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1 The diagram represents different arrangement of atoms.
  

Bromine melts at -7°C and boils at 59°C. A tank filled with bromine at 30°C (room temperature) is 
cooled to -7°C. 

Which row best represents the arrangement of bromine particles at -7°C and at 30°C? 

-7°C 30°C
A 1 4
B 2 3
C 1 2
D 2 4

2 The diagram shows the cover plate removed from the gas jars containing oxygen and bromine 
respectively. After several days, the colour of the gas is the same in both jars.

  

Which statement explains this change?

A Equal volumes of oxygen and bromine contain equal numbers of molecules.
B Oxygen and bromine gases have equal densities.
C Oxygen and bromine molecules are in random motion.
D Oxygen and bromine molecules diffuse at the same rate.

3 The properties of two substances are shown in the table.

substance melting point/ °C boiling point/ °C solubility in water
1 8 67 insoluble
2 - 95 210 soluble

Which is the best method to separate these two substances at room temperature and pressure? 

A filtration 
B paper chromatography 
C separating funnel 
D simple distillation

oxygen

cover plate

bromine

       1                            2                            3 4

glass 
jars
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4 The diagram shows a set-up used to obtain carbon monoxide gas.

What is the purpose of solution S?

A to remove the presence of carbon dioxide gas
B to remove the presence of hydrogen chloride gas
C to remove the presence of water vapour
D to prevent water from being drawn into the hot charcoal

5 Which diagram best represents a mixture of neon and hydrogen bromide?

             A                              B                            C                               D

6 Potassium has 2 major isotopes. They are 39K and 41K. 

If the relative atomic mass of naturally occurring potassium is 39.14, what are the relative abundance 
of 39K and 41K?

39K 41K
A 7% 93%
B 25% 75%
C 75% 25%
D 93% 7%

S
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7 The table shows the number of neutrons and electrons in the following four particles. 

particle number of 
neutrons

number of 
electrons

P 18 8
Q+ 12 10
R2- 16 10
S 13 11

Which particle is an isotope of P?

A Q+

B R2-

C S
D none of the above

8 The electronic structure of a compound formed between an element Y and chlorine is shown in 
the diagram. Only valence electrons are shown.

What is the chemical formula when sodium combines with element Y?

A Na2Y
B NaY2
C Na3Y
D Na5Y

9 The following table shows four elements P, Q, R and S with their proton numbers.

elements P Q R S
proton number 6 8 17 19

Which are the likely formulae of the ionic compound and covalent compound formed from the four 
elements?

ionic compound covalent compound
A PR4 SR
B S2Q PQ2
C SP PR4
D SR RQ
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10 Graphane, an allotrope of carbon, has a structure similar to graphite. Graphane, however, has one 
hydrogen atom attached to each carbon as shown in the diagram. 
  

Which set of properties will graphane have?
  
 1  It is soluble in water.
 2  It has a high melting point.
 3  It has a giant molecular structure.
 4  It conducts electricity in the solid state.

A 1 and 2 only
B 2 and 3 only
C 1, 2 and 3 only
D 1, 2, 3 and 4

11 Trioxidane has the formula H2O3.

Which is the most likely structure of trioxidane?

A B

C D
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12 An element Q has x neutrons and y protons. 

Which symbol can be used to represent the ion of Q if it belongs to Group VI?

A Qyx+y
P
2+

B Qy      x
P
2+

C Qyx+y
P
2-

D Qy      x
P
2-

13 The elements in a group of the Periodic Table show the following trends. 

1     The element with the lowest proton number has the lowest reactivity. 
2     All the elements in the group form basic oxides. 
3     The density of the elements increases down the group. 
4     The melting point of the elements decreases down the group. 

In which group are the elements found? 

A I
B IV
C VI
D VII

14 Elements X and Y are in the same period. 

Which statement is correct?

A Atoms of X and Y have the same electronic structure.
B Atoms of X and Y have the same number of electrons.
C If X is a metal, Y must be a non-metal.
D The number of shells containing electrons is the same in atoms X and Y.

15 Two unlabelled bottles contain colourless solutions. One of which was sodium carbonate solution 
and the other was sodium chloride solution.

Which solution when added to a sample from each bottle would most readily identify the bottles?

A ammonia
B hydrochloric acid
C lead(II) nitrate
D sodium hydroxide
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16 Four statements about hydroxide, OH- ions are made.
It reacts with hydrogen ions to form water.
It reacts with aqueous iron(III) sulfate to form a green precipitate.
It migrates to the cathode in electrolysis of an aqueous solution. 
Its solution gives an alkaline gas when warmed with aqueous ammonium chloride.

How many statement(s) is/ are correct? 

A 1 only
B 2 only
C 3 only
D 4 only

17 In an experiment, 10.0 cm3 of 0.01 mol/dm3 copper(II) sulfate solution was mixed with 5.0 cm3 of 
0.01 mol/dm3 sodium carbonate solution in a flask according to the equation:

CuSO4 + Na2CO3      Na2SO4 + CuCO3

What was observed in the flask at the end of the reaction?

A a colourless solution only
B a green precipitate and a blue solution
C a green precipitate and a colourless solution
D a white precipitate and a colourless solution

18 A student would like to prepare a high yield of lead(ll) sulfate salt. 

Which is the best method?

A Adding excess dilute sulfuric acid to lead(ll) hydroxide.
B Adding excess lead(ll) carbonate to dilute sulfuric acid.
C Adding excess lead metal to dilute sulfuric acid, filter and collect the residue.
D Adding excess lead metal to dilute nitric acid, filter, and followed by adding dilute sulfuric acid 

to filtrate.

19 The statements give some information about metals R, S, T and U.

Carbonate of U does not decompose on heating. 
Only oxides of R and T can be reduced by heating with carbon.
R and S react with dilute hydrochloric acid but not with cold water.
T reacts with neither dilute hydrochloric acid nor water.

Which is the correct order of increasing reactivity of the four metals?

A T < R < S < U
B T < S < R < U
C U < S < R < T
D U < T < R < S
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20 Chrysotile is a type of asbestos which is used in buildings for its flame-retarding and insulating 
properties. It has the formula Mg3Si2O5(OH)4.

What is the oxidation state of silicon in this compound?

A +2
B -2
C +4
D -4

21 A sample of flue gas from the power station is bubbled into different solutions and the results are 
shown in the table.

solution observation
acidified potassium manganate (VII) purple solution turns colourless

acidified potassium iodide colourless solution turns brown
red litmus solution turns blue
blue litmus solution turns red

Which are the possible gases present in the sample?

A sulfur dioxide gas and chlorine gas
B chlorine gas, hydrogen gas and carbon monoxide gas
C ammonia gas, sulfur dioxide and oxygen gas
D ammonia gas, nitrogen monoxide gas and oxygen gas 

22 Solid R is gradually added to aqueous solution S. The changes in pH are shown in the graph below.

         

What are R and S?   

R S
A insoluble metal oxide hydrochloric acid
B insoluble non-metal oxide sodium hydroxide
C soluble metal oxide hydrochloric acid
D soluble non-metal oxide sodium hydroxide
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23 Which volume of 1.0 mol/dm3 hydrochloric acid is required to react completely with 1.25 g of zinc 
carbonate?     

A 10 cm3                     
B 20 cm3                     
C 100 cm3                     
D 200 cm3                     

24 An 8 g sample of oxygen atoms contains the same number of atoms as 16 g of element X. 

What is X?

A helium
B sodium
C sulfur
D xenon 

25 When hydrogen peroxide is used as a bleaching agent, it decomposes to form water and oxygen.

2H
2
O

2
2H

2
O + O

2 

When 68 g of hydrogen peroxide decomposes, the volume of oxygen gas collected under room 
temperature and pressure is 1200 cm3.

What is the percentage purity of hydrogen peroxide?

A 2.5 %
B 5.0 %
C 10.0 %
D 15.0 %

26 The compound S2O7 reacts with water to produce sulfuric acid and oxygen only.

What volume of oxygen, measured at room temperature and pressure, is produced when 
0.704 g of S2O7 is reacted?

A 48 cm3

B 96 cm3

C 192 cm3

D 384 cm3

27 Which equation does not represent a redox reaction? 

A 3Cl2(g) + 2Fe l3(s) 
B Ba2+(aq) + SO4

2-
4(s) 

C Fe2+ (s) + Mg2+(aq) 
D Zn(s) + 2HCl l2(aq) + H2(g) 
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28 The table shows some bond energies. 

Which statement is correct?

bond kJ/ mol
C – C 346
C – H 413
Si – Si 176
Si – H 318

A Si – Si chains are more stable than C – C chains.
B Si – Si bonds are the least readily broken of those listed.
C Methane, CH4, is chemically more stable than silane, SiH4.
D 346 kJ is the energy evolved when 1 mole of graphite sublimes.

29 Which is an endothermic process? 

A C(s) + O2 2(g) 
B HCl( l(aq) + H2O(l)
C 6CO2(g) + 6H2O 6H12O6(aq) + 6O2(g) 
D H2O 2O(l)

30 Which requires the largest number of electrons for complete discharge during electrolysis?

A 4 mol of aluminium ions
B 5 mol of hydroxide ions
C 6 mol of copper(II) ions
D 7 mol of oxide ions

31 The combustion of methane is an exothermic process. 

                        CH4(g) + 2O2 2(g) + 2H2O(g)                - 890 kJ/ mol

How much methane should be used to produce 2670 kJ of heat? 

A 48 g 
B 64 g 
C 96 g 
D 120 g 

32 Which statement correctly describes how the ammonia that is produced in the Haber Process is 
separated from the reaction mixture?

A By cooling the mixture.
B By dissolving the other two gases.
C By filtering out the other two gases by passing through cotton wool.
D By passing the gaseous mixture through fused calcium chloride.

33 Which statement about the three processes – respiration, combustion and rusting, is correct? 

A Nitrogen must be present for the processes to occur. 
B The mass of reactants is greater than that of the products. 
C The processes cause a decrease in the oxygen content of the atmosphere. 
D The processes cause an increase in the carbon dioxide content of the atmosphere. 
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pure 
copper

aqueous copper(II) nitrate

plastic toy
(sprayed with a layer 

of graphite)

34 Ammonia is manufactured by the Haber Process.

Which statement is correct?

A At the optimum conditions, the yield of ammonia is 100 %.
B Hydrogen is the reducing agent.
C Increasing the temperature lowers the activation energy.
D Nitrogen is oxidised by hydrogen.

35 A student decides to coat his plastic toy with a layer of copper metal using electrolysis.  
The diagram shows his set-up.

The experiment failed and no copper was deposited on the plastic toy.  

Which statement best explains why the experiment failed?

A The electrolyte used should be aqueous silver nitrate.
B The plastic toy should not be submerged in the electrolyte.
C The plastic toy should not be sprayed with a layer of graphite.
D The pure copper strip should be attached to the positive electrode.

36 The diagram shows an electrolysis experiment to electroplate nickel with a different metal.

Which nickel electrode(s) is/ are plated with a metal? 

A 1 only 
B 1 and 3 only 
C 2 only 
D 2 and 4 only 

www.KiasuExamPaper.com 
13



CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/01 Sec 4E

12 [Turn over

37 The diagram shows the electrolysis of a substance X after a few hours.

What substance could X be?

A copper(II) sulfate solution
B concentrated hydrochloric acid 
C silver nitrate solution 
D sodium chloride solution

38 Copper wire is used to complete an electrical circuit.

Which statement correctly describes what happens in the copper wire?

A Electrons move along the wire to the negative terminal and positive ions stay in position.
B Electrons move along the wire to the positive terminal and positive ions move to the negative

terminal.
C Electrons move along the wire to the positive terminal and positive ions stay in position.
D Negative ions move along the wire to the positive terminal while positive ions move to the 

negative terminal.

copper wire

lamp

gases

positive electrodenegative electrode

X
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39 In the graph, curve 1 was obtained by observing the decomposition of 100 cm3 of 1.0 mol/dm3

hydrogen peroxide solution, catalysed by manganese(IV) oxide.

2H2O2 2H2O  +  O2

Which alteration to the original experimental conditions would produce curve 2?

A adding some 0.1mol /dm3 hydrogen peroxide solution
B lowering the temperature
C using a different catalyst
D using less manganese(IV) oxide

40 In which reaction is the pressure least likely to affect the speed of reaction?

A C(s) + CO2(g) 2CO(g)
B N2(g) + 3H2(g) 2NH3(g)
C 2SO2(g) + O2(g) 2SO3(g)
D NaOH(aq) + HCl(aq) NaCl(aq) + H2O(l)

2
1

volume of oxygen

time
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Colours of Some Common Metal Hydroxides

aluminium hydroxide white

calcium hydroxide white

copper(II) hydroxide light blue

iron(II) hydroxide green

iron(III) hydroxide red-brown

lead(II) hydroxide white

zinc hydroxide white
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Section A [50 marks]
Answer all the questions in this section.

Write your answers in the spaces provided.

1 Fig 1.1 shows the set-up of an experiment. After some time, a ring of yellow powder is seen in the tube.
A, B or C are possible positions at which this ring may be formed.

Fig 1.1

It is known that hydrogen sulfide gas reacts with sulfur dioxide gas as follows:

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

(a) Name the yellow powder formed in the tube.

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

(b) (i) At which position, A, B or C is the ring of yellow powder most likely to be formed?

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

(ii) Explain your answer to (b)(i).

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

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

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

[Total: 4]

cotton wool soaked in 
hydrogen sulfide solution

cotton wool soaked in sulfur 
dioxide solution

A  B   C 
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2 Fig. 2.1 shows the structures of various compounds, A, B, C, D, E and F.

                                                                    Fig. 2.1

(a) Use the letters A to F to answer the following.
Each compound may be used once, more than once or not at all.

(i) Which compound is most likely to contribute to acid rain?

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

(ii) Which compound is an amphoteric oxide?

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

(iii) Which two of these compounds have giant structures?

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

(iv) Which compound when molten, releases a reddish brown gas at the anode during
electrolysis?

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

(b) State the empirical formula of compound F.

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

[Total: 5]

A                                               B                                                   C

D                                               E                                                  F
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3 Two experiments were carried out to find out the positions of the metals cobalt (Co), gallium (Ga) 
and bismuth (Bi) in the reactivity series.

In experiment I, hydrogen gas was passed separately over the heated oxides of the three metals in the 
combustion tube. The results are given in Table 3.1.

Table 3.1

metal oxide formula appearance before 
heating

appearance after heating

cobalt oxide CoO green powder grey powder and a colourless 
liquid on the side of the glass tube

gallium oxide Ga2O3 white powder white powder; 
no liquid on glass tube

bismuth oxide Bi2O3 yellow powder grey powder and a colourless
liquid on the side of the glass tube

In experiment II, pieces of Bi, Ga and Co were added separately to a solution of Pb(NO3)2. The 
results are given in Table 3.2.

Table 3.2

cobalt gallium bismuth

Grey solid formed on cobalt.
The solution slowly turned pink.

Grey solid formed on gallium.
The solution remained 

colourless.

No change in bismuth metal 
or in solution.

(a) From the results of both experiments, place Bi, Ga, Co and Pb in the correct order in the reactivity 
series.                                                                              

  most reactive  ……………….…………………………… 

     ……………….…………………………… 

     ……………….…………………………… 

  least reactive            ……………….…………………………… 

[2]

(b) Name the colourless liquid observed when Bi2O3 and CoO are heated in hydrogen.

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

(c) State the property hydrogen shows when it reacts with bismuth oxide.

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

(d) Write an ionic equation for the reaction between Ga and Pb(NO3)2 solution.   

……………………………………………………………………….………………………...……… [2]
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3 (e) Describe what you would observe if a piece of cobalt is placed in aqueous bismuth nitrate.      

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

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

[Total: 8]

4 Fig. 4.1 shows some reactions of copper(II) nitrate, Cu(NO3)2.

heat strongly

Cu(NO3)2 (s)

dissolve in water

Fig. 4.1

(a) When two moles of Cu(NO3)2 is heated strongly, two moles of CuO, four moles of A and one 
mole of B are made.

(i) Identify B.

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

(ii) Write the balanced chemical equation for the reaction when Cu(NO3)2 is heated.

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

(b) Identify

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

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

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

(c) Write the ionic equation for the formation of the light blue precipitate D.

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

[Total: 7] 

colourless gas that relights
a glowing splint

B
brown gas

A
black solid

CuO(s)

light blue precipitate
D

colourless gas 
C

green precipitate
CuCO3(s)

reagent X Cu(NO3)2 (aq)
warmed with aqueous sodium 

hydroxide and aluminium powder
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5 5 g of hydrogen reacts with 142 g of chlorine to form hydrogen chloride. The reaction is exothermic and 
can be represented by the equation shown.

H2 + Cl2 2HCl  H = – 184 kJ/mol

(a) Explain with supporting calculations which reactant is in excess.

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

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

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

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

(b) Calculate the energy released when 4 g of hydrogen reacts completely with 71 g of chlorine. 

You may assume that no other side reaction occurs.

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

(c) Explain why the reaction is exothermic, in terms of the energy changes that take place during bond 
breaking and bond making.

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

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

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

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

[Total: 7]
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6 In an experiment, 20.0 cm3 of 0.550 mol/dm3 of barium nitrate was added to excess aqueous sodium 
sulfate to produce barium sulfate and sodium nitrate.

(a) Calculate the maximum mass of barium sulfate produced.

mass = …………….. g

[2]

(b) A mass of 1.92 g of dry barium sulfate was obtained. 

Calculate the percentage yield of barium sulfate.

  percentage yield = …………………. %

[2]

[Total: 4]
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7 Fig. 7.1 shows part of the electrolytic cell for an electroplating process.

Fig. 7.1

(a) A student wants to electroplate her key with copper. 

Complete Fig. 7.1 by drawing in a battery and connecting wires.                                                [1]  

(b) Write the half equations for the reactions occurring at the electrodes.             

anode  : ………………………………………………………………… 

cathode : …………………………………………………………………                        [2]   

(c) State one use of electroplating.                    
                                                     
……………………………………………………………………….………………………………… [1]

(d) Table 7.1 shows information about the electroplating process.

Table 7.1

before electroplating after electroplating

mass of impure copper electrode/ g 150 136.5

mass of key/ g 62 74.6

Calculate the percentage of impurities in the impure copper electrode

percentage yield = …………………. %

[2]

[Total: 6]

       impure copper
key

aqueous copper(II) sulfate

www.KiasuExamPaper.com 
25



CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E

9 [Turn over

8 (a) Fig. 8.1 shows the set-up of a simple cell which can be used to determine the relative positions of 
metals in the reactivity series. The voltage of the cell is measured by a voltmeter.

                                                                  Fig. 8.1

Results from cells using the metals cadmium, tin, zinc and copper are given in Table 8.1.

Table 8.1

cell electrode 1 ( ) electrode 2 (+) voltage / volts
1 cadmium copper 0.74
2 tin copper 0.48
3 zinc copper 1.10

(i) Explain what is meant by a simple cell?

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

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

(a) (ii) Place the four metals in order of increasing reactivity and explain how you used the data in 
Table 8.1 to arrive at this order.

least reactive …………………………………………. 

   …………………………………………. 

   …………………………………………. 

most reactive ………………………………………….

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

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

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

……………………………………………………………………….…………………………… [3]
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8 (b) Cadmium is in the same group of the Periodic Table as zinc. Cadmium carbonate is insoluble in 
water and reacts in the same way as zinc carbonate with dilute acids. Cadmium sulfate is soluble 
in water.

Describe how you would prepare a pure, dry sample of cadmium carbonate, starting from cadmium 
sulfate.

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

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

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

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

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

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

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

[Total: 9]
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Section B [30 marks]
Answer three questions.

Question 11 is in the form of an Either/ Or question. Only one part should be answered.
Write your answers in the spaces provided.

