

    

A2(a) (i) Average mass of one atom of the element compared with 1/12 of the mass 

of a carbon-12 atom. 

[1] 

    

 (ii) Mg (s) + 2HCl (aq)  MgCl2 (aq) + H2 (g)  [2] 

    

 (iii) No of moles of H2 = 36 / 1000 ÷ 24 = 0.0015 mol   

No of moles of Mg = 0.0015 mol 

Relative atomic mass of Mg = 0.0360 ÷ 0.0015 = 24.0 [shown]  

[2] 
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(b) 2Mg + O2  2MgO 

No of moles of magnesium burnt: 12000 ÷ 24 = 500 mol    

No of theoretical moles of magnesium oxide formed = 500 mol      

Actual mass of magnesium oxide formed = 0.75 x [500 x (24 + 16)] = 15000 g    

[2] 

   

(c) (i) Ammonia gas  

X + 6H2O  3Mg(OH)2 + 2NH3 

Hence, the compound is Mg3N2  

[2] 

    

 (ii) Magnesium reacts with nitrogen present in the air.  [1] 

 

A3

(a) 

Aluminium has a giant metallic structure. 

The metallic cations are surrounded by a sea of delocalised electrons that are free / 

mobile to conduct electricity. 

[2] 

   

(b) At -240 °C, the fluorine molecules are closely and orderly/regularly arranged 

(vibrating about their fixed position. As temperature increases, the molecules gain 

kinetic energy which causes them to vibrate faster. 

At -220 °C, the fluorine molecules are able to overcome the forces of attraction to 

move out of their fixed position, to slide and roll over each other in a 

disorderly/random manner but closely arranged. 

[3] 

 

(c) 

 

 

 

[2] 
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(d) Aluminium fluoride has a giant ionic structure.  

Strong electrostatic forces of attraction/strong ionic bonds between oppositely 

charged ions.  

A lot of energy required to overcome the strong electrostatic forces of attraction. 

Fluorine has a simple covalent / molecular structure. 

Weak intermolecular forces of attraction / VDW between discrete molecules  

Little amount of energy required to overcome the weak IMF / VDW 

Aluminium fluroide has high mp while fluorine has low mp.  

[3] 

  

A4

(a) 

Disagree. 

Lead(II) sulfate is insoluble / is a precipitate but this is a solution.  

[1] 

   

(b) (i) Zn2+ [1] 

 (ii) Zn2+ (aq) + 2OH- (aq)  Zn(OH)2 (s) [2] 

    

 (iii) A white precipitate is formed 

dissolves in excess aqueous ammonia  

to form a colourless solution 

 

[2] 

(c) 

 

[1] 
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A5

(a) 

 

 

Temperature change = 48.5 - 28.0 = 20.5    

Heat absorbed = 4.18 x 750 x (20.5) 

                        = 64267.5 J  

                        = 64.3 KJ                             

 

 

 

[2] 

   

(b) Mass of propyne burnt = 4.60 – 2.16 = 2.44 g 

No of moles of propyne burnt = 2.44 ÷ 40 = 0.0610 mol 

[1] 

   

(c) Enthalpy change = 64.3 ÷ 0.0610 = - 1054 kJ/mol [1] 

(d) Heat is lost to the surrounding (0.5m), hence the heat released is lower than expected 

(0.5m).  

[1] 

(e) 

 

 

 

 

 

 

 

[3] 
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A6

(a) 

 

Add aqueous sodium chloride (or any identified Group I chloride / ammomium 

chloride or hydrochloric acid) to thallium(I) sulfate solution to obtain a white precipitate 

of thallium(I) chloride.  

Filter the mixture to obtain the residue thallium(I) chloride. 

Wash the residue with plenty of distilled water. 

Dry the residue in between sheets of filter paper.  

 

[3] 

(b) (i) Dirty green precipitate formed which is insoluble in excess thallium(I) hydroxide.  

Upon standing, dirty green precipitate turns reddish brown.  

[2] 

    

 (ii) Fe(OH)2 an insoluble base is formed as the dirty green precipitate  

Fe(OH)2 will oxidised (0.5m) upon standing to form Fe(OH)3. 

