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1 Benzoic acid is widely used in the food industry as a food preservative. The melting 

and boiling points of benzoic acid are given below. 
 

 melting point of 122oC 

 boiling point of 249oC 

 

Which of the following will occur to the particles of benzoic acid when it is cooled 
from 500oC to 100oC? 

  

 distance between particles energy of particles 

A decreases decreases 

B increases decreases 

C increases increases 

D decreases increases 

 

 

2 Which pair of gases could be X and Y that will cause a decrease in the water level at 

P ?  

 

 
 

 gas X gas Y 

A carbon monoxide  fluorine 

B fluorine neon 

C methane  oxygen 

D nitrogen carbon dioxide 

 

 

3 Aminoaciduria refers to a medical condition in which certain types of amino acids in 

the urine are present in abnormal amount. Which of the following methods can be 
used by doctors to separate and identify the amino acids from a sample of urine? 

  

 A chromatography 

 B crystallisation 

C filtration 

D fractional distillation 
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4 The following apparatus is commonly used to oxidise ethanol to ethanoic acid.  

 

 
 

 The purpose of the condenser is used to prevent 

 

 A air from oxidizing ethanoic acid formed. 

 B ethanoic acid from reforming back to ethanol. 

C ethanol from being converted to ethene. 

D the escape of any unreacted ethanol. 

 

 

5 A mixture of manganese(IV) oxide and sulfur may be separated by the procedure 

below.  

  

 Step 1: The mixture is added into carbon disulfide and stirred. 

 Step 2:  The resulting mixture is filtered to remove manganese(IV) oxide as the 
residue. 

 Step 3: The filtrate is distilled to recover the sulfur and the distillate is condensed by 
using a condenser.  

 

Which one of the following cannot be deduced from the above procedure? 

 

 A Carbon disulfide has a boiling point just above that of water. 

 B Manganese(IV) oxide does not react with carbon disulfide. 

C Sulfur is soluble in carbon disulfide. 

D Sulfur is stable to heating. 

 

 

6 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 Electrolysis of the molten substance gives two products.  

B It dissolves in water to give a colourless solution.  

C When exposed to air, it crumbles to a white powder.  

D When heated in air, it forms a white solid.  
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7 Chlorine has two isotopes, Cl35  and Cl37 , in the ratio of 3 atoms of Cl35 to 1 atom of 

Cl37 . Thus, diatomic molecules formed by chlorine have three possible relative 

molecular mass, 70, 72 and 74. Which of the following shows the correct relative 
abundance of the molecules formed by chlorine? 

 

 
 

 
 

 

8 Three different atoms, H, D and O are represented as H11 , D21   and O16

8  respectively. 

Which ion formed by these atoms has more electrons than protons, and more 
protons than neutrons? 

 

 A D- 

 B H+ 

C OD- 

D OH- 

 

 

9 An element X has an electronic configuration 2.2. The compound formed when X 
combines with chlorine is most likely to be  

 

 A a compound with a low melting point. 

 B a gas that dissolves in water to form an electrolyte. 

C a good conductor in both solid and molten state. 

D an ionic solid. 
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10 The reaction between dinitrogen monoxide and hydrogen is shown. 

 

w N2O  +  x H2   y NH3  +  z H2O 

 Which of the followings shows a balanced equation for the reaction above?  

  

 w x y z 

A 1 1 1 2 

B 1 2 1 1 

C 1 2 2 1 

D 1 4 2 1 

 

 

11 The volume of gas inside a detergent bubble floating in the air depends on the total 

number of moles of gas inside it. Which of these bubbles would have the largest 
volume at room temperature and pressure? 

 

 

  

 

 

  

      

  

 

 

 

 

 

 

 

 

 

 
 
 

12  What is the concentration of 2.5 dm3 of dilute hydrochloric acid needed to react 

completely with 100 g of calcium carbonate which is only 85% pure? 

 

 A 0.34 mol/dm3 

 B 0.40 mol/dm3 

C 0.68 mol/dm3 

D 0.80 mol/dm3 

  

 

 

A44AA 

A 
4.0 X 1019 of 
molecules 
hydrogen 

 

D 
7.0 X 10-4 moles 

of ethene gas 
 

 

A44AA 

B 

7.0 X 10-4 moles 
of ethane gas 

 

 

A44AA 

C 
4.0 mg of helium 
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13  The combustion reaction between hydrogen gas and oxygen gas is shown. 

 

2H2 (g) + O2 (g)  2H2O (g) 

 

A mixture of 24 dm3 of hydrogen gas and 100 dm3 of oxygen gas was ignited. The 
reaction mixture was cooled to room temperature and pressure. What would be the 
total volume of gases remaining at the end of the reaction? 

 

 A 66 dm3 

 B 76 dm3 

C 88 dm3 

D 112 dm3 

  

 

14 Which of the following does not show the appropriate reagents used for preparation 

of the named salts?  

 

 salt reagents 

A barium sulfate barium nitrate solution + sulfuric acid 

B lead (II) chloride          lead (II) carbonate + hydrochloric acid 

C lithium nitrate            lithium hydroxide solution + nitric acid 

D magnesium chloride       magnesium + hydrochloric acid 

 
 

15 Which of the following solutions will give a precipitate when added to dilute sulfuric 
acid? 

 

 A aluminium nitrate 

 B calcium nitrate 

C silver nitrate 

D zinc nitrate 

 

 

16 A mixture of the oxides of two elements of the third period is dissolved in water. This 

solution is approximately neutral. What could be the constituents of the mixture? 

 

A  Al2O3 and Na2O 

B  Na2O and MgO 

C  Na2O and P4O10 

 D  SO3 and P4O10 
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20 The following graph shows the different yields of ammonia at different temperatures 

and pressures.  

 

 
 Which of the following is not true? 

  

A  A higher percentage yield of ammonia can be obtained at higher pressures. 

B  A higher percentage yield of ammonia can be obtained at lower temperatures. 

C  Ammonia is produced at all conditions of temperatures and pressures. 

 D  At 500oC and 300 atm, the percentage conversion to ammonia is about 30%.     

 

 

21 You are given the information below: 

  

element atomic number 

W 11 

X 12 

Y 16 

Z 17 

 

 Which of the following pairs of elements would react with each other most readily? 

 

A  W and Y  

B  W and Z 

C  X and Y 

 D  X and Z 

 

 

 

 

 

 

 

 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Preliminary Examination 4E5N Chemistry 2016 5073/1 

9

22 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 L 

 

 

23 The reaction between hydrogen and chlorine can be shown as H2 + Cl2 → 2HCl.   

Why is the reaction exothermic? 

 

A The energy involved in the bonds breaking is greater than that of bonds 

forming. 

B The energy involved in the bonds forming is greater than that of the bond 
breaking. 

C The number of bonds broken is greater than the number of bonds formed. 

D The number of bonds formed is greater than the number of bonds broken. 

 

 

24 Which of the following reaction(s) are endothermic? 

 

I C2H5OH + 3O2  2CO2 + 3H2O 

II Cl2  2Cl  

III CuSO4 + 5H2O  CuSO4.5H2O 

IV 6CO2 + 6H2O  C6H12O6 + 6O2 

 

A  I and II 

B  I, III and IV  

C  II and IV 

 D  II, III and IV 
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25 In an experiment, a conical flask containing 50 cm3 of hydrogen peroxide and 0.5 g of 

manganese(IV) oxide was placed on an electronic balance. The balance reading was 
recorded at regular time intervals. Hydrogen peroxide decomposes to form water and 
oxygen gas.  

 Which of the curves show the correct change in mass for this experiment? 

 

 
 

 

26  In the testing of ions for qualitative analysis, which of the following ions undergo 

reduction? 

 

A  ammonium 

B  chloride 

 C  nitrate 

 D  sulfate 

 

 

27 R is a solution of a reducing agent. It is added to each of the four reagents shown in 

the table below. Which of the following shows the correct description of the change in 
colour?  

 

 reagent effect of adding R 

A acidified potassium manganate(VII) purple to colourless 

B aqueous bromine colourless to reddish-brown 

C aqueous chlorine colourless to pale yellow 

D aqueous potassium iodide colourless to brown  

 

 

28  Which of the following gases cannot be removed from the exhaust of a petrol 

powered car by its catalytic converter? 

 

A  carbon dioxide 

B  carbon monoxide 

 C  hydrocarbons 

 D  nitrogen dioxide 
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29 In an electrolytic experiment involving aqueous silver nitrate, 1.08g of silver was 

deposited at the cathode. What is the volume of the gas collected at the anode? 

 

A  30 cm3 

B  60 cm3 

 C  180 cm3 

 D  240 cm3 

 

 

30 Which of the set-ups will produce the greatest reading on the voltmeter? 

 

 
 

 

31 Pain is often felt when a piece of aluminium foil touches a dental amalgam filing in a 

tooth. The amalgam contains tin and an electric current momentarily flows. Which 
statement about what happens is not correct? 

 

A  The aluminium foil acts an oxidising agent. 

B  The current is smaller if a piece of zinc foil touches the tin amalgam. 

 C  The electrons flow from aluminium foil to tin amalgam. 

 D  The oxidation state of aluminium foil increases. 

 

 

32 Which of the following is true about the formation of molten iron from haematite in the 
blast furnace? 

 

 A Coke is used as a catalyst for the process of forming molten iron. 

 B Haematite is made up of mainly iron(II) oxide. 

C Limestone is used to remove alkaline impurities. 

D Molten slag is collected above molten iron. 
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33 Waste polymers can be recycled by heating it in a furnace. The waste decomposes 

into a mixture of hydrocarbons which can be separated in a separating column. 

 Which product has the largest number of carbon atoms per molecule?  

 

 
 

 

34 Which of the following is not true about the fractional distillation of crude oil? 

 

 A Bitumen fraction has the highest boiling point among the fractions. 

B Kerosene fraction is used as fuel in aircraft. 

C Naphtha fraction is used as feedstock for chemical industries. 

D The different fractions obtained are pure. 

 

  

35 In the presence of sunlight, methane gas and chlorine gas are mixed together in an 
enclosed container. After two hours, which of the following is/are present in the 
container? 

 

 I     CH3Cl 

 II    CCl4  

 III   HCl  

 IV   H2 

 

 A I and II 

 B I and III 

C I, II and III 

 D All of the above 
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36 Poly(ethene) can be manufactured by the processes below. 

 

 
 

 Which diagram shows the correct change in molecular size during these processes? 

 

 
 

 

37 When ethanol reacts with propanoic acid, the ester formed has the formula of 

  

 A CH3COOC2H5 

 B C2H5COOCH3 

C CH3COOCH3 

D C2H5COOC2H5 

 

 

38 Which reagent cannot be used to distinguish methanol from methanoic acid? 

  

 A acidified potassium manganate(VII) 

 B aqueous bromine 

C aqueous sodium carbonate  

D litmus solution 

 

 

39 Linoleic acid has the molecular formula, C17H29COOH. How many C = C bonds are 

present in one molecule of linoleic acid? 

 

 A 1 

 B 2 

C 3 

D 4 
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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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Section A 

 
Answer all questions in this section in the spaces provided. 

The total mark for this section is 50. 
 
 

A1 A list of solutions is given below. 

 

   Ba(NO3)2    CuSO4   FeSO4 

 

   HCl    NaOH    NH4Cl  

 

 The solutions can be used once, more than once or not at all.  

 

From the list, choose two solutions that will react to 

 

(a) produce a blue precipitate,  

 

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

 

(b) give a pungent gas, 

 

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

 

(c) produce a white precipitate in a green solution. 

 

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

 

      [total: 3] 
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A2 Ammonia gas is an important starting material in the manufacture of fertilisers and 

many commercial cleaning products. 

 

 Three different methods of collecting gases in the laboratory are shown below.   

method 1 method 2 method 3 

 

 

 

 

(a) Which of the methods is the most suitable for the collection of ammonia gas in the 
laboratory? Give reasons to support your answer by stating why the other methods 
are not suitable.      

 

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

 

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

 

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

 

(b)  In the industry, ammonia gas is produced by the Haber process. State the optimum 

conditions used in this process.   

 

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

 

………………………………………………………………………………………............ [2] 
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(c) Ammonium nitrate is predominantly used in agriculture as a fertiliser. When 

ammonium nitrate is added to water, the reaction mixture feels cold. 

 

The reaction between solid ammonium nitrate and water can be represented as: 

 

)()()( 3434 aqNOaqNHsNONH    

  

 Draw an energy profile diagram for the reaction between ammonium nitrate and 
water below. On the diagram, you should label the 

 activation energy, Ea 

 energy change for the reaction, ∆H.               [3] 
 
 

 
       [total: 7] 
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A3 Recently, the International Union of Pure and Applied Chemistry (IUPAC) has 

announced the proposed names for the four newest elements to be added in Period 
7 of the Periodic Table.   

 

  One of the new element, with atomic number 113,  the first to be discovered in an 
Asian country, has been christened nihonium (Nh), which borrowed its name from 
one of the Japanese names for Japan - nihon. 

 

The position of nihonium in the Periodic Table is shown below. 

 

 
 

 

The element was discovered by Japan's Riken Institute by colliding a thin layer of 
bismuth with zinc as shown in the equation below. 

 

XparticleNhZnBi  278

113

70

30

209

83  

 

(a) Name particle X, a by-product in the synthesis of nihonium.   

 

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

 
 
 
 
 
 
 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Preliminary Examination 4E5N Chemistry 2016 5073/2 

6

(b) Nihonium exists as three isotopes, nihonium-278, nihonium-282 and nihonium-285. 

Describe with examples, one similarity and one difference in the properties of three 
samples of nihonium containing nihonium-278, nihonium-282 and nihonium-285 
respectively. You may refer to the samples as nihonium-278, nihonium-282 and 
nihonium-285 in your answers. 

 

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

 

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

 

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

 

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

 

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

 

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

 
(c) Another new element, with atomic number 117, to be named as tennessine (with 

symbol Ts) will be placed close to nihonium in the Period Table. 
 

(i) In which group of the Periodic Table would you expect tennessine to be found?   

 

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

 
(ii) A student made a few predictions about tennessine. Put a tick (√), in each of the 

correct boxes to show which of the following predictions about the properties of 
tennessine are true and which are false.        [2] 

 

 true false 

Tennessine is a good conductor of electricity.  

 

 

Tennessine is a solid at room conditions.  

 

 

Tennessine is green in colour.  

 

 

Tennessine is the most reactive element in its group in the 
Periodic Table. 

  

           
                     [total: 7] 
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A4 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.  

  

name of acid chemical 

formula 

reaction with magnesium 

(all acids have the same 

concentration) 

oxidation state of 

chlorine 

perchloric 

acid 

HClO4 very vigorous 

 

 

hypochlorous 

acid 

HOCl only a few bubbles seen  

chloric acid HClO3 vigorous 

 

+5 

chlorous acid HClO2 reacts readily 

 

+3 

 

(a) Complete the table by filling in the oxidation state of chlorine.       [2] 

 

(b) (i) Arrange in ascending order the strength of these acids, starting with the 

weakest acid. 

 

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

      

(ii) Hence, deduce the trend in the strength of the acid with reference to the 

information in the table. 

 

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

 

(c) Hypochlorous acid (HOCl) can be made from dichlorine monoxide gas (Cl2O). Draw a 

‘dot-and-cross’ diagram to show the bonding in dichlorine monoxide. Show the outer 
electrons only.                [2] 
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(d) Hypochlorous acid (HOCl) can also be produced by reacting chlorine with water. 

 

Cl2 + H2O → HOCl + HCl 

 

 Explain, in terms of oxidation states, why the reaction shown above is a redox 
reaction.  

 

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

 

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

 

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

 

                     [total: 8] 
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A5 A student carried out two experiments involving the reaction between zinc and dilute 

hydrochloric acid. Information about the experiments is given in the table below. 

 

 experiment 1 experiment 2 

granulated zinc excess excess 

dilute hydrochloric acid 5.0 cm3, 1.0 mol/dm3 5.0 cm3, 1.0 mol/dm3 

temperature 25oC 25oC 

copper(II) sulfate solution not added added a few drops 

 

 The results of the experiments are shown in the graph. 

 

 
 

(a) (i) Which experiment has a faster rate of reaction? How do you know? 

 

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

 

(ii) Suggest why this happens. 

 

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

 

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

 

(b) Write a balanced chemical equation for the reactions in both experiments.  

 

………………………………………………………………………………………............ [1] 
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(c) For both experiments, zinc is used in excess. Calculate the mass of zinc that reacted. 

                   [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) Two other experiments were performed using the following conditions. Sketch the 

curves using the same axes (on the previous page) to show the results of the 
experiments. Label your curves clearly as experiment 3 and experiment 4.    [2] 

 

 experiment 3 experiment 4 

granulated zinc excess excess 

dilute hydrochloric acid 5.0 cm3, 0.5 mol/dm3 5.0 cm3, 1.0 mol/dm3 

temperature 25oC 40oC 

copper(II) sulfate solution not added added a few drops 

 

(e) Experiment 5 was performed under the same conditions as experiment 1 but dilute 

sulfuric acid (5.0 cm3 and 1.0 mol/dm3) was added instead of dilute hydrochloric acid 
to zinc. The rate of reaction in experiment 5 was found to be faster than experiment 1.  

Use ideas about collisions between particles to explain this observation. 

 

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

 

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

 

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

 

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

 

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

 

                   [total: 9] 
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A6 An electric circuit is set up as shown below.  

 

 
 

Electrodes W and X are made of copper while electrodes Y and Z are made of 
carbon. The switch is closed and some changes are observed.  

 

(a) (i) State one visible change that can be observed in Cell 1.  

  

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

 

(ii) Write the ionic half-equations for the reactions at the cathode and anode 
respectively in Cell 1. Hence, state with a reason whether there will be any 
change in the colour intensity of the copper(II) sulfate solution throughout the 
experiment in this cell.  

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

 
(b) (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 (b)(i). 
 

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

                 
                     [total: 7] 
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A7 This article was adapted from The Straits Times dated June 11, 2016. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Explain the importance of the CarbFix project in protecting the environment.  

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

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

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

 

(b) Other than calcite, name another mineral that also contain CaCO3. 

 

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

 

 

 

 

‘Scientists find way to lock away carbon dioxide.’ 
 

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, 
where the carbon dioxide gas reacts with the rock to form a mineral stone called 
*calcite. By turning the carbon dioxide gas into calcite, scientists can then lock it 
away permanently. 

 

*calcite has the chemical formula of CaCO3 

 

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, which 
react with carbon dioxide gas. 

 

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 using computer. 
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(c) ‘Soda water’ mentioned in the article is actually weak carbonic acid. Explain what is 

meant by the term weak acid. 

 

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

 

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

 

(d) A researcher in the CarbFix project decided to investigate the presence of calcium 
ions in calcite. He was given the following four reagents: 

 

  dilute sulfuric acid  dilute hydrochloric acid 

 

  aqueous ammonia  aqueous sodium hydroxide 

 

 Describe the tests that he should carry out. Your answer should include 

 the reactions involved using some of the given reagents, 

 how the observations showed the presence of calcium ions in calcite. 

 

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

 

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

 

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

 

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

 

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

 

(e) Suggest a reason why  

 

(i) the conversion of carbon dioxide gas into calcite happened relatively quickly in 
Iceland.    

 

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

 

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

 

 (ii)  conversion yield of carbon dioxide gas into calcite may not reach 100%.    

 

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

 

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

                

                    [total: 9] 
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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 Transition metals are found in the central block of the Periodic Table. 
 Table 1 shows part of the central block of the Periodic Table which displays transition 

metals found in Periods 4, 5 and 6. The proton numbers of each of the metals are 
included as well. 

 
Table 1 

 
 

Period transition metals 

4 Ti22  V23  Cr24  Mn25  Fe26  Co27  Ni28  Cu29  

5 Zr40  Nb41  Mo42  Tc43  Ru44  Rh45  Pd46  Ag47  

6 Hf72  Ta73  W74  Re75  Os76  Ir77  Pt78  Au79  

 

 The graph below shows the melting points of the transition metals of those listed in 
Table 1. 

 
 
(a) Use the information above to describe the trends in melting point of transition metals 

 
(i)   down the groups, 

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

across the period 

down the 
group 
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 (ii) across the periods. 

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

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

(b) How does the information show that the transition metals in Period 4 are solids at 

room temperature and pressure? 
 
…………………………………………………………………………………………………... 
 
………………………………………………………………………………………............. [1] 

  
(c) In an experiment to determine the relative reactivity of five transition metals (Cr, Cu, 

Au, Fe and Ag), small pieces of each metal were added to the aqueous nitrate 
solutions of the other metals. Table 2 shows the results. 

  
Key √ shows a reaction happened 
 × shows no reaction happened 
 - shows the experiment was not performed  

 
Table 2 

 chromium 
(Cr) 

copper 
(Cu) 

gold  

(Au) 

iron  

(Fe) 

silver  

(Ag) 

chromium nitrate solution - × × × × 

copper(II) nitrate solution √ - × √ × 

gold nitrate solution √ √ - √ √ 

iron(III) nitrate solution √ × × - × 

silver nitrate solution √ √ × √ - 

 
(i) Place the metals in the descending order of reactivity, starting with the most 

reactive. 

 

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

 
(ii) Write an ionic equation, for the reaction between copper and silver nitrate 

solution. 
 

….……………………………………………………………………………………........... [1] 
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(d) With reference to your answer in (c)(i) and the information from the Table 1, deduce 

the trend of the reactivity of transition metals  
 

(i) across the periods, ……………………………………………………………… [1] 
 

(ii) down the groups.   ……………………………………………………………… [1] 
 
(e) From Table 1, name the metal that is most likely to displace only eight other metals 

from their salt solutions.  

 

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

 
               [total: 10] 
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B9 The structures of phosphorus trioxide and diamond are shown below. 

 
 
 

 
 

 
phosphorus trioxide 

 
 

diamond 
 
(a) Write down the molecular formula of phosphorus trioxide. 

 

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

 
(b) Based on the diagrams above, explain how it could be deduced that the structure 

shown for phosphorus trioxide is that of a simple molecule, while that of diamond 
represents only part of a macromolecule. 

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

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

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

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

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

 
(c) Explain why the melting points of phosphorus trioxide and diamond is different. 
 

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

 
………………………………………………………………………………………............ [2] 
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(d) An oxide was found to have the following composition by mass. 

  

element percentage by mass 

phosphorus 43.7 

oxygen 56.3 

 
 Deduce whether this oxide could be phosphorus trioxide by determining its empirical 

formula.               [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       [total: 10] 
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EITHER 

 

B10 The table below shows some information regarding three polymers – Kodel©, 
polyglycine and Teflon©. 

 

name structure 

 

 

Kodel© 

 

 

 

polyglycine 

 

 

 

Teflon© 

 

 

(a) Draw and name the linkage found in polyglycine.           [2] 

 

 

 

 

 

 

 

 

(b) Draw the structures of the two monomers used to form Kodel©.      [2] 
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(c) Draw the structure of the monomer used to form Teflon©.       [1] 

 

 

 

 

 

 

 

 

 

 

(d) The monomer shown in (c) can react with chlorine gas to form a compound that can 

be classified as chlorofluorocarbon (CFC).  

 

(i) Write an equation for the reaction between the monomer of Teflon© and chlorine 
gas.        