9 Aspirin is a medicine that is used as a painkiller. It is made from salicylic acid.

(a) A student makes a sample of aspirin. She thinks it contains some impurities.

(i) The student tests the melting point of the sample of aspirin.

Explain how she can use the result of the test to find out whether the sample contains 
impurities.

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

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

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

(ii) The student uses chromatography to compare the sample of aspirin in (a) with pure 
samples of aspirin and salicylic acid.

Fig. 9.1 shows the results of the chromatogram.

Fig. 9.1

Is the student’s sample of aspirin pure? Explain your answer.

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

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

student’s 
sample

pure 
aspirin

salicylic 
acid

start line

solvent front
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9 (a) (iii) In another chromatography using pure samples of aspirin and salicylic acid, the solvent 
was allowed to travel 9 cm from the start line.  

Table 9.1 shows the Rf values of pure aspirin and salicylic acid.

Table 9.1

substance aspirin salicylic acid

Rf values 0.56 0.654

Using the information provided in Table 9.1, calculate the distance travelled by aspirin. 

distance = ……………… cm
[1]

(b) The student buys a few packets of aspirin tablets from a store and performs a titration using a 
crushed tablet and aqueous sodium hydroxide.

The formula for aspirin can be represented as             .

The equation for the reaction between aspirin and aqueous sodium hydroxide is shown below.

    +   NaOH                  +   H2O 

Table 9.2 shows the results of the student’s titration.

Table 9.2

concentration of aqueous NaOH used 0.10 mol/dm3

volume of aqueous NaOH needed for neutralisation 15.90 cm3

relative molecular mass of aspirin 180

(i) Calculate the mass of aspirin, in mg, in one tablet. Leave your answer in 3 significant 
figures. (1 g = 1000 mg)

mass = ……………………. g

[3]

         .COOH

+   NaCOOH          +   HCOONa
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9 (b) (ii) It is known that some aspirin tablets also contain citric acid. The student repeats the titration 
using one of these tablets.

Explain why the mass of aspirin calculated in the second titration is different from that in 
(b)(i).

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

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

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

[Total: 10]
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10 An experiment was carried out involving two separate reactions between 0.18 g of magnesium and two 
acids, hydrochloric acid and sulfuric acid. The volume and concentration of both acids used were  
20.0 cm3 and 2.00 mol/dm3. The results of reactions A and B are shown on Fig. 10.1.

A third reaction C was carried out using 20.0 cm3 and 2.00 mol/dm3 of an acid and a unknown amount 
of magnesium ribbon.
  

(a) With relevant equations and calculations, explain why the same volume of gas was produced for 
reactions A and B.                                                                                       

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

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

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

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

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

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

volume of gas/ cm3

time/ s
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10 (b) Determine which reaction, A or B, used sulfuric acid.

Explain your choice.                                                                                                                         

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

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

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

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

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

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

(c) In reaction C, identify the acid and calculate the mass of magnesium ribbon that was used.           

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

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

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

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

(d) When calcium was used in place of magnesium to react with the 2.00 mol/dm3 sulfuric acid, the 
reaction stopped very quickly and also produced less gas.

Give reasons for this observation.                                                                                                     

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

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

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

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

[Total: 10]

www.KiasuExamPaper.com 
32



CHIJ Katong Convent Mid-Year Exams 2018 Chemistry 6092/02 Sec 4E

16 [Turn over

11 Either

Diesel engines can be run with a lean burn air-to-fuel ratio which is larger than that in petrol engine,
This is to ensure the full combustion of soot and to prevent them from giving out unburnt fuel. This then 
leads to generation of oxides of nitrogen (NOx), which are harmful pollutants, from the nitrogen and 
oxygen in the air.

Introduction to Diesel Exhaust Fluid (DEF)
Diesel exhaust fluid (DEF) is an aqueous urea solution made with 32.5% by mass of urea, (NH2)2CO, 
and 67.5% by mass of deionised water. It is called AUS 32 (aqueous urea solution). 

DEF is used in selective catalytic reduction (SCR) in order to lower the concentration of NOx in the 
diesel exhaust emissions from diesel engines. Within the SCR catalyst, the NOx are catalytically 
reduced by ammonia into water and nitrogen, which are both harmless. These are then released 
through the exhaust.

Source: http://www.dieselforum.org/about-clean-diesel/what-is-scr 

Selective Catalytic Reduction (SCR) systems
SCR catalysts are made from various ceramic materials used as a carrier, such as titanium oxide, and 
active catalytic components are usually oxides of base metals such as vanadium, molybdenum and 
tungsten. 

The two most common designs of SCR catalyst geometry used today are honeycomb and plate. Each 
design has different advantages and disadvantages. 

plate-type honeycomb-type
pressure drop lower larger
plugging and fouling less susceptible more susceptible
size large and bulky smaller
price expensive relatively cheaper

*‘Plugging and fouling’ causes the catalyst to be coated with a layer of unwanted material.
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Reduction of oxides of nitrogen (NOx)
DEF from a separate tank is injected into the exhaust pipeline. When it is injected into the hot exhaust 
gas stream, the water evaporates and the urea thermally decomposes to form ammonia and isocyanic 
acid:

(NH2)2 3(g) + HNCO(g)

The isocyanic acid hydrolyses to carbon dioxide and ammonia:

HNCO(g) + H2 2(g) + NH3(g)

Overall reaction:
(NH2)2CO(g) + H2 3(g) + CO2(g)

From this point, ammonia, in the presence of oxygen and a catalyst, will reduce oxides of nitrogen:

2NO(g) + 2NH3(g) + 
2
1

O2 2(g) + 3H2O(g) and

3NO2(g) + 4NH3
2
7

N2(g) + 6H2O(g)

The overall reduction of nitrogen monoxide by urea is:

2(NH2)2CO(g) + 4NO(g) + O2 2(g) + 4H2O(g) + 2CO2(g)

DEF is injected into the exhaust gas at 2–6% of diesel consumption volume. 

Storage
It is recommended that DEF be stored in a cool, dry, and well-ventilated area that is out of direct 
sunlight. 

Adapted from: https://en.wikipedia.org/wiki/Diesel_exhaust_fluid 
https://en.wikipedia.org/wiki/Selective_catalytic_reduction

(a) Suggest why the running of diesel engines with a lean burn air-to-fuel ratio leads to the 
production of more oxides of nitrogen.

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

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

(b) Suggest why, unlike diesel engines, petrol engines do not require the use of DEF.

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

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

(c) Which type of SCR design, honeycomb or plate, is more suitable to be fitted in cars? 

Give a reason for your answer.

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

……………………………………………………………………………….…………………………. [1] 
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11 (d) State the overall equation for the reduction of nitrogen dioxide (NO2) by urea.

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

(e) (i) What is the maximum volume of DEF vapour that needs to be added to 100 dm3 of diesel 
vapour?

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

(ii) What is the maximum volume of nitrogen gas that can be formed from the combustion 
of 100 dm3 of diesel vapour if the DEF injected only contains urea?

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

(f) State why active catalytic components are usually oxides of metals such as vanadium, 
molybdenum and tungsten instead of Group I metals.

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

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

(g) Suggest why DEF should be stored in a cool area that is out of direct sunlight.

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

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

(h) Explain why the use of DEF is not completely environmentally friendly.

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

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

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

[Total: 10]
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11 OR

The reaction between nitrogen and hydrogen to form ammonia is a reversible reaction. This means 
that when nitrogen and hydrogen react to form ammonia, some ammonia is decomposed back to its 
reactants at the same time. The two reactions are shown below:

Forward reaction: N2 + 3H2 2NH3      H = _ 92.4 kJ/mol
Backward reaction: 2NH3  N2 + 3H2

The forward reaction is exothermic.
During the development of Haber process, Fritz Haber conducted a series of experiments to determine 
the most cost-effective way to produce ammonia. Table 11.1 shows some of the results. In each case, 
the experiment began with the molar ratio of nitrogen to hydrogen 1:3.

Table 1.1

temperature (oC) pressure (atm)
300 400 500

400 48% NH3 55% NH3 61% NH3

500 26% NH3 32% NH3 38% NH3

600 13% NH3 17% NH3 21% NH3

He applied Le Chatelier's principle to the reaction. This principle, in simple terms, states that when a 
change is applied to a reaction system, the system will tend to move in a direction that reduces the 
change.

For example, when a change such as increased pressure is applied to a mixture of nitrogen and 
hydrogen, more ammonia will be formed as there will be fewer number of moles of ammonia than 
nitrogen and hydrogen. As a result, the change is reduced. Hence, in this reaction, an increase in 
pressure tends to favour the forward reaction as it reduces the pressure on the system. Consequently, 
more ammonia is produced.

(a) By referring to the data in Table 11.1, state the physical conditions required to produce the highest 
amount of ammonia.

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

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

(b) With reference to the kinetic particle theory and relevant number of moles of gases, explain why 
the forward reaction of Haber Process reduces pressure.

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

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

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

……………………………………………………………………………….…………………………. [2]
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11 (c) Ideally, as ammonia is being formed, it should be removed as quickly as possible.
With reference to Le Chatelier's principle and/ or other suitable explanation, suggest why this is 
done.

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

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

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

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

(d) With reference to Le Chatelier's principle and enthalpy change, explain the effect of raising the 
temperature on the amount of ammonia produced in the Haber process.

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

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

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

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

(e) One way to increase the rate of reaction between nitrogen and hydrogen to produce ammonia 
is to raise the temperature. Unfortunately, this method increases the rate of decomposition of 
ammonia as well.

Suggest another way to increase the rate of reaction between nitrogen and hydrogen in the 
Haber process without altering the temperature.

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

(f) Draw and label the energy profile diagram of the forward reaction of the Haber process.

[2]

[Total: 10]
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Colours of Some Common Metal Hydroxides

aluminium hydroxide white

calcium hydroxide white

copper(II) hydroxide light blue

iron(II) hydroxide green

iron(III) hydroxide red-brown

lead(II) hydroxide white

zinc hydroxide white
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4E Chemistry MYE 2018 answer scheme 

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

11 B 12 C 13 A 14 D 15 B 
16 B 17 B 18 C 19 A 20 C 
21 C 22 A 23 B 24 C 25 B 
26 A 27 B 28 C 29 C 30 B 
31 A 32 A 33 C 34 B 35 D 
36 C 37 D 38 C 39 A 40 D 

Section A (50 marks) 

Qn no Answer Marks/ 
Remarks 

1(a) sulfur [1] 
1(b)(i) Position C [1] 
1(b(ii) Hydrogen sulfide (Mr = 34) has a smaller molecular mass compared to sulfur dioxide (Mr = 

64). 
Hence, hydrogen sulfide diffuses faster than sulfur dioxide and travel further to react with 
sulfur dioxide at point C. 

[1] 

[1] 

2(a)(i) A [1] 
2(a)(ii) E [1] 
2(a)(iii) C and E [1] 
2(a)(iv) C [1] 
2(b) CH2Br [1] 

3(a) Gallium/ Ga 
Cobalt/ Co 
Lead/ Pb 
Bismuth/ Bi 

All correct 
– [2],
2-3

correct – 
[1] 

3(b) water  [1] 
3(c) Hydrogen is a reducing agent.  

(Accept Hydrogen is more reactive than Bismuth) 
[1] 

3(d) 2Ga (s)  +  3Pb2+ 3+ (aq) + 3Pb (s)  

½ mark – correct formula 
½ mark – correct state symbols 
1 mark – correct balancing  

[2] 

3(e) Grey solid formed on cobalt.  
The solution turned pink.   

[1] 
[1] 

4(a)(i) B is O2 [1] 
4(a)(ii) 2Cu(NO3)2          2CuO  +  4NO2   + O2 

Identification of NO2 as a product (1) 
Balanced equation  

[2] 

4(b) C is ammonia  
D is copper(II) hydroxide 
X is Any soluble carbonate e.g. sodium carbonate / potassium carbonate / ammonium 
carbonate  

[1] 
[1] 
[1] 

4(c) Cu2+ (aq) + 2OH- (aq)   Cu(OH)2 (s) [1] 
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a)(i) A [
a)(ii) E [
a)(iii) C and E [
a)(iv) C [
b) CH2Br [

a) Gallium/ Ga
Cobalt/ Co
Lead/ Pb
Bismuth/ Bi

All co
–
2

corr
[

b) water  [
c) Hydrogen is a reducing agent. 

(Accept Hydrogen is more reactive than Bismuth)
[

d) 2Ga (s)  +  3Pb2+ 3+ (aq) + 3Pb (s)  

½ mark – correct formula
½ mark – correct state symbols
1 mark – correct balancing 

[

e) Grey solid formed on cobalt.  [
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5(a) Hydrogen; 
Number of moles of H2 = 5/2 = 2.5 mol 
Number of moles of Cl2 =142/71 = 2 mol; 
Mole ratio is 1: 1, hence hydrogen is in excess 

[1] 
[1] 
[1] 

5(b) Energy released = 184 x 2 = 368 kJ; [1]

5(c) Energy taken in to break bonds in hydrogen and chlorine; 
is less than;  
energy given out to form bonds in hydrogen chloride; 

[1] 
[1] 
[1] 

6(a) Number of moles = 0.020 X 0.550 = 0.011 mol 
Mass = 0.011 x (137 + 32 +16x4) = 2.563 g 

[1] 
[1] 

6(b) Percentage yield = (1.92 ÷ 2.563 ) x 100 % = 74.9%
ECF for (a) 

[1] 

7(a) 

Must show correct polarity of cell 

[1] 

7(b) Anode: Cu(s)  Cu2+(aq) + 2e-  
Cathode: Cu2+(aq) + 2e-  Cu(s) 

1 mark for each correctly balanced equation with state symbols. 

[1] 
[1] 

7(c) To prevent corrosion/ to improve the appearance of an object [1] 
7(d) Mass of copper + impurities lost from electrode 

= 150 - 136.5   
=13.5 g 

Mass of copper deposited on key 
= 74.6 - 62 
=12.6 g  

Mass of impurity 
= 13.5 - 12.6 
=0.9 g  

Percentage of impurities in copper electrode 
= . . × 100% = 6.67% 

Award 1 mark if students found percentage purity instead of percentage impurity. 

0.5 

0.5 

0.5 

0.5 

8(a)(i) device which changes chemical energy [1] into electrical energy; [1]
OR 
produces a voltage / potential difference / electricity [1] due to difference in reactivity of 
two metals; [1] 
OR 
produces a voltage / potential difference / electricity [1] by redox reactions [1] 
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( ) gy ;

5(c) Energy taken in to break bonds in hydrogen and chlorine; 
is less than;
energy given out to form bonds in hydrogen chloride;

6(a) Number of moles = 0.020 X 0.550 = 0.011 mol
Mass = 0.011 x (137 + 32 +16x4) = 2.563 g 

6(b) Percentage yield = (1.92 ÷ 2.563 ) x 100 % = 74.999999999999999999999999999999999999999999999999999999999%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
ECF for (a)

7(a)

Must showw ccorrrerect pololararitity y ofof ccelell
7(b) Anode: CCu(u(s)s) Cu2+2+(a(aq)q) ++ 22ee-

Cathode: Cu2+(aaq)q) + 22ee- CuC (s)

1 mamarkrk fforor eeacach h cocorrectly balanced equation with state symbols.
7(c) To pprereveventt ccororrosion/ to improve the appearance of an object
7(d) Masss oof f cocopper + impurities lost from electrode

= 150 - 136.5  
=13.5 g
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8(a)(ii) Cu Sn Cd Zn (i.e. all 4 in correct order) 

The further apart the metals in the reactivity series, the greater the voltage produced. 
Tin-copper pair has the smallest voltage hence tin is just slightly more reactive than 
copper. 
Zinc-copper pair has the largest voltage hence zinc is the most reactive amongst the 4 
metals. 

[1] 

[1] 

[1] 

8(b) 1. Add aqueous cadmium sulfate to aqueous sodium carbonate (or any soluble carbonate).
2. Filter the mixture to obtain the precipitate (cadmium carbonate).
3. Wash the residue.
4. Dry the residue (using sheets of filter paper).

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

Section B (30 marks) 

Qn no Answer Marks/ 
Remarks 

9(a)(i) If his sample is pure, the melting point should be a fixed temperature.  
If his sample is not pure, the aspirin should melt over a range of temperatures. 

[1] 
[1] 

9(a)(ii) Sample is not pure.  
Sample contains two impurities.  
The impurities are salicylic acid and an unidentified/unknown substance. 

[1] 
[1] 

9(a)(iii) 0.56  9 = 5.04 cm [1] 
9(b)(i) mole ratio of aspirin : NaOH = 1:1 (from equation) 

Mass of aspirin  =  . ×  0.10   ×    ×   180   =   0.286 g = 286 mg 
Award 1m for calculating number of moles of aspirin using ‘M = C  V’. 
Award 1m for calculating mass of aspirin using ‘mass = molar mass   moles’. 
Award 1m for giving final answer in mg and 3 s.f. 

[3] 

9(b)(ii) Citric acid (in the tablets) will also react with / be neutralised by sodium 
hydroxide during the titration. 
Hence more sodium hydroxide would be used / the calculated mass of aspirin 
will be greater than actual. 

[1] 

[1] 

10(a) No. of moles of Mg = 0.18 / 24 = 0.0075  
No. of moles of hydrochloric acid = No. of moles of sulfuric acid 
= 0.02 x 2.00 = 0.04  
Mg + 2 HCl MgCl

2 
+ H

2 

1 mole of Mg reacts with 2 moles of HCl,  
hence, magnesium is the limiting reactant and hydrochloric acid is in excess. 
Mg + H

2
SO

4 
 MgSO

4 
+ H

2 

1 mole of Mg reacts with 1 mole of H
2
SO

4 

hence, magnesium is the limiting reactant and sulfuric acid is in excess.  
Since magnesium is the limiting reactant for both reactions, the same volume of 
hydrogen is produced. 

[1] 

[1] 

[1] 

10(b) Curve A.  
This is because curve A has a steeper gradient showing that its reaction is faster. 
Reaction between magnesium and sulfuric acid is faster than its reaction with 
hydrochloric acid because there are more hydrogen ions per unit volume / 
higher concentration of hydrogen ions in sulfuric acid.  

[1] 
[1] 

[1] 
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Section B (30 marks)

Qn no Answer Marks/
Remarks

9(a)(i) If his sample is pure, the melting point should be a fixed temperatttururure.e.e. 
If his sample is not pure, the aspirin should melt over a range of tetetempmpmppppppperee aatatuures.

[1]
[1]

(a)(ii) Sample is not pure. 
Sample contains two impurities. 
The impurities are salicylic acid and an unidentified/unnnnnnknknknkknknnnnknknnnnnkknnnnnkknkkknnnknknnknknknknnnknkknknnnkknnnnknnkknknknknnnnknnknnknkknknnnnknnknkknknknnnkkkknkknkkkkkkknkkknkkkk owowowoowowowowwowowwowowowowwowowowowowowowowowowowowowwowowowowowowowowowwowowowwowwowowowowowwwwwwwwwwowowwowwwowowwwwwwwowowwwoowwowooowwowowowowwowowoowooowwwoowwooowwwooowwwowwowoooowwooooooooowoooooooownnnnnnnnnn nn nnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnn ssusususussususususususususuusususususssussuusususususususussusususussuusuuusuususssusuussssssusuuuuususssussusssussuuuususususussususussssuuussuuusuuusssuuuuususuusuuuusususuussusuuuusuuuuususuusussuuuusuuusuuubsbsbsbsbbsbbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbsbbbbsbsbbsbsbsbbsbsbsbsbsbsbsbsbsbsbbsbsbsbsbsbbsbsbsbsbbsbsbbbbbbsbsbbsbbbbbbbbbbsbbbbbsbbbbsbbbbbsbbbbbbbbbbsbbbsbbsbsbbbbbbsbssbsbsssbsbssbssssssssssssssssssssssssbsbsb tatatttttatatataatatatatatattttaatatatatatatatatatttattaaatataatataatatttatatatatatatattatatatatatatttaatataatatatttatatttttatataatatatattaatatatatattatttatattaaaataaaatattaaaataaaatataaaaaaaaaaaaaatatatttat ncnncncncnnnnnncnncnnnnnccncncncnnnnnnncncncncncncncncnnccncncccncncncccnn e.e.e.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee  

[1]
[1]

a)(iii) 0.56 9 = 5.04 cm [1]
(b)(i) mole ratio of aspirin : NaOH = 1:1 (from equation)

Mass of aspirin  =  . × 0.10 × × 180   =   0.286 g = 286 mggg
Award 1m for calculating number of moles of aspirin using ‘M = C V’.
Award 1m for calculating mass of aspirin using ‘mass = molar mass  moles’.
Award 1m for giving final answer in mg and 3 s.f.