[2] 

 

Section B 

 

B7 

(a) 

(i) ● Higher concentration of SO2, CO and NO2  

● NO2 and SO2 will cause respiratory problems 

● CO will combine with haemoglobin in red blood cells to form a very stable 

compound, carboxyhaemoglobin and it reduces the red blood cells’ ability 

to transport oxygen around the body, eventually leading to death 

[3] 

    

 (ii) ● Combustion/burning of fossil fuels/coal in power stations / factories  

● Volcanic activities 

 

[1] 

 (iii) Bubble gas through acidified aqueous potassium manganate (VII) / filter 

paper with acidified aqueous potassium manganate (VII)  

Purple acidified aqueous potassium manganate (VII) turns colourless / 

decolourises  

 

[2] 
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 (iv) SO2 + CaCO3   CaSO3 + CO2 

2CaSO3 + O2  2CaSO4 

OR 
 

SO2 + H2O   H2SO3 

H2SO3 + CaCO3 → CaSO3 + H2O + CO2  

OR 

SO2 + H2O + O2  H2SO4  

H2SO4 + CaCO3 → CaSO4 + H2O + CO2 

[2] 

    

(b) (i) Since the overall PSI is the maximum value out of the 5 calculated PSI 

pollutant values, the overall PSI is 190. 

[2] 

 (ii) Advise the child to reduce playing outdoor for too long  [1] 

  

B8 

(a) 

 

 

[1] 

(b) Add Zn (other metals not accepted) to an aqueous solution of the acids. 

Both reactions will produce effervescence of a colourless and odourless gas that 

will extinguish a lighted splint with a pop sound. 

OR 

Add aqueous sodium carbonate (or any identified aqueous carbonate) to the 

acids.  

Both reactions will produce effervescence of a colourless and odourless gas which 

will produce a white precipitate in limewater. 

[2] 
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(c) Add aqueous acidified potassium manganate (VII) to both solutions and warm. 

Hydroxypropanoic acid will decolourise purple potassium manganate (VII) solution 

while there will be no visible change when added to propanoic acid.  

[2] 

   

(d) (i) Condensation polymerisation [1] 

 (ii) 

 

 

[2] 

 (iii) ester [1] 

(e) The percentage mass of C will not be the same. 

There is loss of water / loss of H and O atoms during the polymerisation process, 

resulting in a decrease in the number of O and H atoms.  

[1] 

 

EITHER 

B9 

(a) 

 

Diagram of electrolysis set up with copper as the anode, spoon as the cathode 

immersed in electrolyte 

Identified electroyte (e.g. aq CuSO4 / Cu(NO3)2)  

[2] 

   

(b) Zinc is more reactive than iron  

Zinc loses electrons more easily than iron.  

Zinc corrodes in place of iron. 

[2] 

   

(c) (i) 2O2-  O2 + 4e  

 (ii) The graphite anodes will react with oxygen produced / oxidised under high 

temperature to from oxides of carbon.   

[1] 

 (iii) 2Al2O3  4Al + 3O2  [1] 
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 (iv) no. of moles of Al2O3 = 1020 ÷ 102 = 10 mol 

no. of moles of Al = 20 mol 

mass of Al = 20 x 27 = 540 g  

[1] 

(d) (i) dilute rubidium chloride solution was electrolysed. 

4OH-  O2 + 2H2O +4e- 

 

 (ii)  Molten rubidium chloride was electrolysed. 

2Cl-  Cl2 + 2e-  

 

OR 

B9

(a) 

Aqueous bromine / bromine water  

Reddish brown aqueous bromine will decolourise spontaneously when added to 

cyclobutene. 

Remain reddish brown / no visible change in cyclobutane. 

[2] 

   

(b) Large alkanes are low in demand  

Cracking of large chain alkanes results in smaller alkanes / short chained alkanes 

[0.5m] which are higher in demand.  

This helps to match the higher demand and lower supply for smaller chained alkanes. 

[2] 

  

(c) (i) Phosphoric(V) acid, 350°C, 65 atm  [1] 

    

 (ii) Draw all the possible products of the addition reaction mentioned in (c)(i). 

 

 

[3] 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 435



9 

 

 (iii) Using a product from (c)(ii), draw the structure of the product formed when it 

reacts with propanoic acid. 

 

 

[1] 

 

 

(d) Butene requires more moles of oxygen (6 moles) than cyclobutene (5.5 moles) for 

complete combustion, so it will have a higher tendency to burn incompletely and 

produce soot, thus butene will burn with a smokier flame than butene. 

[1] 
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Which of the following best describes the properties of the three types of steel?

 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 658



 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 659



 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 660



 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 661



 

Free Tuition Listing @ 99Tutors.SG

99Tutors.SG | Page 662



Anode: Hydroxide ions will be preferentially discharged at anode as

sulfate ions are not discharged. Since hydroxide ions are discharged to

give oxygen gas, colourless gas is observed.

Cathode: Copper(II) ions will be preferentially discharged at cathode

instead of hydrogen ion as copper is below hydrogen in the

metal reactivity series.

Electrolyte: Since copper(II) ions are being discharged and leaving the

electrolyte, the blue colour will fade.

s as
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Ester

AlkanesWithout UV light, substitution reaction cannot even begin.
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