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

 

(ii) Explain how CFCs cause ozone depletion in the upper atmosphere. 

 

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

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

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

 

(e) Kodel© polymers are formed in a different way from Teflon© polymers. Name both 
types of polymerisation involved and state one difference between them.  
           

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

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

………………………………………………………………………………………............ [2] 
 
              [total: 10] 
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OR  

  

B10 This question concerns the chemistry of some organic compounds. 

 

(a) The table shows some information about the homologous series of a class of organic 
compounds called ethers. 

 

name molecular formula structural formula 

 

methoxy ethane 

 

CH3OC2H5 

 

 

methoxy propane 

 

CH3OC3H7 

 

 

(i) Give the name and structural formula of the next member of this homologous 
series.              [2] 

 

name: …………………………………………… 

 

structural formula: 

 

 

 

 

 

 

 

 

(ii) Draw the full structural formula of two isomers of methoxy ethane.   [2] 
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(b) Ethanoic acid can be synthesised by using various methods. 

 In method 1, ethanoic acid is synthesised from methanol as shown by the following 

reaction sequence: 

 

sequence reaction 

I CH3OH + HCI  CH3Cl + H2O 

II CH3Cl + CO  CH3COCl 

III CH3COCl + H2O  CH3COOH + HCl 

  

  

 In method 2, ethanoic acid is synthesised from sugar as shown by the following 

reaction sequence:  

 

       sequence I             sequence II   

   

 

  

 (i) Name the type of reaction as shown in reaction sequence I in method 1.  

 

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

 

 (ii) For method 2, state the optimum conditions needed for reaction sequence I. 

 

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

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

 

(iii) For method 2, name the reagent used for reaction sequence II in the laboratory. 

 

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

 

(iv) In the industry, which method provides a safer working environment?  

 Suggest one reason to support your answer.     

 

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

    

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

 

 (v) Chloromethane (CH3Cl) can be produced from an alkane.  

  Write an equation to show this reaction.   

 

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

 

              [total: 10] 
 
 

sugar solution ethanol ethanoic acid 
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Answer Scheme for Chemistry 5073 Prelims 2016 

Paper 1 [40 marks] 

1 2 3 4 5 6 7 8 9 10 

A B A D A A C D D D 

11 12 13 14 15 16 17 18 19 20 

C C C B B C B C A C 

21 22 23 24 25 26 27 28 29 30 

B D B C D C A A B A 

31 32 33 34 35 36 37 38 39 40 

A D D D C C D B C B 

 

Paper 2 Section A [50 marks] 

A1 (a) CuSO4  and  NaOH    

 (b) NaOH and NH4Cl   

 (c) Ba(NO3)2 and FeSO4 

  

A2 (a) Method 2.  

  Ammonia gas is soluble in water, thus method 3 cannot be used.  

  Ammonia gas is less dense than air, thus method 1 cannot be used.  

(b) 250 atm and 450 oC.  

 Iron as catalyst.  

(c) Refer to diagram below for marking scheme 
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Rum
Stamp



  Cl2 is oxidised (OR oxidation occurs) since the oxidation state of Cl 

increases from 0 in Cl2 to +1 in HOCl.   

  Since both oxidation and reduction occur, this is a redox reaction.  

  

A5 (ai) Experiment 2. It has a steeper gradient (at the start of the experiment).  

 (aii) Copper(II) sulfate was added to speed up the rate of reaction of 

experiment 2.  

 (b) Zn + 2HCl  ZnCl2 + H2  

(c) number of mole of HCl used = 1
1000

5
    

       = 0.005     

 Based on the equation, number of mole of Zn reacted   

= 2005.0   

       = 0.0025    

 Thus, the mass of zinc reacted     = 650025.0     

           = 0.163 g   

  

 

 

 

(d) Refer to the diagram below for marking scheme  

 

 (e) Sulfuric acid is dibasic while hydrochloric acid is monobasic.  

 Thus, the concentration of H+ ions in sulfuric acid is twice of that of 
hydrochloric acid.  

 With a higher concentration, the reacting particles in experiment 5 will 
collide more frequently as compared to experiment 1.  

 As a result, there will be higher number of effective collisions per unit time 
in experiment 5, leading to a higher rate of reaction. 
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A6 (ai) Electrode W diminishes in size.  OR  

  Electrode X is coated with a layer of pinkish brown / brown deposit.   

  OR Electrode X increases in size.  

 (aii) At anode: Cu(s)  Cu2+(aq) + 2e  

  At cathode: Cu2+(aq) + 2e  Cu(s)  

 Since there is no change in the concentration of Cu2+ / copper(II) ions, the 

colour intensity remained in cell 1. 

(bi) From green to violet  

(bii) At anode / Y, the Cl- ions is oxidised while at cathode / Z, the H+ is 

reduced.   OR 

 At anode / Y, the Cl- ions lose electrons while at cathode / Z, the H+ gain 

electrons.   

 Thus, the concentration of OH- is much higher than the concentration of 

H+ ions making the solution turned strongly alkaline [1], resulting in the 

violet colour. 

      OR 

 K+ and OH- ions are left behind / KOH solution is formed, resulting in a 

strong alkaline solution, making the solution turns violet. 

  

A7 (a) CarbFix aims to reduce the amount of carbon dioxide in the atmosphere. 

By doing so, the effect of global warming can be reduced.      

  Carbon dioxide causes global warming which results in …   Accept one 

of the following effects stated below.  

  … melting of polar ice caps that causes sea level to rise. As a result, low-

lying land will be flooded. /  

  … prolong drought that turns vegetation area into deserts. As a result, 

crops will be reduced. /  

  … rapid evaporation of seawater that lead to more carbon dioxide being 

released into the atmosphere. As a result, earth’s average temperature 

will rise further. 

 (b) limestone   
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 (c) Weak acid refers to a substance that partially dissociates to form 

hydrogen ions when dissolved in water.  

 (d) Add dilute hydrochloric acid to calcite to form calcium chloride solution.  

  Next, add calcium chloride solution to aqueous sodium hydroxide.  

  White precipitate formed that is insoluble in excess aqueous sodium 

hydroxide will show the presence of calcium ions.  

 (ei) The high temperature due to the volcanoes around Iceland causes the 

speed of reaction / conversion to increase.  

 (eii) The calcite decomposes due to heating / high temperature. Thus, 100% 

conversion may not be achievable. 

 

Paper 1 Section B [30 marks] 

Section B 

B8 (ai) Generally, down the groups, the melting point of metals increases except 

for the elements in the last group / except for metals Cu, Au and Ag.  

 (aii) Across all periods, the melting point increases for the first three metals 

(elements) listed before it shows a decreasing trend for the next few 

metals.  

  However, for periods 4 and 5, the 4th element has a lower melting point 

than expected.    

 (b) The melting points of the metals are at least 1000oC, much higher than 

room temperature.  

 (ci) Cr, Fe, Cu, Ag, Au 

 (cii) Cu(s) + 2Ag+(aq)  Cu2+(aq) + 2Ag(s)   

 (di) across the period: decreases  

 (dii) down the period: decreases  

 (e) cobalt  
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B9 (a) P4O6  

 (b) For the phosphorus trioxide, every / all atom(s) formed the number of 

bonds required to achieve stable octet electronic configurations.  

  As shown, oxygen atoms and phosphorus atoms formed two and three 

covalent bonds respectively.  

  Carbon atoms need to form four covalent bonds to achieve stable octet 

electronic configurations.    

  For diamond, some of the carbon atoms have only formed either one or 

two covalent bonds / formed less than four covalent bonds.  

(c) Phosphorus trioxide has a low melting point while diamond has a very 

high melting point.  

 A small amount of energy is needed to overcome the weak intermolecular 

forces between the molecules in phosphorus trioxide.   

 A very large amount of energy is needed to break all the strong covalent 

bonds between the (very large number of) atoms in the structure. 

  

(d)  

element P O  

mass (g) / % by 

mass 

43.7 56.3  

number of moles 

31

7.43
= 1.409 

16

3.56
 = 3.518 

 

molar ratio 

409.1

409.1
= 1 

409.1

518.3 ≈ 2.5 
 

simplest ratio 2 5  

empirical formula P2O5  

 

Since the empirical formula of phosphorus trioxide is P2O3, not P2O5, this 

oxide cannot be phosphorus trioxide. 
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B10 Either 

(a) Name of linkage: amide   

Draw structure of linkage as shown below.  

 

(b) Draw the monomers as shown below. 

 

 

 

(c) Draw the monomer as shown below.   

 

 (di) C2F4 + Cl2  C2F4Cl2  

 (dii) In the upper atmosphere, CFCs decomposes under ultra-violet radiation to 

form chlorine atoms.  

  The chlorine atoms react with ozone molecules to form oxygen gas and 

chlorine monoxide, thus causing ozone depletion. 

 (e) For Kodel©, it is condensation polymerisation and for Teflon©, it is addition 

polymerisation.  

  For differences, accept one of the followings or any other possible 

answers. 

  For addition, no by-product is formed / only Teflon© polymers is formed 

while in condensation, by-product which is a small (or simple) molecule is 

formed.       OR 

om
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  The formation of addition polymers does not involve the loss of atoms / 

loss of materials while in the formation of condensation polymers, small 

(or simple) molecule is lost.   OR 

  The two different monomers used in condensation polymers /  Kodel© 

have different functional groups of carboxyl and hydroxyl respectively. The 

monomer used in addition polymers / Teflon© has the functional group of 

carbon-carbon double bond.  

 

B10 OR 

 (ai) methoxy butane 

  Draw the structure as shown below. 

 

 (aii) Draw the isomers as shown below. 

 

 

  

 (bi) substitution  

 (bii) presence of yeast  

  absence of oxygen 

  temperature of 37oC    

 (biii) acidified potassium manganate (VII)   

 (biv) Method 2 is safer since in method 1, carbon monoxide, a poisonous gas is 

used.       OR 

  Method 2 is safer since in method 1, hydrogen chloride, a poisonous / 

acidic gas is used/produced.    

 (bv) CH4 + Cl2  CH3Cl + HCl  
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3 

3 

 

1 An excess of aqueous sodium hydroxide was added to a sample of ammonium sulfate 

crystals. The mixture was then heated gently, and the gas evolved was dried and collected 

using a suitable method. 

 

 

 

 

What is the most suitable drying agent and gas collection method for the gas evolved? 

 

  Drying agent Gas collection method 

A Anhydrous calcium chloride Water displacement 

B Concentrated sulfuric acid Downward delivery 

C Anhydrous calcium chloride Upward delivery 

D Concentrated sulfuric acid Upward delivery 
 

  

2 The diagram below shows the partial set-up of a simple distillation experiment used to 

separate two substances, X (boiling point of 70°C) and Y which is soluble in X (boiling point 

of 535°C). 

  

 

 

At which position, P or Q, should the bulb of a thermometer be placed at and what 

temperature should the thermometer show when the first distillate is collected. 

 

 A At P and at 70°C 

 B At P and at 535°C 

 C At Q and at 70°C 

 D At Q and at 535°C 
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4 

3 An experiment was carried out to determine the different types of sugar present in a sample 

of mixture X. 

 

Chromatogram A shows the separation of sugars using water as a solvent. Chromatogram 

A is then removed, rotated clockwise and then placed inside another solvent, ethanol. The 

final results are shown in chromatogram B. 

 

 

 

How many different types of sugars are present in mixture X? 

  

 A 3 

 B 4 

 C 5 

 D 6 

  

4 The solubility curves of four different substances A to D in water are shown below: 

 

 Which substance is the most suitable to be collected by crystallization from its hot saturated 

aqueous solution? 
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5 

5 Which of the following best describes the arrangement of particles present in dilute aqueous 

ammonia?  

   

  NH3 molecules OH- ions 

A Not present Close together 

B Not present Far apart 

C Close together Close together 

D Far apart Far apart 
 

 

 

 

  

6 The diagram below is a set up involving two gases X and Y. 

 

 

After some time, the water level at Z rises. What could be the identities of gas X and Y? 

 

  X Y 

A Fluorine Neon 

B Ethane Nitrogen dioxide 

C Air Methane 

D Sulfur dioxide Propene 
 

  

7 The melting and boiling points of three substances are given below. 

  

 Substance Melting point/ °C Boiling point/ °C 

Argon -189 -186 

Nitrogen -210 -196 

Oxygen -218 -183 

 

At what temperature would one of the above substances exist as a solid, another one as a 

liquid and the third as a gas? 

 

 

 

 

 A -184°C 

 B -188°C 

 C -192°C 

 D -214°C 
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6 

8 Which of the following pairs consists of two mixtures?  

  

 A Petrol and air 

 B Sugar and bronze   

 C Steel and hydrogen chloride  

 D Petroleum and sulfur dioxide 

   

9 The diagram below shows the structure of a substance. 

 

Which of the following statements about the substance is true? 

 

 A The substance is a compound. 

 B The substance melts over a range of temperature. 

 C The substance has a fixed composition of its constituents. 

 D The substance can be broken down into simpler forms by chemical means.  

 

10 The following particles has different number of nucleons and electrons. 

 

Particle Nucleon number Number of electrons 

Atom L 26 12 

Ion M2+ 24 10 

 

Which of the following statements about the particles is true? 

  

 A Atoms L and M have different number of protons. 

 B Atoms L and M have different number of electrons. 

 C Atoms L and M have the same number of neutrons. 

 D Atoms L and M have similar chemical properties, but different physical properties. 

  

11 An imaginary element has two isotopes: 

 The first has 15 protons and a relative abundance of 80% 

 The second isotope has 16 neutrons.  

 

 If the relative atomic mass of the imaginary element is 30.2, determine the number of 

neutrons in the first isotope. 

 

 A 15 

 B 16 

 C 30 

 D 31 
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7 

12 Study the molecule below: 

 

Suggest which Group of elements W, X, Y and Z could be from. 

  

  W X Y Z 

A Group III Group V Group VI Group I 

B Group IV Group III Group VI Group VII 

C Group III Group V Group II Group I 

D Group IV Group V Group VI Group VII 
 

 

 

 

   

13 Answer questions 13 and 14 using the diagram below. 

 

Carbon can form different structures as shown: 

 

  

 

Which structure(s) is/are likely to be electrical conductors? 

  

 A III only 

 B I and III only 

 C I, II and IV only 

 D I, II, and III only 
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8 

14 Using the diagram on question 13, identify which structure(s) has/have a simple covalent 

structure. 

  

 A II only 

 B I and II only 

 C I, II and III only 

 D None of the above 

  

15 The table below gives some information on four substances 

 

Substance Melting point 

/°C 

Boiling point 

/°C 

Electrical conductivity Solubility in 

water As solid As liquid 

W 17 118 Poor Poor Soluble 

X 455 1547 Poor Good Insoluble 

Y 1064 2970 Good Good Insoluble 

Z 3550 4830 Poor Poor Insoluble 

 

Which of the following statements is likely to be true? 

  

 A W has a simple covalent structure. 

 B X has a giant metallic structure. 

 C Y is a polymer. 

 D Z is held together by electrostatic forces between oppositely charged ions. 

   

16 Which of the following substances contains the largest number of atoms at room 

temperature and pressure? 

 

 A 72 dm3 of argon 

 B 2 moles of bromine 

 C 24 g of carbon 

 D 3 x 1023 carbon dioxide 

  

17 The percentage composition of hydrogen in a hydrocarbon is 11.1%. If 1 mole of the 

hydrocarbon combusts completely to form 3 moles of water, what could be the relative mass 

of the compound? 

 

 A 14 

 B 27 

 C 54 

 D 56 
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21 Vapour X was passed through a tube containing a cotton plug saturated with aqueous 

sodium bromide. The tube was warmed gently. The gas Y leaving the tube was then 

bubbled into Z. 

 

   

What are the possible identities of substance X and Z, with the correct corresponding 

observations? 

 

 X Z Observation 

A Fluorine Liquid hexene Brown vapour Y decolourised when in 

contact with Z 

B Chlorine Aqueous potassium 

iodide 

No colour change at Z 

C Iodine Liquid octene Brown vapour decolourised when in 

contact with Z 

D Iodine Aqueous potassium 

chloride 

Z turned greenish-yellow 

 

  

22 A substance NaXO4 undergo a chemical reaction with hydrogen peroxide, according to the 

following equation: 

 

2NaXO4 + 3H2O2 → 2XO2 + 2NaOH + 2H2O + 3O2 

 

What is the role of hydrogen peroxide in the above reaction? 

  

 A It acts as a catalyst. 

 B It is a reducing agent. 

 C It is an oxidizing agent. 

 D It is a dehydrating agent. 

  

23 When acidified aqueous potassium iodide is added to iron(III) sulfate solution, what will be 

observed? 

  

 A No visible change.  

 B Pale yellow solution turns brown. 

 C Pale green solution turns brown. 

 D Pale yellow solution turns pale green. 
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24 Which of the following statements about strong and weak acids is true?  

 

 A There are no mobile OH- ions present in all types of aqueous acids. 

 B A weak dibasic acid will always have a faster rate of reaction as compared to a strong 

monobasic acid of the same concentration. 

 C For the same basicity and concentration, weak acids have a lower pH than strong 

acids.  

 D Regardless of strength, monobasic acids of the same concentration and volume 

require the same number of moles of aqueous sodium hydroxide for complete 

neutralization. 

  

25 The chart below shows the colours of three indicators at different pH values: 

 

Indicator Colour change 

Low pH  high pH 

pH which colour 

change takes place 

Methyl orange Red  yellow 4.0 

Bromothymol blue Yellow  blue 6.5 

Phenophthalein Colourless  pink 9.0 

 

Titration is carried out between aqueous sodium hydroxide and dilute hydrochloric acid. The 

pH change is plotted onto the graph shown below. 

 

 

 

Which indicator(s) can be used to identify the end point of this titration? 

   

A Methyl orange only 

B Bromothymol blue only 

C Bromothymol blue and phenolphthalein only 

D Methyl orange, bromothymol blue and phenolphthalein 
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26 Which of the following salts can be prepared using the same method? 

  

 A Zinc chloride, calcium sulfate  

 B Potassium iodide, lead(II) iodide 

 C Copper(II) sulfate, lead(II) nitrate 

 D Ammonium chloride, magnesium nitrate 

  

27 When aqueous lead(II) nitrate was added into an unknown solution, a white precipitate was 

formed. Subsequently, dilute nitric acid was added dropwise to the resultant mixture, till in 

excess. Effervescence was observed and the white precipitate dissolved completely. 

 

Based on the observations, suggest what could be present in the unknown solution. 

  

 A Zinc chloride  

 B Ammonium iodide 

 C Aluminium sulfate  

 D Sodium carbonate 

  

28 In experiment 1, one mole of ethane undergoes complete combustion to form carbon 

dioxide and water only. In experiment 2, one mole of butane is combusted completely 

instead. How will the activation energy and enthalpy change of experiment 2 be different 

from experiment 1? 

  

  Activation energy Enthalpy change 

A Unchanged Unchanged 

B Increase Unchanged 

C Unchanged Increase 

D Increase Increase 
 

  

29 0.0100 mol of zinc powder is added to 100 cm3 of 0.100 mol/dm3 dilute hydrochloric acid at 

25°C. The volume of gas produced is plotted against time as shown by Graph X below. 

 

The experiment is then repeated using 0.0100 mol of granulated zinc with 100 cm3 of 0.200 

mol/dm3 dilute hydrochloric acid at 50°C. 

 

Which of the following graphs could be obtained for the second experiment? 
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30 Which gases can be removed by factories using moist calcium carbonate? 

  

 A NO, NO2, SO2 

 B HCl, NO, CH4 

 C CO, NO2, CH4  

 D HCl, NO2, SO2  

  

31 The table below provides information on the chemical properties of four metals and some of 

their compounds. 

 

Metal Metal + Steam Metal oxide + Coke Metal carbonate heated strongly 

W H2 gas evolved Oxide reduced CO2 evolved 

X H2 gas evolved No visible change No visible change 

Y No visible change Oxide reduced CO2 evolved 

Z H2 gas evolved No visible change CO2 evolved 
 

  

Which of the following shows the correct order of reactivity of the metals? 

 

  Most reactive                  least reactive 

A Y W Z X 

B X Z W Y 

C Z X W Y 

D W X Y Z 
 

  

 

32 An unknown gas X is passed over heated solid Y, as shown below.  

  

 

 

Which of the following pairs of reactants will undergo a reaction? 

 

  Gas X Solid Y 

A Carbon monoxide magnesium oxide 

B Carbon dioxide Zinc oxide 

C Hydrogen Iron(III) oxide 

D Steam  Lead  
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33 Three metals were added into three aqueous salts as shown. 

  

 

 

Which one of the following gives the correct order of metal reactivity? 

 

  Least reactive     Most reactive 

A P Q R 

B P R Q 

C Q P R 

D Q R P 
 

  

 

34 Four iron nails are placed in separate test tubes and subjected to different conditions as 

shown below. 

  

 
 

After some time, which of the above iron nails will rust? 

 

 A X only 

 B Z only 

 C X and Z only 

 D W and X only 
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35 Four experimental set ups are shown below. Which set up will produce bubbles of 

colourless, odourless gas around the copper electrode? 

 

 

 

 

36 Four electrolytic cells are shown below. After a short period of time, which set up will the pH 

of electrolyte decreases the most significantly? 

 

 

  

 

37 Which of the following statements describing naphtha and lubricating oil is true? 

  

 A Naphtha is more flammable than lubricating oil. 

 B Both naphtha and lubricating oil have sharp boiling points. 

 C Naphtha consists of larger hydrocarbons than lubricating oil. 

 D Naphtha is obtained below lubricating oil in a fractionating column.  
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38 The structures of molecules X and Y are shown below. 

 

 

Which of the following statements about the two molecules is true? 

  

 A They are isomers of each other. 

 B They have different empirical formula. 

 C They have the same percentage composition. 

 D They are from the same homologous series since their general formula is the same. 

 

39 The labels on the containers of substances X and Y have been mixed up. 

 

 Which chemical test can be used to distinguish between substances X and Y? 

 

 A Adding copper metal 

 B Aqueous sodium carbonate 

 C Bromine under ultraviolet light 

 D Warm acidified potassium manganate(VII) solution 

  

40 The diagram below shows an organic molecule. 

 

 

How many different types of polymer can be formed using the monomer above? 

 

 A None 

 B One  

 C Two 

 D Three 

 

End of Paper 1 
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Answers to Section A: Circle the most appropriate answer to each question. 

 

1 C     11 A    

2 A     12 D    

3 D     13 D    

4 A     14 A    

5 D     15 A    

6 B     16 B    

7 C     17 C    

8 A     18 C    

9 B     19 D    

10 D     20 B    

 

21 A     31 B    

22 B     32 C    

23 B     33 C    

24 D     34 A    

25 D     35 C    

26 C     36 C    

27 D     37 A    

28 D     38 C    

29 A     39 B    

30 D     40 D    
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Section A 

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

The total mark for this section is 50. 