[3]

b)(ii) Citric acid (in the tablets) will also react with / be neutralised by sodium 
hydroxide during the titration.
Hence more sodium hydroxide would be used / the calculated mass of aspirin 
will be greater than actual.

[1]

[1]

0(a) No. of moles of Mg = 0.18 / 24 = 0.0075 
No. of moles of hydrochloric acid = No. of moles of sulfuric acid 
= 0.02 x 2.00 = 0.04 
Mg + 2 HCl MgCl

2
+ H

2 

1 mole of Mg reacts with 2 moles of HCl, 
h h l d h d hl d

[1]
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10(c) The acid used is sulfuric acid because it has the same initial rate of reaction. 
Volume of hydrogen = 90 cm

3
.

No. of moles of hydrogen = 0.09 / 24 = 0.003750  
No. of moles of magnesium = 0.003750  
Therefore, mass of magnesium = 0.003750 x 24  
= 0.09 g  
OR  
Volume of hydrogen is half that of curve A and magnesium is the limiting 
reactant. Hence mass of magnesium = 0.18 / 2 = 0.09 g  

[1] 

[1] 

10(d) The reaction stopped very quickly because when calcium reacts with sulfuric acid, 
a layer of insoluble calcium sulfate coats over the calcium.  
Hence, some calcium remains unreacted, resulting in less hydrogen produced.  

[1] 
[1] 

11  
Either 
11(a) Lean burn engines uses more air so more nitrogen gas can burn in oxygen; [1] 

11(b) Petrol engines produce less soot; petrol is easier to burn completely; petrol 
engines produce less oxides of nitrogen; 

[1] 

11(c) Honeycomb type as it is smaller; [1] 

11(d) 
2(NH2)2CO + 3NO2 

2
7

N2 + 4H2O + 2CO2; 
[1] 

11(e)(i) 6 dm3 [1] 
11(e)(ii) 12 dm3 [1] 
11(f) They are transition metals; [1] 
11(g) To prevent the decomposition of DEF; [1] 
11(h) It produces carbon dioxide which is a greenhouse gas;  

excessive amount leads to global warming which results in melting of polar ice 
caps; 

[1] 
[1] 

11 OR 
11(a) 400 oC, 500 atm [1] 
11(b) When more ammonia is formed, the total number of moles of gases reduces 

since 4 moles of reactants (nitrogen) produce 2 moles of products (ammonia). 
Since there are fewer particles per unit volume, pressure is reduced.  

[1] 

[1] 
11(c) The change is 'ammonia removal'. To reduce this change, there is a tendency to 

produce more ammonia.  
Hence, removing ammonia will cause more ammonia to be formed.  

Or 

The reaction between nitrogen and ammonia is a reversible process. 
Thus some of the ammonia produced will be converted back into nitrogen and 
hydrogen. 

[1] 

[1] 

[1] 
[1] 

11(d) The reaction is exothermic so heat is produced. 
When heat is applied to the system, to reduce this change, the reverse reaction 
which is endothermic (cold) will tend to occur to reduce the amount of heat that 
is applied.  

[1] 

[1] 

11(e) use a catalyst (of iron) [1] 
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[1]

1(e)(i) 6 dm3 [1]
1(e)(ii) 12 dm3 [1]
1(f) They are transition metals; [1]
1(g) To prevent the decomposition of DEF; [1]
1(h) It produces carbon dioxide which is a greenhouse gas; 

excessive amount leads to global warming which results in melting of polar ice 
caps;

[1]
[1]

1 OR
1(a) 400 oC, 500 atm [1]
1(b) When more ammonia is formed, the total number of moles of gases reduces 

since 4 moles of reactants (nitrogen) produce 2 moles of products (ammonia). 
Since there are fewer particles per unit volume, pressure is reduced. 

[1]

[1]
1(c) The change is 'ammonia removal'. To reduce this change, there is a tendency to 

produce more ammonia. 
Hence, removing ammonia will cause more ammonia to be formed. 

Or

[1]

[1]
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11(f) [1] shape
[1] label

\N2 + H2

activation energy (E
a
)

H = -92.4 kJ/mol

NH3

Energy 

Progress of reaction
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1 The diagram shows how to obtain pure water from seawater.

Where do water molecules lose energy?

Refer to the following to answer questions 2 and 3.  

2 In a car engine, petrol vapour is mixed with air and undergoes combustion. When different 
amounts of petrol are mixed with air, different amounts of pollutant gases will be formed.

Graph I shows how the production of carbon monoxide (CO), nitrogen oxides (NOx) and 
hydrocarbons (HC) is dependent on the ratio of air to petrol.

 
 
 
 

C

D

B

A

Concentration 
of pollutant 

gases

Graph I

rich               Air/fuel ratio         lean
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3

Graph II shows how the engine power and temperature vary with the different ratios of air
to fuel of the fuel mixture.

Which of the following is not true?

A The amount of carbon monoxide decreases as the air to fuel ratio increases.
B The emission of nitrogen oxides increases as temperature of engine increases.
C Increasing the proportion of air in the mixture will increase the amount of 

hydrocarbons emitted.
D Increasing the proportion of air in the mixture will increase the level of nitrogen 

oxides produced.

3 Which of the following conclusions cannot be drawn based on the information from the 
graphs?

A A fuel-rich mixture and low combustion temperature will reduce nitrogen oxide 
formation.

B The overall levels of the three pollutants are best reduced by increasing the air-to-
fuel ratio.

C A fuel-lean mixture reduces the carbon monoxide and hydrocarbons but reduces 
the engine output.

D A fuel-rich mixture reduces the level of nitrogen oxides emitted but reduces the 
engine power output. 

rich                 Air/fuel ratio           lean

Graph II

www.KiasuExamPaper.com 
49



GESS 4EXP Chemistry 6092/1 Mid-Year 2018 CMT

4

Refer to the following to answer questions 4 and 5.  

1-hexene and 1-heptene are two members of the alkene class of hydrocarbons. 

A small amount of mixture of 1-hexene and 1-heptene was placed in a boiling tube and 
gently heated to boiling in a sand bath using the following setup:

 

Droplets were formed and could be seen condensing on the sides of the tube. When the 
vapour condensation line reached the level marked X, the hot vapours were very slowly 
withdrawn and condensed by using a small dropper.

4 What is the purpose of the copper metal sponge?

A Minimises contact of the mixture with 
air.

B Prevents the two compounds from 
escaping.

C Acts as a catalyst to speed up the 
reaction of the two compounds.

D Provides a large surface area for 
repeated vapourisation and 
condensation. 

5 What process is demonstrated in this experiment?

A Cracking B Combustion
C Addition reaction D Fractional distillation

6 Which of the following does not affect the rate at which a gas spreads throughout a room?

A Boiling point of gas B Temperature of gas
C Molecular mass of gas D Density

Copper 
metal sponge

Boiling 
chips

Hexene-heptene 
mixture

Dropper

Vapour 
droplets

heat

X
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10 Element X forms the ion X2
2- with the following structure: 

What is the formula of the covalent compound X forms with chlorine?

A XCl B XCl2
C XCl3 D XCl4

7 Three elements, X, Y and Z have consecutive increasing atomic numbers. 

If element Y is a noble gas, what will be the symbol for the ions formed by elements X and 
Z in their compounds?

A X- and Z+ B X2- and Z2+

C X+ and Z- D X2+ and Z2-

8 Potassium ferrate, K2FeO4, has been described as a ‘green oxidising agent’ because the 
by-products generated are environmentally-friendly. 

What are the ions in this compound?

A K+, FeO4
2-

B K2
+,  FeO4

-

C K+, Fe6+, O2-

D K2
+,  Fe2+, O2-

9 Peeling onions often causes tearing of the eyes due to the release of a sulfide compound. 
Peeling them under running water reduces the problem. Which of the following statements 
are true of the sulfide compound?

I. It is soluble in water
II. It has low boiling point.
III. It has small and light ions with weak bonding.
IV. It is a covalent compound with weak covalent bonds.

A I and II only B I and IV only
C I, II and Ill only D I, II and IV only

x

x

x

x

x

2-
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11 What is the maximum concentration of H+ ions in 0.250 mol/dm3 of phosphoric(V) acid,
H3PO4?

A 0.125 mol/dm3 B 0.250 mol/dm3

C 0.500 mol/dm3 D 0.750 mol/dm3

12 Heating iron in dry chlorine gas results in the formation of an iron(II) chloride. Experimental 
determination gives a reading of 34.5% by mass of iron in the Iron(II) chloride formed. What 
is the charge of the iron in the chloride?

A 2- B 2+
C 3- D 3+

16 A compound Q formed white precipitate when acidified aqueous silver nitrate is added. 
Aqueous ammonia was used to identify the presence of the other ion and there is no 
visible change. Identify compound Q.

A Calcium chloride
B Ammonium nitrate
C Calcium nitrate
D Zinc chloride

13 Which of the following results is obtained when 100 cm3 of 0.500 mol/dm3 dilute sulfuric 
acid is added to 60.0 g of granular solid lead(II) carbonate?

A No visible reaction. B Colourless solution with 
effervescence is produced.

C Colourless solution with white 
precipitate 

D A colourless solution with white 
precipitate, effervescence and 
granular remains.

14 Which of the following pairs of aqueous reagents is not suitable for preparing insoluble 
salts?

A Sulfuric acid and calcium chloride
B Aluminium chloride and silver nitrate
C Barium hydroxide and copper(II) sulfate 
D Lithium carbonate and iron(II) sulfate

15 A salt has the formula NH4Fe(SO4)2.12H2O. Excess aqueous sodium hydroxide was added 
to an aqueous solution of the salt in a test tube and the mixture was then warmed gently. 
Which of the following would not be observed?

A A pungent gas was detected.
B A green precipitate was formed.
C A reddish brown precipitate was obtained.
D A piece of moist litmus paper placed at the mouth of the test tube turned blue.
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17 An aqueous solution of a salt X is placed in a test tube and sodium hydroxide solution is 
gradually added. The height of the precipitate in a test tube is plotted against the volume of 
sodium hydroxide solution added.

What could be X?

A Aluminium sulfate
B Calcium nitrate
C Iron(II) sulfate
D Ammonium nitrate

18 The formula for hydrated copper(II) nitrate is Cu(NO3)2.xH2O. It contains 36.5% water of
crystallisation by mass.

What is the value of x?
A 4 B 5
C 6 D 7

19 Element X is found in Group IV of the Periodic table. Which of the following could not be a 
formula for a compound of X?

20 Which of the following statements best explains why 99.99% copper is used in 
manufacturing high quality electrical wires for audio equipment?

A Copper is a good conductor of electricity.
B Copper is a very reactive metal. 
C 99.99% copper is less ductile and cannot be stretched easily.
D Copper is of high purity and is able to conduct electric current.

A XO

B XO2

C XO3
2-

D XO4

Height of precipitate

Volume of sodium hydroxide 
solution added
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21 Which of the following statements about Group VII is false?

A Colours of elements become darker
down the Group.

B Densities of elements increase down 
the Group.

C Melting points of elements increase 
down the Group.

D Number of valence electrons of 
elements increases down the Group.

22 Methane gas reacts extremely slowly with air at room temperature. If a piece of warm 
platinum is held in a methane-air mixture, methane ignites. Which of the following 
statements correctly describes the reaction with platinum?

            I The activation energy is low.
II The energy change is greater.
III The energy of the reactants is lower than expected.
IV The rate of reaction is faster.

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

A Catalyst is added into S.
B The acid is more concentrated in R than in S.
C The magnesium is less finely powdered in R than in S.
D The temperature in R is lower than in S.

23 A student investigates the rate of reaction between magnesium and excess sulfuric acid. 
The volume of hydrogen given off in the reaction is measured over time. 

The graph shows the results of two experiments, R and S.

Which change in conditions would cause the difference between R and S?
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24 Which statement is correct for the element of proton number 19?

26 The reactions shown may occur in the air during a thunder-storm. 

N2 + O2 2NO

2NO + O2 2NO2

NO + O3 NO2 + O2

Which row shows what happens to the reactant molecules in each of these reactions?

N2 NO O3

A oxidised oxidised oxidised
B oxidised oxidised reduced
C reduced reduced oxidised
D reduced reduced reduced

27 Iron is extracted from hematite in a blast furnace. 

Which reaction contributes most of the heat in the blast furnace as it increases the 
temperature to over 1500°C?

A calcium carbonate → calcium oxide + carbon dioxide
B calcium oxide + silicon dioxide → calcium silicate
C carbon + oxygen → carbon dioxide
D carbon dioxide + carbon → carbon monoxide

A It is a gas that dissolves in water.
B It is a hard metal that is not very reactive with water. 
C It is a non-metal that burns quickly in air.
D It is a soft metal that is highly reactive with water.

25 Statement 1: Alloying iron with other materials to form stainless steel prevents iron from 
rusting by excluding oxygen. 

Statement 2: Painting, oiling and electroplating are all methods of preventing iron from 
rusting. 

Which is correct?

A Both statements are correct and statement 2 explains statement 1.
B Both statements are correct but statement 2 does not explain statement 1.
C Statement 1 is correct but statement 2 is incorrect.
D Statement 2 is correct but statement 1 is incorrect.
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28 The diagram shows part of the molecule of a polymer. 

Which diagram shows the monomer from which this polymer could be manufactured?

29 Slate has a layered structure and is slippery.

Which diagram shows a structure that closely resembles slate?

30 In separate experiments conducted, a gaseous halogen was bubbled into an aqueous 
solution of a halide salt.

The following results were observed.

Halides
Halogen Y- Z-

X2 No observable reaction Displaced as Z2

Y2 No observable reaction Displaced as Z2

Z2 No observable reaction No observable reaction

What is the arrangement of halogens X, Y and Z in Group VII in order of decreasing 
reactivity?

A X, Y, Z
B Y, X, Z
C Z, X, Y
D Y, Z, X

A B C D

A B C D
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31 Two carbon electrodes are placed on a piece of red litmus paper soaked in concentrated 
sodium chloride solution as shown:

What are the observations of the litmus paper at the respective electrodes?

Cathode Anode
A Litmus paper is bleached.               Litmus paper turns blue.
B           Litmus paper turns blue. Litmus paper is bleached.
C           Litmus paper turns blue. Litmus paper remains red.
D Litmus paper remains red. Litmus paper remains red.

32 Two simple cells were set up as shown: 

Two substances were discharged at the carbon electrodes. What were these two 
substances?

Electrode 1 Electrode 2
A Copper metal Hydrogen gas
B Hydrogen gas Copper metal
C Copper metal Oxygen gas
D Oxygen gas Copper metal

Dilute 
sulfuric 

acid
Aqueous
copper(II) 
sulfate

Copper      Zinc Carbon 
electrode 1

Carbon 
electrode 2

Carbon 
electrode

Litmus paper soaked in concentrated sodium chloride solution
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33 In which circuit does the bulb light?

34 What are the main gases that escape from the top of the blast furnace in the manufacture
of iron by the blast furnace?

A Nitrogen, steam and oxygen
B Oxygen, carbon dioxide and steam
C Nitrogen, carbon monoxide and carbon dioxide
D Carbon monoxide, carbon dioxide and nitrogen monoxide

35 A molten compound is electrolysed. Two atoms of X are deposited at the negative 
electrode at the same time as three atoms of Y are deposited at the positive electrode.

These results show that:

X is a …1…;
Y is a …2…;

the formula of the compound is …3… .

How are gaps 1, 2 and 3 correctly completed?

1 2 3
A Metal Non-metal X3Y2

B Metal Non-metal X2Y3

C Non-metal Metal X3Y2

D Non-metal metal X2Y3

B

C D

Key

= bulb

Cu

A

C D

Cu

Cu Pb

Ag Zn

CuAg
H2SO4(aq)

NaCl (s)CuSO4 (aq)CuSO4 (aq)

C2H5OH (l)
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36 Zinc reacts with acids to form salts. Which of the following solutions would give the slowest 
rate of reaction when reacted with zinc?

A 0.0500 mol sulfuric acid in 500 cm3 of water.
B 0.0250 mol sulfuric acid in 100 cm3 of water.
C 0.0500 mol hydrochloric acid in 200 cm3 of water.
D 0.0250 mol hydrochloric acid in 75 cm3 of water.

37 Which compound will react with steam, in the presence of catalyst, to produce the alcohol 
CH3CH2CH2OH?

A CH3CHCH2 B CH3CHCHCH3
C CH3CH2CH2CH3 D CH3CH2COOH

38 Which type of reaction does this equation show?

C3H8 + F2 C3H7F + HF

A Hydration
B Neutralisation
C Addition 
D Substitution

39 An unsaturated hydrocarbon with six carbon atoms contains only three C=C double bonds. 
This hydrocarbon is reacted with excess bromine at a room temperature.

What is the formula of the resulting hydrocarbon?

A C6H8Br3 B C6H10Br3
C C6H8Br6 D C6H14

40 A hydrocarbon is found to contain about 80% of carbon by mass. What is the hydrocarbon?

A Methane B Ethene
C Propane D Hexene

END OF PAPER
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Section A (50 marks)
Answer all the questions in the spaces provided.

A1 The table below shows some information about elements A-F. The letters are not the 
chemical symbols of the elements.

Element Colour Melting 
point / oC

Boiling 
point / oC

Conducts 
electricity

Density / 
g/cm3

A Dull grey 1415 2898 Yes 2.0300
B Pale yellow -219 -188 No 0.0017
C Orange 

brown
-7 59 No 3.1000

D Shiny brown 1074 2927 Yes 8.9200
E Shiny grey 1540 2861 Yes 7.8700
F Colourless -157 -153 No 0.0033

(a) (i) State which of the elements A-F are gases at room temperature.

……………………………………………………………………………………………..

[1]

(ii) Give the letter of the element A-F that has the biggest difference between 
melting point and boiling point.

……………………………………………………………………………………………..

[1]

(iii) The diagram shows an outline of the Periodic Table.

Element A is found in area Y of the Periodic Table shown above. Explain how 
the information in the table above supports this statement.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

[2]
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(b) Methane reacts violently with fluroine according to the following equation.

CH4 (g) + 4F2 (g) CF4 (g) + 4HF (g)     H = - 1904 kJ/mol

Mean bond energies are given in the table shown below.

Bond C-H C-F H-F
Mean bond energy

/ kJ/mol
412 484 562

A student suggested that one reason for the high reactivity of fluorine is a weak F-F
bond.

Is the student correct? Justify your answer with calculations using the above data. [4]

(c) Write an ionic equation for the reaction between potassium and cold water. 

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

[1]

[Total: 9]
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A2 Ammonia is produced during the Haber process. The reaction is summarised in the diagram 
below.

(a) Give the name of gas A. ……………………………………………………………………….. [1]

(b) Name the catalyst B and explain why it is used.

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

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

[2]

(c) The yield of ammonia is only 28% therefore 72% of the gases remain unreacted.

Describe what happens to these unreacted gases and explain why this is important.

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

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

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

[2]

(d) The following graph below shows the effect of temperature and pressure on the yield of 
ammonia during the Haber process.

Describe how the yield of ammonia varies with temperature and pressure.

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

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

[2]

Nitrogen, N2,
from

the liquid air Liquid ammonia

Gas A, obtained
from natural gas

Unreacted 

gases

450 oC, 200 
atm, catalyst B

Reactor

Percentage (%) 
yield of 

ammonia

Pressure (atmosphere)
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(e) (i) Construct an equation for the production of ammonia in a Haber process. State 
symbols are required.

………………………………………………………………………………………………

[1]

(ii) Explain if the above process is a redox reaction. Use oxidation number in your 
explanation.

………………………………………………………………………………………………

………………………………………………………………………………………………

[2]

[Total: 10]
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A3 Sodium thiosulfate solution reacts with dilute hydrochloric acid forming a yellow precipitate. 
This reaction was investigated using the equipment below. 

5 cm3 of dilute hydrochloric acid was added to 10 cm3 of sodium thiosulfate solution at 60 oC
and the light intensity was measured over time. The results are shown on the grid below.

% light 
intensity

Time / s
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(a) Explain why the light intensity decreases as the reaction takes place.

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

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

[2]

(b) Suggest one possible reason why the light intensity does not fall to 0%.

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

[1]

(c) In a separate experiment, 5 cm3 of dilute hydrochloric acid was added separately to 
10 cm3 of sodium thiosulfate solution at four different temperatures. All other factors 
were kept the same. The results are shown on the grid below.

(i) Provide the letter A, B, C or D from the graph shown that represents the reaction 
carried out at the highest temperature. Explain your choice.

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

Time / s

% light 
intensity
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(ii) The rate of reaction can be calculated using the formula:

Rate = 1 / time

The reaction is considered to be complete when the percentage light intensity 
reaches 30%. Calculate the mean rate for experiment B.

[1]

(iii) Using collision theory, provide a conclusion you can draw from the above 
investigation.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[3]

(d) A chemist carried out an experiment to find out the reactivity of the metals. Below 
shows the time taken for limewater to form white precipitate for each metal carbonate.

Metal carbonate Time taken to form white precipitate / s
Copper carbonate 10

Magnesium carbonate 40

Zinc carbonate 24

Explain these results in terms of reactivity of the metals.

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

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

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

[2]

[Total: 10]
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A4 An alcohol G was known to be one of the following.

HOHOCHCH=CHCHOHOH             Alcohol 1  
            

CH3CH2CH2CH2OH                          Alcohol 2                 

A sample of 1.20 g of alcohol G was burned in excess oxygen. 1.79 g of carbon dioxide was 
formed.

(a) Calculate the mass of carbon present in the sample of alcohol G. [1]

(b) The mass of hydrogen in the sample is 0.0812 g. Assuming that the rest of the sample 
is oxygen, calculate the mass of oxygen in the sample.

[1]

(c) Use your answers above to find the empirical formula of alcohol G. [2]

(d) State the identity of alcohol G. Explain clearly how you reached this conclusion.

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

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

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

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

[1]
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(e) Describe a chemical test to distinguish between alcohol 1 and alcohol 2. Include 
expected results in your answer.

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

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

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

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

[1]

(f) Propene can be converted into an alcohol. 

Show the structural equation for the above reaction. [2]

[Total: 8]

A5 (a) Aspirin tablets have important medical uses.

Aspirin (C9H8O4) is made when salicylic acid (C7H6O3) reacts with ethanoic anhydride.

The equation for this reaction is

C7H6O3 + C4H6O3 C9H8O4 + CH3COOH

Calculate the maximum mass of aspirin that could be made from 100 g of salicylic 
acid.

[2]
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(b) (i) In an experiment, a chemist calculated the maximum yield of aspirin is 400 g. 
The chemist did the experiment but only made 250 g of aspirin. Calculate the 
percentage yield of aspirin for this experiment.

Show clearly how you work out your answer and suggest one possible reason 
why the chemist did not have a percentage yield of 100%.

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

(ii) Suggest how the use of catalyst might reduce costs in the industrial production 
of aspirin.

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

(c) Instant cold packs are used to treat sports injuries.

One type of cold pack has a plastic bag containing water. Inside the bag is a smaller 
bag containing solid ammonium nitrate. The outer bag is squeezed so that the inner 
bag bursts. 

Explain why the bag becomes cold.

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

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

[2]

[Total: 7]
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A6 The diagram below shows the apparatus used during electrolysis of molten  
lead (II) bromide.

(a) Suggest a reason why lead (II) bromide must be molten in order for electricity to flow.

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

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

[1]

(b) Write the half equation for the reaction taking place at the electrode A.

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

[1]

(c) (i) State, in terms of electrons, what happens to the ions at the electrode B.

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

(ii) Describe an observation you would expect at the electrode B.

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

(iii) Electrolysis is allowed to continue for some time before the apparatus is cooled 
to room temperature. The bulb remains lit. 

Explain this observation.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

[Total: 6]

Electrode 
A

Electrode 
B

Bulb

Molten lead bromide
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Section B (30 marks)
Answer all three questions. The last question is in the form either/or.                                           

Write your answers in the spaces provided.

B7 The investigation of hydrocarbons

Information 1

From its modest beginning in 1980, the U.S. ethanol industry has grown tremendously in 
response to surging domestic use and worldwide demand.

The table below shows two different identified processes to produce ethanol.

Process 1 Process 2
Fermentation of a sugar solution by yeast in 
a reaction vessel.

The reaction vessel has to be emptied, 
cleaned and refilled every few days.

The process produces a 15% ethanol 
solution in water daily.

Reaction of ethene (from crude oil) with 
steam in a reactor.

The reaction is only stopped if there is a 
fault in the reactor.

The process produces 100% pure ethanol.

Information 2

An advertisement for crisps claimed that they are healthier because they are cooked in certain
oils. A student found the following information about four oils that are used to make crisps.

Rapeseed oil Sunflower oil Olive oil Corn oil
Saturated fat 
/ %

6.6 12.0 14.2 14.4

Poly-
unsaturated 
fat / %

29.3 63.3 8.1 51.3

Melting point /
oC

+5 -18 -12 -15

One hypothesis is that oils are thought to be healthier if they are:

Low in saturated fat.
High in poly-unsaturated fat.

For certain oils and fats such as olive oil, soybean oil, or nut oils, when compared with others, 
such as margarine, butter, chicken fat and beef fat (the white stuff found in and around slabs of 
meat), the most prominent difference that was discovered was that different oils and fats have 
different states of matter at room temperature. 

Some oils and fats are liquid at room temperature, and even when kept in the fridge, like olive 
oil and soybean oil. By contrast, other fats have higher melting temperatures.
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The melting point of fats is the temperature at which they become liquid. Graph 1 shows the 
change in melting point for saturated hydrocarbon.

Graph 1

The melting temperature is the same as freezing temperature; it is the temperature where the 
fat changes from a liquid to a solid.

In addition, the effect of the percentage of saturated fats within certain oils on the energy 
released from combustion was investigated. It was found out that as the saturation of the 
carbon chain increases, the energy released from combustion decreases.

Table 1: Experimental results on the four different oil used

Rapeseed oil Sunflower oil Olive oil Corn oil
Energy 
released from
combustion 
(kJ/g)

Trial 1 5.05 3.48 6.55 3.95
Trial 2 4.98 3.20 5.98 2.01
Trial 3 4.46 2.98 6.24 3.88

Table 2: Hydrocarbon table

Name Chemical formula Heat of combustion (kJ/g)
Methane CH4 55.6
Ethane C2H6 52.0

Propane C3H8 50.0
Butane C4H10 49.2

Note: Heat of combustion is also known as enthalpy change. It refers to the heat energy 
released when a compound undergoes complete combustion with oxygen under a given
condition.

Melting point of n-alkanes

            Number of carbon atoms

Melting point of 
n-alkanes

/ oC
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(a) Using Information 1,

(i) Give one advantage that Process 1 has over Process 2.

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

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

[1]

(ii) State one advantage Process 2 has over Process 1 as a manufacturer of ethanol.

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

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

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

[2]

(b) Using Information 2,

(i) Determine which oil should be healthier. 

Explain your answer.

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

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

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

[2]

(ii) These unsaturated oils can be hardened by an addition reaction with hydrogen at 
200 oC with nickel catalyst. 

A student said that this hardening process would make sunflower oil healthier.

Is this student’s hypothesis correct? Explain your answer.

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

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

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

[2]

(iii) Using Table 2, describe and explain the data patterns for series of heat of 
combustion on the different alkanes.

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

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

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

[2]

(iv) Based on the information given, describe the trend of the melting point of alkanes.

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

[1]

[Total: 10]
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B8 The diagram shows an electrolysis tank used to extract aluminium from aluminium oxide. Pure 
aluminium oxide melts at 2055 oC.

0
10
20
30
40
50
60
70
80
90

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

East

West

North

(a) Cryolite is mixed, as an impurity, with aluminium oxide. State the effect it has on the 
melting point of the mixture and explain why mixing cryolite is necessary.

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

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

[2]

(b) Write half equations for the reactions that take place at the anode and cathode.

Anode: …………………………………………………………………………………………….

Cathode: …………………………………………………………………………………………

[2]

(c) Draw two arrows on the diagram to indicate the flow of electrons. Clearly label on the 
two electrodes.

[1]

(d) What is the volume of oxygen produced, under room temperature and pressure when 
540 g of aluminium is produced?

[2]

Carbon electrode

Molten mixture of 
aluminium oxide 
and cryolite at 

900oC

Graphite 
electrode

Molten 
aluminium

Molten 
aluminium 

flows out
Steel tank lined with graphite

(+)
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(e) The carbon electrodes are replaced at regular intervals. Explain the need for this.

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

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

[1]

(f) Draw a clearly labelled diagram to show how a metal object could be electroplated with 
copper.

[2]

[Total: 10]
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EITHER

B9 Zinc is extracted from an ore called zinc blende, which consists mainly of zinc sulfide, ZnS. The zinc 
blende is first crushed to powder and then treated by froth flotation (mineral processing, where it is 
used in the extraction of several metals).

Zinc blende reacts with oxygen in the air to produce zinc oxide and a gas which escapes as waste 
gas.

(a) (i) Explain why zinc blende is crushed to powder before treatment?

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

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

[1]

(ii) Write a chemical equation for the reaction in (a)(i).

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

[1]

(b) Zinc oxide is converted into zinc. Zinc oxide and coke are fed into a furnace. Hot air is blown 
into the bottom of the furnace. Zinc has a melting point of 420 °C and a boiling point of 907 °C. 
The temperature inside the furnace is over 1000 °C.

(i) Explain how zinc oxide is converted into zinc. Your answer should include details of 
how the heat is produced and equations for all the reactions you describe.

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

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

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

[3]

(ii) Give two reasons why the zinc produced inside the furnace is in gaseous state.

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

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

[2]

(iii) State the name of the physical change for conversion of gaseous zinc into molten 
zinc.

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

[1]

(c) Rusting of steel can be prevented by coating the steel with a layer of zinc. 

Explain, in terms of electron transfer, why steel does not rust even if the layer of zinc is 
scratched and the steel is exposed to air and water.

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

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

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

[2]

[Total: 10]
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OR
B9 Petroleum is a source of many important chemicals.

(a) Name two industrial processes which must take place to produce alkenes 
from petroleum.

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

[2]

(b) Ethene and propene can both be converted into polymers.

(i) State the type of polymerisation that takes place when ethene forms a polymer.

……………………………………………………………………………………………..

[1]

(ii) Identify the empirical formula of the polymer formed from ethene.

……………………………………………………………………………………………..

[1]

(iii) Draw two repeat units of the polymer made from propene. [2]

(c) Most of the hydrocarbons obtained from petroleum are alkanes. The alkanes are 
homologous series of saturated hydrocarbons with the general formula CnH2n+2.

Give two characteristics, other than having the same general formula, of members in 
the same homologous series.

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

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

[2]

(d) When one mole of chlorine, Cl2, reacts with one mole of propane, a mixture of two
structural isomers is formed in the first step of substitution. 

Draw all the structural formulas of the isomers formed when one mole of chlorine 
reacts with one mole of propane.

[2]

[Total: 10]

END OF PAPER
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2

1 The diagram shows how to obtain pure water from seawater.

Where do water molecules lose energy?

Refer to the following to answer questions 2 and 3. 

2 In a car engine, petrol vapour is mixed with air and undergoes combustion. When different 
amounts of petrol are mixed with air, different amounts of pollutant gases will be formed.

Graph I shows how the production of carbon monoxide (CO), nitrogen oxides (NOx) and 
hydrocarbons (HC) is dependent on the ratio of air to petrol.

C

D

B

A

Concentration 
of pollutant 

gases

Graph I

rich   Air/fuel ratio    lean
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3

Graph II shows how the engine power and temperature vary with the different ratios of air
to fuel of the fuel mixture.

Which of the following is not true?

A The amount of carbon monoxide decreases as the air/ratio fuel ratio increases.
B The emission of nitrogen oxides increases as temperature of engine increases.
C Increasing the proportion of air in the mixture will increase the amount of 

hydrocarbons emitted.
D Increasing the proportion of air in the mixture will increase the level of nitrogen 

oxides produced.

3 Which of the following conclusions cannot be drawn based on the information from the 
graphs?

A A fuel-rich mixture and low combustion temperature will reduce nitrogen oxide 
formation.

B The overall levels of the three pollutants are best reduced by increasing the air-to-
fuel ratio.

C A fuel-lean mixture reduces the carbon monoxide and hydrocarbons but reduces 
the engine output.

D A fuel-rich mixture reduces the level of nitrogen oxides emitted but reduces the 
engine power output. 

rich   Air/fuel ratio     lean

Graph II
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engine power output
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4

Refer to the following to answer questions 4 and 5.  

1-hexene and 1-heptene are two members of the alkene class of hydrocarbons. 

A small amount of mixture of 1-hexene and 1-heptene was placed in a boiling tube and 
gently heated to boiling in a sand bath using the following setup:

 

Droplets were formed and could be seen condensing on the sides of the tube. When the 
vapour condensation line reached the level marked X, the hot vapours were very slowly 
withdrawn and condensed by using a small dropper.

4 What is the purpose of the copper metal sponge?

A Minimises contact of the mixture with 
air.

B Prevents the two compounds from 
escaping.

C Acts as a catalyst to speed up the 
reaction of the two compounds.

D Provides a large surface area for 
repeated vapourisation and 
condensation. 

5 What process is demonstrated in this experiment?

A Cracking B Combustion
C Addition reaction D Fractional distillation

6 Which of the following does not affect the rate at which a gas spreads throughout a room?

A Boiling point of gas B Temperature of gas
C Molecular mass of gas D Density

Copper 
metal sponge

Boiling 
chips

Hexene-heptene 
mixture

Dropper

Vapour 
droplets

heat

X
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5

10 Element X forms the ion X2
2- with the following structure: 

What is the formula of the covalent compound X forms with chlorine?

A XCl B XCl2
C XCl3 D XCl4

7 Three elements, X, Y and Z have consecutive increasing atomic numbers. 

If element Y is a noble gas, what will be the symbol for the ions formed by elements X and 
Z in their compounds?

A X- and Z+ B X2- and Z2+

C X+ and Z- D X2+ and Z2-

8 Potassium ferrate, K2FeO4, has been described as a ‘green oxidising agent’ because the 
by-products generated are environmentally-friendly. 

What are the ions in this compound?

A K+, FeO4
2-

B K2
+,  FeO4

-

C K+, Fe6+, O2-

D K2
+,  Fe2+, O2-

9 Peeling onions often causes tearing of the eyes due to the release of a sulfide compound. 
Peeling them under running water reduces the problem. Which of the following statements 
are true of the sulfide compound?

I. It is soluble in water
II. It has low boiling point.
III. It has small and light ions with weak bonding.
IV. It is a covalent compound with weak covalent bonds.

A I and II only B I and IV only
C I, II and Ill only D I, II and IV only

x

x

x

x

x

2-
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10 Element X forms ththe ioion n X2
2- wiwithth tthehe ffollowing structure:

by-products generated are environmentally-friendly. 

What are the ions in this compound?

AA K+, FeO4
2-

B K2
+,  FeO4

-

C K+, Fe6+, O2-

D K2
+,  Fe2+, O2-

9 Peeling onions often causes tearing of the eyes dueeeeeeeeeeeeeee eeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeee toototototototottotototototototototototootototootototototototoototootoootototototototoooootototoototoottto tttttttttttttttttttttttttttttttttttttttttttttttttttthehehehehehehehehehehehehehehehehehehehehehehehheheheheheheheheeheheheheheheheheheheheheehehehehhheheheheheeeeeheheheeheehehehhehehh rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreleleeleleleleeleeleeleeeleleelleleleelellelllellelelelelelleleleleleleleleeeleeleleleeleeeeeeeeeleeeeeeeeeeeleaeeaeeaeeeaeaeaeaeaeaeaeaeaeeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaaeaeaeaaeaaaeaeeeaeaeeeeaeaeaeaeaeaeeeeaeeaeeeaaeaeaeeeeeeaeeeae ssssssesesssssssssssssessesesesssessessssssssssssss  of a sulfide compound
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are true of the sulfide compound?

I. It is soluble in water
II. It has low boiling point.
III. It has small and light ions wiwitht wweaak bonding.g.
IV. It is a covalent compound with wweaak covaleentnt bbonondsds.

AA I and II only BB I and IV only
C I, II and Ill only DD I, II and IV only

x

x

x

x

x

2-
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11 What is the maximum concentration of H+ ions in 0.25 mol/dm3 of phosphoric(V) acid,
H3PO4? 0.25 x 3 = 0.750

A 0.125 mol/dm3 B 0.250 mol/dm3

C 0.500 mol/dm3 D 0.750 mol/dm3

12 Heating iron in dry chlorine gas results in the formation of an iron(II) chloride. Experimental 
determination gives a reading of 34.5% by mass of iron in the Iron(II) chloride formed. What 
is the charge of the iron ion in the chloride? 34.5% = 56 / (56+106.5)

A -2 B +2
C -3 D +3

16 A compound Q formed white precipitate when acidified aqueous silver nitrate is added. 
Aqueous ammonia was used to identify the presence of the other ion and there is no 
visible change. Identify compound Q.

A Calcium chloride
B Ammonium nitrate
C Calcium nitrate
D Zinc chloride

13 Which of the following results is obtained when 100 cm3 of 0.500 mol/dm3 dilute sulfuric 
acid is added to 60 g of granular solid lead(II) carbonate?

A No visible reaction. B Colourless solution with 
effervescence is produced.

C Colourless solution with white 
precipitate 

D A colourless solution with white 
precipitate, effervescence and 
granular remains.

14 Which of the following pairs of aqueous reagents is not suitable for preparing insoluble 
salts? Salts containing group I metals are soluble

A Sulfuric acid and calcium chloride
B Aluminium chloride and silver nitrate
C Barium hydroxide and copper(II) sulfate barium sulfate and copper(II) hydroxide
D Lithium carbonate and iron(II) sulfate Lithium sulfate and iron(II) 

carbonate

15 A salt has the formula NH4Fe(SO4)2.12H2O. Excess aqueous sodium hydroxide was added 
to an aqueous solution of the salt in a test tube and the mixture was then warmed gently. 
Which of the following would not be observed? Fe = +3 ( reddish brown iron ion)

A A pungent gas was detected.
B A green precipitate was formed.
C A reddish brown precipitate was obtained.
D A piece of moist litmus paper placed at the mouth of the test tube turned blue.
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A -2 B +2
C -3 D +3

13 Which of the following results is obtained when 100 cm3 of 0.50000 mmol/l/dmdm33 dilute sulfuric
acid is added to 60 g of granular solid lead(II) carbonate?