 

A1 The following substances have different physical properties as shown below: 

 

Substance Melting point/ °C Boiling point/ °C Solubility in water 

W -114 78 soluble 

X -6 300 insoluble 

Y 801 1413 soluble 

Z Sublimes at 338°C soluble 
 

 

     

  When these substances are mixed, physical methods of separating them may include: 

 

filtration sublimation simple distillation fractional distillation 

chromatography separating funnel crystallisation evaporation to dryness 
 

 

    

 (a) Select from the above list, the best method(s) by which each of the following mixtures 

at room temperature may be separated, assuming that the components do not 

dissolve in each other. 

 

You may use a method once, more than once or not al all. 

 

 

  (i) A mixture of W and X: __________________ 

 

[1] 

  (ii) A mixture of X and Y: ___________________ 

 

[1] 

  (iii) A mixture of Y and Z: ___________________ 

 

[1] 

  (iv) A mixture of W, X and water:  

 

1. ___________________ 

 

2. ___________________ 

[2] 
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(b) Chromatography is used by ‘Horse Racing Forensic Laboratory’ to test for the 

presence of illegal drugs in racehorses. 

 

Concentrated samples of urine from racehorses are spotted onto chromatography 

paper on the start line. Alongside this, two known illegal drugs such as winstrol and 

dermorphin are spotted. The chromatogram is run using methanol as the solvent. 

When finished, the chromatogram is analysed by placing under ultra-violet light.  

A chromatogram of urine from four racehorses is shown below: 

 

 

  (i) Calculate the Rf value of winstrol?  

 

_______________________________________________________________ 

 

[1] 

  (ii) Will the Rf value of winstrol change if water, instead of methanol, was used as 

the solvent? Explain your answer. 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

[1] 

  (iii) State which horse was fed an illegal drug and name the drug used. 

 

_______________________________________________________________ 

[1] 

     

  (iv) What is the purpose of ultra-violet light, when used to analyse the 

chromatogram? 

[1] 

    

_______________________________________________________________ 

 

 

   [9 Marks] 
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A2 Tin is a Group IV element. At room temperature, tin has a silvery white appearance and can 

conduct electricity. When cooled to low temperatures, the appearance of tin turns grey and 

the structure of tin transforms into one that resembles diamond. 

 

 

 (a) In terms of bonding and structure, briefly explain why tin can conduct electricity at 

room temperature. 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

[2] 

 (b) State whether tin can conduct electricity at low temperatures. Explain your answer 

using bonding and structure. 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

[2] 

 (c) (i) Silicon is above tin in the Periodic Table. Silicon only has a structure similar to 

diamond and it reacts with oxygen to form silicon(IV) oxide, which is acidic in 

nature.  

 

Tin can also react with oxygen to form tin(IV) oxide. The tin(IV) oxide formed can 

undergo two reactions as shown below: 

 

SnO2 (s) + 2NaOH (aq) + 2H2O (l) → Na2[Sn(OH)6] (aq)  

SnO2 (s) + 2H2SO4 (aq) → Sn(SO4)2 (aq) + 2H2O (l) 

 

Suggest the nature of tin(IV) oxide. 

 

_______________________________________________________________ 

 

[1] 

  (ii) Hence, describe the trend of one chemical property for Group IV elements down 

the group. 

 

_______________________________________________________________ 

 

_______________________________________________________________ 
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 (b) Excess magnesium was added to 100 cm3 of 1 mol/dm3 aqueous methanoic acid. The 

time taken for the metal to produce hydrogen gas was measured and a graph was 

plotted as shown below.  

 

 

 

This experiment was then repeated using different dilute acids, but keeping all the 

other conditions the same.  

 

 

  (i) On the same diagram, sketch a graph of the reaction when propanoic acid is 

used. Label this graph as A. 

 

[2] 

  (ii) On the same diagram, sketch another graph of the reaction using nitric acid. 

Label this graph as B. 

 

[2] 

  (iii) On the same diagram, sketch another graph of the reaction using oxalic acid. 

Label this graph as C. 

 

[2] 

  (iv) Another student carried out the experiment with magnesium and oxalic acid 

dissolved in methylbenzene. Write down the observation. Explain your answer. 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

[12 Marks] 

 

 

 

 

 

 

 

 

 

 

[2] 
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A4 a The flow chart below shows a series of chemical tests involving substances A to E. 

 

 

 

 

  Give the chemical formula of substances A to E. 

 

A: 

 

B: 

 

C: 

 

D: E: 

 

 

 

 
 

[5] 

 b Write down the ionic equation for the formation of precipitate C.  

 

____________________________________________________________________ 

 

[6 Marks] 

 

[1] 

A5 a When 3.10 g of copper(II) carbonate is added to 100 cm3 of 49.0 g/dm3 dilute sulfuric 

acid, calculate the maximum volume of carbon dioxide that can be produced, 

measured at room temperature and pressure. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

[2] 
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 b If only 400 cm3 of carbon dioxide is obtained from the reaction in part a, what is the 

percentage yield of the reaction? 

 

 

 

 

 

 

 

 

[1] 

 c Using the collision theory, explain how an increase in temperature will affect the rate of 

reaction in part a. 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

[5 Marks] 

 

[2] 

A6 a Pure titanium is extracted from its ore, rutile - TiO2.  

Rutile is first reacted with chlorine at 1000°C to produce titanium(IV) chloride and 

oxygen gas. The titanium(IV) chloride formed is then cooled and collected. 

 

     

  (i) Construct the chemical equation for the reaction above. 

 

_______________________________________________________________ 

[1] 

     

  (ii) Which is the oxidizing agent in the reaction above? Explain your answer using 

oxidation states. 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

[2] 

     

 b Titanium(IV) chloride is then reacted with magnesium at 1100°C in a sealed reactor 

which is filled with argon gas. Titanium is then obtained at the end. 

 

 

  (i) Name the type of reaction that occurred in part b. 

 

_______________________________________________________________ 

[1] 

     

  (ii) Other than magnesium, suggest another metal which could be used in part b. [1] 

    

_______________________________________________________________ 
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  (iii) Why is argon gas used to fill the sealed container instead of air? 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

[2] 

    

 

 

 c Aluminium can also be added into titanium to form an alloy to increase the overall 

strength of the metals. 

 

  In terms of structure, explain how the addition of aluminium strengthens titanium. 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

[9 Marks] 

[2] 
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Section B 

Answer all the 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 Below shows a schematic diagram of the carbon cycle. The diagram contains environmental 

features such as plants, factories and oceans which contribute to the removal and release 

of carbon dioxide to the atmosphere. The amount of carbon dioxide removed or released 

are represented by numerical values on the diagram. The changes are measured in billions 

of tonnes of carbon dioxide per year. 

 

 

 (a) (i) Sources of carbon dioxide contributors are not only limited to the features shown 

above. Suggest another source of carbon dioxide emission which is not 

included in the carbon cycle diagram. 

 

_______________________________________________________________  

 

[1] 

  (ii) A carbon sink is an environmental feature that has a tendency to trap and store 

large amounts of carbon. 

 

 

   From the numerical data above, identify an environmental feature that is the 

most effective carbon sink on land. Explain your answer using values from the 

diagram. 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

[2] 

  (iii) Write a chemical equation to show how the environmental feature in part (a)(ii) 

trap and store carbon. 

 

_______________________________________________________________ 

 

[1] 
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 (b) Ocean acidification is one of the top environmental issues today. Ocean acidification 

refers to a decrease in the pH of the ocean over an extended period of time. 

 

 

  (i) Using numerical data from the carbon cycle diagram, explain how oceans are 

being acidified. 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

[2] 

  (ii) The burning of fossil fuels such as coal also releases another gas that 

contributes to ocean acidification. Name this gas. 

 

_______________________________________________________________ 

 

[1] 

  (iii) What chemical can be used by factories to remove the gas in (b)(ii)? 

 

_______________________________________________________________ 

 

[1] 

  (iv) Write the chemical equation for the reaction in (b)(iii). 

 

_______________________________________________________________ 

 

[1] 

 (c) Many marine organisms produce calcium carbonate structures and use them as a form 

of shelter. Suggest how ocean acidification will affect these organisms. 

 

____________________________________________________________________ 

 

[10 Marks] 
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B8 The Haber process produces ammonia from the reaction between nitrogen and hydrogen. 

 

It be carried out at various temperature and pressure to obtain different yields of ammonia 

as shown in the graph below. 

 

 

 

 (a) From the graph, describe the relationship between temperature, pressure and the yield 

of ammonia. 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

[2] 

 (b) (i) Calculate the enthalpy change for the Haber process using the bond energies 

given below. 

Type of bond Bond energy (kJ/mol) 

H-H 432 

N-H 391 

N-N 160 

N=N 418 

NΞN 941 
 

[2] 
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  (ii) From the answer in b(i), explain why the reaction is exothermic or endothermic in 

terms of bond breaking and bond formation.  

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

[2] 

 (c) (i) State the conditions commonly used by industries to carry out the Haber process.  

 

_______________________________________________________________ 

 

[1] 

  (ii) With the aid of a labelled energy profile diagram, explain how a catalyst affects 

the rate reaction in the Haber process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

[10 Marks] 
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EITHER 

 

 

B9 Copper extracted from the blast furnace can be further purified or refined using electrolysis. 

A student tried to carry out this process and set up an experiment as shown below. 

 

 

 

 (a) (i) The student failed to extract copper from the impure copper. State two changes 

that have to be made to the set up above for the purification process to be carried 

out properly. 

 

[2] 

   _______________________________________________________________ 

 

_______________________________________________________________ 

 

 

  (ii) If the anode in the student’s set-up is changed to graphite, what will be 

observed at the anode and what happens to the pH of the electrolyte after some 

time? 

 

_______________________________________________________________ 

 

_______________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 
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 (b) There are various forms of cells that can be used to generate electricity. Below shows 

the schematic diagram of a direct ethanol fuel cell (DEFC): 

 

 

   

 

 

   The half equation at the anode is: 

C2H5OH + 3H2O  12H+ + 12e- + 2CO2 

 

     

   The half equation at the cathode is: 

O2 + 4H+ + 4e-  2H2O 

 

     

  (i) Construct the overall equation for the reaction occurring in a DEFC. 

 

[2] 

   _______________________________________________________________ 

 

 

  (ii) If 4.00 moles of electrons flow through the electrical appliance, what is the 

maximum volume of carbon dioxide gas, at room temperature and pressure, that 

can be produced by the DEFC? 

[2] 

    

 

 

 

 

 

 

 

 (c) Hydrogen can also be used in a fuel cell, state one advantage and one disadvantage 

of using hydrogen instead of ethanol in a fuel cell. 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

[10 Marks] 

 

[2] 
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OR 

 

 

B9 Vitamin A, also known as retinol, is important for eye health and vision. Retinol has the 

following structure: 

 

 

 

    

 

 

 (a) (i) How many moles of aqueous I2 can react completely with 1 mol of Vitamin A in 

the dark? 

[1] 

    

_______________________________________________________________ 

 

 

 

  (ii) Vitamin A (Retinol) is oxidized in the body to form retinoic acid, which helps to 

maintain skin health and bone growth. 

 

     

   Describe a chemical test that could be used to distinguish retinol from retinoic 

acid. State the corresponding observations. 

 

[2] 

   _______________________________________________________________ 

 

_______________________________________________________________ 
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 (b) Organic compound P has the general formula CnH2n. It can undergo a series of 

chemical reaction to form compound Z as shown in the chart below.  

[7] 

   

 

 

 

 

 (i) Identify and draw the full structural formulae of compounds P, Q, and R. [3] 

 

P: 

 

 

 

 

 

 

 

 

 

 

 

 

Q: 

R: 
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  (ii) What is reagent A? 

 

_______________________________________________________________ 

 

[1] 

  (iii) If compound S and compound X can react together to form a sweet smelling 

liquid, what is the name of reagent B? 

[1] 

    

_______________________________________________________________ 

 

 

  (iv) What is the name of the sweet smelling liquid formed from compound S and 

compound X? 

[1] 

    

_______________________________________________________________ 

 

 

  (v) Using information from the flow chart, write down the structural formula of 

compound Y. 

[1] 

    

_______________________________________________________________ 

 

 

 [10 Marks] 

 

End of Paper 2 
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Mark scheme for Sec 4 Prelim 2016 Paper 2 
 
Section A (50 marks) 
 

A1 ai Separating funnel 

 aii Filtration 
 aiii Sublimation 

 aiv 1. Separating funnel,  
2. Fractional distillation 
 

 bi 0.75 
 

 bii Yes, X has different solubility  
in different solvents,  
 

 biii Horse C / Horse 5 
Dermorphin / Demorphin 
 

 biv To make the spots visible/seen. 
OR 
reveal/locate or identify the position of the spots. 
 

A2 a Tin has giant metallic structure/has metallic bonds. 
consists of cations in a sea of delocalized electrons 
The electrons are mobile  
 

 b Each tin atom  
uses all 4 of its valence electrons / all valence electrons used for  
covalent bonds/bonding 
no mobile electrons to conduct electricity 

 ci Amphoteric 
 

 cii Down group IV, the elements become more metallic in character. 
Down group IV, the elements turn from non-metal to metal. 
Down group IV, the elements reducing property increases.  
Down group IV, the oxides formed turn from acidic to amphoteric.  
Down group IV, the oxides formed become more basic.  
 

 d Add excess  
Aq or dilute nitric acid/sulfuric acid/hydrochloric 
Filter the mixture to obtain the residue 
 
Wash the residue with distilled water (if wash with wrong solution, do not award) 
Dry between sheets of filter paper 
 

A3 ai Inorganic acids have larger dissociation constants than organic acids. 
OR 
Organic acids have Ka values that are less than 1 [0.5] 
Inorgannic acids have Ka values that are more than 1 [0.5] 
 
Inorganic/strong acids dissociates completely 
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 2

Organic/weak acids dissociates partially 
 

 aii As the number of C atoms increases within the series or down the series 
the acids become weaker / strength decreases. 
Because Ka value decreases  
 

 bi Gentler initial slope,  
volume of H2 at 1.2 dm

3
  

 bii Steeper initial slope,  
volume of H2 at 1.2 dm3  

 biii Steeper initial slope than methanoic acid but gentler than initial slope of nitric acid, 
max volume of H2 at 2.4 dm3  
 

 biv No visible change/no gas evolved/no effervescence (no reaction not accepted) 
Oxalic acid does not ionize in methylbenzene  
OR only ionizes in water 
to form mobile H+ ions 
Hence it does not display acidic properties / does not behave like an acid 
 

A4 
 

a A: HCl 
 

B: FeCl2 
 

C: Fe(OH)2 
 

D: AgCl E: I2 
 

 
 
 
 

 

 b Fe2+ + 2OH-  Fe(OH)2 
 

A5 a No of mol of CuCO3 = 3.1 / 124 = 0.0250 mol 
No of mol of H2SO4 = 49/98 x 0.100 = 0.0500 mol 
 
CuCO3 is the limiting reagent 
 
No of mol of carbon dioxide formed = 0.0250 mol 
Volume of carbon dioxide formed = 0.6 dm3 

 
 b % yield = 0.4/0.6 x 100% = 66.7% 

 

 c Particles will have more kinetic energy, 
Proportion of particles with energy equal to or more than Ea increases. 
Greater frequency of collisions  
Greater frequency of effective collisions 
Faster rate of reaction 
 

A6 ai TiO2 + 2Cl2  TiCl4 + O2 

   

 aii Cl2 is the oxidising agent.  
The oxidation state of chlorine decreased from  
0 in Cl2  
to -1 in TiCl4.  
Therefore, Cl2 is reduced. 

   

 bi Displacement / Redox 

 bii Any metal above Mg in the reactivity series 

 biii Argon is a noble gas/noble gas configuration. 
It is inert (unreactive not accepted) 
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Prevents Ti from oxidizing back into TiO2 

OR 
Prevents Ti from reacting with air or O2  
OR 
Prevents the more reactive metal from reacting with air or O2  

 c Different sized atoms 
Disrupts the  
regular arrangement 
Layers unable to slide over each other (“layers” must be included) 
 

 
Section B (30 marks) 

B7 ai Any 1 of the following:  
Combustion of fuel in  
cars/aircrafts 
Animal Respiration 
Decay of dead animals 
 

 aii Plants take in 407  
but give out 183  
and 220  
billions of tonnes. 
 
OR  
Overall, plants absorb 4 (award 0m only if ans is 224) 
billions of tonnes. 
 

 aiii 6CO2 + 6H2O  C6H12O6 + 6O2 

 
If 6CO2 + 12H2O  C6H12O6 + 6O2 + 12H2O, minus 1/2m (not balanced) 

 

 

 bi Oceans take in 337  
but only give out 330  
billions of tonnes. 
 
OR  
Overall, oceans absorb 7 
billions of tonnes. 
 
Carbon dioxide is acidic / form carbonic acid 
 

 bii Sulfur dioxide 

 biii CaO, Ca(OH)2, CaCO3 

 biv CaCO3 + SO2  CaSO3 + CO2 

OR  
CaO + SO2  CaSO3 

OR 
CaCO3 + H2SO3  CaSO3 + CO2 + H2O 
OR 
Ca(OH)2 + SO2  CaSO3 + H2O 

 

 c Acids can react with/corrode/remove/destroy the carbonate structures 
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B8 a The higher the temperature, the lower the yield 
The higher the pressure, the higher the yield 
 

   

 bi 941 + 3(432)    OR    (+2237)    
-6(391) =          OR    (-2346)   
-109  
kJ/mol 

   

 bii The energy absorbed to break bonds (used or required = 0m) 
Is less than  
the energy released to form bonds (used or required = 0m) 
Hence, energy is given out to the surroundings/ the reaction is exothermic 
OR hence ΔH is negative 
 

 ci Iron, 400°C, 200 atm  
 

 cii Correctly labelled axis 
Correctly drawn and labelled reactants and products 
Correctly drawn and labelled Ea (catalyzed) and Ea (uncatalysed) 
Correctly drawn curves (2 curves) 
 
Provides an alternative pathway 
With lower activation energy 

   

B9 
Eit 
her 

ai Switch the polarity of the battery OR swap the positions of the electrodes 
Change the electrolyte to aqueous copper(II) nitrate/chloride/sulfate 
 

 aii Effervescence is observed. 
 
pH of the electrolyte decreases/ become more acidic 
 

 bi C2H5OH + 3H2O  12H
+
 + 12e

-
 + 2CO2              3O2 + 12H

+
 + 12e

-
  6H2O 

 
C2H5OH + 3H2O + 3O2  2CO2 + 6H2O 
C2H5OH + 3O2  2CO2 + 3H2O 
 

 bii Max no of mol of CO2 formed = 4 / 12 x 2 = 0.6667 mol 
Max vol of CO2 formed = 0.6667 x 24 = 16.0 dm3 
 

 c The only product of the hydrogen fuel cell is water  
Ethanol fuel cell produces CO2  
 
Hydrogen gas needs to be liquefied  

B9 
OR 

ai 4 mol  

 aii Warm and acidified  
potassium manganate (VII) solution will  
turn from purple to colourless  
when added to retinol  
 
Effervescence OR colourless gas  
Water 
when a reactive metal (must state the metal eg Zn, Mg, etc)  
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OR  
aqueous sodium carbonate  
 
is added to retinoic acid. 

 

 

 

bi 

 
P:  
 

 
 

Q:  

 

R: 

 

 

 
 bii Hydrogen gas or H2 

 biii Acidified  
Aqueous potassium manganate(VII) 

 biv Propyl propanoate 
 

 bv CH3CH2NH2 

OR 
C2H5NH2 
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1. Hydrogen chloride gas is very soluble in water, whereas chlorine gas is only 
slightly soluble in water. Which diagram below shows the correct method to 
obtain dry chlorine gas from damp chlorine gas containing a small amount of 
hydrogen chloride gas? 
 
A                                                                 B  
 
 
 
 
 
 
 
 
 
C                                                                  D 

 
 
 
 

 
 
 
 
 
 
 
 

2. J, K, L, M and N are five different mixtures of amino acids. 
The diagram shows a chromatogram of these five different mixtures. 
 
A protein is made up of all the amino acids found in these five mixtures. How 
many different amino acids are present in the protein? 
 
 
 
 
 
 
 
 
 
 
 
 
A 0 
B 4 
C 5 
D 12 
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5. The apparatus is set up, using different gases in the two inverted beakers. 
 
 
 
 
 
 
 
 
 
 
 
 
Which pair of gases would cause an upward movement of the water level at U? 
 
 gas 1 gas 2 
A N2 F2 
B N2 H2 
C Cl2 F2 

D Cl2 H2 

 
 

6. The three main components of liquid air are nitrogen, oxygen and argon. Their 
respective boiling points are: 
 
Nitrogen  -196oC 
Oxygen   -183oC 
Argon      -186oC 
 
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 oxygen only. 
B liquid nitrogen only. 
C liquid argon and oxygen only. 
D liquid argon and nitrogen only. 

 

gas 1 

porous 

pot 

water 

air air 

porous 

pot 

gas 2 

U 

beaker 
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7. When chocolate is heated, it softens and melts over a range of temperatures. 
Which statement explains this behaviour of chocolate? 
 
A It is a mixture. 
B It is a macromolecule. 
C It expands before melting. 
D It forms other substances when heated. 

 
 

 

8. A beam of particles contains Na+, K+ and Ar. The beam is passed between 
charged plates. 
 
Which diagram shows how the particles are affected by the plates? 
 
A  

 
 
 
 
 
 
 
 
 
 

B  

C 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

D  

 
 
 

9. An element Q has x neutrons and y protons. Which of the following symbol can 
be used to represent the ion of Q if it belongs to group VI? 
 
 
A Q2+ 

 
B Q2+ 

 
C Q2- 

 
D Q2- 

 

x+ y 
y 

x 

y 

x+ y 

y 

x 
y 

Beam of 

particles 

Beam of 

particles 

Beam of 

particles 
Beam of 

particles 

+ve 

-ve 

+ve 

-ve 

+ve 

-ve 

+ve 

-ve 

Ar 

Na+ 

K+ 

K+ 

Na+ 

Ar 

Ar 

K+ 

Na+ 

Ar 

Na+ 

K+ 
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10. Which of the following diagrams correctly represent a mixture of element(s) and 
compound(s)? 
 
A  

 
 
 
 
 

B  

C  
 
 
 
 
 

D  

 
 

11. Which of the following correctly shows the colour change when sulfur dioxide is 
bubbled into acidified KI and acidified KMnO4? 
 
 effect on KI effect on KMnO4 

A remains colourless changes from purple to colourless 
B remains colourless changes from colourless to purple 
C changes from colourless to brown changes from purple to colourless 
D changes from brown to colourless changes from colourless to purple 

 
 

12. Ethanoyl chloride has the following structure. 
 
 
 
 
 
What is the total number of electrons not used for bonding? 
 
A 10 
B 14 
C 16 
D 26 

 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 
Page 7 of 20 

 

13. Element C, D and E are three consecutive members in the Periodic Table. Given 
that C is in group VII of the Periodic Table, which of the following statement is 
true for the compound formed between C and E?  
 
A The compound formed is soluble in ethanol. 
B The compound formed has a simple molecular structure. 
C The compound formed has a high melting point and boiling point. 
D The compound formed can conduct electricity due to mobile 

electrons. 
 
 

14. The models and formulae for some molecules are shown below.  
 
 
 
 
 
 
 
Which is the correct model for a molecule of the compound formed between X 
and Z? 
 