A No visible reaction. B Coloururrururlellessssssssssssssssssssssssssssssssssssssssssssssss ssolution with 
effefefefefefeefefeefeeeeeeeeeeeeeeeeeeefeeeeeeeeeeeeeeeeeeeervrvrvrvrvrvrvrvrvrvrvrvrvrvrvrvrvvrvrrvrvrrrvrvrvrvrrrrvrvrvrvrrrvrrrvrrvrvrvrvrvrrvvrvrvrvvvvrvvvvvvvvvvvvvvveeseseseseseseseseseseseseseseseeeseseseseseeseseseeseeseseseesesseseseesseseesessesseeeseseseeeseeeseeeseseeseessesesssee ccecececcceccececececececececececccececececcececceeceeeecceeeceecccccccccccccccencncncnnce is produced.

C Colourless solution with white 
precipitate 

D AAAAAAAAAAAAAAAAA AAAA AAAAA AA A AAAAAA AAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAA cococococococococococococococoococococococcoococococococococococccococococccoococoococoococooococccococoocoooocoooocoooccc loloololololooloololololololoooololoololoololollolloololollololololololllllololooooooooooooooooooooooooooooool uuururururururuururururrrrururuuuruurrruruururururrururuururruruuururrururrururrruruurrruuruuuuuuuuuuuuruuuuuruuuuu leleleleleeeeleleleleeleeleleleleleleleeeeleleleeeleleleleleleleleleleleleleleeleleleleeleeeeeeeeeeeeeeeeeeeeesssssssssssssssssssss  solution with white 
prprprprpprprprprprrprprprprpprprprprpprpprrprppppprpprprprrprpprprprrppprpprprppppprpppp ecececececeecececececececececececececeececececececececeececececeeceeceeeececeeeceeceecececececeeeeccecceeecceecccececcecccccccce ipipipipipipipipipipipipipipipipipipipipipipipiiipipipipipipipipippipipippipipippppippipipiiiiiiiiiipiiiipipipipppipipppppppiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitatatattatatatatatatatatatatatatattatatatatattatatatattaatatatatatatatattatatatataatattaataaaaaaaaaaaatataaaaaataaaaataaaaat tettttetetettetetetetetetetetetttettetetetettttetetettttttetettetetetttettetttteteteeteee, efeeee fervescence and 
grgrgrgrrrrrrrrrrrrrrrgrgrrrrrgrgrggrrrrrrrrrrrrrrrrrrananaaananananananananaanaanaanananaaananananananaanananananaananaaaanaaanananaananananaananannanaannaaanaaanannnnnnuluuuulululululuulululululuululuululuuuluuuululuuuululuuuuululuuuluuuuuuuululuuu aaaaaaaaaraaaaaaaaaaaaaaaaaaa  remains.

14 Which of the following pairs of aqueous reagents is not suitablee ffoor preparing insoluble
salts? Salts containing grouppupuppupppupuppppupupupupuppuuuu IIIIIIIIIIIII mmettttttttttttttallalallalalalaalaaalalalalalalaaaa s are e eeeee eeeee ee eeeeeeeeeeee sooooooooooooooooooooooolullllllllullll bleeeeeeeeeeeeee

A Sulfuric acid and calcium chchloridde
B Aluminium chloride and siilvlver nniti rarate
C Bariumu  hydroxide and copppeper(r(IIII)) sulffatate e babaririum sulfate and copper(II) hydroxide
D Lithium carbonate and ironon(II) sululfafatete Lithium sulfate and iron(II) 

carbonate

15 A salt has thee fforormuulala NHH44FeFe(S(SOO44))22.112H2O. Excess aqueous sodium hydroxide was added
to an aqueouus s sosolul tionon oof f ththee sasaltl  in a test tube and the mixture was then warmed gently
Which of the followiwingng wwououldld  non t be observed? Fe = +3 ( reddish brown iron ion)

A A A pupungngeent gagas s waw s detected.
B AA grgreeeen prprececipitate was formed.
C A reddddisishh brown precipitate was obtained.
D A piece of moist litmus paper placed at the mouth of the test tube turned blue.
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17 An aqueous solution of a salt X is placed in a test tube and sodium hydroxide solution is 
gradually added. The height of the precipitate in a test tube is plotted against the volume of 
sodium hydroxide solution added.

What could be X?
A Aluminium sulfate   (soluble salt, Al is soluble in excess sodium hydroxide)
B Calcium nitrate
C Iron(II) sulfate
D Ammonium nitrate

18 The formula for hydrated copper(II) nitrate is Cu(NO3)2.xH2O. It contains 36.5% water of
crystallisation by mass.

What is the value of x?
A 4 B 5
C 6 D 7

19 Element X is found in Group IV of the Periodic table. Which of the following could not be a 
formula for a compound of X?

20 Which of the following statements best explains why 99.99% copper is used in 
manufacturing high quality electrical wires for audio equipment?

A Copper is a good conductor of electricity.
B Copper is a very reactive metal. 
C 99.99% copper is less ductile and cannot be stretched easily.
D Copper is of high purity and is able to conduct electric current.

A XO

B XO2

C XO3
2-

D XO4

Height of precipitate

Volume of sodium hydroxide 
solution added
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What could be X?
AA AAluminium sulfate  (soluble salt, Al is soluble in excecececececececeeessssssssssssssss sssssssssssododododododododododdiuuuuuuuuuum hyyyyyyyyyydrdrdrdrdrdrdrdrdrdrooooooooooxixixixixixixixxixxidedededededededededee))))))))))
B Calcium nitrate
C Iron(II) sulfate
D Ammonium nitrate

18 The formula for hydrated copper(II) nitrate is Cu(NO3)2.xHH2OOOOOOOO.OOOOOOOOOOOOOOOOO  It contains 36.5% water of
crystallisation by mass.

What is the value of x?
A 4 B 55
C 6 D 77

19 Element X is found in Group IV ofof tthehe PPererioodidic c tatabble. Which of the following could not be a
formula for a compound of X?

20 Which of the following statements best explains why 99.99% copper is used i
manufacturing high quality electrical wires for audio equipment?

A XO

B XO22

C XO33
2-

D XXOO4

Volume of sodiuium m hyhydroxide
solution addedd
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21 Which of the following statements about Group VII is false?

A Colours of elements become darker
down the Group.

B Densities of elements increase down 
the Group.

C Melting points of elements increase 
down the Group.

D Number of valence electrons of 
elements increases down the Group.

22 Methane gas reacts extremely slowly with air at room temperature. If a piece of warm 
platinum is held in a methane-air mixture, methane ignites. Which of the following 
statements correctly describes the reaction with platinum?

I The activation energy is low.
II The energy change is greater.
III The energy of the reactants is lower than expected.
IV The rate of reaction is faster.

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

A Catalyst is added into S.
B The acid is more concentrated in R than in S.
C The magnesium is less finely powdered in R than in S.
D The temperature in R is lower than in S.

23 A student investigates the rate of reaction between magnesium and excess sulfuric acid. 
The volume of hydrogen given off in the reaction is measured over time. 

The graph shows the results of two experiments, R and S.

Which change in conditions would cause the difference between R and S?
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statements correctly describes the reaction with platinum?

I The activation energy is low.
II The energy change is greater.
III The energy of the reactants is lower than expected..
IV The rate of reaction is faster.

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

A Catalyst is added into S.

23 A student investigates the rate of reaction betweenn magnesium anandd excess sulfuric acid
The volume of hydrogen given off in the reaction is meassuru ed oveer r titimme.

The graph shows the results of two expere imments, RR anandd SS.

Which changege iinn conditions would cause the difference between R and S?
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24 Which statement is correct for the element of proton number 19?

26 The reactions shown may occur in the air during a thunder-storm. 

N2 + O2 2NO

2NO + O2 2NO2

NO + O3 NO2 + O2

Which row shows what happens to the reactant molecules in each of these reactions?

N2 NO O3
A oxidised oxidised oxidised
B oxidised oxidised reduced
C reduced reduced oxidised
D reduced reduced reduced

27 Iron is extracted from hematite in a blast furnace.

Which reaction contributes most of the heat in the blast furnace as it increases the 
temperature to over 1500°C?

A calcium carbonate → calcium oxide + carbon dioxide
B calcium oxide + silicon dioxide → calcium silicate
C carbon + oxygen → carbon dioxide
D carbon dioxide + carbon → carbon monoxide

A It is a gas that dissolves in water.
B It is a hard metal that is not very reactive with water. 
C It is a non-metal that burns quickly in air.
D It is a soft metal that is highly reactive with water.

25 Statement 1: Alloying iron with other materials to form stainless steel prevents iron from 
rusting by excluding oxygen. 

Statement 2: Painting, oiling and electroplating are all methods of preventing iron from 
rusting. 

Which is correct?

A Both statements are correct and statement 2 explains statement 1.
B Both statements are correct but statement 2 does not explain statement 1.
C Statement 1 is correct but statement 2 is incorrect.
D Statement 2 is correct but statement 1 is incorrect.
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26 The reactions shown may occur in the air during a thhunder-storm. 

NN2 ++ O2 2NNOO

2N2NOO + OO22 2N2NOO22

NONO ++ OO33 NONO2 + O2

Which row shows what happenss ttoo ththe e reactat nt molecules in each of these reactions?

NN2 NO O3
A oxo idisseded oxidised oxidised
B oxiddisiseded oxidised reduced
C rereduducecedd reduced oxidised
D reduducced reduced reduced

27 Iron is extracted from hematite in a blast furnace.

rusting by excluding oxygen. 

Statement 2: Painting, oiling and electroplating are all methods of prprevevene ting iron from
rusting. 

Which is correct?

A Both statements are correct and statement 2 explainss sstatattemement 1.
B Both statements are correct but statement 2 does nnnnototottototoototootototottotototottototottotototototottotottottotototttotottototottotttoooottotoooooooooo eeeeeeeeeeeexpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpppxpxpppxppxpxpxppxpxpxpxpxpxppxpxpxpxpxppxpxpxpxpxpxpxpxpxpxpxpxpxpxxpxpxpxpxpxpxpxxxxxplalalalallallalalallallalalalallalllalalaalaaaaaallaall in statement 1.
C Statement 1 is correct but statement 2 is incorrececececcccccccccececccccccccccccccccccccccccccccccctttttttttttttttttttttttt.tttt.ttttttttttt.ttttttttttt..t.
D Statement 2 is correct but statement 1 is inccorororrorrrrorrrorororrrrrrororrorororrorrrrrrorrrorrrrrrrrrrrrrrrrrrrrroo rerererererererererererereerrerererererererererererererrererererererererererrreerrereeereeeeeeeeeeeeeeeeeeeeeer ctctctctcctctctctcttctctctctctcttctctctctctctctctctctcctcctctctctctctctctctctctctcccctcttctctctctctctctctcccttctcttttcccccc ..
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28 The diagram shows part of the molecule of a polymer. 

Which diagram shows the monomer from which this polymer could be manufactured?

29 Slate has a layered structure and is slippery.

Which diagram shows a structure that closely resembles slate?

30 In separate experiments conducted, a gaseous halogen was bubbled into an aqueous 
solution of a halide salt.

The following results were observed.

Halides
Halogen Y- Z-

X2 No observable reaction Displaced as Z2

Y2 No observable reaction Displaced as Z2

Z2 No observable reaction No observable reaction

What is the arrangement of halogens X, Y and Z in Group VII in order of decreasing 
reactivity?

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

A B C D

A B C D
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29 Slate has a layered structure and is slippery.

Which diagram shows a structure that closely resembles slate?

30 In separatate exexpeperirimem ntntss coconducted, a gaseous halogen was bubbled into an aqueou
solution oof f a a hahalilidede ssalalt.t.

The followingg reresusults were observed.

Halides
Halogen Y- Z-

A B C D

AA B C D
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D Y, Z, X
31 Two carbon electrodes are placed on a piece of red litmus paper soaked in concentrated 

sodium chloride solution as shown:

What are the observations of the litmus paper at the respective electrodes?

Cathode Anode
A Litmus paper is bleached.               Litmus paper turns blue.
B           Litmus paper turns blue. Litmus paper is bleached.
C           Litmus paper turns blue. Litmus paper remains red.
D Litmus paper remains red. Litmus paper remains red.

32 Two simple cells were set up as shown: 

Two substances were discharged at the carbon electrodes. What were these two 
substances?

Electrode 1 Electrode 2
A Copper metal Hydrogen gas
B Hydrogen gas Copper metal
C Copper metal Oxygen gas
D Oxygen gas Copper metal

Dilute 
sulfuric 

acid
Aqueous
copper(II) 
sulfate

Copper      Zinc Carbon 
electrode 1

Carbon 
electrode 2

Carbon 
electrode

Litmus paper
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What are the observations of the litmus paper at the respectcttttctcttivivivivivvivve eeeee eleleeleeeelleleleleleeelelleeelelelleeeleleleeleeeeeeeeeeeeeee eceeeeeeeeeeeeeeeee trodes?

Cathode AnAAAAAA ode
A Litmus paper is bleached.              LiLiLLiLLiLiLiLiLiLiiLiLiLiiLiLiLiLiLLiiLiLiLiLiLLiLiLiLLiLLiLLiLiLiLiLiLiLLiLiLiiLiLiLiLiLiLiLLLiLLLiLiiiiiiiiiiitmtmtmtmtmtmtmtmtmtmtmtmtmtmtmtmtmtmtmtmmmtmmtmmtmtmmtmmtmtmtmtmtmtmtmttmmtmtmtmmtmtmmmttmtmtmmttmttmttmtttmmmtttmttmmusususuusususususuusususuususususususususususususususususususussusussusususssuuuuussssuussssssssssusssssssssussuuuuuuuuuuu pppppppppppppppppppppppppppppppapapppppppper turns blue.
B          Litmus paper turns blue. LiLLiLiLiLiLiLiLiLiLiLLiLiLiLiLLLiLiLiLLLLiLiLiLLLiLLLLLLLLiLLLLLiLiLLiLLiLiLiLLiLLiLLLLLLLiLLLLiLiiiiiitmtmtmtmtmtmtmtmtmtmtmtmtmmtmtmtmtmmtmtmmtmmtmmtmmmtmmmtmmtmmtmtmtmtmmmtmtmmttmtttmmtttttt uuuuusuuuuuuuuuuuuuuuu  paper is bleached.
C          Litmus paper turns blue. Litmus papapeer remaiainsns red.
D Litmus paper remains red. Litmus papaperer remains red.

32 Two simple cells were set up as shshown:: 

DDili ute 
sulfururicic 

acacidi
Aqueous
copper(II) 
sulfate

Copper      Zinc Carbon 
electrode 1

Carbon 
electrode 2

Litmus paper
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33 In which circuit does the bulb light?

34 What are the main gases that escape from the top of the blast furnace in the manufacture
of iron by the blast furnace?

A Nitrogen, steam and oxygen
B Oxygen, carbon dioxide and steam
C Nitrogen, carbon monoxide and carbon dioxide
D Carbon monoxide, carbon dioxide and nitrogen monoxide

35 A molten compound is electrolysed. Two atoms of X are deposited at the negative 
electrode at the same time as three atoms of Y are deposited at the positive electrode.

These results show that:

X is a …1…;
Y is a …2…;

the formula of the compound is …3… .

How are gaps 1, 2 and 3 correctly completed?

1 2 3
A Metal Non-metal X3Y2

B Metal Non-metal X2Y3

C Non-metal Metal X3Y2

D Non-metal metal X2Y3

B

C D

Key

= bulb

Cu

A

C D

Cu

Cu Pb

Ag Zn

CuAg
H2SO4(aq)

NaCl (s)CuSO4 (aq)CuSO4 (aq)

C2H5OH (l)
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34 What are the main gases that escappe from the top of f ththe e blast furnace in the manufactur
of iron by the blast furnace?

A Nitroggen, steam and oxyggenen
B Oxygen, carbon dioxide andnd ssteeamam
C Nitrogen, carbon monoxxidide e anandd cacarbrbonon ddioioxide
D Carbon monoxide, carboonn didioxoxidee anand nitrogen monoxide

35 A molten comompopound isis eelelectc rorolylysed. Two atoms of X are deposited at the negative
electrode at the sammee titimeme aas s tht ree atoms of Y are deposited at the positive electrode.

These resusultlts s shshoww tthahat:t

X is a …1…;
Y is a …2…;

Cu

C D

Cu

Pb

g

CuCCuCCCuCuCCCuCuCuCuuCuCuCuCuCuCuCCCCuCuCuCuCuCuCuCuCCuCuCuCCCuCCCuuCCCCuCuCuCuCCCuCuuuuCuuuCCuuuuuAg
H2SO4(aqqqq)q)q)qq)q)qqq))q)q)qq)

NaCl (s)CuSO4 (aq)C SOCuSOCuSO444 (aq)(aq)(aq)

Cu C2H5OH (l)
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36 Zinc reacts with acids to form salts. Which of the following solutions would give the slowest 
rate of reaction when reacted with zinc?

A 0.0500 mol sulfuric acid in 500 cm3 of water.
B 0.0250 mol sulfuric acid in 100 cm3 of water.
C 0.0500 mol hydrochloric acid in 200 cm3 of water.
D 0.0250 mol hydrochloric acid in 75 cm3 of water.

37 Which compound will react with steam, in the presence of catalyst, to produce the alcohol 
CH3CH2CH2OH?

A CH3CHCH2 B CH3CHCHCH3
C CH3CH2CH2CH3 D CH3CH2COOH

38 Which type of reaction does this equation show?

C3H8 + F2 C3H7F + HF

A Hydration
B Neutralisation
C Addition 
D Substitution

39 An unsaturated hydrocarbon with six carbon atoms contains only three C=C double bonds. 
This hydrocarbon is reacted with excess bromine at a room temperature.

What is the formula of the resulting hydrocarbon?

A C6H8Br3 B C6H10Br3
C C6H8Br6 D C6H14

40 A hydrocarbon is found to contain about 80% of carbon by mass. What is the hydrocarbon?

A Methane B Ethene
C Propane D Hexene

END OF PAPER
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p , p y , p
CH3CH2CH2OH?

AA CH3CHCH2 B CH3CHCHCH33
C CH3CH2CH2CH3 D CH3CH2COOHH

38 Which type of reaction does this equation show?

C3H8 + F2 C3H7F + HFHFHFHFHFHFHFHFHFHFHFHFHFHFFFHFHFHFHFFHFFHFHFFHHFHFHFHFHFHFHFFFFFFFFFFFFHFFFHFFFHHHFHHHHHHHHFHFFF

A Hydration
B Neutralisation
C Addition 
D Substitution

39 An unsaturated hydrocarbon with sisix caarbr ono  atomss cconontatainins only three C=C double bonds.
This hydrocarbon is reacted with exexceessss brb ominine e atat aa rrooo mm temperature.

What is the formula of the resultingg hydy rorocacarbrbonon??

A C6H8Br3 B C6H10Br3
C C6H8Br6 D C6H14

40 A hydrocarbon is fououndnd tto o cocontntain about 80% of carbon by mass. What is the hydrocarbon?

A Meeththananee B Ethene
C Proppanane D Hexene
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Marking Scheme for Paper 2

Qn Possible answers Mark

A1 (a) (i) B and F [1]

(ii) D [1]

(iii) It is a metalloid/shows properties of both metal and non metal. [1]

(Provide one property of a metal and one of a non metal e.g. conducts electricity but low density, dull colour

accepted ) – [1]

[4]

A1 (b) Bonds broken 

4(C–H) + 4(F–F) = 4 × 412 + 4 × F–F - [1]

Bonds formed 

4(C–F) + 4(H–F) = 4 × 484 + 4 × 562 – [1]

[ Enthapy change = bond break – bond make]

–1904 = [4 × 412 + 4(F–F)] – [4 × 484 + 4 × 562] [1]

4(F–F) = –1904 – 4 × 412 + [4 × 484 + 4 × 562] = 632 

F–F = 632 / 4 = 158 kJ/mol , The student is correct. [1]

because the F–F bond energy is much less than the C–H or other covalent bonds, therefore the F–F bond is weak / 

easily broken.

[4]
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ds broken 

H) + 4(F–F) = 4 × 412 + 4 × F–F - [1]

ds formed 

F) + 4(H–F) = 4 × 484 + 4 × 562 – [1]

hapy change = bond break – bond make]

4 = [4 × 412 + 4(F–F)] – [4 × 484 + 4 × 562] [1]1]

F) = –19040 – 4 × 412 + [4 × 44848 ++ 44 ×× 562] == 636322

= 632 / 4 = 158 kJ/mol ,

for Paper 2

ible answers

) B and F [1]

i) D [1]

ii) It is a metalloid/shows properties of both metal and non metal. [1]

(Provide one property of a metal and one of a non metal e.g. conducts eleleleleleeleellelllelelelleleelelellleelellelelelleleeellllleelllllleleleeleeeeleee ececececececeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeceeccecctrtrtrrtrtrtrtrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrtt icicicicicicicccicicciciccccicicccicicicicccicicicccccccciciicicicicccicccciiciciciiicciciiiiciciiciciicitititiititititiitititiititititiiiitiititittttttittititity yyyyy but low deensnsitity, dull colour

accepted ) – [1]

The stududenent t isis cocorrrrect. [1]

use the F–F bond enenergrgy y iss mmucuchh lelessss tht an the C–H or other covalent bonds, therefore the F–F bond is weak / 

y broken.
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A1 (c) Chemical eqn

2K (s) + 2H2O (l) 2KOH (aq) + H2 (g)  

Ionic eqn

2K (s) + 2H2O (l) 2K+ (aq) + 2OH- (aq) + H2 (g)  [1]

[1]

A2 (a) Hydrogen [1]

(b) Finely divided Iron. [1]

It speeds up the reaction / increase the rate of reaction. [1]

[2]

(c) It will be fed back into the reactor / recycled / returned to the reaction. [1]

It helps to reduce the cost of the process / less waste of raw materials used. [1]

[2]

(d) A higher temperature will give a lower yield [1]

A higher pressure will give a higher yield [1]

[2]

(e) (i) N2(g) + 3H2(g) 2NH3(g)

Reversible arrow and state symbols are required.

[1]

(ii) It is a redox reaction.

The oxidation number of N decreases from 0 in N2 to -3 in NH3. Hence nitrogen gas has been reduced. [1]

The oxidation number of H increases from 0 in H2 to +1 in NH3. Hence hydrogen gas has been oxidised. [1]

[2]

A3 (a) Insoluble substance / precipitate formed [1]

Hence, light cannot travel through / stops light / block light [1]

[2]

(b) Precipitate formed is not dense enough / thick enough / does not block all light / settled to the bottom of the tube. [1] 
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ogen

y divided Iron. [1]

eds up the reaction / increase the rate of reaction. [1]

be fed back into the reactor / recycled / returned to the reaction. [1]

ps to reduce the cost of the process / less waste of raw materials usedd. [1]

her temperature will give a lower yield [1]
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(c) (i) A. 

It is the steepest graph, indicating fastest rate of reaction / finishes in the shortest time

[1]

(c) (ii) Time = 42s

Rate = 1/42

= 0.024 s-1 [1, with units] 

NO FRACTIONS ALLOWED IN CALCULATION !

[1]

(c) (iii) As temperature increases, particles gain heat with more kinetic energy and will move faster at a higher temperature and 

collide more frequently. [1] 

More particles possess energy greater or equal than the activation energy. [1]

Therefore, there is a higher frequency of effective collision, increasing the rate of reaction [1]

[3]

(d) A more reactive metal will form a more stable metal carbonate [1] 

which takes a longer time to decompose to produce carbon dioxide gas [1] 

where white precipitate is formed in the limewater.

Note: Metal carbonate Metal oxide + carbon dioxide gas

[2]

A4 (a) Mole of CO2 = 1.79 / (12+16+16)

     = 0.04068 mol ( leave to at least 4 sf in working)

Mass of C = 0.04068 mol x 12 

= 0.488 g (3sf)

[1]

(b) 1.20 – 0.488 – 0.0812 = 0.631 g

[Ecf allow from part (a)]

[1]
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(c) C               : H      : O

0.488/ 12 : 0.0812/1  : 0.6 31/16   - [1]

0.0407  : 0.0812  : 0.0394

1   : 2    : 1

Empirical formula is:  CH2O - [1]

[Ecf allowed from part (b) and part (a)]

[2]

(d) Since Empirical formula is:      CH2O

[Ecf allowed]

Mr of empirical formula is 30.

For alcohol 1,

120 / 30 = 4

Hence, molecular formula will be C4H8O4 [1]

Therefore, alcohol G is alcohol 1. – above proven.

For alcohol 2, not possible.

OR

Alcohol 1 has the simplest ratio that is the same as the empirical formula. [1]

[1]

(e) Add aqueous bromine to alcohol 1, it decolouries OR turned from reddish brown to colourless. 

From alcohol 2, aq bromine remains reddish brown.

[1]

(f)

+

[2]
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1m – correct structure for propene and water

1m – correct structure for propanol

[accept –O-H group to be at second carbon atom]

A5 (a) Moles of salicylic acid = 

100 g/ 138 = 0.7246 mol [1] (working round off to 4sf)

mass of aspirin = 0.7246 mol x 180 = 130.4 g

= 130 g (3sf) [1]

[2]

A5 (b)(i) 250 / 400 * 100 = 62.5 % [1]

- Reversible reaction / Some products are lost through other reactions / reactants are contaminated / contains

impurities. [1]

[2]

A5 (b)(ii) Catalyst provides an alternative pathway of lesser energy, hence less energy / temperature is required, reducing the cost 

of production.

[1]

A5 (c) It is an endothermic reaction [1]

It absorbs heat energy from the surroundings / temperature mixture as the ammonium nitrate dissolves. [1]

[2]

A6 (a) It allows the ions to be mobile / move / act as mobile charge carriers. [1]

(b) 2Br- (l) 2e- + Br2 (g)

(Happens at anode, hence oxidation happens)

[1]

(c)(i) Lead (II) ions / Ions would gain electrons [1]

(ii) Increase [1] in mass / size / layer formed [1] [2]

www.KiasuExamPaper.com

ase [1] in mass / size / layer formed [1]

ws the ions

correct structure for propene and water

correct structure for propanol

ept –O-H group to be at second carbon atom]

s of salicylic acid =

g/ 138 = 0.7246 mol [1] (working round off to 4sf)

of aspirin = 0.7246 mol x 180 = 130.4 g

= 130 g (3sf) [1]

400 * 100 = 62.5 % [1]

Reversible reaction / Some products are lost through other reactionnss / / reactants are contaminated / contain

impurities. [1]

yst provides an alternativi e pathway of lesser eneerggyy,, hehence lelesss eenenergrgy y / / temperature is required, reducing the co

oduction.

n endothermic reaction [1]

orbs heat energy from the surrrrouundndini gs / / tetempmpererataturure mixture as the ammonium nitrate dissolves. [1]

to be mobilee // mmove / acact t asas mmobobilile e charge carriers. 

l) 2e- + Br2 (g)

pens at anode, hencece ooxixidadatit onn hhappens)

(II) ions / Ions would gaainin eelelectrons

 
100



GESS 2018 Sec 4 Express MYE Chemistry 6092/02

6

OR

Silvery [1] substance [1] 

R: Solid. Because it is molten state. 

(iii) Lead metal conducts electricity [1] [1]

B7 (a) (i) Raw materials are renewable / Does not use crude oil [1]

(a) (ii) Alcohol does not need to be distilled [1] as  alcohol produced is pure [1] [2]

(b) (i) The healthier oil is sunflower oil. [1]

It has less saturated fat than olive oil and corn oil [1] / it has the highest value of polyunsaturated fat compared with all the 

other oils. [1]

OR

Rapeseed oil is healthiest [1] because it has the lowest value of saturated fat compared with the other oils. [1] / it has 

more polyunsaturated fat than both olive and corn oil [1]

[2]

(b) (ii) No, hydrogen adds to the unsaturated fat and reduces the number of carbon carbon double bonds. [1]

Hence there will be less polyunsaturated fat [1]

[2]

(b) (iii) Heat of combustion decreases as the number of carbon atom increases. [1] 

More bonds are broken during the combustion of longer chain alkanes, hence less energy is released. [1]

[2]

(b) (iv) Melting point increases as the number of carbon atoms increase. [1]

B8 (a) The mixture would have a lower melting point. [1]  this allow the oxide to melt at a lower temperature and make the process 

more economical. [1] /  Save money from electrical energy that is reduced. [1]

[2]

(b) Anode: 2O2- (l) O2 (g) + 4e- [2]
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Cathode: Al3+ (l) + 3e- Al (l)

(c) [1]

(d) The overall equation is 

2Al2O3 4Al + 3O2

No. of moles of Al = 540 / 27

     = 20 mol

No. of moles of oxygen produced 

= 20 / 4 x 3 = 15 mol [1]

Volume of oxygen produced = 15 x 24 dm3

= 360 dm3 [1]

[2]

(e) The presence of oxygen gas reacts with the carbon anode to form oxides of carbon [1].

Or

Oxidises the carbon electrode and reduce the mass. [1]

[1]
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Cathode: Al3+ (l) + 3e- Al (l)

(c)

(d) The overall equation is 

2Al2O3 4Al + 3O2
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(f)

1m – correct terminals and label of anode and cathode

1m – correct label of materials 

(Copper and copper sulfate solution)

[2]

Either 
B9 (a) (i)

Larger surface area [1] for collision to occur, hence higher rate of reaction [1]. [2]

(a) (ii) 2ZnS + 3O2 → 2ZnO + 2SO2 [1]

(b) (i) [1]

heat produced by carbon/ coke (burning in) oxygen/ air;

[1]

C + O2 → CO2 produces heat/ exothermic;

OR

2C + O2 → 2CO produces heat/ exothermic

[1]

ZnO + CO → Zn + CO2;

OR

[3]
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ZnO + C → Zn + CO;

OR

2ZnO + C → 2Zn + CO2

(b) (ii) Temperature (inside the furnace) is above 907 °C

OR

Temperature (inside the furnace) is above the boiling point (of zinc) 

OR

1000°C is above the boiling point (of zinc)

[1]

(b) (iii) Condensation [1]

(c) Zinc is more reactive than iron / Zinc is higher in the reactivity series than iron / Zinc reacts more readily with oxygen

than iron. [1]

Zinc loses electrons more easily and it is able to react with the air and water [1]

[2]

OR

B9 (a)

Fractional distillation [1] and cracking [1] [2]

(b) (i) Addition polymerization

[R: Additional polymerization]

[1]

(ii) CH2 [1]

(iii) [2]

CH3 H CH3 H

H H H HHH
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[1] chain of 4 carbon atoms with single bonds and continuation bonds;

[1] correctly positioned CH3 side chains;

(c) any 2 from

- similiar chemical properties

- same functional group

- trend each consecutive member differ by CH2

[2]

(d)

Cl either at first or second carbon atom.

[2]
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1 When iodine crystals were heated in a test tube, the iodine sublimed. How did the 
movement of the iodine particles change?

A particles slide over one another particles move freely
B particles slide over one another particles vibrate about fixed positions
C particles vibrate about fixed positions particles move freely
D particles vibrate about fixed positions particles slide over one another 

2 A beaker of nitrogen is inverted over a porous pot containing carbon monoxide as 
shown.

The water level does not change.

Which statement is correct?

A Both gases are diatomic. 
B Nitrogen is an unreactive gas.
C The gas particles are too large to pass through the porous pot.
D The two gases have the same relative molecular mass.

3 In which of the following do both gases change the colour of damp red litmus paper?

A ammonia and chlorine
B ammonia and sulfur dioxide
C carbon dioxide and chlorine
D carbon dioxide and sulfur dioxide

4 A solid can be purified by crystallisation from its aqueous solution. 

Which of the following properties does the solid have?

A It dissolves in cold water, but not in hot water.
B It is equally soluble in hot and cold water.
C It is more soluble in hot water than in cold water.
D It is very soluble in cold water.

www.KiasuExamPaper.com 
108



3 
 

2018 4E Pure Chem MYE P1 Hua Yi Secondary School

5 The table shows some information about the solubilities of three solids.

solid solubility in water solubility in propanol

P

Q 

R 

insoluble

soluble

insoluble

soluble

insoluble

insoluble

The following operations could be carried out to obtain pure P from a mixture of 
P, Q and R. 

1 evaporate filtrate to dryness
2 add propanol
3 filter
4 add water
5 collect residue

In what order should the operations be carried out?

A 2, 3, 4, 5, 1
B 2, 3, 5 only
C 4, 1, 2, 3 only
D 2, 3, 1 only

6 An element E forms a negative ion, E2-, with the electronic structure 2,8,8. 
What is the proton number of E?

A 16
B 17
C 18
D 20

7 Which statements correctly describes the properties of mixtures of iron and sulfur, and 
the compound iron(II) sulfide, FeS?

mixtures of iron and sulfur compound iron(II) sulfide

1 iron and sulfur mix without 
chemically reacting

iron and sulfur combine in a chemical 
reaction to form  iron(II) sulfide

2 the ratio of iron to sulfur in mixture 
can vary

the ratio of iron to sulfur in 
iron(II) sulfide is always the same

3 the mixtures do not have the 
properties of iron or sulfur

iron(II) sulfide has the properties of 
iron and sulfur

A 1 only
B 1 and 2
C 2 and 3
D 3 only
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8 Deuterium (chemical symbol D) is an isotope of hydrogen. An atom of deuterium 
contains one neutron.

Which of the following statements is not true?  

A An atom of deuterium is heavier than an atom of hydrogen.
B An atom of deuterium has a relative atomic mass of 1.
C An atom of deuterium has one valence electron.
D The formula of the compound formed between deuterium and oxygen is D2O.

9 The diagram shows the structural formula of propyl methanoate.

What is the total number of electrons that are not involved in chemical bonding
in the molecule? 

A 8
B 14
C 20
D 28

   
10 The table shows four elements W, X, Y and Z with their atomic numbers.

element W X Y Z

atomic number 6 8 11 17

What are the likely formulae of ionic compound and covalent compound formed from the
four elements?

formula of ionic compound formula of covalent compound

A
B 
C 
D

W X
Y2X 
YW
YZ  

YZ
WX2
WZ4
ZX
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11 Which particles are responsible for the conduction of electricity through metals?

A electrons only
B electrons and positive ions
C negative ions only
D negative ions and positive ions

12 The table shows some of the physical properties of P, Q, R and S.

substance melting 
point / C 

boiling 
point / C

electrical conductivity solubility in 
watersolid liquid

P 122 550 poor poor insoluble 

Q 690 1790 poor good soluble

R 1510 2489 poor poor insoluble

S 1453 2730 good good insoluble

Which of the following statements about the four substances is correct?

A P is a simple molecular compound held by weak covalent bonds.
B Q is an ionic compound with mobile electrons in the liquid state.
C R is a macromolecule held by strong electrostatic forces of attraction between ions.
D S has a giant lattice structure with mobile electrons.

13 The melting points of magnesium oxide and calcium oxide are given below.

metal oxide melting point/ °C 

magnesium oxide 2852
calcium oxide 2572

A The charge of the calcium ion is higher than that of the magnesium ion.
B The charge of the magnesium ion is higher than that of the calcium ion.
C The radius of the calcium ion is smaller than that of the magnesium ion.
D The radius of the magnesium ion is smaller than that of the calcium ion.
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14 Element L and M form a compound which has a structure shown below.

 

Based on the structure shown above, deduce the chemical formula of the compound formed 
between element L and M.

A LM
B L2M
C LM2
D L14M13

15 When sugar, C12H22O11, (Mr = 342) is fermented using yeast, the following reaction 
takes place. 

C12H22O11(s) + H2O(l)   4C2H5OH(aq)+ 4CO2(g)

1kg of sugar is completely fermented.

Which expression shows the volume of carbon dioxide produced?

A 342 x 4 x 24 dm3

      1000  
B 1000 x 24 dm3

   342 x 4  

C 342 x 24 dm3

1000 x 4
D 1000 x 4 x 24 dm3

  342

16 A sample of nitrogen gas contains the same number of atoms as found in 4.00 g of
methane gas. 

What is the mass of the sample of nitrogen gas? 

A 7.00 g
B 14.0 g
C 17.5 g
D 35.0 g

M

L
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17 In an experiment carried out at room conditions, 1.0 dm3 of carbon dioxide was collected 
when an excess of dilute hydrochloric acid was added to 5.0 g of calcium carbonate. 

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

What is the percentage yield of carbon dioxide gas?

A 4.16%
B 12.0%
C 41.6%
D 83.3%

18 What is the total volume of gas, measured at room temperature and pressure, that remains if 
20 cm3 of sulfur dioxide reacts with 20 cm3 of oxygen to form sulfur trioxide?

2SO2 (g)  +  O2 (g)  2SO3 (g)

A 10 cm3

B 20 cm3

C 30 cm3

D 60 cm3

19 An excess sample of an alloy, containing two metals, was dissolved in dilute sulfuric acid. 
Aqueous sodium hydroxide was then added to the solution. A precipitate was formed. 
An excess of the alkali caused the mass of the precipitate to decrease leaving a dirty green 
solid and a colourless solution. 

What were the two metals present in the alloy?

A calcium and zinc
B copper and iron
C copper and lead
D iron and zinc

20 Which equation shows the most suitable reaction for the production of lead(II) sulfate in the 
school laboratory with good yield?

A Pb + H2SO4 PbSO4
B Pb(OH)2 + H2SO4 PbSO4 + 2H2O
C Pb(NO3)2 + H2SO4 PbSO4 + 2HNO3
D PbCO3 + H2SO4 PbSO4 + CO2 + H2O
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21 In a qualitative analysis, reagent M is gradually added to a salt solution N followed by the 
addition of a dilute acid. The graph below shows how the mass of the precipitate formed 
changes with the reagents added.

Which of the following set of anions would produce the given results?    

reagents (M and acid) added anion(s) in N

A add silver nitrate,
followed by dilute nitric acid Cl-, CO3

2-

B add silver nitrate,
followed by dilute nitric acid l-

C add aqueous barium nitrate,
followed by dilute hydrochloric acid Cl-, CO3

2-

D add aqueous barium nitrate,
followed by dilute hydrochloric acid CO3

2-

22 Solid W is gradually added to solution X. The changes in pH are shown on the graph.

What are W and X?

solution X solid W

A nitric acid insoluble metal oxide

B hydrochloric acid soluble metal oxide

C aqueous ammonia soluble non-metal oxide

D sodium hydroxide soluble non-metal oxide

mass of solid W/ g

pH

addition of M
addition of dilute acid

 

volume of reagents 
added to N /cm3

mass of 
precipitate /g
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23 In which of the reactions is the underlined substance acting as a reducing agent?

A Cl2 + 2FeCl2 2FeCl3
B 2HCl + MgO MgCl2 + H2O
C H2 + CuO Cu + H2O
D ZnO + CO Zn + CO2

24 Disproportionation  is a reaction in which the same element is both oxidised and         
reduced.

Which reaction is an example of disproportionation? 

A Cl2   +   H2O HClO   +    HCl
B 2Pb(NO3)2       2PbO  +  4NO2 +  O2
C Cu  +  2H2SO4 CuSO4 +   2H2O  +  SO2
D Cu  +  4HNO3 Cu(NO3)2 +  2H2O  +  2NO2

25 Acidified potassium manganate(VII) can be used to detect the presence of ethanol vapour in 
the breath of a person who has consumed alcohol.