A  

 
 
 
 
 
 

B  

C  
 
 
 
 
 
 
 

D  

 

15. X is a metal which reacts with cold water and its oxide is stable to heat. Which 
of the following methods is most suitable to extract X from its ores? 
 
A electrolysis of its molten chloride 
B reduction of its oxide with carbon 
C electrolysis of its aqueous chloride solution 
D displacement from its aqueous chloride solution with iron 

 

XY2 YZ2 
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16. An oxide has the following properties: 
 
 insoluble in water 
 reacts with acids 
 does not react with alkalis 

 
Which of the following elements forms an oxide with these properties? 
 
A copper 
B sodium 
C sulfur 
D zinc 

 
 

17. The table gives information about the solubilities of the hydroxides, carbonates 
and sulfates of calcium, sodium and zinc. 
 

 hydroxide carbonate sulfate 

calcium slightly soluble insoluble slightly soluble 

sodium soluble soluble soluble 

zinc insoluble insoluble soluble 
 
What is the best way of making zinc carbonate? 
 
A Shake solid zinc hydroxide with aqueous sodium hydroxide and pass 

in carbon dioxide. 
B Shake solid zinc sulfate and solid calcium carbonate with water. 
C Shake solid zinc sulfate with water and add aqueous sodium 

carbonate. 
D Shake aqueous zinc sulfate with solid calcium hydroxide and pass in 

carbon dioxide. 
 
 

18. The labels fell off from two bottles each containing a colourless solution, one of 
which was aqueous lead(II) nitrate and the other was aqueous aluminium nitrate. 
Which of the following tests could be used to distinguish between the two 
solutions? 
 
1     addition of dilute hydrochloric acid 
2     addition of aqueous sodium sulfate 
3     addition of aqueous potassium iodide 
4     addition of aqueous sodium hydroxide 
 
A 1 and 2 
B 2 and 3 
C 3 and 4 
D 1, 2 and 3 
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19. A 100g sample of copper oxide was analysed. The results of the analysis are 
shown in the following graphs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
These data suggests that the formula for copper oxide is __________. 
 
A CuO  
B Cu2O  
C CuO2  
D Cu2O3  

 
 

20. 
 
 
 
 
 
 

 

Which of the following contains the same number of ions as the value of 
Avogadro’s constant? 
 
A 0.25 mol Na3PO4 
B 0.50 mol CO 
C 0.50 mol Cs2O 
D 1.00 mol CaO 

  
 

21. Which of the following statement(s) correctly describes the information 
necessary for finding the concentration of an unknown monobasic acid by 
titration with KOH? 
 
1     The concentration of the base. 
2     The volume of acid. 
3     The volume of the base used to reach the end-point. 
 
A 1 only 
B 1 and 3 only 
C 2 and 3 only 
D 1, 2 and 3 

 
 

Cu O 
0 

20 

40 

60 

80 

100 

Percentage proportion of atoms 

Cu O 
0 

20 

40 

60 

80 

100 

Percentage proportion by mass 
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22. The formula of a nitride of element X is X3N2. 
23.8 g of X3N2 contains 4.5 g of X. 
How many moles of X does 4.5 g of the element contain? 
 

A  
 

19.314 × 23 B 
19.314 × 32 

 

C 
23.814 × 23 D 

23.814 × 32 

 
 

23. In an electrolysis experiment, the same amount of charge deposited 14 g of iron 
and 6.875 g of manganese. The charge on the iron ion was 2+.  
[Ar: Mn, 55; Fe, 56] 
 
What was the charge on the manganese ion? 
 
A 1+ 
B 2+ 
C 3+ 
D 4+ 

 
 

24. Two cells were set up as shown in the diagram. The arrow shows the direction 
of electron flow in the external circuit.  
 
 
 
 
 
 
 
 
 
 
Which set of metals would give the electron flows in the direction shown? 
 
 metal P metal Q metal R 
A Ag Cu Zn 
B Ag Zn Cu 
C Cu Zn Ag 
D Zn Cu  Ag 

 
 
 
 
 
 
 
 
 

dilute 
nitric 
acid 

metal P 
metal 

Q 
metal 

Q metal R 
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25. 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 

 
 

26. When electrolysed using inert electrodes, which dilute solution would produce 
the greatest increase in mass of the cathode?  
[Ar: Pb, 207; Cu, 64; K, 39; Ag, 108] 
 
 

27. Which substance is not an essential raw material in the extraction of iron in a 
blast furnace? 
 
A air B coke 
C limestone D sand 

 
 

Z 

 Y  X 

copper(II) 

chloride 

potassium 

sulfate 

silver 

nitrate 
lead(II)  
 nitrate 
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28. Commercially available ‘cold packs’ and ‘heat packs’ use reactions to cause a 
change in temperature. 
 
One type of pack consists of two bags; an inner bag containing water, and an 
outer bag containing ammonium nitrate. When the inner bag of water is broken 
by squeezing the package, water that is released dissolves the ammonium 
nitrate. When this occurs, the temperature of the solution decreases. 
 
Based on the information provided, ammonium nitrate is used in a 
 
A cold pack because it undergoes an exothermic dissolution process. 
B cold pack because it undergoes an endothermic dissolution process. 
C heat pack because it undergoes an exothermic dissolution process. 
D heat pack because it undergoes an endothermic dissolution process. 

 
 

29. The diagram shows the energy profile for a chemical reaction. 

 
 
What is the effect of a catalyst on EA and ∆H? 
 
 EA ∆H 
A decreases decreases 
B decreases no change 
C no change decreases 
D decreases increases 
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30. The effect of temperature and concentration on the rate of reaction between 
excess solid zinc carbonate and dilute nitric acid was investigated. The table 
below shows the conditions used for the two experiments, P and Q. 
 

experiment temperature 
/oC 

concentration of 
acid /moldm-3 

volume of acid 
used /cm3 

P 35 2.00 50 
Q 25 1.00 150 

 
The volume of gas given off was plotted against time. Which one of the following 
graphs shows correctly the results obtained in experiments P and Q? 
  
A  

 
 
 
 
 
 
 
 
 

B  

C  
 
 
 
 
 
 
 
 

D  
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31. A little powdered limestone is added to excess hydrochloric acid in a beaker and 
the mass is recorded at various times. The graph below shows the result. 
 

 
Which statement about the section of graph labelled X is correct? 
 
A No more gas is being produced. 
B Half the limestone has been used up. 
C Half the hydrochloric acid has been used up. 
D The rate of reaction has reached its maximum. 

 

32. Germanium (Ge) is in the same group of the Periodic Table as carbon and 
silicon. 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 

 
 

33. Part of the Periodic Table is shown. The letters are not the symbols of the 
elements. 

 

 
Which statement is correct? 
 
A V is more reactive than Y. 
B W has more metallic character than V. 
C Y has a lower melting point than V. 
D Z is more reactive than X. 

 
 
 
 

Period Group 
 I II  III IV V VI VII 0 

1          
2 V W      X  
3 Y       Z  

Electronic 

balance 

reading/g 

Time/min 

X 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 
Page 15 of 20 

 

34. The diagram compares the proportion 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 
 
 

 
 
 
 

strength 

P Q 

brittleness 

P Q 

proportion 
of carbon 

P Q 

strength 

P Q 

brittleness 

P Q 

strength 

P Q 

strength 

P Q 

brittleness 

P Q 

brittleness 

P Q 
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35. A sample of air is slowly passed through aqueous lithium hydroxide and then 
over heated copper as shown below. 
 
 
 
 
 
 
 
 
 
Which substances will not be found in the composition of air after passing 
through this experimental setup? 
 
A oxygen and nitrogen  
B oxygen and carbon dioxide 
C water vapour and nitrogen 
D water vapour and carbon dioxide 

 
 

36. The diagram shows a fractionating column used for the separation of crude oil.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which of the following statement is correct? 
 
A A burns less easily than D. 
B B has a higher viscosity than E. 
C C has a higher boiling point than F. 
D D is more flammable than G. 

 

 

B 

C 

D 

E 

F 

G 

A 
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37. Mothballs are small balls of chemical pesticide and deodorant used when storing 
clothing and other articles susceptible to damage from mould or moth larvae. 
The main ingredient of traditional mothballs is naphthalene which has the 
following structure. 
 
 
 
 
 
 
 
 
 
 
 
Which of the following about naphthalene is likely to be incorrect? 
 
A It is an unsaturated hydrocarbon. 
B It can be represented by the empirical formula C5H4. 
C It undergoes complete combustion to form carbon dioxide and water. 
D When it boils, the carbon-carbon and carbon-hydrogen bonds are 

broken. 
 
 

38. Five structural formulae are shown below. 
 
  

Which of the compounds are isomers? 
 
A 1 and 4 only  
B 4 and 5 only  
C 1, 2 and 4 only 
D All of the above 

 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 
Page 18 of 20 

 

39. The diagram shows how useful products can be obtained by cracking long 
chain hydrocarbons. 
 
 
 
 

 
 
 
 

 
 
 
 
 substance P substance Q 
A ethanol ethane 
B ethanol ethene 
C hydrogen ethane 
D hydrogen ethene 

 
 

40. Part of a polyester chain is shown below: 
 

 
Which compound, when added to the reactants during polymerization, would 
stop the polymer chain from becoming too long? 
 
 
 
A 

 
 
 
 
 

 
B 

 
 
 
 

 
 
C 

 
 
 
 
 

 
 
D 

 
 
 
 

 

 

- End of Paper 1 - 

O
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Section A 
 

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

 
A1 The table shows the name of some compounds and their reactions with a few 

drops of aqueous sodium hydroxide and acidified barium nitrate. 
 

Formula of 
compound 

Colour of 
aqueous 
solution 

Reaction of aqueous solution with a few 
drops of 

aqueous sodium 
hydroxide 

acidified barium 
nitrate 

 
 

 blue precipitate white precipitate 

Fe(NO3)2 pale green 
 
 

 

KI  
 
 

no precipitate 

 
Complete the table by filling in the missing blanks above. 
 

 
 
 
 
 
 
 
 
 
 
 
 
[3] 

[Total: 3] 
    
     
A2 The manufacture of sulfuric acid is described below. 

 
step 1: Sulfur in burnt in excess air to form sulfur dioxide. 
 

S(s) + O2(g)  SO2(g) 
 

step 2: Sulfur dioxide reacts with more oxygen to form sulfur trioxide.  
 

2SO2(g) + O2(g) ⇌ 2SO3(g)        ΔH = -196kJ/mol 
 

step 3: Sulfur trioxide is dissolved in concentrated sulfuric acid to form oleum,  
            H2S2O7. 

H2SO4(l) + SO3(g)  H2S2O7(l) 
 
step 4: Oleum can then react safely with water to produce concentrated sulfuric  
            acid. 

H2S2O7(l) + H2O(l)  2H2SO4(l) 
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 (a) Is step 3 a redox reaction? Use ideas about oxidation states to explain your 
answer.  

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

 
 
 
 
 
[1] 

     
 (b) State one factor which can increase the rate of reaction for step 1. Using the 

idea of collisions between reacting particles, explain how this factor increases 
the rate of reaction. 

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

 
 
 
 
 
 
 
[3] 

     
 (c) (i) Complete the energy profile diagram below for the reaction of sulfur 

dioxide and oxygen to produce sulfur trioxide. The activation energy 
for this reaction is 2200 kJ/mol. 
 
Label clearly the reaction enthalpy change and the activation 
energy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

    
 

 

Energy/ 

kJmol-1 

progress of reaction 
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  (ii) State the values of the enthalpy change and the activation energy 
of the reverse reaction.  

 

    
ΔH = …………………………….kJ/mol 
 
Ea = …………………………….. kJ/mol 

 
 
 
[2] 

     
   [Total: 9] 
    

 
A3 During the electrolysis of some aqueous salt solutions using inert electrodes, 

hydrogen gas is produced at the cathode. The graph below shows the volume of 
hydrogen gas collected in 1 hour at different voltages when different solutions were 
used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Using the graph above, state the relationship between the concentration of the 
solution and the volume of hydrogen gas produced.  

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

 
 
 
[1] 
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 (b) (i) Write the half equations for the electrolysis of aqueous magnesium 
sulfate. 

 

    
cathode: ..……………………………………………………………… 
 
anode: ..………………………………………………………………… 

 
 
 
[2] 

    
  (ii) Use the information from the graph to calculate the volume of gas formed 

at the anode at room temperature and pressure when the electrolysis 
was carried out at 40 V using 0.3 mol/dm3 aqueous magnesium sulfate. 
 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

     
 (c) A student conducted another electrolysis experiment using distilled water at 

different voltages.  
  (i) Sketch a graph of the volume of hydrogen against voltage for the 

electrolysis of distilled water. 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
[1] 

Voltage/V 

Volume of hydrogen/cm3 

20 
0 
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  (ii) Explain your answer in c(i).  
    

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

 
 
 
[2] 

     
   [Total: 9] 
     
A4 Chlorofluorocarbons (CFCs) are organic compounds that contain only carbon, 

fluorine and chlorine. When CFC molecules diffuse high up into the atmosphere, 
they destroy the ozone molecules which are present in the stratosphere, a layer of 
atmosphere at about 20-50 km above the Earth. 
 
A list of some CFCs in current use and their possible replacements is given. 
 

  
formula 

code 
number 

potential for destroying the 
ozone layer (scaled) 

compounds in 
current use 

CCl3F 

CCl2F2 

11 

12 

1.00 

1.00 

possible 
replacement 
compounds 

 

CHClF2 

CF3CCl2H 

CF3CH2F 

CH3CCl2F 

CH3CHF2 

22 

123 

134a 

141b 

152a 

0.05 

0.02 

0.00 

0.12 

0.00 

 
 

 (a) The most common form of CFCs is dichlorodifluoromethane, CCl2F2.  
  (i) CCl2F2 can be produced from methane. What type of reaction is used in 

the production process? 
    

……………………………………………………………………...…….. 
 
[1] 
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  (ii) Foods are commonly stored in food containers. One common polymer 
used for such purpose is poly(3-hydroxybutyrate-co-3-hydroxyvalerate), 
commonly known as PHBV. It is a type of polyester that is obtained from 
renewable sources and is biodegradable. The structure of this polymer is 
shown below. 
 
 
 
 
 
 
 
 
 
Draw the structural formulae of the two monomers used to make PHBV. 

    
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
[2] 

     
  (iii) Describe two differences between addition and condensation 

polymerization. 
    

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

 
 
 
 
 
 
 
[2] 
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 (b) Acrylamide hydrolyses to form acrylic acid. The structural formula of acrylic 
acid is shown below. 
 
 
 

    
  (i) What is observed for the reaction between acrylic acid and aqueous 

bromine? 
    

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

 
 
 
[1] 

     
  (ii) Write the equation for the above reaction, showing the structural formulae 

of the organic compounds. 
    

 
 
 
 
 
 

 
 
 
 
 
 
[1] 

     
   [Total: 7] 
    
    
A6 30 cm3 of 1 mol/dm3 hydrochloric acid is added to four different test tubes containing 

substances A to D. The results are recorded in the table below. 
 
Substance Appearance 

of 
substance 

Gas produced Colour of 
solution formed 

A green solid gas formed white precipitate 
with limewater. 

pale blue  

B silvery solid gas extinguished a lighted 
splint with a ‘pop’ sound. 

colourless  

C black solid no gas produced pale blue 
D reddish 

brown solid 
no visible change 

 

 (a) Suggest the name of substance A and write down a balanced chemical 
equation for the reaction between A and dilute hydrochloric acid. 

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

 
 
 
[2] 
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 (b) (i) Substance D is a metal. State two observations when B is added to 
a chloride solution of D. 

 

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

 
 
 
[2] 

     
  (ii) Use the information in the table to explain why these changes occur.  
    

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

 
 
 
 
 
[2] 

     
 (c) Substance C is impure copper(II) oxide. The mass of C in the test tube 

is 3 g. To test for the purity of substance C, the following is carried out. It 
is assumed that the impurities do not react with dilute hydrochloric acid. 
  

 

  (i) The excess hydrochloric acid that did not react with C was titrated 
with 1 mol/dm3 of dilute sodium hydroxide. The average volume of 
sodium hydroxide required for the titration was 10.00 cm3. Calculate 
the number of moles of excess hydrochloric acid and hence, 
calculate the number of moles of hydrochloric acid that has reacted 
with substance C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
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  (ii) The reaction between copper(II) oxide and hydrochloric acid is 
given by the equation below. 
 

CuO + 2HCl  CuCl2 + H2O 
 
 Calculate the percentage purity of C in the test tube. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

     
   [Total: 12] 
     
     
A7 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 gas by several methods. One method 
uses a ‘scrubber’ that contains wet compound X.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

clean gas (mainly carbon 
dioxide and air) 

flue gas 

X and water 

purification 

chamber 

chimney 
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 (a) Identify compound X that is added to the purification chamber to remove 
sulfur dioxide and write a chemical equation to represent the reaction 
between X and sulfur dioxide. 

 

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

 
 
 
[2] 
 

 (b) 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] 

     
 (c) 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 in the table given, suggest why calcium carbonate is 
less effective at reducing acidity than calcium hydroxide and calcium oxide. 

 calcium 
hydroxide 

calcium oxide calcium 
carbonate 

Solubility in 
water (g per 

100ml of water) 
0.173 

immediately reacts with 
water on contact to form 

an alkaline solution 
6.17 x 10-4 

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

 
 
 
 
 
 
 
 
 
[2] 

    
   [Total: 6] 

  
- End of Section A - 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Page 1 of 12 
 

Name:  Index 
Number: 

 Class:  

 
 
 
 
 
 

 

CATHOLIC HIGH SCHOOL 
Preliminary Examination 3 
Secondary 4 

 

 

CHEMISTRY 
5073/02 

Paper 2 15 September 2016 
 1 hour 45 minutes 
Candidates answer on the Question Paper. 
No Additional Materials are required.  

 

 

 
READ THESE INSTRUCTIONS FIRST 
 
Write your name, index number and class on all the work you hand in. 
Write in dark blue or black pen. 
You may use an HB pencil for any diagrams or graphs.  
Do not use staples, paper clips, glue or correction fluid. 
 
 
Section B 
Answer all three questions, the last question is in the form either/or. 
Answer all questions in the spaces provided.  
 
For examiner’s use only: Question Marks 

B8 /10 

B9 /10 

B10 either/or /10 

Total /30 
 

 
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 11. 
 
The use of an approved scientific calculator is expected, where appropriate. 
 

 
This document consists of 11 printed pages and 1 blank page. 

[Turn over] 

B 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Page 2 of 12 
 

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 Reactions can be classified as reversible or irreversible reactions.  

 
Graph 1 shows how the concentration of reactants and products change with 
time for irreversible reactions.  
 

Reactants  Products 
 

Graph 1 
 
 
 
 
 
 
 
 
 
 
 
Graph 2 shows how the concentration of reactants and products change with 
time for reversible reactions.  
 

Reactants ⇌ Products 
 

Graph 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Many chemical reactions are reversible. An example of a reversible reaction is 
the Haber process:  
 
N2(g) + 3H2(g) ⇌ 2NH3(g)        ΔH = -92kJ/mol 
 
 

Products 

Reactants 

C
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n
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 Time/min 
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Reactants 

Time/min 

C
o
n
c
e
n
tr

a
ti
o
n

/m
o
ld

m
-3

 

0 

0 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



Page 3 of 12 
 

If the above reaction takes place in a closed system (i.e. one whereby there is 
no exchange of matter between the reaction mixture and its surroundings), a 
dynamic equilibrium is reached when the rate of the forward reaction   
(reactants  products) is the same as the rate of the backward reaction 
(products  reactants). The concentrations of nitrogen, hydrogen and ammonia 
remain constant when the system is in dynamic equilibrium.  
 
Graph 3 shows how the concentration of N2, H2 and NH3 changes with time. 
 

Graph 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Le Chatelier’s Principle states that when the system in dynamic equilibrium is 
subjected to a change in conditions such as temperature, pressure and 
concentration, the system will respond in a way to counteract the effect of 
change and re-establish the equilibrium.  
 
For example, in a system that is in dynamic equilibrium, when the concentration 
of nitrogen is increased, the position of the equilibrium will shift to the right to 
favour the forward reaction. This results in an increase in the concentration 
of ammonia at equilibrium while decreasing the concentration of the 
nitrogen and hydrogen.  
 

 (a) Using Graph 1 and Graph 2, state and explain one difference between 
reversible and irreversible reactions.  

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

 
 
 
 
 
 
 
[2] 

    
 

 

0 
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 (b) (i) On Graph 3, sketch a graph showing only the concentration of 

NH3, to illustrate what happens when the reaction is carried out 
at a lower temperature- Label this graph I. 

 
 
[2] 

     
  (ii) Explain the shape of graph I in terms of the position of equilibrium 

and the rate of reaction. 
    

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

 
 
 
 
 
 
 
 
 
[3] 

     
  (iii) State the temperature used in the Haber process and explain 

how this optimal temperature is selected. 
 

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

 
 
 
 
 
 
 
 
 
[3] 

     
   [Total: 10] 
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B9 Properties of elements across Period 3. 
 
Table 1 shows the properties of the oxides formed by elements in Period 3. 
 

Table 1 

Element Formula 
of oxide 

Melting point of 
oxide/oC 

Boiling point of 
oxide/oC 

Na Na2O 1132 1950 
Mg MgO 2852 3600 
Al Al2O3 2072 2977 
Si SiO2 1600 2230 
P P4O6  24 173 

P4O10 340 360 
S SO2 -72 -10 

SO3 17 45 
Cl Cl2O -121 2 

Cl2O7 -92 82 
 

     
 (a) (i) Describe the general trend in the melting points of the oxides 

formed by elements in Period 3. 
 

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

 
 
 
 
 
[1] 

     
  (ii) Explain the trend in terms of structure and bonding.  
    

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
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 (b) Suggest a reason for the difference in the melting and boiling points 
between the two oxides of sulfur. 

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

 
 
 
 
 
[2] 

    
 (c) Table 2 shows the variation of atomic and ionic radius across Period 3. 

 
Table 2 

 

Element Atomic 
radius/nm 

 Simple 
ion 

Ionic 
radius/nm 

Number of 
shells of 

electrons in 
simple ion  

Na 0.191 Na+ 0.102  

Mg 0.160 Mg2+ 0.072  

Al 0.130 Al3+ 0.054  

Si 0.118 * - - 

P 0.110 P3- 0.212  

S 0.102 S2- 0.184  

Cl 0.099 Cl- 0.181  

Ar 0.095 - - - 

 
* Si does not form simple ions and thus the data is omitted from the table. 
 
 

  (i) Complete the table to show the number of shells of electrons 
in the ions of period 3 elements. 

[2] 

    
  (ii) 

 
Use the information from table 2 to explain why the radii of cations 
are generally smaller than that of anions in the same period. 

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

 
 
 
 
 
[1] 
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  (iii) Suggest why there is no value stated for the ionic radius of argon. 
    

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

 
 
 
 
 
[1] 

     
   [Total: 10] 
     
     
Either  
B10 The table below shows a study of a precipitation reaction between dilute sulfuric 

acid and aqueous calcium hydroxide. 
 
Test tubes 1 to 6 contain different volumes of calcium hydroxide and dilute 
sulfuric acid as stated in the table. To each test tube, two drops of methyl orange 
indicator is added. Precipitation occurs in all the test tubes and after 10 minutes, 
the height of the precipitate in each test tube is measured and recorded. 
 