A colour change of the filter paper is observed. 

Which of the following conclusion about ethanol is observed?

A It is a reducing agent because it reduces the oxidation state of the manganese.
B It is an alkali because the final colour is purple.
C It is an oxidising agent because the manganese atoms gain oxygen atoms.
D It is neutralised by acidified potassium manganate(VII) solution.

26 Which of the following substances could be used to reduce atmospheric pollution caused by 
flue gases?

A ammonium carbonate and ammonium sulfate
B ammonium sulfate and calcium carbonate
C calcium carbonate and calcium oxide
D calcium oxide and ammonium sulfate
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27 The equation for a particular reaction is shown below.

2AgI + light 2Ag  +  I2

Why is this an endothermic reaction?

A Energy is required to vaporise iodine.
B It involves the formation of covalent I – I bonds.
C It involves the transfer of electrons from iodide ions to silver ions.
D Light energy is absorbed when the reaction takes place.

28 The energy profile diagram is that for the Haber process.

What does the energy change E2 - E1 represent?

A activation energy of the forward reaction
B activation energy of the reverse reaction
C enthalpy change of the forward reaction
D enthalpy change of the reverse reaction

29 Caesium is an element in the same group of the Periodic Table as lithium, sodium and 
potassium. 

Which statements about caesium are likely to be false? 

                    I        It reacts explosively with cold water.
                    II       It forms a soluble carbonate salt.
                    III      It forms a carbonate with a formula of CsCO3. 

          IV     It can be extracted via electrolysis of concentrated aqueous CsCl.

A I and II
B I and III
C II and III
D III and IV
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30 Using the apparatus shown, chlorine is passed through the tube. After a short time, coloured
substances are seen at P, Q and R. 

What are these coloured substances?

P Q R
A reddish-brown vapour violet vapour black solid
B reddish-brown vapour reddish-brown vapour reddish-brown vapour
C green gas violet vapour black solid
D green gas reddish-brown vapour reddish-brown liquid

31 The table below gives some information about element Y.

Which of the following statements about element Y is likely to be correct?

density / g/cm3 6.2

melting point / oC 1280

formulae of oxides
YO (white)

Y2O3 (brown)

chemical properties reacts readily with O2 or Cl2

A It is a metal in Group III.
B It is a transition metal.
C It is an alkali metal.
D It forms oxides that are amphoteric in nature.

32 A new element, Hb, placed in Group VII of the Periodic Table, has a higher relative atomic 
mass than astatine. 

Which statement about element Hb is not correct?

A Hb atom gains electrons less readily than a chlorine atom.
B Hb displaces astatine out from aqueous potassium astatide.
C Hb has a higher boiling point than bromine.
D Hb is a less powerful oxidizing agent than iodine.
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33 Which diagram correctly shows the conditions necessary for rusting of iron and also the 
metal that can be used to prevent rusting by sacrificial protection? 

34 Scrap iron is often recycled.

Which reason for recycling is not correct?

A It reduces the amount of pollution at the site of the ore extraction.
B It reduces the amount of waste taken to landfill sites.
C It reduces the need to collect the scrap iron.
D It saves natural resources.

35 Which diagram below shows the structure of an alloy?
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36 Ammonia is produced by Haber process as shown in the diagram. 

 
Which one of the following processes separates ammonia from the reaction mixture?

A cooling the gaseous mixture
B distillation of the gaseous mixture
C filtering out the other two gases 
D passing the gaseous mixture through fused calcium oxide

37 Which solution(s) would produce hydrogen gas at the cathode upon electrolysis?

1 dilute nitric acid
2 aqueous potassium hydroxide

          3 aqueous sodium chloride

A 1 only
B 1 and 2
C 2 and 3
D all of the above

38 The table shows the energy released by complete combustion of some compounds used as 
fuels.

compound Mr

methane 16 -880

ethanol 46 -1380

propane 44 -2200

heptane 100 -4800

Which fuel produces the least energy when 1 g of the compound is completely burned?

A methane
B ethanol
C propane
D heptane

condenserH2 + N2

reactor

catalyst
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39 A thermometer is placed in warm water and the temperature is measured as shown.

When a solid is dissolved in the water, an exothermic change takes place. The temperature 
changes by 5 C. 

What is the final temperature?

A 38.0 C
B 38.5 C
C 48.0 C
D 48.5 C

40 In which reaction is the pressure not likely to affect the rate of reaction?

A 3H2 (g) + N2 (g) 2NH3 (g)
B CuO (s) + H2 (g) Cu (s) + H2O (l)
C Fe2O3 (s) + 3CO (g) 2Fe (s) + 3CO2 (g)
D H2SO4 (aq) + 2NaOH (aq) Na2SO4 (aq) + 2H2O (l)

  

End of Paper
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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 compounds are used in manufacturing chemicals for agriculture.

A K3PO4

B H2SO4

C NH3

D Ca(OH)2

E NH4NO3

Use the letters A, B, C, D and E to answer the following questions.

(a) Which solid compound is added to increase the pH of soil?

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

(b) Two raw materials are used to make a compound.

One of the raw materials is made by cracking petroleum. 
The other raw material is obtained by fractional distillation of air.

Which compound is manufactured from these two raw materials?

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

(c) Which two compounds can be reacted together to form an ammonium salt?

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

(d) NPK fertilisers are solid fertilisers that contain compounds of nitrogen, phosphorus and 
potassium.

Which two compounds could be mixed to produce an NPK fertiliser?

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

[Total: 4]
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A2 Spinach is an edible plant that has a deep green colour. The following chromatogram is 
obtained when water-acetone mixture is added to a drop of spinach extract in the centre of a 
piece of filter paper.

(a) State the property which allows the components of the spinach extract to be separated 
using chromatography.

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

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

(b) The experiment was repeated using a typical chromatography paper as shown below.

Draw and label the expected positions of the components of spinach extract on the 
chromatogram. [2]

(c) State one experimental procedure that should be followed to obtain a good separation
of the components.

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

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

carotene

chlorophyll a

chlorophyll b
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(d) Suggest why a water-acetone mixture is used as the solvent, instead of just a pure water 
or pure acetone solvent.                    

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

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

[Total: 5]
A3 One of the ways to reduce air pollution is to curb the number of vehicles on the road.

(a) Name two air pollutants produced by motor vehicles.

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

(b) Catalytic converters are fitted in cars to reduce the amount of air pollutants emitted by 
motor vehicles.  In the catalytic converter, nitrogen monoxide and carbon monoxide 
react together to form harmless products.

(i) Write a chemical equation to show how air pollutants are removed by catalytic 
converters.

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

(ii) Explain why catalytic converters do not solve all the environmental problems 
caused by motor vehicles.  

……………………………………………………………………………………………… 

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

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

[Total: 5]
A4 The reaction below is an example of a redox reaction.

…….I-(aq)   +   …….H+(aq)   +   …….H2O2(aq)       …….I2(aq)   +   ……H2O(l)

(a) Balance the equation by inserting numbers (if necessary) on the dotted lines provided. [1]

(b) Identify the oxidising agent in this reaction. Explain your answer using oxidation states.     

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

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

……………………………………………………………………………………………………... 
[2] 
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(c) What colour change will be seen when this reaction is carried out?

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

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

     [Total: 4]
A5 The table shows some data about the different components of air.

components melting point / C boiling point / C 

argon

carbon dioxide

krypton

neon

nitrogen

oxygen

water vapour

189

78

157

249

210

219

0 

186

78

153

246

196

183

   100

(a) State the percentage by volume of nitrogen and oxygen in air.

nitrogen…………………………     oxygen…………………………  [2] 

(b) Air is a source of nitrogen, oxygen and the noble gases. These are obtained by the 
fractional distillation of liquid air. Before air is liquefied, carbon dioxide and water are 
removed.

(i) Suggest why air is dried before it is liquefied.

……………………………………………………………………………………………… 

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

(ii) At 200 C, liquid air is fractionally distilled by allowing it to warm up gradually.
List the order of the fractions (elements) obtained, starting from the first fraction

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

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

     [Total: 4]
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A6 In Experiment I, a sample of magnesium carbonate is heated in a test-tube using a hot plate 
at 300 C. The total volume of carbon dioxide formed is measured every 10 seconds.

The graph shows his results.

(a) Suggest why there is no significant increase in the volume of carbon dioxide when 
magnesium carbonate is first heated.

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

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

(b) In Experiment II, the same mass of magnesium carbonate is heated in a test-tube using 
a hot plate at a higher temperature of 500 C. 

Sketch a curve on the graph above to show the results for this experiment.

Explain your answer.

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

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

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

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

volume of 
carbon 
dioxide/ cm3

time /s
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(c) Ron wishes to investigate how the thermal stability of metal carbonates is related to the 
position of their metal in the reactivity series.  

To ensure a fair experiment, he repeated Experiment I using different metal carbonates, 
while keeping all other variables constant. 

The table below shows the results of the experiment after the first 60 seconds.

metal carbonate total volume of gas collected/ cm3

X2CO3 0 
YCO3 0 

CaCO3 2 
FeCO3 7 
ZnCO3 5 

(i) Write a balanced equation, with state symbols, for the thermal decomposition of 
FeCO3.         

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

(ii) Explain why X2CO3 and YCO3 do not decompose.

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

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

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

(iii) A solution containing 0.002 mol of sulfuric acid is titrated with a solution containing 
9.2 g/dm3 of X2CO3. The volume of X2CO3 solution needed to exactly neutralise 
the acid is 23.2 cm3. 

1 mole of sulfuric acid reacts with 1 mole of X2CO3.

Calculate the relative atomic mass, Ar, of X and suggest its identity.

                                                                            Ar of X = .................................... 
                                                                          identity of X ................................ [3]

[Total:11]
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A7 The reaction between magnesium and steam is an exothermic reaction.

(a) Write a balanced equation, with state symbols, to represent the reaction between 
magnesium and steam. 

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

(b) The energy output of the reaction between magnesium and steam can be shown using 
an energy profile diagram.

Draw an energy profile diagram for the reaction.

Your diagram should include names of the reactants and products, labels for the 
reaction enthalpy change and activation energy.  

[3]

(c) Explain, using ideas about bond breaking and bond making, why the overall reaction is 
exothermic.   

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

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

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

[Total: 7]

en
er

gy
 (k

J)

progress of reaction
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A8 Molten lead(II) bromide was electrolysed using carbon electrodes.

(a) (i) Write the ionic equation for the reaction at the cathode.

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

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

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

(iii) State the observation at the cathode during the electrolysis.

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

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

(b) The setup shows the electrolysis of concentrated sodium chloride solution.

(i) Describe the observations at the electrodes of P and Q.

Electrode P: ……………………………………………………………………………….. 

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

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

Electrode Q: ………………………………………………………………………………..

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

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

P Q

30 V

graphite 
electrode

concentrated sodium 
chloride solution with 
universal indicator
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(ii) How does the pH of the electrolyte change as the electrolysis proceeds?
Explain your answer.

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

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

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

(iii) Suggest why iron is not suitable to be used as an electrode for this experiment.

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

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

[Total:10]
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Section B
Answer all three questions in this section.

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

B9 This information is about the elements in Period 2 of the Periodic Table.

element electrical conductivity
(at room temperature and pressure)

Li good

Be good

B poor

C good

N does not conduct

O does not conduct

F does not conduct

Ne does not conduct

elements

m
el

tin
g 

po
in

t/ 
C
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(a) (i) Use the information to describe the trends in melting point and electrical 
conductivity across Period 2.

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

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

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

(ii) How does the data show that the first four elements in Period 2 are solids at 
room temperature and pressure? 

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

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

(b) (i) Does the electrical conductivity of carbon fit the general pattern across the 
period? Justify your answer.

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

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

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

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

(ii) There are two forms of carbon: diamond and graphite.

Which form of carbon does the data refer to?
Explain your answer with reference to the structure of the substance you have 
chosen.

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

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

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

………………………………………………………………………………………….…. [2] 
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(c) Draw a sketch graph to show how atomic number changes across the period.

[1]
(d) An element in Period 3 has the following properties.

melting point/ C 98

conductivity good

Use the information given in the question to suggest the element that this data is most 
likely to refer to.

Explain your answer.

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

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

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

          [Total: 10]
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B10 Different experiments were set up to investigate the reactions of sulfuric acid.

25.0 cm3 of 0.10 mol/dm3 sulfuric acid was transferred to a conical flask and sodium 
hydroxide was added from a burette.

After each addition of sodium hydroxide, the pH of the solution was recorded using a pH 
probe attached to a data logger. 

The display from the data logger shows the results below. The pH curve has two endpoints, 
which resulted because H2SO4 undergoes two stages of ionisation in water to produce 
hydrogen sulfate ions, and sulfate ions respectively.

(a) (i) Sulfuric acid ionises in water in two stages. In stage I, it ionises to produce 
HSO4

- ions.

H2SO4 (aq 4
- (aq) + H+ (aq)

Write an equation to show the second stage of ionisation of HSO4
- in water. 

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

(ii) State the chemical formula and name of the salt formed at the first endpoint.

chemical formula   ………………………………………………… 

chemical name  ………………………………………………….... [2]

 volume of sodium hydroxide added / cm3

first endpoint

second endpoint

           5          10         15          20        25         30 

pH
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(iii) H2SO4 is completely neutralised when the second endpoint is reached.

Use the information from the pH curve to calculate the concentration of sodium 
hydroxide used in the experiment.                                                                   

[3] 

(b) Describe how you would show that iron(II) sulfate rather than iron(III) sulfate is formed 
when iron is dissolved in dilute sulfuric acid. 

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

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

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

[2]

(c) In an experiment, hydrated iron(II) sulfate was gently heated to constant mass, leaving 
behind anhydrous iron(II) sulfate.

The following table shows the results obtained.

mass of hydrated salt at the start 27.8 g

mass of anhydrous salt at the end 15.2 g 

Use the results to work out the empirical formula of the hydrated iron(II) sulfate used in 
this experiment.                                                                                                      

[2]

          [Total: 10]

www.KiasuExamPaper.com

 
136



Sec 4E Chemistry P2 Mid-Year Exam 2018                                                                                       Hua Yi Secondary School

16

Either
B11 Aqueous sodium thiosulfate, Na2S2O3, reacts with dilute hydrochloric acid. The reaction 

was used in an experiment to determine the effects of varying concentration and 
temperature on the speed of the reaction.

The equation for the reaction is:

Na2S2O3 (aq) + 2HCl (aq) 2NaCl (aq) + S (s) + SO2 (g) + H2O (l)

A cloudy suspension of sulfur forms and covers the cross (X) slowly. When the cross 
completely disappears from top view, the time taken is recorded. 

The table below shows the results obtained in different experiments using 10 cm3 of acid 
and 10 cm3 of 1 mol/dm3 aqueous sodium thiosulfate. 

experiment concentration of 
acid / mol/dm3 

temperature / C time taken / s 1/time / s-1

A 0.15 20 65

B 0.10 30 45

C 0.10 20 85

D 0.05 30 55

E 0.05 20 105

add dilute acid 
and start timing

thiosulfate 
solution a cross drawn 

on paper

time how long it takes for the cross to disappear
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(a) (i) Complete the table by calculating the values of 1/time for each experiment.  
Leave your answers to 3 significant figures.

[1]

(ii) Explain the significance of 1/ time.

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

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

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

(b) Which of the experiments (A to E) are suitable to be used to show the effect of 
concentration on the speed of the reaction? Explain your answer. 

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

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

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

[2]

(c) Explain, using the collision theory, the effect of concentration on the speed of the 
reaction. 

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

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

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

[2]

(d) In trying to explain the effect of temperature on the speed of the reaction, a student 
said, “The higher the temperature, the faster is the speed of the reaction. This is 
because at a higher temperature, the activation energy of the reaction is lowered. 
Thus, more effective collisions can occur.” 

Is the student correct? Justify your answer. 

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

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

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

[3]

          [Total: 10]
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OR
B11 Natural gas is a mixture of hydrocarbon compounds formed from the remains of dead

plants and animals over a long period of time. It is often found together with other
fossil fuels such as crude oil. 

An example of components of natural gas is shown in the table.

name formula
percentage 

composition
/ %

boiling point
/ °C

liquid 
density
/ g/cm3 

methane CH4 70 - 162 0.423

ethane C2H6 10 - 89 0.546

propane C3H8 10 - 42 0.493
others

(carbon dioxide, 
hydrogen sulfide, 

etc.)

- 10 - - 

Adapted from: www.naturalgas.org

Natural gas that is extracted from the ground must be purified before it can be used. A 
simplified diagram showing the process of purification is given in the diagram below. The 
first step is to cool the mixture and remove water and other dense components like crude oil. 
The raw gas is then sent to a series of scrubbers, compressors and coolers. Finally, the gas 
is either compressed or liquefied, and then exported.

Compressed natural gas (CNG) is compressed to 200 to 250 times atmospheric pressure, 
such that it occupies about 1% of the volume it would otherwise have occupied, and stored 
in high-pressure tanks. Liquefied natural gas (LNG) is cooled to about -170°C, where it 
occupies about 1/600th of the volume it would otherwise have occupied, and stored in 
special insulated tanks.  

Cooler

Gas 

Waste water

Separator Scrubber

Gas for 
export

Compressor

Crude oil for export
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(a) (i) What is the main component of natural gas?

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

(ii) Draw a dot and cross diagram to show the bonding of one molecule of the main 
component of natural gas stated in (a) (i). 
You only need to show the outer shell electrons.

[2] 

(iii) Explain, using ideas about bonding and structure, why natural gas is volatile.

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

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

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

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

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

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

(b) Name a piece of apparatus found in the school laboratory which functions on the 
similar principle as the separator shown in the diagram.

…………………………………………………………………………………………………… [1]
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(c) (i) The diagram shows the arrangement of particles in natural gas at room 
temperature and pressure. Draw similar diagrams to show the arrangement of 
the same number of particles in liquefied natural gas (LNG) and compressed 
natural gas (CNG).

                   LNG                                                 CNG
                                      

[2] 

(ii) Using the information given, suggest one advantage of using liquefied natural 
gas (LNG) over compressed natural gas (CNG). 

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

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

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

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

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

          [Total: 10]

End of Paper
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4E Pure Chem MYE P1 MS 2018 

Q1 C Q21 A
Q2 D Q22 D
Q3 A Q23 D
Q4 C Q24 A
Q5 D Q25 A
Q6 A Q26 C
Q7 B Q27 D
Q8 B Q28 B
Q9 C Q29 D
Q10 B Q30 A
Q11 A Q31 B
Q12 D Q32 B
Q13 D Q33 D
Q14 A Q34 C
Q15 D Q35 B
Q16 C Q36 A
Q17 D Q37 D
Q18 C Q38 B
Q19 D Q39 C
Q20 C Q40 D
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Q1 C Q222222111111 AAAAAA
Q2 D Q222222222222 DDDDDD
Q3 A Q222222333333 D
Q4 C Q2Q2Q2Q2Q2Q2444444 A
Q5 D Q2Q2Q 555555 A
Q6 A Q2Q2Q2Q2Q2Q2666666 C
Q7 B Q22777777 D
Q8 B Q2888888 B
Q9 C Q29 D
Q10 B Q30 A
Q11 A Q31 B
Q12 D Q32 B
Q13 D Q33 D
Q14 A Q34 C
Q15 D Q35 B
Q16 C Q36 A
Q17 D Q37 D
Q18 C Q38 B
Q19 DD Q39 C
Q20 CC Q40 D
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4E Chemistry Paper 2 2018 
Mark scheme

A1
(a) D [1]
(b) C [1]
(c) B and C [1]
(d) A and E [1]

Total: 4
A2
(a) The components have different solubilities in the solvent. [1]

(b) 3 components [1] 
correct distance (relative height): 

chlorophyll b – 0.8 to 1 cm
chlorophyll a – 1.0 to 1.2 cm
carotene – 1.8 to 2.1 cm [1]

[2]

(c) The chromatography should be allowed to run until the solvent front almost
reaches the top of the filter paper/
The drop of extract spotted on the filter paper should be as small as possible.
Cover with a lid to ensure consistent acetone/water compostition.
Use a longer chromatography paper.