Test tube 1 2 3 4 5 6 

volume of 0.50 mol/dm3 
of calcium hydroxide/cm3 

5.0 5.0 5.0 5.0 5.0 5.0 

volume of 1.00 mol/dm3 
of sulfuric acid/cm3 

1.0 1.5 2.0 2.5 3.0 3.5 

height of precipitate/cm 2.5 3.0 3.5 4.0 4.0  
 

     
 (a) Write a balanced chemical equation, including state symbols, to represent 

the precipitation reaction between aqueous calcium hydroxide and dilute 
sulfuric acid. 

   
……………………………………………………………………………… 

 
[2] 

     
 (b) State the colour of methyl orange indicator in  

 
test tube 1: ………...………………………………………………………. 
 
test tube 5: …………………...……………………………………………. 

 
 
 
 
[1] 
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 (c) Predict the height of the precipitate collected in test tube 6 after 10 minutes. 
Explain your answer with the aid of calculation. 
 

  Prediction ……………………… cm 
 
Explanation ……………………………………………………………….. 
 
……………………………………………………………………………… 
 
……………………………………………………………………………… 
 
……………………………………………………………………………… 

 
 
 
 
 
 
 
 
[3] 

    
 

 (d) (i) The electrical conductivity of the mixture in each test tube was 
measured. Sketch a graph of electrical conductivity against the test 
tube number. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    [1] 
    
  (ii) Explain your graph in (d)(i).  
    

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

 
 
 
 
 
 
 
 
 
[3] 

     
   [Total: 10] 
    
 
 

   

Electrical 

conductivity/µScm-1 

test tube number 
1          2          3          4          5          6 
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Or  
B10 Sulfamic acid, SO3NH3, is a strong monobasic acid which melts at 205 oC before 

decomposing at higher temperatures. 
 
Although acids speeds up corrosion of iron, they are also often used as cleaning 
agents to remove rust. Sulfamic acid is commonly used as a replacement for 
hydrochloric acid in removing rust. It does not react with hypochlorite based 
products such as bleach to produce chlorine gas, unlike hydrochloric acid. In 
general, the sulfamate salts of iron and calcium formed are water-soluble. 
 
The table shows the comparison between using hydrochloric acid and sulfamic 
acid to remove rust and limescale. 
 
 hydrochloric acid sulfamic acid 
relative corrosivity on aluminium 5.3 1 

relative corrosivity on copper 6.7 1 
relative corrosivity on steel 4.2 1 

cost per tonne US $200 US $500 
* Relative corrosivity refers to the relative ease of corroding the metal. 

  
(a) 

 
Describe what happens to the arrangement and movement of the 
particles in sulfamic acid when dissolved in water. 

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

 
 
 
 
 
 
 
[2] 

     
 (b) One student explains that sulfamic acid is a strong acid because there is a 

high concentration of hydrogen ions present. Do you agree with this 
statement? Explain your reasoning. 

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

 
 
 
[1] 

     
     
 (c) (i) Explain why aqueous sulfamic acid can be used to remove rust.  
    

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

 
 
 
[2] 
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  (ii) One way of protecting underground iron pipes from rusting is 
through the use of sacrificial protection. Describe how sacrificial 
protection works. 

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

 
 
 
 
 
[2] 

     
 (d) Use the information provided to discuss the advantage(s) and 

disadvantage(s) of using sulfamic acid to replace hydrochloric acid in the 
removal of rust. 

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

 
 
 
 
 
 
 
 
 
[3] 

     
   [Total: 10] 
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Marking Scheme for 2016 Sec 4 Prelim 3 

 

Paper 1 

1) B 11) A 21) D 31) A 
2) B 12) D 22) B 32) D 
3) A 13) C 23) D 33) C 
4) C 14) B 24) D 34) A 
5) A 15) A 25) C 35) B 
6) C 16) A 26) D 36) D 
7) A 17) C 27) D 37) D 
8) C 18) D 28) B 38) C 
9) C 19) B 29) B 39) D 
10) D 20) A 30) B 40) D 

 

Section A 

A1   CuSO4; Blue 

Green precipitate; No precipitate 
Colourless; No precipitate 

[1] 
[1] 
[1] 
 

A2 (a)  No. 
The oxidation state of S, O and H remains the same at +6,  
-2 and +1 respectively in both reactants and products. 

 
 
[1] 

 (b)  Use powdered sulfur. 
There are larger surface area for the particles to collide on, 
thus frequency of effective collision increase. 
 
OR  
Increase the pressure. 
There will be more particles per unit area, thus frequency 
of effective collision increase. 
 
OR 
Increase the temperature. 
The particles move faster and more particles have energy 
greater or equal to the activation energy, thus frequency 
of effective collision increase. 

[1] 
[1] 
[1] 
 
 
[1] 
[1] 
[1] 
 
 
[1] 
[1] 
[1] 

 (c) (i)  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
[3] 
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  (ii) ΔH = +196 kJ/mol 
Ea = 2396 kJ/mol 
 

[1] 
[1] 

     
A3 (a)  As the concentration increases, the volume of hydrogen 

produced increases. 
 
[1] 

 (b) (i) Cathode: 2H+ (aq) + 2e  H2(g) 
Anode: 4OH- (aq)  2H2O (l) + O2 (g) + 4e 
 

[1] 
[1] 

  (ii) Mol of H2 produced = 0.02/24 = 0.0008333 mol 
Mol of e = 0.0008333*2 = 0.001667 mol 
Mol of O2 = 0.001667/4 = 0.0004167 mol 
Vol of O2 = 0.0004167*24 = 0.0100 dm3 or 10.0cm3   
Can accept (18 to 20 cm3)  
Ans: 9.00cm3 to 10.0 cm3 

 

[1] 
[1] 
 
[1] 

 (c) (i) Vol of H2 = 0 cm3 (horizontal line) [1] 
  (ii) Distilled water contains very few ions/no mobile ions and 

thus is a poor conductor of electricity.  

Hence, no electrolysis occur and thus no hydrogen gas is 
produced. /No discharge of H+ ions. 
 

[1] 
 
[1] 

     
A4 (a) (i) Substitution [1] 
  (ii)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

 (b)  Compounds 134a and 152a do not contain chlorine atoms 
which react with ozone molecules. 
 
 

[1] 
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A5 (a) (i)   
 
 
 
 
 
[1] 

  (ii)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 
 
 
 
 
 
 
[1] 

  (iii) By products such as water is produced during condensation 
polymerisation, but there is only one product in addition 
polymerisation. 
 
Condensation polymer is made up of monomers containing 
2 functional groups (-COOH and -OH group) while addition 
polymer is made up of monomer with 1 functional group 
(C=C). 
 

[1] 
 
 
 
[1] 

 (b) (i) The aqueous bromine changes from reddish brown to 
colourless. 
 

[1] 

  (ii) 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

[1] 

A6 (a)  Copper(II) carbonate 
CuCO3 + 2HCl  CuCl2 + H2O + CO2 

 
 
 

[1] 
[1] 
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 (b) (i) Reddish brown solid formed. 
Colour of solution changes from blue to colourless.  
 

[1] 
[1] 

  (ii) Since B can react with acid but not D, B is more reactive than 
D. 
Thus B can displace D from its aqueous solution, forming 
D which is a reddish brown solid and a chloride solution of B.  
 

[1] 
 
[1] 

 (c) (i) NaOH + HCl  NaCl + H2O 
Mol of NaOH = 10/1000*1 = 0.01 mol 
Mol of HCl = 0.01 mol 
Mol of HCl added initially = 30/1000*1 = 0.03 mol 
Mol of HCl that react with CuCO3 = 0.03 – 0.01 = 0.02mol 
 

[1] 
 
[1] 
 
[1] 

  (ii) Mol of CuO = 0.02/2 = 0.01 mol 
Mass of CuO = 0.01 * 80 = 0.8 g 
% purity = 0.8/3*100 = 26.7% 
 

[1] 
[1] 
[1] 

     
A7  (a) CaCO3/ calcium carbonate 

CaCO3 + SO2  CaSO3 + CO2 

 

[1] 
[1] 

  (b) NO will be oxidised by oxygen in the air to form nitrogen 
dioxide. 
Nitrogen dioxide will then react with oxygen and water in the 
air to form nitric acid which causes acid rain. 
 

[1] 
 
[1] 

  (c) Calcium carbonate is very much less soluble, with a solubility 
of 6.17 x 10-4 g/100ml than calcium oxide (dissolves to give 
alkaline solution) and calcium hydroxide (0.173g/100ml)  
 
Thus CaCO3 reacts slowly with acid/effective only in reducing 
acidity on soil/surface in contact/ cannot penetrate soil to 
neutralise acid deeper down [1]. 
 

[1] 
 
 
 
[1] 

     
 

Section B 

B8 (a)  For irreversible reactions, concentration of reactants 
becomes zero(used up) eventually, while for reversible 
reactions, there will still be reactants left (concentration of 
reactants do not react zero concentration) 
OR 
For irreversible reaction, limiting reactant is used up but 
reversible reaction there will be a mixture of reactants and 
products at all time. 
 
This is because irreversible reaction goes to completion 
while reversible reaction does not go to completion. 

[1] 
 
 
 
 
[1] 
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OR 
For reversible reaction, products are constantly converted 
back to reactants as reactants react to form product. 
 

 (b) (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1m for slower speed 
1m for higher conc of ammonia 
 

[2] 

  (ii) Concentration of NH3 in the equilibrium mixture increases 
as the position of equilibrium is shifted to the right 
to favour the forward exothermic reaction to increase the 
temperature/counteract the change. 
 
The graph is less steep as the rate of reaction is 
decreased as temperature decreases. 
 

[1] 
 
[1] 
 
 
[1] 

  (iii) The lower the temperature, the higher the yield of 
ammonia as the forward reaction is favoured. 
However, a lower temperature also results in a slower 
reaction. 
Thus a temperature of 450oC is chosen. 

[1] 
 
[1] 
 
[1] 

     
B9 (a) (i) The melting and boiling points show an increase from Na 

to Mg, then decrease from Mg to Cl. 
 

[1] 

  (ii) Na2O, MgO and Al2O3 has a giant ionic lattice structure. 
Thus large amount of energy is needed to overcome the 
strong electrostatic FOA between the ions. 
 
SiO2 has a giant molecular structure. Large amount of 
energy is needed to overcome the strong covalent bond 
between the atoms. 
 

[1] 
 
 
 
[1] 
 
 
 
[1] 
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Oxides of P, S and Cl have a simple molecular structure. 
Small amount of energy is needed to overcome the weak 
intermolecular FOA. 
 

 (b)  SO3 has a higher melting and boiling point compared to SO2 
because it has a relative molecular mass/ larger surface 
area/more electrons. 
Thus the intermolecular forces of attraction is stronger. 
More energy is needed to overcome it. 
 

[1] 
 
 
[1] 

 (c) (i) 2;2;2; 
3;3;3 
 

[1] 
[1] 

  (ii) anions consist of 1 more electron shells compared to 
cations, thus radius of cations are generally smaller. 
 

[1] 
 

  (iii) Argon has a stable electronic configuration and thus do 
not form ions. 

[1] 

     
B10 
(E) 

(a)  Ca(OH)2 (aq) + H2SO4(sq)  CaSO4(s) + 2H2O(l) 
 

[2] 

 (b)  Test tube 1: yellow 
Test tube 5:red 

[1] 

 (c)  4cm 
Mol of calcium hydroxide = 0.5*0.005 = 0.0025mol 
Mol of sulfuric acid = 1*0.0035 = 0.0035 mol 
Since mol ratio of calcium hydroxide: sulphuric acid = 1:1, 
Calcium hydroxide is the limiting reagent. 
 

[1] 
[1] 
 
[1] 

 (d) (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

[1] 

  (ii) The electrical conductivity decreases from test tube 1 and 
reaches 0 at test tube 4 because CaSO4 is being 
precipitated out and thus ions decreases. 
 

[1] 
 
 
 
[1] 

Electrical 

conductivity/µScm-1 

test tube number 
1          2          3          4          5          6 
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In test tube 4, all the reactants have been used up and thus 
there is no ions left in the mixture. 
 
The electrical conductivity increases from reaction tube 4 to 
6 as now sulfuric acid is in excess, thus there is an 
increase in the number of mobile ions as sulphuric acid is 
being added. 

 
 
[1] 

     
B10 
(or) 

(a)  The particles changes from vibrate about fixed position to 
moving freely throughout the liquid. 
The particles changes from pack closely together in an 
orderly arrangement to slightly further apart in 
disorderly arrangement. 
 

[1] 
 
[1] 

 (b)  No, It is a strong acid as it dissociate completely in water 
and not due to it having high concentration of hydrogen ions. 
 

[1] 

 (c) (i) Acid can react with Fe2O3 which is a basic oxide to give 
soluble salt and water. 
 

[1] 
[1] 

  (ii) Attach a more reactive metal such as zinc to the 
underground pipes. It will corrode in place of iron, thus 
protecting iron from rusting. 

[1] 
[1] 

 (d)  Advantages:  
- Sulfamic acid will corrode the metals that it is cleaning to 
a smaller extend compared to hydrochloric acid as the 
corrosivity of HCl on steel is 4.2 times that of sulfamic acid. 
- It is safer to use sulfamic acid as it will not react with 
bleach to produce Cl2 which is toxic. 
Disadvantage: 
- It is 2.5 times more expensive than HCl. 
 

 
[1] 
 
 
[1] 
 
 
[1] 
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1 A student is distilling a mixture of iodine in ethanol (boiling point of ethanol= 78oC). She 

has just begun to collect the distillate in the receiving flask. At which position in the 

experimental set-up will the temperature be 78 oC?  

 

 

 
 

2 A beaker containing gas X is placed over a porous pot filled with carbon dioxide gas as 

shown. The level of water at Y rises after a short time. What is a possible identity of gas 

X?  

 
 

A Chlorine 

B Oxygen 

C Nitrogen dioxide 

D Sulfur dioxide 
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 4 

 
3 The atomic number of element X is 16. Which statement(s) concerning X is/are correct? 

 

I. X can react with calcium to form an ionic compound. 

II. The oxide of X dissolves in water to form an acidic solution. 

III. X can conduct electricity in its molten state. 

 

A I and II only 

B I and III only 

C II and III only 

D I, II and III 

 

 

4 T is an element. It can form a cation T2+, which has an electronic arrangement 2.8.8. 

Which statements about T are correct? 

 

I. T is a strong oxidising agent. 

II. T is in Period 4 of the Periodic Table. 

III. T burns in oxygen to form a white solid. 

  

A I and II only 

B I and III only 

C II and III only 

D I, II and III 

 
5 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 number of electrons used in bonding 

B The number of shells holding electrons 

C The melting point 

D The atomic radius 

 

 

 element 
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 6 

8 The diagram shows the structure an organic compound. 

 

 
Which of the following statements is false for the compound? 

 

A It is immiscible in water. 

B It reacts with alcohol under suitable conditions. 

C It decolorises aqueous bromine rapidly. 

D It reacts with steam.  

   

 

9 The atmosphere of Venus contains mainly oxygen, argon and nitrogen. The melting and 

boiling points of these gases are shown in the table below. 

 

Gas Melting point/ oC Boiling point/ oC 
 

Oxygen -219 -183 
 

Argon -189 -186 
 

Nitrogen -210 -196 
 

 

If only liquid oxygen is to be obtained, what temperature should the sample of air be 

decreased to? 

 

A -180oC 

B -185oC 

C -187oC 

D -198oC   
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 7 

10 In an experiment, 4.0 cm3 of 1.0 mol/dm3 aqueous copper(II) sulfate was mixed with 8.0 

cm3 of 1.0 mol/dm3 aqueous sodium carbonate. The equation for the reaction is as shown 

below. 

 

CuSO4 + Na2CO3  Na2SO4 + CuCO3 

 

What did the reaction vessel contain when the reaction was completed? 

 

A A blue solution only 

B A green precipitate and a blue solution 

C A green precipitate and a colourless solution 

D A white precipitate and a blue solution 

 

 

11 A 10.00 g sample of a compound containing only carbon, hydrogen and oxygen forms 

23.98 g CO2 and 4.91 g H2O upon complete combustion. What is the empirical formula of 

the compound?   

 

A C2HO 

B C3H3O 

C C6H3O2 

D C6H6O 

 

 

12 Carbon monoxide reacts with oxygen according to the equation shown below.  

 

2CO(g) + O2(g)  2CO2(g) 

 

If all volumes of gases are measured at the same temperature and pressure, what is the 

total volume of the resulting gas(es), after 50 cm3 of carbon monoxide reacts with 50 cm3 

of  oxygen? 

 

A 100 cm3   

B 75 cm3   

C 50 cm3   

D 25 cm3   
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13 Silver ions react with chloride ions as follows: 

 

Ag+(aq) + Cl-(aq)  AgCl(s) 

 

It is found that 5 cm3 of a 0.1 mol/dm3 solution of the chloride of metal X needs 10 cm3 of 

0.1 mol/dm3 silver nitrate for complete reaction. What is the formula of the chloride? 

 

A XCl4 

B XCl2 

C XCl 

D X2Cl 

 

 

14 An aqueous solution of the organic compound methylamine has a pH greater than 7. 

Which one of the following statements about methylamine is correct? 

 

A It neutralises an aqueous solution of sodium hydroxide. 

B It reacts with copper(II) carbonate to give carbon dioxide. 

C It reacts with hydrochloric acid to form a salt. 

D It turns blue litmus red.   

 

  

15 Which equation describes the most suitable reaction for making lead(II) sulfate?     

  

A Pb + H2SO4  PbSO4 + H2 

B PbCO3 + H2SO4   PbSO4 + CO2 + H2O 

C Pb(NO3)2 + H2SO4  PbSO4 + 2HNO3 

D Pb(OH)2 + H2SO4   PbSO4  + 2H2O 
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16 The table below shows the properties of some elements, W, X, Y and Z in Period 3. 

 

 W X Y Z 
 

Appearance 

at room 

temperature 

 

Silvery grey 

solid 
Yellow solid 

Silvery grey 

solid 

Yellowish-

green gas 

 

Reaction with 

cold water 

 

Extremely 

violent 

reaction 

No reaction No reaction Slow reaction 

 

Nature of 

oxide 

Reacts with 

acids 

Reacts with 

bases 

Reacts with 

acids and 

bases 

Reacts with 

bases 

 

   

Which of the following shows the arrangement of these elements in the Periodic Table in 

increasing order of group number, from the smallest to the largest? 

 

A W, X, Y, Z 

B W, Y, X, Z 

C Y, W, X, Z 

D Z, X, Y, W 

 

 

17 Three experiments are carried out to determine the reactivity of three unknown halogens. 

The ionic equations of the three experiments are shown below. 

 

Z - (aq) + Y2 (aq)  no reaction 

X - (aq) + Z2 (aq)  no reaction 

2Y - (aq) + X2(aq)  2X - (aq) + Y2(aq) 

 

Predict the reactivity of the halogens in decreasing order. 

 

A X, Y, Z 

B X, Z, Y 

C Z, Y, X 

D Z, X, Y 
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18 When heated, solid X gives off gas. When this gas is bubbled through limewater, a white 

precipitate is formed. The residue after heating solid X reacts with dilute acid and also 

with aqueous alkali. What is X? 

 

A Magnesium carbonate 

B Aluminium oxide 

C Calcium hydroxide 

D Zinc carbonate 

 

19 When solid Y reacts with water, a solution and a gas are produced.   

 

 

 

 

 

 

 

 

The universal indicator changed from green to purple and the gas extinguished a lighted 

splint with a ‘pop’ sound. 
 

What is the identity of solid Y and the explanation for the test for the gas formed? 

  

 Identity of solid Y Is gas flammable? 

A  Calcium Yes 

B  Calcium No 

C  Sodium No 

D  Sodium Yes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 solid Y 
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23 Calcium carbonate reacts with dilute hydrochloric acid as shown: 

  

CaCO3(s) + 2HCl (aq)  CaCl2(aq) + H2O(l) + CO2(g) 

 

Which option shows the correct effect on the rate of the reaction when a factor is 

changed? 

 

 Factor changed Rate of reaction 
 

A 
Particle size of calcium carbonate 

increased 
Increased  

B 
Concentration of hydrochloric acid 

increase Increased 

 

C 
Pressure of carbon dioxide 

increased Increased 

 

D Temperature increased 
Decreased 

 

 
 

24 In the graph shown below, curve X represents the results of the reaction between 2g of 

zinc granules and excess acid at 25oC. Which of the following changes would produce 

curve Y?  

 

 
 

A Using 1 g of zinc powder at 25oC 

B Using 2 g of zinc powder at 30oC 

C Using 1 g of zinc granules at 25oC 

D Using 2 g of zinc granules at 30oC 

 

 

 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 13 

25 From the energy profiles for the two reactions below, how will the rates of the two 

reactions compare if the temperature of each reaction is increased from 25oC to 75oC?   

 

 
A The rate of reaction P  Q will increase more than the rate of R  S. 

B The rate of P  Q will decrease but the rate of R  S will increase. 

C The rate of reaction R  S will increase more than the rate of P  Q. 

D The rates of the two reactions will increase by the same amount. 

 

 
26 A reversible reaction is represented by the equation W + X   Y +Z.  

 

The energy profiles for the reversible reaction under catalysed and uncatalysed 

conditions are shown below.   

 

 

 

 

 

 

 

 

 

 

 

 

 
What is the activation energy of the reverse reaction that is catalysed? 

 

A -40kJ 

B -10kJ 

C +30kJ 

D +40kJ 

W+X 

Y+Z 
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27 A spot of blue solution was placed in the centre of a piece of moist filter paper supported 

on a microscope slide and a DC voltage applied across the filter paper. 

   

 
 

After some time, a blue colour moved towards the negative terminal and no change was 

visible in the region of the positive terminal. What statement best describes this 

observation? 

 

A The negative ions in the solution were colourless and the positive ions were blue. 

B The positive ions in the solution were colourless and the negative ions were blue. 

C The negative ions in the solution had not moved but the positive ions had moved. 

D The positive ions in the solution had not moved but the negative ions had moved. 
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28 The diagram shows the apparatus used in an attempt to electroplate a metal ring with 

copper.       

 

 
The experiment did not work. 

Which change is needed in the experiment to make it work? 

 

A Add solid copper(II) sulfate to the electrolyte. 

B Increase the temperature of the electrolyte. 

C Replace the copper electrode with a carbon electrode. 

D Reverse the connection to the battery. 

 

 

29 Metal X reacts with dilute hydrochloric acid. It is used in the building of bridges and 

beams in buildings. 

 

Metal Y does not corrode easily. It can be used for jewellery. 

 

Metal Z reacts rapidly with water to form hydrogen. 

 

Which method of extraction of the metals from their ores is most likely to be used? 

 

 Electrolysis of molten ore Heating with carbon 

A X and Y Z 

B X and Z Y 

C Y X and Z 

D Z X and Y 
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30 Three electrochemical cells are set up using copper metal as one electrode and one of 

three unknown metals, U, V and W as the second electrode, immersed in  aqueous 

sodium nitrate of the same concentration. 

 The potential differences between the metals are given in the table below. 
 

Electrochemical 

cell 

Metals used Voltage/ V Negative electrode 

1 Cu, U -0.45 Cu 

2 Cu, V +1.11 V 

3 Cu, W +2.71 W 

 
 Which of the following correctly lists the metals in order of increasing reactivity?  

 
A U V Cu  W 

B U  Cu V W 

C W V Cu U 

D W Cu V U 

 
 

31 The diagram shows an electrolysis circuit. At which electrode is hydrogen formed?      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

  

Aqueous silver 
nitrate 

Aqueous sodium 
chloride 
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32 In an electrochemical cell shown below, which arrow indicates the spontaneous electron 

flow?     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
33 Hydrazine has the formula H2NNH2 and has similar properties to ammonia. Which 

statement correctly describes the property of hydrazine? 

   

A It reacts with hydrogen chloride to form a compound with the chemical formula 

ClH3NNH3Cl. 

B It reacts with sodium hydroxide to form a compound with the chemical formula 

NaHNNHNa. 

C It is an ionic compound. 

D It dissolves in water to form hydrogen ions.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 

AgNO3 (1 mol/dm3) 

Zn(NO3)2 AgNO3 

Zn(NO3)2 (1 mol/dm3) 
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34 To reduce atmospheric pollution, the following waste gases are passed through 

powdered calcium carbonate. 

 

Carbon monoxide Carbon dioxide Nitrogen monoxide 

Nitrogen dioxide Sulphur dioxide Phosphorus (V) oxide 

 

How many waste gases will not be removed by the powdered calcium carbonate? 

 

A 1 

B 2 

C 3 

D 4   

 

 

35 What environmental effects do chlorofluorocarbons, methane and nitrogen dioxide result 

in? 

 

 chlorofluorocarbons methane nitrogen dioxide 

A Acid rain 
Depletion of the ozone 

layer 
Global warming 

B 
Depletion of the ozone 

layer 
Acid rain Global warming 

C 
Depletion of the ozone 

layer 
Global warming Acid rain 

D Global warming 
Depletion of the ozone 

layer 
Acid rain 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



 19 

36 The table below shows some data about the composition of the mixtures of exhaust 

gases from two cars, one fitted with a catalytic converter and one without.  

 

 
% by volume of 

nitrogen monoxide 

% by volume of 

carbon dioxide 

% by volume of 

water vapour 

Car without 

catalytic converter 
67.60 12.00 11.00 

Car with catalytic 

converter 
23.60 32.35 41.10 

 
Which statement does not explain the above data? 

 

A The percentage of nitrogen monoxide decreases as it is oxidised to form harmless 

nitrates, carbon dioxide and water in the catalytic converter. 

B The percentage of nitrogen monoxide decreases as it is reduced to form nitrogen in 

the catalytic converter. 

C The percentage of carbon dioxide increases as unburnt hydrocarbons undergo 

complete combustion in the catalytic converter. 

D The percentage of water vapour increases as unburnt hydrocarbons undergo complete 

combustion in the catalytic converter.    

 

 

37  Ammonia is produced by the Haber process. Which statement is not correct?  

  

A A catalyst of iron(II) oxide is used. 

B Each nitrogen molecule reacts with three hydrogen molecules to form two molecules of 

ammonia. 

C Hydrogen for the process can be obtained by cracking of some fractions of crude oil. 

D Two ammonia molecules decompose to form one nitrogen molecule and three 

hydrogen molecules. 

 

 

38 What is the total number of amide linkages in the structure shown below? 

 

 
A 1 

B 2 

C 3 

D 4 
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39 An ester is made by reacting alcohol P with a carboxylic acid Q. Alcohol P can be 

oxidised to form Q by warming with acidified potassium manganate(VII), under reflux.   

 

What might be the structural formula for the ester made? 

 

A CH3OOCH3 

B CH3COOCH2CH3 

C CH3CH2COOCH2CH3 

D CH3CH2CH2COOCH2CH3  

  

 

40 When an organic compound R reacts with aqueous bromine, the product formed is 

shown below.    

 
Which of the following structures is the organic compound R most likely to be? 

 

A 

 

B 

 

C 

 

D 
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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 flowchart below shows how the ions present in solution A are separated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) It is known that solution A contains 1 anion. Suggest the identity of this anion. Give 

a reason for your answer. 
 
  Identity of anion : …………………………………………………………………… 
 
  Reason : …………………………………………………………………………….. [2] 
 
 (b) Describe a test to confirm the anion you named in part (a). 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
 
 
 
 

For 

Examiner’s 

Use 

filtrate residue 

Add excess aqueous 
ammonia and filter 

residue 

Add excess sodium 
hydroxide to filtrate 
and filter 

Add hydrochloric acid 
and filter 

Solution A contains 

Ag+, Cu2+, Zn2+, Fe3+ 

Precipitate B 

Colourless solution Mixture of precipitate C 
and precipitate D 

Precipitate E Solution F 
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 (c) Name the precipitates B, C and D.  
 
  B : ………………………………………….. 
 
  C : ………………………………………….. 
 
  D : ………………………………………….. [3] 
 

 (d) What are the colours of precipitate E and Solution F?  
 
  Precipitate E : ……………………………………………………………… 
 
  Solution F : ……………………………………………………………… [2] 
 

[Total: 9] 
 
 
A2 The level of dissolved oxygen is used as an indicator to gauge the health of a water 

body. Generally, the higher the concentration of dissolved oxygen, the less polluted the 
water and the more likely it is able to support living organisms.  To measure the level of 
oxygen in a sample of water, the Winkler Method is used. This technique makes use of 
redox reactions and is carried out in the 3 steps shown below. 

 
 Reaction 1 : 2Mn2+(aq)  +  O2(g) +  4OH-(aq)  2MnO2(s)  +  2H2O(l) 
 
 Reaction 2 : MnO2(s)  +  2I-(aq)  +  4H+(aq)   Mn2+(aq)  +  I2(aq)  + 2H2O(l) 
 
 Reaction 3 : 2S2O3

2-(aq)  +  I2(aq)   2I-(aq)  +  S4O6
2-(aq) 

 
 
 (a) Define a redox reaction. 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [1] 
 
 (b) Choose any one of the above reactions and explain why it is a redox reaction, 

making reference to oxidation states. 
 
  Reaction …………… 
 
  Explanation : ………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
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G1 

G2 

volume of gas/cm3 

time/s 

 (c) 100 cm3 of water was taken from the school’s koi pond and analysed using this 
method.  It was found that 0.0008 mole of iodide ions was formed in step 3.   
Calculate the mass of oxygen dissolved in this sample of pond water. 

 
 
 
 
 
   
   
   [2] 

 
[Total: 5] 

  
 
A3 A sample of 3.36 g of magnesium carbonate powder was divided equally into two 

terms of particle collision. 
 
  Graph …………… 
 
  Explanation : ………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [4] 

For 

Examiner’s 

Use 

portions. One portion was added into hydrochloric acid and the other portion was added 
into sulfuric acid. The volume and concentration of acids used were both 25.0 cm3 and 
5.00 mol/dm3 respectively. The graphs below (G1 and G2) show the volume of the gas 
collected over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) Which graph represents the results for hydrochloric acid?  Explain your answer in Sm

ile
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or
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 (b) Another experiment was carried out by adding 2.00 g calcium carbonate powder 
into 25.0 cm3 of sulfuric acid of concentration 5.00 mol/dm3. On the same axes, 
sketch the graph you will expect to obtain and label it C. [1] 

 
 (c) Explain the shape of your graph. 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
 

[Total: 7] 
 
 
A4 Astatine, At, is an element in Group VII of the Periodic Table.  It exists as diatomic 

molecules similar to the other elements in the same Group. 2 isotopes of astatine are 
known to exist : astatine-210 and astatine-211.  It reacts with strontium (Sr) to form the 
compound strontium astatide.   

 
 
 
 
 
 
 
 
 
 
 (a) Complete the table above. [1] 
 
 (b) What are isotopes? 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [1] 
 

(c) Draw the ‘dot-and-cross’ diagram for an astatine molecule, showing only the outer 
shell electrons. 

 
 
 
 
 
 
 
 
 
     [1] 
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 (d) Draw the “dot-and-cross” diagram of strontium astatide, showing only the outer 
shell electrons.  Hence write the chemical formula of this compound. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Formula of strontium astatide : ……………………………….. [3] 
      
 (e) Predict 2 properties of strontium astatide.  Give a reason for each of the properties 

which you state. 
 
  Property 1 : ………………………………………………………………………… 
 
  Reason : …………………………………………………………………………… 
 
  ………………………………………………………………………………………. [2] 
 
  Property 2 : ………………………………………………………………………… 
 
  Reason : …………………………………………………………………………… 
 
  ………………………………………………………………………………………. [2] 
 

[Total: 10] 
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Sodium hydroxide  
solution 

Acetylsalicylic acid 
solution 

Conical flask 

A5 The drug aspirin is used to relieve pain, fever and inflammation.  However, if taken in 
high doses, it can cause gastric ulcers and bleeding in the stomach. The active 
ingredient is acetylsalicylic acid which a monobasic acid. The formula of the acid can be 
represented by HA and its relative molecular mass is 180.  

 
A student was interested in determining the percentage of the acid in an aspirin tablet. 
An aspirin tablet was first weighed and then dissolved in water to make a solution in a 
conical flask. A few drops of indicator were then added and dilute sodium hydroxide 
solution was run in from a burette until the indicator changed colour.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The results were as follows : 
 

Mass of aspirin tablet taken 0.50 g 
 
 

Volume of dilute sodium hydroxide added 23.0 cm3 
 
 

Concentration of the dilute sodium hydroxide added 0.01 mol/dm3 
 
 

 
 (a) Acetylsalicylic acid is a weak acid. Explain what is a weak acid. 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [1] 
 
 (b) Explain why it is not important to know the volume of the aspirin solution originally 

taken. 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [1] 
 
 (c) Calculate the number of moles of sodium hydroxide solution added.  Hence, 

calculate the percentage of acetylsalicylic acid in the aspirin tablet. 
 
 
 
 
 
 
 
     [3] 
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A6 A student carried out electrolysis of dilute potassium chloride and molten potassium 
chloride using platinum electrodes to determine what products are formed. 

 
 (a) Complete the table below. 
 

Electrolyte Ions in Electrolyte Product at anode Product at cathode 
 
 

Dilute 
potassium chloride 

 oxygen  
 
 
 

Molten 
potassium chloride 

K+, Cl-   
 
 
 

 
     [2] 
 

In another investigation, the electrolysis of aqueous copper(II) sulfate was carried out 
using the apparatus shown in the diagram below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) Briefly describe the change(s), if any, which take place at the electrodes and 

electrolytes at the end of the experiment in the table below. 
 

 
Change(s), if any 

 
 

 
Change(s), if any 

Electrode C1 
  

 
 

Electrode P1 
 

Electrode C2 
  

 
 

Electrode P2 
 

Electrolyte 
(Cell A) 

  
 
 

Electrolyte 
(Cell B) 

 

 
     [3] 
 

[Total: 5] 
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A7 Hydrazine (N2H4) is often used as a rocket fuel.  It can react with oxygen or fluorine to 
release large amounts of heat.  The equations for the 2 reactions are shown below.  

 
N2H4 (g)  +  O2 (g)     N2 (g)  +  2H2O (g)        H = -622kJ 

 
N2H4 (g)  +  2F2 (g)     N2 (g)  +  4HF (g)        H = -1166kJ 

 
 The H values represent the energy change per mole of hydrazine reacted. 
 
 (a) Draw the energy profile diagram for the reaction between hydrazine and oxygen, 

showing the activation energy and the enthalpy change clearly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     [2] 
 
 (b) Based only on the information provided above, which other reactant (oxygen or 

fluorine) would have made a better choice for usage as a rocket fuel together with 
hydrazine?  Briefly explain your answer. 

 
  …………………………………………………………………………………………  
 
  ………………………………………………………………………………………… 
 
  …………………………………………………………………………………………  
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
 
 (c) State 1 other factor that should be taken into consideration when deciding which 

fuel to use. 
 
  ………………………………………………………………………………………… [1] 

   
[Total: 5] 
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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 The table below gives the current estimated percentage by mass of some of the 

elements found in the Earth’s crust and the Earth’s core. 
 

Earth’s Crust Earth’s Core 
 
 

Element % by Mass Element % by Mass  
Oxygen 40.6 Iron 31.0  
Silicon 24.7 Oxygen 24.0  
Nickel 8.1 Magnesium 16.0  
Aluminium 8.1 Silicon 13.0  
Iron 5.0 Nickel 11.7  
Calcium 3.6 Aluminium 0.1  
Sodium 2.8 Sodium 0.1  
Potassium 2.6 Hydrogen 0.05  
Magnesium 2.1 Potassium 0.04  
Zinc 0.0078 Calcium 0.04  
Copper 0.0068    
Tin 0.00022    

 
 
 (a) Which metallic elements are more abundant in the Earth’s crust compared to the 

Earth’s core? 
 
  ………………………………………………………………………………………… [1] 
 
 (b) Suggest a reason why oxygen is the most abundant element in the earth’s crust.    
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [1] 
 
 (c) The estimated mass of the earth’s crust is 2.125 x 1016 kg.  The annual production 

of iron is 3.32 x 109 tonnes.  Assuming that the demand for this metal is the same 
each year, determine the number of years before the supply of iron from the 
Earth’s crust runs out. (1 tonne = 1000 kg) 

 
 
 
 
 
 
 
 
 
 
   [2] 
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 (d) Briefly describe one advantage and one disadvantage of recycling metals. 
 
  Advantage : …………………………………………………………………………. 
 
  ………………………………………………………………………………………… 
 
  Disadvantage : ……………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
 
 (e) Globally, iron and aluminium are the most recycled metals because of the ease of 

recycling them.  Suggest a property of each of these 2 metals that accounts for this. 
 
  Iron : …………………………………………………………………………………. 
 
  ………………………………………………………………………………………… 
 
  Aluminium : …………………………………………………………………………. 
 
  ………………………………………………………………………………………… [2] 
 

A student studied the action of heat on 4 different substances (A, B, C and D).  He knew 
that two of them were metals, and the other two were carbonates of the same two 
metals.  He weighed out 5.00 g of each of the four solids and heated them in separate 
crucibles. 

 
The table below shows the appearances and masses of the four solids before and after 
strong heating for some time. 

 

Solid 
Appearance Mass/g 

Before After Before After 

A Brown Black 5.00 6.25 
B Green Black 5.00 3.22 
C White White 5.00 5.00 
D Silvery White 5.00 6.73 

 
 (f) Based on the data given above, suggest which 2 were the metals and which 2 

were the metal carbonates.  Explain your answers. 
 
  Metals : Solid …… and Solid …… 
 
  Metal carbonates : Solid …… and Solid …… [1] 
 
  Explanation : …………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. [3] 

 
[Total 12] 
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B9 The diagram below shows the internal setup of a modern eco-friendly car powered by 
hydrogen-oxygen fuel cells.  The main advantages of the use of fuels cells is that 
hydrogen is an efficient source of energy and it does not cause pollution at the point of 
use. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The diagram below shows the hydrogen-oxygen fuel cell used in such a car. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 At the positive electrode, the reaction which takes place is : 
 

O2 (g)   +   2H2O (l)   +   4 e   →   4OH- (aq) 
 
 At the negative electrode, the reaction which takes place is : 
 

2H2 (g)   +   4OH- (aq)      →   4H2O (l)   +   4 e 
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 (a) Write the overall equation for the reaction in the fuel cell. 
 
  ………………………………………………………………………………………….. [1] 
 
 (b) Briefly explain why the use of fuel cells does not cause pollution at the point of use. 
 
  ………………………………………………………………………………………….. [1] 
 
 (c) Suggest why the use of fuel cells may still generate pollution. 
 
  ………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………….. [1] 
 
 (d) Manufacturers claim that hydrogen is a renewable fuel.  Do you agree?  Explain 

your answer. 
 
  ………………………………………………………………………………………….. 
 
  ………………………………………………………………………………………….. [1] 
 
 (e) Give a source of oxygen. 
 
  ………………………………………………………………………………………….. [1] 
 
 (f) Suggest why the hydrogen and oxygen must be kept apart. 
 
  …………………………………………………………………………………………… 
 
  …………………………………………………………………………………………… [1] 
 
 (g) Briefly describe one advantage and one disadvantage of compressing hydrogen 

fuel at high pressure. 
 
  Advantage : …………………………………………………………………………. 
 
  ………………………………………………………………………………………… 
 
  Disadvantage : ……………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
 

[Total 8] 
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EITHER 
 
B10 One of the components in crude oil is undecane, C11H24. This molecule may be broken 

down into butene and one other product.  The reaction is carried out in the oil refinery. 
 
 (a) What is the name of this type of reaction? 
 
  …………………………………………………………………………………………… [1] 
 
 (b) Write the equation for this reaction. 
 
  …………………………………………………………………………………………… [1] 
 
 (c) Suggest 2 conditions required for this reaction to take place 
 
  …………………………………………………………………………………………… [1] 
 
 (d) When the reaction is carried out, 1.00 mol of undecane gives 25.2 g of butene. 

Calculate the percentage yield of butene. 
 
 
 
 
 
 
 
 
 
 
 
   [2] 
 
 Butene can exist as 3 isomers. One of the isomers, but-1-ene, is shown in the diagram 

below. 
 
 
 
 
 
 
 
 
 (e) Draw the structures of the other 2 isomers of butene. 
 
 
 
 
 
 
 
 
 
 
 
   [2] 
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 (f) The isomers of butene can undergo addition polymerization.  Draw the structure of 
the polymer formed by any 1 of the isomers in part (e), showing 3 repeating units. 

 
 
 
 
 
 
 
 
 
 
 
 
 
   [1] 
 

 Butan-2-ol is manufactured by the reaction between steam and butene.  An isomer of 
butan-2-ol is also formed at the same time.  The 2 isomers are miscible. 

  
 (g) Suggest, with reason, a method suitable for separating the components of the 

mixture of products. 
 

   Method : ……………………………………………………………………………… 
 
  Reason : ……………………………………………………………………………… [2] 
 

[Total 10] 
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OR 
 
B10 The compound styrene (chemical formula C8H8) has the following structure 
 
 
 
 
 
 
 
 
 
 

It can undergo addition polymerisation to form polystyrene, a non-biodegradable 
thermoplastic polymer used for making disposable utensils such as styrofoam cups and 
plates.  The polymerisation process is carried out by mixing styrene and kerosene and 
refluxing the mixture at about 150°C using the setup shown below. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

After cooling, the reaction mixture is poured into methanol. Polystyrene, which appears 
as a waxy white solid will then form under the surface of the methanol. 

 
 (a) Suggest the function of  
 
  (i) tube X and 
 
   ………………………………………………………………………………………. [1] 
 
  (ii) kerosene. 
 
   ………………………………………………………………………………………. [1] 
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 (b) Draw the structural formula of polystyrene formed, showing 3 repeating units. 
 
 
 
 
 
 
 
 
 
   [1] 
 
 (c) What is meant by the term “non-biodegradable”? 
 
  …………………………………………………………………………………………… 
 
  …………………………………………………………………………………………… [1] 
 
 (d) Suggest a reason why polystyrene produces a lot of soot when burnt.   
 
  …………………………………………………………………………………………… 
 
  …………………………………………………………………………………………… [1] 
 
 

The structural formulae of two organic compounds, butenedioic acid and ethane- 1,2- 
diol are shown below. 

 
 
 
 
 
 
 
 
 
 (e) Butenedioic acid reacts with aqueous bromine and also with aqueous sodium 

carbonate.  State an observation for each reaction and briefly explain why it is 
observed. 

 

Reactant Observation Explanation 
 
 

Aqueous 
bromine 

   
 
 
 
 

Aqueous 
sodium carbonate 

   
 
 
 
 

 
   [4] 
 

               butenedioic acid                                           ethane- 1,2- diol 
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 (f) Butenedioic acid and ethane-1,2-diol can polymerize under the right conditions to 
form a polymer W.  Draw the repeating unit of this polymer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   [1] 
 

[Total 10] 
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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 flowchart below shows how the ions present in solution A are separated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) It is known that solution A contains 1 anion. Suggest the identity of this anion. Give 

a reason for your answer. 
 
  Identity of anion : Nitrate   1m 
 
  Reason : All nitrates are soluble   1m [2] 
 
 (b) Describe a test to confirm the anion you named in part (a). 
 
  Add aqueous sodium hydroxide, Devarda’s alloy/aluminium and warm;   1m 
 
  Gas given off turns moist red litmus paper blue   1m 
 
  ………………………………………………………………………………………… [2] 
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filtrate residue 

Add excess aqueous 
ammonia and filter 

residue 

Add excess sodium 
hydroxide to filtrate 
and filter 

Add hydrochloric acid 
and filter 

Solution A contains 

Ag+, Cu2+, Zn2+, Fe3+ 

Precipitate B 

Colourless solution Mixture of precipitate C 
and precipitate D 

Precipitate E Solution F 
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 (c) Name the precipitates B, C and D.  
 
  B : silver chloride   1m 
 
  C : copper(II) hydroxide   1m 
 
  D : iron(III) hydroxide   1m [3] 
 

 (d) What are the colours of precipitate E and Solution F?  
 
  Precipitate E : reddish brown   1m 
 
  Solution F : dark blue   1m [2] 
 

[Total: 9] 
 
 
A2 The level of dissolved oxygen is used as an indicator to gauge the health of a water 

body. Generally, the higher the concentration of dissolved oxygen, the less polluted the 
water and the more likely it is able to support living organisms.  To measure the level of 
oxygen in a sample of water, the Winkler Method is used. This technique makes use of 
redox reactions and is carried out in the 3 steps shown below. 

 
 Reaction 1 : 2Mn2+(aq)  +  O2(g) +  4OH-(aq)  2MnO2(s)  +  2H2O(l) 
 
 Reaction 2 : MnO2(s)  +  2I-(aq)  +  4H+(aq)   Mn2+(aq)  +  I2(aq)  + 2H2O(l) 
 
 Reaction 3 : 2S2O3

2-(aq)  +  I2(aq)   2I-(aq)  +  S4O6
2-(aq) 

 
 
 (a) Define a redox reaction. 
 
  Reaction which involves oxidation and reduction simultaneously   1m 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [1] 
 
 (b) Choose any one of the above reactions and explain why it is a redox reaction, 

making reference to oxidation states. 
 
  Reaction 1 : Oxidation state of Mn increases from +2 in Mn2+ to +4 in MnO2   1m 
   Oxidation state of O decreases from 0 in O2 to -2 in MnO2/H2O   1m 
 
  Reaction 2 : Oxidation state of Mn decreases from +4 in MnO2 to +2 in Mn2+   1m 
   Oxidation state of I increases from -1 in I- to 0 in I2   1m 
 
  Reaction 3 : Oxidation state of S increases from +2 in S2O3

2- to +2.5 in S4O6
2-   1m 

   Oxidation state of I decreases from 0 in I2 to -1 in I-   1m 
 
   [2] 
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G1 

G2 

volume of gas/cm3 

time/s 

C   1m 

 (c) 100 cm3 of water was taken from the school’s koi pond and analysed using this 
method.  It was found that 0.0008 mole of iodide ions was formed in step 3.   
Calculate the mass of oxygen dissolved in this sample of pond water. 

 
  0.0008 moles of I- is produced by 0.0004 mole of I2  
  0.0004 moles of I2 is produced by 0.0004 mole of MnO2  
  0.0004 moles of MnO2 is produced by 0.0002 mole of O2    
 
  Mass of oxygen dissolved = 0.0002 x 32 = 0.0064 g   1m 
   
   [2] 

 
[Total: 5] 

  
 
A3 A sample of 3.36 g of magnesium carbonate powder was divided equally into two 

portions. One portion was added into hydrochloric acid and the other portion was added 
into sulfuric acid. The volume and concentration of acids used were both 25.0 cm3 and 
5.00 mol/dm3 respectively. The graphs below (G1 and G2) show the volume of the gas 
collected over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) Which graph represents the results for hydrochloric acid?  Explain your answer in 

terms of particle collision. 
 
  Graph G2   1m 
 
  Explanation : sulfuric acid is dibasic while hydrochloric acid is monobasic acid,  
 
  concentration of hydrogen ions in HCl is half that of H2SO4 ;   1m 
 
  frequency of collisions is lower and hence number of effective collisions per 
 
  unit time is less in HCl compared to H2SO4;   1m 
 
  rate of reaction is slower, graph is less steep;   1m 
 
  MgCO3 is the same limiting reactant   1m 
 
  ………………………………………………………………………………………… [4] 
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 (b) Another experiment was carried out by adding 2.00 g calcium carbonate powder 
into 25.0 cm3 of sulfuric acid of concentration 5.00 mol/dm3. On the same axes, 
sketch the graph you will expect to obtain and label it C. [1] 

 
 (c) Explain the shape of your graph. 
 
  Calcium carbonate reacts with sulfuric acid to form calcium sulfate which is  
 
  insoluble ;   1m 
 
  layer of calcium sulfate around calcium carbonate prevents further reaction  
 
  with the acid   1m 
 
  ………………………………………………………………………………………… [2] 
 

[Total: 7] 
 
 
A4 Astatine, At, is an element in Group VII of the Periodic Table.  It exists as diatomic 

molecules similar to the other elements in the same Group. 2 isotopes of astatine are 
known to exist : astatine-210 and astatine-211.  It reacts with strontium (Sr) to form the 
compound strontium astatide.   

 
 
 
 
 
 
 
 
 
 
 (a) Complete the table above. [1] 
 
 (b) What are isotopes?  
 
  Atoms of same element with same number of protons but different number 
 
  of neutrons   1m 
 
  ………………………………………………………………………………………… [1] 
 

(c) Draw the ‘dot-and-cross’ diagram for an astatine molecule, showing only the outer 
shell electrons. 

 
 
 
 
 
 
 
 
 
     [1] 
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85 85 126 

All correct 1m 

At At 
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 (d) Draw the “dot-and-cross” diagram of strontium astatide, showing only the outer 
shell electrons.  Hence write the chemical formula of this compound. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Formula of strontium astatide : SrAt2   1m [3] 
      
 (e) Predict 2 properties of strontium astatide.  Give a reason for each of the properties 

which you state. 
 
  Property 1 : high melting/boiling point   1m 
 
  Reason : strong electrostatic forces of attraction between ions, a lot of energy  
 
  required to overcome them   1m [2] 
 
  Property 2 : can conduct electricity in the molten/aqueous state   1m 
 
  Reason : mobile ions in the molten/aqueous state    1m 
 
     [2] 
 

[Total: 10] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
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Key 
X : Strontium electron 
O : Fluorine electron 

- 

At 

1m 1m 

Sr 

2+ 
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Sodium hydroxide  
solution 

Acetylsalicylic acid 
solution 

Conical flask 

A5 The drug aspirin is used to relieve pain, fever and inflammation.  However, if taken in 
high doses, it can cause gastric ulcers and bleeding in the stomach. The active 
ingredient is acetylsalicylic acid which a monobasic acid. The formula of the acid can be 
represented by HA and its relative molecular mass is 180.  

 
A student was interested in determining the percentage of the acid in an aspirin tablet. 
An aspirin tablet was first weighed and then dissolved in water to make a solution in a 
conical flask. A few drops of indicator were then added and dilute sodium hydroxide 
solution was run in from a burette until the indicator changed colour.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The results were as follows : 
 

Mass of aspirin tablet taken 0.50 g 
 
 

Volume of dilute sodium hydroxide added 23.0 cm3 
 
 

Concentration of the dilute sodium hydroxide added 0.01 mol/dm3 
 
 

 
 (a) Acetylsalicylic acid is a weak acid. Explain what is a weak acid. 
 
  Acid undergoes partial ionization in water   1m 
 
  ………………………………………………………………………………………… [1] 
 
 (b) Explain why it is not important to know the volume of the aspirin solution originally 

taken. 
 
  All the acetylsalicylic acid is dissolved in the water regardless of its volume   1m 
 
  ………………………………………………………………………………………… [1] 
 
 (c) Calculate the number of moles of sodium hydroxide solution added.  Hence, 

calculate the percentage of acetylsalicylic acid in the aspirin tablet. 
 
  No of moles of NaOH = (23.0/1000) x 0.01 = 0.00023 
  Hence, no of moles of acid present = 0.00023   1m 
  Mass of acetylsalicylic acid present = 0.00023 x 180 = 0.0414 g   1m 
 
  Hence, percentage of acetylsalicylic acid in tablet = (0.0414/0.50) x 100%  
     = 8.28%   1m 
     [3] 
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Na+ 

 (d) The student wanted to make a crystalline sample of sodium acetylsalicylate, the 
salt formed in the reaction.  This salt decomposes on strong heating.  Describe 
briefly how this might be carried out using a solution of pure acetylsalicylic acid. 

  
  Determine the exact volume of sodium hydroxide required to neutralize a fixed 
 
  volume of acetylsalicylic acid by titration using a suitable indicator.  Repeat 
 
  a few times to obtain accurate result ;    
 
  Add exact volume of sodium hydroxide into fixed volume of acetylsalicylic acid 
 
  but do not add indicator,   1m   heat to obtain saturated solution and cool   
 
  solution to allow crystallization to take place;  1m   filter to obtain crystals 
 
  and dry between pieces of filter paper.   1m  
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [3] 
 
 (e) The structure of acetylsalicylic acid is given below. 
 
 
 
 
 
 
 
 
 
 
 
  Draw the structure of sodium acetylsalicylate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     [1] 
 

[Total: 9] 
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A6 A student carried out electrolysis of dilute potassium chloride and molten potassium 
chloride using platinum electrodes to determine what products are formed. 

 
 (a) Complete the table below. 
 

Electrolyte Ions in Electrolyte Product at anode Product at cathode 
 
 

Dilute 
potassium chloride 

H+, OH-, K+, Cl- oxygen hydrogen 
 
 
 

Molten 
potassium chloride 

K+, Cl- chlorine potassium 
 
 
 

 
     [2] 
 

In another investigation, the electrolysis of aqueous copper(II) sulfate was carried out 
using the apparatus shown in the diagram below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) Briefly describe the change(s), if any, which take place at the electrodes and 

electrolytes at the end of the experiment in the table below. 
 

 
Change(s), if any 

 
 

 
Change(s), if any 

Electrode C1 
Copper electrode becomes 
thinner/smaller 

 
 
 

Electrode P1 
Bubbles of gas observed, 
colourless gas given off 

Electrode C2 
Copper electrode becomes 
thicker/bigger 

 
 
 

Electrode P2 
Brown solid appears on the 
electrode 
 

Electrolyte 
(Cell A) 

No visible change, solution 
remains blue 

 
 
 

Electrolyte 
(Cell B) 

Blue solution becomes pale 
blue/colourless 

 
     [3] 
 

[Total: 5] 
 
 

For 

Examiner’s 

Use 

All correct 2m, 2-3 correct  1m, 0-1 correct   0m 

All correct 3m, 4-5 correct  2m, 2-3 correct   1m, 0-1 correct   0m 

beaker 

copper electrode C2 
 

copper electrode C1 

aqueous copper(II) 
sulfate 

beaker 

platinum electrode P2 
 

platinum electrode P1 

aqueous copper(II) 
sulfate 

ammeter 

Cell A Cell B 
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A7 Hydrazine (N2H4) is often used as a rocket fuel.  It can react with oxygen or fluorine to 
release large amounts of heat.  The equations for the 2 reactions are shown below.  

 
N2H4 (g)  +  O2 (g)     N2 (g)  +  2H2O (g)        H = -622kJ 

 
N2H4 (g)  +  2F2 (g)     N2 (g)  +  4HF (g)        H = -1166kJ 

 
 The H values represent the energy change per mole of hydrazine reacted. 
 
 (a) Draw the energy profile diagram for the reaction between hydrazine and oxygen, 

showing the activation energy and the enthalpy change clearly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     [2] 
 
 (b) Based only on the information provided above, which other reactant (oxygen or 

fluorine) would have made a better choice for usage as a rocket fuel together with 
hydrazine?  Briefly explain your answer. 

 
  Fluorine would be a better choice ;     
 
  Reaction with fluorine is more exothermic/releases more energy compared  1m 
 
  to reaction with oxygen, enabling the rocket to travel further   1m  
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… [2] 
 
 (c) State 1 other factor that should be taken into consideration when deciding which 

fuel to use. 
 
  Cost/availability of gas/how “clean” reaction is/toxicity of gas/mass of gas   [1] 

   
 [Total: 5] 

 
 
 
 
 

For 

Examiner’s 

Use 

Energy / kJ 

Progress of reaction 

N2H4 (g), O2 (g) 

N2 (g), 2H2O (g) 

Ea 

H = -622kJ 

Reactants & products – 1m 
Activation energy and enthalpy 
change – 1m 

Any 1 of above  1m 
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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 The table below gives the current estimated percentage by mass of some of the 

elements found in the Earth’s crust and the Earth’s core. 
 

Earth’s Crust Earth’s Core 
 
 

Element % by Mass Element % by Mass  
Oxygen 40.6 Iron 31.0  
Silicon 24.7 Oxygen 24.0  
Nickel 8.1 Magnesium 16.0  
Aluminium 8.1 Silicon 13.0  
Iron 5.0 Nickel 11.7  
Calcium 3.6 Aluminium 0.1  
Sodium 2.8 Sodium 0.1  
Potassium 2.6 Hydrogen 0.05  
Magnesium 2.1 Potassium 0.04  
Zinc 0.0078 Calcium 0.04  
Copper 0.0068    
Tin 0.00022    

 
 
 (a) Which metallic elements are more abundant in the Earth’s crust compared to the 

Earth’s core? 
 
  Aluminium, calcium, sodium, potassium (can include zinc, copper, tin)     1m [1] 
 
 (b) Suggest a reason why oxygen is the most abundant element in the earth’s crust.    
 
  Oxygen, though a gas, is combined with other elements such as metals and  
 
  silicon in the form of oxides   1m 
 
  ………………………………………………………………………………………… [1] 
 
 (c) The estimated mass of the earth’s crust is 2.125 x 1016 kg.  The annual production 

of iron is 3.32 x 109 tonnes.  Assuming that the demand for this metal is the same 
each year, determine the number of years before the supply of iron from the 
Earth’s crust runs out. (1 tonne = 1000 kg) 

 
  Mass of iron in Earth’s crust = (5/100) x 2.125 x 1016 = 1.0625 x 1015kg   1m 
 
  3.32 x 109 tonnes = 3.32 x 1012 kg 
 
  Hence no. of years Earth’s crust can supply iron =  1.0625 x 1015kg ÷ 3.32 x 1012 
 
   = 320 years   1m  
 
 
   [2] 
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B9 The diagram below shows the internal setup of a modern eco-friendly car powered by 
hydrogen-oxygen fuel cells.  The main advantages of the use of fuels cells is that 
hydrogen is an efficient source of energy and it does not cause pollution at the point of 
use. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The diagram below shows the hydrogen-oxygen fuel cell used in such a car. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 At the positive electrode, the reaction which takes place is : 
 

O2 (g)   +   2H2O (l)   +   4 e   →   4OH- (aq) 
 
 At the negative electrode, the reaction which takes place is : 
 

2H2 (g)   +   4OH- (aq)      →   4H2O (l)   +   4 e 
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 (a) Write the overall equation for the reaction in the fuel cell. 
 
  2H2 (g)   +   O2

 (g)      →   2H2O (l)   1m [1] 
 
 (b) Briefly explain why the use of fuel cells does not cause pollution at the point of use. 
 
  Only product of reaction is water which is harmless   1m [1] 
 
 (c) Suggest why the use of fuel cells may still generate pollution. 
 
  Hydrogen obtained from cracking/electrolysis still requires a lot of heat/electricity   
 
  which comes from burning of fossil fuels   1m [1] 
 
 (d) Manufacturers claim that hydrogen is a renewable fuel.  Do you agree?  Explain 

your answer. 
 
  No, hydrogen is not renewable.  It is obtained from cracking of long-chained  
 
  alkanes which is not renewable.   1m [1] 
 
 (e) Give a source of oxygen. 
 
  oxygen from the air/fractional distillation of liquid air   1m [1] 
 
 (f) Suggest why the hydrogen and oxygen must be kept apart. 
 
  Hydrogen and oxygen can react explosively if a spark is present   1m 
 
  …………………………………………………………………………………………… [1] 
 
 (g) Briefly describe one advantage and one disadvantage of compressing hydrogen 

fuel at high pressure. 
 
  Advantage : Hydrogen is a gas, compression will allow a greater mass to  
 
  be carried in the tank so travel longer distances    1m 
 
  Disadvantage : Hydrogen needs highly pressurized containers which are heavy  
 
  hence difficult to transport   1m [2] 
 

[Total 8] 
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EITHER 
 
B10 One of the components in crude oil is undecane, C11H24. This molecule may be broken 

down into butene and one other product.  The reaction is carried out in the oil refinery. 
 
 (a) What is the name of this type of reaction? 
 
  Cracking   1m [1] 
 
 (b) Write the equation for this reaction. 
 
  C11H24.   →   C4H8   +   C7H16   1m. [1] 
 
 (c) Suggest 2 conditions required for this reaction to take place 
 
  Catalyst, high temperature    Both points 1m [1] 
 
 (d) When the reaction is carried out, 1.00 mol of undecane gives 25.2 g of butene. 

Calculate the percentage yield of butane. 
 
  1 mole of undecane gives 1 mole of butene 
 
  Molar mass of butene is 56 g   1m 
 
  Hence percentage yield = (25.2/56) x 100% = 45.0%   1m 
 
 
 
 
 
   [2] 
 
 Butene can exist as 3 isomers. One of the isomers, but-1-ene, is shown in the diagram 

below. 
 
 
 
 
 
 
 
 
 (e) Draw the structures of the other 2 isomers of butene. 
 
 
 
 
 
 
 
 
 
 
 
   [2] 

1m 1m 
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 (f) The isomers of butene can undergo addition polymerization.  Draw the structure of 
the polymers formed by any 1 of the isomers in part (e), showing 3 repeating units. 

 
 
 
 
 
 
 
 
 
 
 
 
 
   [1] 
 
 
 
 
 
   [1] 
 

 Butan-2-ol is manufactured by the reaction between steam and butene.  An isomer of 
butan-2-ol is also formed at the same time.  The 2 isomers are miscible. 

  
 (g) Suggest, with reason, a method suitable for separating the components of the 

mixture of products. 
 

   Method : Fractional distillation   1m 
 
  Reason : They have different boiling points   1m [2] 
 

[Total 10] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1m 

or 

or 
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OR 
 
B10 The compound styrene (chemical formula C8H8) has the following structure 
 
 
 
 
 
 
 
 
 
 

It can undergo addition polymerisation to form polystyrene, a non-biodegradable 
thermoplastic polymer used for making disposable utensils such as styrofoam cups and 
plates.  The polymerisation process is carried out by mixing styrene and kerosene and 
refluxing the mixture at about 150°C using the setup shown below. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

After cooling, the reaction mixture is poured into methanol. Polystyrene, which appears 
as a waxy white solid will then form under the surface of the methanol. 

 
 (a) Suggest the function of  
 
  (i) tube X and 
 
   Provide cool surface to allow styrene/kerosene to condense   1m [1] 
 
  (ii) kerosene. 
 
   Solvent. catalyst   (Any 1, 1m) [1] 
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The structural formulae of two organic compounds, butenedioic acid and ethane- 1,2- 
diol are shown below. 

 
 
 
 
 
 
 
 
 
 (e) Butenedioic acid reacts with aqueous bromine and also with aqueous sodium 

carbonate.  State an observation for each reaction and briefly explain why it is 
observed. 

 

Reactant Observation Explanation 
 
 

Aqueous 
bromine 

Reddish brown bromine 
decolourised   1m 

Addition reaction takes place to form 
colourless products   1m 

 
 
 
 
 

Aqueous 
sodium carbonate 

Effervescence   1m 
Acid reacts with carbonates to form 
carbon dioxide gas which appear as 
bubbles   1m 

 
 
 
 
 

 
   [4] 
 

               butenedioic acid                                           ethane- 1,2- diol 

1m 

com

 (b) Draw the structural formula of polystyrene formed, showing 3 repeating units. 
 
 
 
 
 
 
  
 
 
   [1] 
 
 (c) What is meant by the term “non-biodegradable”? 
 
  Cannot be broken down by bacteria   1m 
 
  …………………………………………………………………………………………… [1] 
 
 (d) Suggest a reason why polystyrene produces a lot of soot when burnt.   
 
  High percentage of carbon in the compound   1m 
 
  …………………………………………………………………………………………… [1] 
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 (f) Butenedioic acid and ethane-1,2-diol can polymerize under the right conditions to 
form a polymer W.  Draw the repeating unit of this polymer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   [1] 
 

[Total 10] 

1m 
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1 The diagram below shows the apparatus used for collecting a sample of gas in 
the laboratory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which set of gases can be collected using this method? 
 
A ammonia and chlorine  
 
B hydrogen chloride and hydrogen 
 
C carbon monoxide and nitrogen 
 
D sulfur dioxide and ammonia 
  
 

2 Naturally occurring silver (proton number: 47; relative atomic mass: 108) 
consists of a mixture of two isotopes 107Ag and 109Ag. 
 
Which of the following statements about silver atoms is likely to be correct? 
 
A All silver atoms have a relative atomic mass of 108. 
 
B Atoms of 107Ag are more abundant than those of 109Ag. 
 
C Both 107Ag and 109Ag atoms form positive ion with the same charge. 
 
D Both 107Ag and 109Ag atoms have the same number of neutrons. 
 
 
 
 
 
 
 
 
 

      water 

Bee-hive 
shelf 
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3 Substance X melts at 53oC and boils at 100oC. It dissolves in water but does not 
react with water. 
 
Which of the following method is most suitable for separating X from a mixture 
of X and water? 
 
A distillation B fractional distillation 
 
C filtration D crystallisation 
 
 

4 Prior to a race, urine samples from race horses are collected to test for the 
presence of caffeine and cortisone. If these banned drugs were found in the 
urine samples, the horses would be disqualified. The chromatogram below is 
obtained from the chromatography performed on caffeine, cortisone and urine 
samples from 4 different horses, W, X, Y and Z that are competing at a turf club.  
 

 
 
 

 
 
 
 
 

 
Which of the following analysis is correct? 
 
A The Rf value of cortisone is 3.33. 
 
B The Rf value of caffeine is 0.75. 
 
C Horses W and Y should be disqualified from the competition. 
 
D The caffeine spot in urine sample of horse Z could be invisible and requires 

a locating agent. 
 

 

Spot  Description 

1 Caffeine 
2 Cortisone 
3 Urine sample of horse W 
4 Urine sample of horse X 
5 Urine sample of horse Y 
6 Urine sample of horse Z 
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5 

 
The diagram below shows an apparatus for measuring the rates of diffusion of 
gases. The time taken for 100 cm3 of some gases at room temperature and 
pressure to diffuse from this apparatus is shown in the table. 
 
 
 
              

Gas Time/ s 

CO 132 
Cl2 211 
CH4 100 
O2 141 

 
 

 
 
 
 
What will be the time taken for nitrogen gas to diffuse from this apparatus? 
 
A 66  
 
B 72 
  
C 100  
 
D 132 
 
 
 

6 Which statement explains why sodium chloride, NaCl has a lower melting point 
than magnesium oxide, MgO? 
 
A Sodium chloride is covalent but magnesium oxide is ionic. 
 
B Sodium is more reactive than magnesium. 
 
C The melting point of sodium is lower than that of magnesium. 
 
D The forces of attraction between Na+ and Cl – is weaker than that between 

Mg2+ and O2–. 
 
 
 
 
 
 
 

diffusion plug 

gas 

graduated tube 

water 
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7 Which one of the following represents the most likely structural formula for the 
covalent compound disulfur dichloride, S2Cl2? 
 
A SClClS 
 
B  SClSCl 
 
C  Cl=SS=Cl 
 
D  ClSSCl 
 
 

8 Carbon nanotubes have been made by scientists in recent years. The structure 
is shown below. 
 
 
 
 
 
 
 
 
 
 
Which one of the following would most likely be the properties of nanotubes? 
 

 melting point solubility in organic 
solvents 

electrical conductivity 
as a solid 

A high insoluble good 
B high soluble poor 
C low insoluble poor 
D low soluble good 

 
 

9 In an experiment, 5 cm3 of a gaseous hydrocarbon reacted with excess oxygen 
to form 30 cm3 of carbon dioxide and 15 cm3 of steam. 
 
Assuming all volumes of gases were measured at the same temperature and 
pressure, what is the formula of the hydrocarbon? 
 
A CH4 
 
B C2H4 
 
C C3H6 
 
D C6H6 
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10 Zinc oxide is produced by heating zinc carbonate.  
                      
                                     ZnCO

3
   ZnO + CO

2 . 

 

What is the percentage yield of zinc oxide if 125 g of zinc carbonate on heating 
produces 75 g of zinc oxide? (Mr ZnCO

3 
= 125, Mr ZnO = 81)  

 

A 125 x 
81
75

 x 100 
 

B 125 x 
75
81

 x 100 

 

C 
1

125
 x 

75
81

 x 100 

 

D 
75
81

 x 100 

 
 

11 X, Y and Z are in the same period of the Periodic Table. Y forms an oxide which 
reacts with aqueous sodium hydroxide. Z forms an oxide which reacts with dilute 
hydrochloric acid. X forms an oxide which is amphoteric. If X, Y and Z were 
placed in order of increasing atomic number, the order would be 
 
A X, Y, Z. 
 
B Y, X, Z. 
 
C Z, Y, X.  
 
D Z, X, Y. 
 
 

12 Which one of the following statements about the elements lithium, sodium and 
potassium is correct? 
 
A They are in the same period of the Periodic Table. 
 
B Lithium has a higher melting point than potassium. 
 
C They react with cold water to form oxides and hydrogen.  
 
D Lithium reacts more rapidly with water than potassium does. 
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13 9 g of magnesium metal is added to a beaker containing 250 cm3 of 2 mol/dm3 
aqueous hydrochloric acid. The pH of the mixture in the beaker is measured as 
the reaction proceeds. 
 
                 Mg (s)   +   2HCl (aq)    MgCl2 (aq)  +  H2 (g) 
 
What is the final pH of the mixture and the volume of hydrogen gas produced at 
room temperature and pressure (r.t.p.)? 
 
 Final pH of 

mixture 
Volume of hydrogen 

gas at r.t.p. (dm3) 

A 1 9 

B 3 9 

C 7 6 

D 9 6 

 
 

14 When citric acid C6H8O7 dissolves in an organic solvent, the solution 
formed ………………… 
 
A contains both covalent molecules and ions. 
 
B contains only covalent molecules. 
 
C contains low concentration of hydrogen ions. 
 
D produces carbon dioxide when reacted with carbonates. 
 
 

15 The labels on two bottles fell off. One bottle was known to contain sodium 
chloride solution and the other sodium nitrate solution. 
 
Which of the following test would most likely identify the solutions? 
 
A Addition of blue litmus paper 
 
B Addition of aqueous ammonia 
 
C Addition of aqueous silver nitrate 
 
D Addition of dilute sulfuric acid  
 
 
 

com

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



                          8                        TKGS/Chemistry P1/Prelim Exam 2016 
 

16 In each of three experiments, a halogen was added to separate solutions 
containing ions of one of the other two halogens. The table below shows the 
results. 
 

Experiment Halogen 
added 

X – Y – Z – 

1 X2 - Black ppt Reddish brown 
solution 

2 Y2 No reaction - No reaction 
3 Z2 No reaction Black ppt - 

 
What were the halogens X, Y and Z? 
 
 X Y Z 
 
A Br Cl I 
 
B Br I Cl 
 
C Cl I Br 
 
D Cl Br I 
 
 
 

17 Which of the following should not be used with nitric acid to prepare silver 
nitrate? 
 
A silver carbonate   B silver hydroxide 
 
C silver metal   D silver oxide 
 
 

  
18 Which of the following salts can be prepared by an acid-alkali titration method? 

 
A Aluminium nitrate 
 
B Ammonium chloride 
 
C Iron(III) sulfate 
 
D Calcium sulfate 
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19 A solution containing Pb2+ ions can be distinguished from a solution containing 
Zn2+ by adding any of the following solutions except 
 
A aqueous potassium chloride 
 
B aqueous sodium sulfate 
 
C dilute sulfuric acid 
 
D aqueous sodium hydroxide 
 
 

21 In the Haber Process, the quantity of ammonia can be increased by 
 
A using iron as a catalyst. 
 
B increasing the pressure to 400 atmospheres. 
 
C increasing the temperature of the reaction to 600oC. 
 
D using a mixture containing 3 parts nitrogen to 1 part hydrogen. 
 
 

22 The equation below represents the reaction which takes place in a light sensitive 
photographic film. This photographic film was used before the invention of digital 
photography.  
 

                                       2AgBr    2Ag  +  Br2 
 

In this reaction, 
 
A electrons are transferred from the bromide ions to the silver ions. 
 
B silver ions are oxidised to silver atoms. 
 
C bromide ions are reduced to bromine molecules. 
 
D there is no electron transfer. 

20 An excess of sodium hydroxide is added to an aqueous solution of salt X and 
boiled. No observable change seen. However, ammonia gas is only given off 
after aluminium foil is added to the hot solution.  
 
What could X be? 
 
A ammonium chloride B sodium chloride 
 
C ammonium nitrate D sodium nitrate 
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23 Small portions of aqueous potassium iodide and of acidified aqueous potassium 

manganate(VII) were added to four solutions. The colour changes seen are 
shown in the table. 
 

 
Which solutions contained an oxidising agent? 
 
A 1 only B 1 and 2 only 

 

C 1 and 3 only D 2 and 4 only 

 
 
 

Solution number Potassium iodide 
Acidified  

potassium manganate(VII) 

1 

2 

3 

4 

Colourless to brown 

Colourless to brown 

No change 

No change 

Purple to colourless 

No change 

Purple to colourless 

No change 

24 The heat-reflecting shields of some space rockets are gold plated, using 
electrolysis. 
 
Which electrodes and electrolyte would be used to gold-plate the heat shield? 
 

 Negative electrode Positive Electrode Electrolyte 
 
A carbon heat shield copper compound 
 
B gold heat shield gold compound 
 
C heat shield carbon  copper compound 
 
D heat shield gold  gold compound 
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25 Which of the following conditions will the iron nail rust most slowly?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

26 Manganese(IV) oxide (MnO2) acts as a catalyst in the following reaction. 
 

                          Hydrogen peroxide    water  +  oxygen 
 

Several experiments were carried out using the same mass of manganese(IV) 
oxide and the same volume of hydrogen peroxide (H2O2) solution. 
 

Experiment Concentration of 
H2O2 (mol/dm3) 

Temperature (oC) Particle size of 
MnO2 

1 0.5 20 Powder 
2 1.0 30 Lump 
3 1.5 30 Lump 
4 1.5 30 Powder 
5 0.5 20 Lump 
6 2.0 20 powder 

 
Which two experiments should be used to study the effect of particle size on the 
speed of reaction? 
 
A Experiments 1 and 5 
 
B Experiments 1 and 3 
 
C Experiments 2 and 4 
 
D Experiments 3 and 6 

D C 

Boiled water 

Copper  

Iron nail 

A B 

Boiled water 

Iron nail Iron nail 

Dilute sulfuric 
acid 

Oil layer 

C 

Iron nail 

Tap water 

D 

Iron nail 

Boiled water 

Copper 
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27 The results of an experiment involving the decomposition of 10 cm3 of  

0.40 mol/dm3 hydrogen peroxide at 30oC is represented by graph X below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Which of the following produced the graph Y?  
 
 Volume of 

hydrogen peroxide 
(cm3) 

Concentration of 
hydrogen peroxide 

(mol/dm3) 

Temperature 
(oC) 

A 10 0.25 30 

B 12.5 0.40 30 

C 20 0.25 30 

D 20 0.40 40 

 
 
 

28 Which of the following is the reason for recycling aluminium? 
 
A Aluminium ore is expensive.  
 
B Recycling metal helps to reduce wastage of limited raw materials. 
 
C Recycling metals is generally not a costly operation. 
 
D Low cost of transporting the scrap metal to the recycling plant.   
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29 Referring to the diagram below, what colours would be observed on the filter 
paper at the two points, X, and Z after a current is passed through for about 10 
minutes? 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       X    Z 
A  blue white 
 
B  white red 
 
C  white blue 
 
D  red blue 
 
 

30 Four electric cells were set up using aqueous sodium chloride as the electrolyte 
as shown in the diagrams. 

 

In each cell, only the underlined electrode dissolved. To establish the order of 
reactivity of the metals, it is necessary to set up two or more cells. Which of the 
following pairs of cells are needed in addition to the four cells above? 
 
 First cell electrodes Second cell electrodes 
A iron/iron  iron/zinc 
 
B tin/copper  magnesium/zinc 
 
C tin/magnesium  zinc/copper 
 
D tin/zinc  magnesium/copper 

com

Sm
ile

Tut
or

.sg

Need a home tutor? Visit smiletutor.sg



                          14                        TKGS/Chemistry P1/Prelim Exam 2016 
 

31 In the hydrogen fuel cell, hydrogen and oxygen gas flow into the anode and 
cathode respectively.  
 
 
 
 
 
 
 
 
 
 
 
Which of the following shows the correct reaction at the cathode? 
 
A O2(g)  +  2H2O(l)  +  4e-    4OH-(aq) 
 
B 4OH-(aq)    O2(g)  +  2H2O(l)  +  4e- 
 
C 2H2(g)  +  4OH-(aq)    4H2O(l) +  4e- 
 
D 4H2O(l) +  4e-    2H2(g)  +  4OH-(aq)   
 
 

32 Reactions of unknown metals, P, Q, R were studied. Zinc oxide was used in 
three of the experiments. It was found that 
 
        Q   +   HCl      QCl2   +   H2 
 
 R   +   ZnO      RO   +   Zn 
 
 Q   +   ZnO      QO   +   Zn 
 
  Q   +   R(NO3)2      no reaction 
 
 P   +   ZnO      no reaction 
 
 P2CO3      P   +   CO2   +   O2 
 
Which of the following shows the most appropriate method of extraction for the 
metal? 
 
A Q is extracted by electrolysis of aqueous solution of its compound. 
 
B R is extracted by electrolysis of molten compound. 
 
C P is extracted by reduction with hydrogen. 
 
D P is extracted by reduction with carbon. 
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33 The diagram shows an energy profile diagram for a chemical reaction. 
 
Which energy change (A, B, C or D) represents the activation energy for the 
non-catalysed reaction? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

34 The table compares the strengths of the bonds for reactions of the type below. 
 
                                                R2  +  Q2    2RQ 
 
Which reaction is the most exothermic? 
 
 Bonds in R2 Bonds in Q2 Bonds in RQ 

A Strong Strong Strong 

B Strong Strong Weak 

C Weak Weak Strong 

D Weak Weak Weak 

 
 

35 Identify the type of reaction below and where the reaction takes place. 
 
         2CO       +     2NO       →        2CO2       +N2 

  
 

Type of reaction Location of reaction 

A Neutralisation Blast furnace 

B Redox Blast furnace 

C Neutralisation Catalytic converter 

D Redox Catalytic converter 
 

Reactants 

Products 
Progress of 

reaction 

 Energy 
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36 Which of the following is not responsible for the destruction of the ozone layer 
in the stratosphere? 
 
A CFCs B Fluorine atoms 
 
C Chlorine atoms D UV light 
 
 

37 Amines are organic compounds with the functional group –NH2. 
 
The first four members of the amine homologous series is shown below. 
 

Name Chemical formula 

methylamine CH3NH2 
ethylamine CH3CH2NH2 
propylamine CH3CH2CH2NH2 
butylamine CH3CH2CH2CH2NH2 

 
What is the general formula for amines? 
 
A CnH2n+3N B CnH2n+1NH2 
 
C CnH2n-1NH2 D CnH2n+1CHNH2 
 
  

38 Aspirin is a drug which is used as a general painkiller. The structural formula of 
aspirin is shown below. 
 
 
 
 
 
 
 
 
 
 
 
Which statement about aspirin is incorrect? 
 
A One mole of aspirin in aqueous solution reacts with one mole of sodium 

hydroxide. 
 
B  One mole of aspirin in aqueous solution reacts with 106 g of sodium 

carbonate, Na2CO3. 
 
C  It will turn green universal indicator yellow. 
 
D  It can be formed from a reaction between ethanoic acid and an alcohol. 
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39 Water can be formed from a number of reactions involving organic substances. 

 
Which reaction does not produce water? 
 
A Incomplete combustion of methane 
 
B Reaction of ethanoic acid with ethanol 
 
C Oxidation of ethanol to ethanoic acid 
 
D Fermentation of sugar solution 
 
 

40 A chemical X with the formula, C4H10O, has the following structure. 
 
              H3C – CH – CH2 – CH3 
                                           |   
                              OH 
 
Which one of the following structure is not an isomer of X? 
 
 
 
 
 
 
 
 
                            A                                                         B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                           C                                                           D 
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Answer to 2016 TKGS Chemistry Prelim Paper 1 

 

 

 

1   2 3 4 5 6 7 8 9 10 
C C D B D D D A D D 
11 12 13 14 15 16 17 18 19 20 
D B C B C C C B D D 
21 22 23 24 25 26 27 28 29 30 
B A B D C A C B C B 
31 32 33 34 35 36 37 38 39 40 
A B A C D B B B D A 
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A2(b)(ii) 
 

No of moles of HNO3 = 10 x1000/ 
[1+ 14 + (16x3)] =158.7 mol  
No of moles of NH4NO3 = 158.7 
mol  
Mass of NH4NO3 = 158.7 x [(2x 14) 
+ 4 + (3x16)] = 12 696 g =12.7kg  

 

CAO 
 

1 
 
 

1 

A2(c)(i) 
 
 
 

The residue was not washed with 
distilled water. 
 
The residue of lead (II) chloride and 
crystals of sodium nitrate should not  
be dried in the oven. 
 
Lead (II) nitrate and sodium 
chloride may be in excess and 
present in the filtrate. Therefore, 
crystals of sodium nitrate may not 
be formed when the solution was 
cooled down.  
 

CAO 
OWTTE 
 

1 
 

 
1 

A2(c)(ii) 
 

The residue should have been 
washed to remove any soluble 
impurities.  

 
Lead (II) chloride and sodium 
nitrate may decompose in the oven 
due to the high temperature. 

CAO 
OWTTE 
 

1 
 
 
 

1 

 
 

 
 

 
 

Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

A3(a) BaCO3 is less soluble than CaCO3,  
and can act as a protective layer. 
  

CAO 
OWTTE 

1 
1 

A3(b)(i) 2BaCO3 + 2SO2 + O2  2BaSO4 +  
                                       2CO2 
 

CAO 
 

1 
 
 

A3(b)(ii) 
 

Slow down as reaction consumes 
SO2. 
Less H2SO3 formed reduces the 
reaction with CaCO3.  
or 
BaSO4 is even less soluble than 
BaCO3 and forms a better  
protective layer. 

CAO 
OWTTE 
  

1 
 

1 
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Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

A4(a) Mr=1.125 x 24 = 27  CAO 1 
 

A4(b)(i) 
 
 

       (ii) 
 
 

         (iii) 

No. of moles of nitrogen atoms in 

one mole of X= 
1224 x 2=1  

No. of moles of hydrogen atoms in 

one mole of X = 
918 x 2 = 1 

 
Mass of carbon in one mole of X  
= 27-1-14 =12  
No. of moles of carbon atoms in one 
mole of Q = 12/12=1  
 
Molecular formula of X is HCN 
(shown).  
  

 

 

CAO 
OWTTE 
 
 
 
 
[Allow ECF] 

1 
 

1 
 
 
 

1 
 

1 

A4(c) Draw covalent bond of HCN.  

 

CAO 
 
Legend: 
x- electron from H atom 

• - electron from C atom 
×- electron from N atom 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
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Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

A5(a) Aluminium CAO 1 

A5(b) Aluminium reacts with oxygen to 
form oxide and this protective layer 
of oxide prevents Al from reacting 
with steam.  
 

CAO 1 

A5(c) change to any acid (e.g H2SO4, 
HCl, HNO3) 
or 
change metal to Mg 
 

CAO 1 

    

Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

A6(a) Argon:  
Electronic structure is 2.8.8 or  
Full octet structure or noble gas 
configuration 
Argon is unreactive. 
 
Potassium: 
Electronic structure is 2.8.8.1 
Can lose the valence electron 
easily. 
Potassium is very reactive. 
 

OWTTE  
1 
 
 
 
 
 

1 

A6(b) Tellurium and Iodine 
 

CAO 1 

A6(c) Any one of the following: 
 
Elements with similar chemical 
properties / same number of 
valence electrons would not be in 
the same Group 
 
No two elements share the same 
proton number, but some elements 
may share the same mass number 
(e.g. Co and Ni) 
 
The Ar of some elements could not 
be accurately determined (e.g. Fr, 
At) 

OWTTE 1 
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Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

A7(a)(i) CaO  +  H2O   Ca(OH)2 
CAO 

 
1 

A7(a)(ii) 
 

Powdered CaO has larger surface 
area. 
More effective collisions, rate is 
faster.  
 

OWTTE 1 
 

1 

A7(a)(iii) 
 

Acidic> basic condition. 
 
The amount of heat given out is the 
greatest when acid is added as heat 
is given out due to neutralisation of   
Ca(OH)2 in addition to heat given 
out when CaO reacts with water.  
 

CAO 
OWTTE 

1 
 
 
 

1 

A7(b)(i) 
 

measuring the time taken for a fixed 
volume of gas produced/ 
time taken for maximum volume of 
gas produced/ time taken for mass 
of content to stop dropping/reach 
constant 
 

CAO 
OWTTE 

1 
 

A7(b)(ii) 
 

1, 2, 3 CAO 1 
 

A7(b)(iii) 
 

Hot CAO 1 

A7(b)(iv) 
 

240 cm3 ; 8 °C ; between 6-12 sec CAO 
 
2 out of 3 correct  

2 
 

1 
  

Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

A8(a)(i) 
 

Between 5 th and 6 th day. 
 

CAO 
 

1 

A8(a)(ii) 
 

It decreases the production of 
ethene by the fruits. 
 
 
 
 
 

CAO 
 

1 
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A8(b)(i) 
 

Correct structures of ethane  

 
 
and ethene 
 

CAO 
 

1 
 

A8(b)(ii) 
 

Bromine solution is added to both 
ethane and ethene separately, the 
reddish brown colour remains for 
ethane but turns colourless for 
ethene. 
 

OWTTE 1 
 
 

1 

A8(b)(iii) 
 

C – H:                   
413 x 4  =  1 652 kJ 
C=C              H-H 
610 kJ           432 kJ 
                                                        
Total  energy absorbed 
=  2 694 kJ 
 
C – C          
346 x 1  =  346 kJ    
C – H                                        
413 x 6  =  2 478 kJ                           
Total  energy released 
=    2 824 kJ 
 
H  =    2694-2824     
       =   - 130 kJ  (shown) 
(negative value = exothermic) 
 
Or 
H  = EBB-EBF 

      = (610+432)-(346+2(413))  
      = -130 kJ   

OWTTE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[Allow ECF] 

 
 
 
 
 

1 
 
 
 
 
 
 
 
 
 

1 
 
 
 
 
 

1 
1 
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Section B [30 marks] 
 

 
 

Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

B9(a)(i) 
 
 
 
 
 
 
 

Octane has the lowest boiling point 
among the fraction hence it is 
collected from the top of the column 
while hexadecane has the highest 
boiling point among the fractions 
hence it is collected from the bottom 
of the column. 
 

OWTTE 
 
 
 
 
 
 

1 
 
 

1 
 

B9(a)(ii) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

There is an increase in viscosity 
from octane to dodecane to 
hexadecane. 
As the relative molecular mass of 
the compounds increases, the 
intermolecular forces of attraction 
also increases. Thus, lots of energy 
needed to weaken/overcome 
strong forces. Hence, there is 
greater resistance for liquid to flow. 
 
Or 
Longer molecule will get tangled up.  
 
 

OWTTE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 
 
 

1 
 
 
 
 
 
 
 

 
 

 
 

B9(a)(iii) 
 
 
 
 
 

Both ethanol and hydrogen are 
renewable sources of energy (ie. 
ethanol can be obtained from 
fermentation of glucose and 
hydrogen from cracking of alkane. 
  

OWTTE 1 
 
 
 
 

 
B9(b)(i) 

 
electron  
 

CAO 1 

B9(b)(ii) 
 
 
 
 
 
 
 

highest m/z v alue is 60. 
Total Mr of (CH3COOH)  
=12 x 3(1) + 12 + (16 x 2) + 1 
= 60 
Ethanoic acid  
 
 
 

CAO  
 

1 
1 
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B9(b)(iii) 
 
 
 
 
 
 
 

 

Draw 2-carbon with COOH group 
propanoic acid  
 

 

CAO 1 

B9(c)(i) 
 
 
 

The water should flow in from the 
bottom of the condenser and out 
from the top.   

OWTTE 1 
 
 

 

B9(c)(ii) 
 
 
 
 
 
 
 
 
 
 

 

conditions: concentrated sulfuric 
acid, warm. 
 
structure: 

 

 

OWTTE 1 
 
 
 
 
 

1 
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Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

B10(a)(i) At the cathode, Cu2+ ions gains 
electrons/reduces to form Cu which 
is deposited at the cathode. So the 
mass of cathode increase.  
 

OWTTE 1 
 
 

 

B10(a)(ii) When all the Cu2+ ions in the 
solution are discharged at the 
cathode, no additional deposit of 
copper.  
 

OWTTE 1 
 
 

B10(a)(iii) In Cell X, the anode does not 
change in mass because the 
platinum anode is an 
inert/unreactive electrode. It does 
not dissolve in the electrolyte.  
In Cell Y, the copper anode slowly 
dissolves in the electrolyte forming 
Cu2+ by losing electrons.   
Hence it decrease in mass. 
 

OWTTE 1 
 

 
1 
 

 

B10(b)(i) Carbon is a conductor of electricity. 
When coated, the flower can act as 
an electrode.  
 

OWTTE 1 
 
 

B10(b)(ii) Cathode : flower  
electrolyte : aqueous silver nitrate 
 
Equations: 
Anode: Ag → Ag+   +  e- 
Cathode: Ag+  + e- → Ag   

CAO 
 
 
 
 
CAO 

1 
 
 
 

1 
1 
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Either 

Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

B11(a)(i) TiO2 + 2Cl2 + 2C  TiCl4 + 2CO  CAO 1 

B11(a)(ii) Below potassium but above zinc. 

Potassium is able to displace 
titanium from titanium chloride but 
not zinc.  

OWTTE 1 
 
 

B11(a)(iii) Titanium become stronger/harder. 
Pure titanium is made up atoms 
that are orderly arranged. The 
layer of atoms slides past each 
other easily when force is applied.  
Molybdenum disrupts the orderly 
arrangement of titanium and 
hence preventing the layers of 
atoms from sliding past when a 
force is applied. 
 
Or 
The melting point of the mixture 
will be lower.  The melting point of 
pure titanium is higher as there is 
strong metallic bond between the 
positive ions and sea of 
delocalized electrons. Adding 
impurities like Molybdenum will 
lower the melting point of the 
mixture.  
 

OWTTE 1 
 

1 
 

1 

B11(b)(i) Raw material A is limestone, which  
is added to remove the acidic 
impurities.  
The calcium oxide then reacts with 
the acidic oxide in the 
impurities/acidic impurities to form 
calcium silicate which is removed 
as slag. 

OWTTE 1 
 
 
 
 
 

1 

B11(b)(ii) Fe2O3  + 3CO   2Fe + 3CO2 CAO 1 

B11(b)(iii) No. The compound with sodium as 
the metal is more stable and cannot 
be extraction by reduction.  

OWTTE 1 
 

1 
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Q/No. Answer 
Comments/Instructions/

Suggestions 
Marks  

B11(a)  
  
 
 
 
 
 

CAO 1 

B11(b)(i) Condensation polymerisation 
 
 

CAO 1 
 

 
B11(b)(ii) Structure of repeating unit 

 

 

 1 

B11(c) In the addition polymerisation of 
acrylamide, it involves the breaking 
up of the double bond in the 
monomers to form a single product 
that is the polymer. In the 
condensation polymerisation 
reaction to form silk protein, water is 
also formed besides the silk protein. 
 

OWTTE 1 
 
 
 

1 

B11(d)(i) Add aqueous sodium hydroxide to 
the solution containing ammonium 
ions. Warm mixture gently. If a gas 
produced turns damp red litmus 
paper blue, then ammonium ions 
are present. 
 

OWTTE 
 
 

1 
 
 
 

1 

B11(d)(ii) Add magnesium/metal carbonate  
Rate of bubbling is slower.  
 
Or 
Add universal indicator and observe 
the colour change from green to 
orange/yellow.  
 

OWTTE 1 
 

   C       C     

H H 

H  CONH2 n 
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B11(e) Structural formula of sodium 
acrylate 

 
C2H3COOH  (aq)  +  NaOH (aq)  
C2H3COONa (aq) +  H2O (l) 

CAO 1 
 
 
 
 
 
 
 

1 
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