NB: Do not award: solvent level should be below starting line/ startling line should 
be drawn in pencil

[1]

(d) Spinach extract consists of substances that are soluble only in acetone-water 
mixture.

[1]

Total: 5
A3
(a) carbon monoxide, nitrogen oxides, sulfur dioxide, unburnt hydrocarbons

(No chemical formula)
Any two answers. [1] each.

[2]

(b) (i) 2CO + 2NO 2CO2 + N2 [1]

(ii) Carbon dioxide [1 mk pt] is produced by the reactions in the catalytic 
converters and it is a greenhouse gas [1 mk pt] that causes global warming. 
[1 mk pt]

3 mk pts – [2]
1-2 mk pts – [1]

[2]

Total:5
A4
(a) 2      2      (1)      (1)   2  [1]

(b) H2O2 is the oxidizing agent.
It oxidizes I- to I2 which increases in oxidation number from -1 (I-)  to 0 (I2).

[1]
[1]

(c) Colourless solution turns yellow/ brown. [1]

Total:4
A5
(a) Nitrogen – 78% [1]

Oxygen – 21% [1]
[2]

(b) (i) At low temperature (for fractional distillation of liquefied air), water is a solid [1].
{Hence, it would block the flow of liquid air through the pumps and pipes.}

[1]

(ii) (distilled first) Nitrogen , Argon,  Oxygen, Krypton. [1]
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correct distance (relative height):
chlorophyll b – 0.8 to 1 cm
chlorophyll a – 1.0 to 1.2 cm
carotene – 1.8 to 2.1 cm [1]

The chromatography should be allowed to run until the solvent t frfrfrfrfrfrononononononttttt t alalalalalalmomomomomomost
reaches the top of the filter paper/
The drop of extract spotted on the filter paper should be assssss sssssssmamamamamamaaaaaaall aaaaaass possssssssssssibibibibibiblelelelelele.
Cover with a lid to ensure consistent acetone/water compmpmpmpmpmppmppppmpmppppppppppppppmpmpppppppppppppppppppppppppppppppppppppppppppppppppppposososososososooososososososososososososososoosossosssososooosososososososossosooosososososoooosooososoososoooososooossososoooossosossosssososssssssssssssosssssssssssssssssssssssstitititititittitittitttitittittttttttititititittttittittttitttitttitttitttttttttttitititittittitttiiiiitttiiittiiiiiiittiiiiiiittiiit tititititititititititititiiititiiitititiitititititititititittiititititititiiitititiititititiittiittttttttttttittt onononononononononononoononononooonoononooooonononnnonnooooooooo ..
Use a longer chromatography paper.

NB: Do not award: solvent level should be below starting lllllllllllllllllllllllllllllllllllllininininininninininnnnnnnnnnnnnnnninnnnnnnininnnnnininnnininnnnnnnnnnnnnnnnnnnnininninniinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnne/e/eeee/ee/ee/e/ee/e/e/e/e/e/e/e/e///e/e/e/e/e/////e/e/e/e/e/e/e/e//e/e/e/e/e/e/e//e/e/e/e//e/e/e/e/e/eeeeeeeee/ee/eeeeeeee/e/eeeeeeeeeeeeee/e/eeeeeeeeeeeeeeeeeeeeeeee/e/e/eee//eee/ ssssssssssssssssssssssssssssssssttattatatatatatatatatataatatattatat rtlingngngngngng llllinnnne shhhhhhououououououldldldldldld 
be drawn in pencil

[1]

Spinach extract consists of substances that are soluble only in acetoneeeeee------wawawawawawater 
mixture.

[1]

Total: 5

carbon monoxide,, nitrogen oxides, sulffurur ddioioxix de, ununbuburnrntt hyhydrd ocarbons
(No chemical formula)
Any two answers. [1] each.

[2]

(i) 2CO + 2NO 2CO2 + N2 [1]

(ii) Carbon dioxiidede [1[ mmk k pt] isis pproroduducecedd by the reactions in the catalytic 
converters andnd iit t iis a grgreeeenhnhououseses  gas [1 mk pt] that causes global warming.
[1 mk pt]

3 mk pts –– [2[2]]
1-2 mk pptstst – [1[1]]]

[2]

Total:5

2      2      (1)     (1)   2  [1]
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NB: 0 M if students include Ne or compounds.

Total:4
A6
(a) Not much magnesium carbonate has achieved activation energy required. [1]

Accept: 
The flame is not hot enough to decompose much magnesium carbonate. 

Note: Many students’ responses reflect a poor understanding of the question The 
question involves decomposition and hence responses that revolve around rate of 
effective collision is invalid as there’s no collision of reactants involve here. Other 
responses which are inaccurate include ‘There wasn’t enough energy to overcome 
the activation energy’.

[1]

(b)

Correct graph [1]

At higher temperature, rate of reaction increases because more zinc carbonate 
particles have sufficient energy to overcome the activation energy. [1]

Volume of carbon dioxide stays constant as it is dependent on the number of 
moles/ mass of zinc carbonate which did not change. [1]

[3]

(c) (i) FeCO3 (s) FeO (s) + CO2(g)

Correct state symbols – 1M
Correct formula – 1M

[2]

(ii) X and Y are highly reactive metals [1], thus forming highly stable metal 

carbonates [1] that do not decompose on heating

[2]

(iii) Mass of X2CO3 used = 9.2 x 0.0232 = 0.2134 g [1]
Mr of X2CO3 = 0.2134/0.002 = 106.72 

Ar of X = (106.72 – 12 – 16 x 3 )/2 = 23.4 [1] (3 s.f.)
Ar of X = 23.4
identity of X sodium [1]

[3]

Total: 11
A7
(a) Mg (s) +  H2O (g) MgO (s)  +  H2 (g) [2]

www.KiasuExamPaper.com

p g gy
the activation energy’.

Correct graph [1]

At higher temperature, rate of reaction iincncrereasaseses bbececauause more zinc carbonate 
particles have sufficient energy to oveercrcomomee thhe e aca tivatit on energy. [1]

Volume of carbon n didioxo idide stayays s coconsnstatant as it is dependent on the number of 
moles/ mass of zinnc c cacarbonnatatee whwhicichh did d not change. [1]

[3]

(i) FeCO3 (ss) ) FeFeO O (ss) ) ++ COCO2(g)

Correct staatete symymbobols – 1M
Correct formulula a – 1M

[2]

(ii) X and Y are highly reactive metals [1], thus forming highly stable metal [2]
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1M for all accurate formula
1M for all accurate state symbols

(b)

Correct shape [1]
L ); directions must be both correct [1]
Reactants and products (correct indicators of reactants and products) [1]

[3]

(c) Heat energy released for bond forming in 1 mole of magnesium oxide and 1 mole 
of hydrogen is greater than heat absorbed for bond breaking in 1 mole of water 
and 1 mole of magnesium.

[1] – underlined phrases i.e. where the bonds are broken and formed;
[1] – bold words i.e. connecting energy released/gained to bond forming/breaking

Note: This question involves the overcoming of ionic bonds and the phrasing proves 
to be difficult for students. Students who gave responses such as Mg-O will be 
marked down as this is a denotation for covalent bond.

[2]

Total: 7
A8
(a) (i) Pb2+(l) + 2e- [1]

(ii) 2Br-
2(g) + 2e- [1]

(iii) Shiny, silvery globule was found at the bottom of the beaker. [1]
(b) (i) P:  Green Universal indicator turned blue/violet. [1]  /bubbling / effervescence

of pale green gas [1] [max 2]

Q:  Green Universal indicator turned red. [1] / bubbling / effervescence of 
colourless gas [1]

[4]

(ii) pH will increase. [1]  Hydrogen ions preferentially discharged at cathode results 
in decreasing concentration of hydrogen ions / concentration of hydroxide ions 

[2]

progress of reaction

Mg + H2O 
MgO + H2 -ve
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b)

Correct shaapep [1[1]]
L ));; direectctioionsns mmusust t be both correct [1]
Reactanntsts aandn pproroduductcts s (ccororrect indicators of reactants and products) [1]

[3]

c) Heat energy releasedd foforr bobondnd fforming in 1 mole of magnesium oxide and 1 mole
of hydrogenn iss grgreaeateterr thhanan hheat absorbed for bond breaking in 1 mole of water 
and 1 molee oof f mamaggnesesiuium.m

[1] – underlineded pphrhrases i.e. where the bonds are broken and formed;
[1] – bold words i.e. connecting energy released/gained to bond forming/breaking

N t Thi ti i l th i f i i b d d th h i

[2]

prorogrgresess s ofof rreaeactctioion

Mg + H2O
MgO + HH2 -vee
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higher than that of hydrogen ions. [1]

NB: reject if students write gas instead of ions are discharged.

(iii) Chlorine gas formed at anode will oxidise iron anode away/
hydrogen ions at cathode will react iron cathode away

Reject: chloride ions will react with iron. [Reaction of chloride ions with iron is slow]

NB: reject if students write gas instead of ions are discharged.

[1]

Total: 10

B9
(a) (i) The melting points increase across Period 2 from Li to C, then decrease

sharply from C to N. The melting points decreases gradually from N to Ne. [1]

The electrical conductivity is high for the first elements in the period and is low
for the last four elements. Boron is the exception as it is one of the first few
elements in the period, yet it has poor electrical conductivity. [1]

NB:
X Wrong: merely restating the table information in sentence form,
for example, "lithium, beryllium and carbon are good conductors, boron is poor and the
other elements do not conduct.

Right: answers that identified a general trend, "the conductivity is high for the first
elements in the period and is low for the last four elements' and then highlighted the
exception 'except for boron' or 'except for carbon'.

[2]

(ii) They have high melting points that are above room temperature. [1]

(b) (i) No. Electrical conductivity generally decreases across Period 2. [1] (specific
mention of a trend)

However, carbon is a good electrical conductor despite the preceding element,
boron, being a poor conductor, and the following element, nitrogen, being a
non-conductor.  [1]

NB: Only ans that presents the idea of a general pattern will be accepted.

[2]

(ii) Graphite. [no marks]

Graphite has a giant molecular structure consisting of layers of carbon atoms. 
Each carbon atom is covalently bonded to three other carbon atoms.
This leaves each carbon atom with one valence electron not involved in 
bonding. [1] This electron becomes delocalised and can move freely along the 
layers of carbon atoms, [1] thus conducting electricity.

NB: Reject if students write each atom is bonded to 3 other electrons. Concept 
must be entirely correct.

[2]

www.KiasuExamPaper.com

(i) The melting points increase across Period 2 from Li to C, then ddececececececrererererereasasasasasaseeeeee
sharply from C to N. The melting points decreases gradually yyyyy frfrfrfrfrfromomomomomom NNNNNN tttttto Neeeeee.. [1[1[1[1[1[1]]

The electrical conductivity is high for the first elements in ttttttheheheheheheeheehehhheheheeeheheheeeeeeeheeeeeheheehheheheeheeeeeheeeeeeeeeeeeeeeeeehhheeeeeeehheheeheheeeehhheeeeeeeehhe ppppppppppppppppppppppppppppppppppppppppppppppppppppperererererererererererererererererererrererreeererrererererrrerrrrerrerrerrrerrerererrerrrererrerrrrerrrrererereeeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ioioiooooiiioiiiiiiioiiiioooiodddddd and issssss llllllowowowowowow
for the last four elements. Boron is the exception as it iiiiiisssss s ssssssssssssss sssssssssssssss sssssss ssssssss ononononoononooonononononononononoonononoononoonoononoonononoononnononononnnnonononoononoonnonnonoooonononononnoonnnononnnnooonnnnnonononnnonnnnnnnnnnonnnnnnnnonnonnnnno eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ofofofofofofofofofoofoofofofofoofofofofofofofoofofofofofofofofofofofofofofoofofoffofofoofoofofofofofofofoooooffoffofffofoffoffofofffffofofoffofoooffofoffoffoofooofoooofooooofooooooo ttttttttttttttttttttttttttttttttttttheheheeee first ffffffewewewewewew
elements in the period, yet it has poor electrical cononononnnddddudududududududuuduuddddduududududuuududududududududuuduudududududuuududuuudduuududududuuddududuuuuuuuddddddddddddddddduuddddddddddddduccctctcctctctctctctcctctctctctctctcttcttctctctctctctctttcttcttcttctttctccctctcttctctttctctctttttcttctctctctccttctctctcttctctcccttctttctccctctctccccccttcttccctcctcctcttctccctttccctctccctctctcccctttctt vviviviviviviviivivivviviviviiiviviviviviiviviviviviviiviviviivivivivivivivivvvvivivivvivvvvivivivivivvivvviivvvvivvivvivvivvvvvvvivvivvivvvvvviiiiivititititititititititiititittititiitiitititiiiitiitititiititiitiiittittitittttitttttttttitttttttttiitttitttttttittttiityy.y.y.yyy.y.yyyyyyy.y.y.y.y.y.y.y.y.yyyyyy.yyyy.y.yyyyyyyyyyyyyyy.y.y.yyyy.yyyyyy.y.yyyyyy.yy.yy.yyyyyyyy.yyyyyyy.yy.y.y.y.y.y.yy.yyyy.y.yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1]1]]1]1]1]11]1]11]1]1]]1]]]]]1]]1]1]1]]]]1]]1]1]1]1]1]1]1]1]1]1]]]]]1]]]]]1]1]1]]]1]]1]1]]1]1]]1]1]]1]1]11]]1]1]1]1]11]1111111]1]11111]111]11111]]11]]]]]]]]]]1]]]]]]]]]]]

NB:
X Wrong: merely restating the table information in sentence form,
for example, "lithium, beryllium and carbon are good condudd ctors, boronn iiiisssss popopopopopoor and thett
other elements do not conducttt .

Right: answers that identified a gennereral ttrer ndn , "the cononduductctc ivivitity is high for the first
elements in the period and is low for the laasts ffoour elemmenentsts' anandd tht en highlighted the
exception 'except for boron' or 'except t foforr cacarbonn'.'.

[2]

(ii) They have hih gh melting points thatat aare aabobovevee rrooooomm temperature. [1]

(i) No. Electrical conductivity geneerarar lllly y deded crreaeasesess acaccross Period 2. [1] (specific
mention of a trend)

However, carbrbonon is a gog odod eelelectctriricacal conductor despite the preceding element,
boron, being a ppoor cocondndducuctotor,r aand the following element, nitrogen, being a
non-conductoor. [1[ ]]

NB: Onlyy aansns ttthahat prpresents the idea of a general pattern will be accepted.

[2]

(ii) Graphite. [no o mam rks]

Graphite has a giant molecular structure consisting of layers of carbon atoms.

[2]
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(c)

NB: reject if axes are unlabeled.

[1]

(d) Sodium. [no mark]
A relatively low melting point (compared to other metals) [1] and good electrical 
conductivity are properties of Group I/alkali metals.[1]

[2]

Total: 10

B10
(a) (i) HSO4- (aq) H+ (aq)+ SO4

2- (aq) [1]
(ii) NaHSO4 [1]

sodium hydrogensulfate [1]
[2]

(iii) No. of mol H2SO4
= (25.0/1000) x 0.10
= 0.0025 mol [1]

H2SO4 + 2NaOH Na2SO4 + 2H2O  
From equation, 
1 mol H2SO4 : 2 mol NaOH
0.0025 mol H2SO4:0.005 mol NaOH [1]

Concentration of NaOH 
= 0.005 / (20.0/1000) 
= 0.250 mol/dm3 [1]

[3]

(b) Add 2 to 3 drops, and then, excess of NaOH solution [1].
If a dirty green precipitate that is insoluble in excess NaOH is formed, iron (II) sulfate 
is formed. [1]

[1]
[1]

(c)
compound FeSO4 H2O
mass/g 15.2 27.8 – 15.2

= 12.6
no. of moles 15.2 / 152

= 0.1 mol
12.6 / 18
= 0.7 mol

simplest 
ratio 0.1 / 0.1 = 1 0.7 / 0.1= 7

Empirical formula is FeSO4.7H2O. 
1m for simplest ratio
1m empirical formula

[2]

Total:10
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NB: reject if axes are unlabeled.
(d) Sodium. [no mark]

A relatively low melting point ((coc mpmparred to otheher r mem tals) [1] and good electrical
conductivity are properties of Group II//alklkali metaalsls.[.[1]1]

[

T

B10
(a) (i) HSO4- (aq) H+ (aq)+ SOSO44

22- (aq)) [
(ii) NaHSO4 [1[1]

sodiumm hhydydrogenssululfaatete [[1]1]
[

(iii) No. ofof mol HH22SOSO44
= (2(25.5.0/0/10100000)) x x 0.0 10
== 0.0.00002525 mmolo [[1]

H2SOO44 + 2NaOH Na2SO4 + 2H2O  
From equation, 
1 mol H2SO4 : 2 mol NaOH

[
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B11 EITHER
(a) (i)

1/time/ (1/s)

0.0154
0.0222
0.0118
0.0182
0.00952

[1]

(ii) 1/ time provides information about the speed of reaction. [1]

The longer the time taken, the slower is the speed of the reaction. / The shorter 
the time taken, the faster is the speed of the reaction. [1]

[2]

(b) The results of experiments A, C and E can be used. / The results of experiments B 
and D can be used. [1]
These experiments were conducted using different concentrations of acid but the 
temperature was kept constant. [1]

[2]

(c) The higher the concentration, the faster is the speed of the reaction. 
No marks awarded. 

With a higher concentration, there are more reactant particles in a unit volume. [1] 
Thus, there are more collisions between reactant particles. This results in a higher 
frequency of effective collisions occurring. [1]

[2]

(d) The student is not correct. The activation energy of the reaction is not lowered with 
higher temperature. [1]

Must mention what is wrong with the student’s explanation.  

At higher temperatures, reactant particles possess greater amount of kinetic energy. 
Thus, they are able move more quickly [1] and collide into one another more 
frequently.
This results in a higher frequency of effective collisions occurring. [1]

[3]

Total:10
B11 OR
(a) (i) Methane [1]

(ii) [2]

(iii) Natural gas is a mixture of covalent compounds which have a simple
molecular structure.
There are weak intermolecular/ van der Waals forces of attraction between
the molecules, [1]
hence little energy must be supplied to overcome these forces of attraction,
and natural gas has a low boiling point, which makes it volatile.     [1]

[2]

(b) Separating funnel [1]
(c) (i) LNG (liquid state) [1] [2]
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[2]

The results of experiments A, C and E can be used. / The results of experiments B 
and D can be used. [1]
These experiments were conducted using different concentrations of acid bubut thee 
temperature was kept constant. [1]

[2]

The higher the concentration, the faster is the speed of the reaeaaaaaaaacctctctctctctctctctctctcctctctctctctcttctctctttctctcttcttcttctctctcctctctcttctctcttttcttccctcttctcttttctttcttcctctcccccccc ioioioioioioioiooioioooioiooioioooioioioioooooioooioioioiooioiooooioioiooiooiooioooioiooiooioioioiooiooioioooiiooooioioioioiooioiooioioioioiioioioioiooooooooooooooooooioooooooooooooooonnnn.n.n.n.nnnnnn.nn.nn.n.nnnn.n.nnnn.n.n.nnnnnnn.nnn.nnnnnnnn.nnnnnnn.nnnn.nnn.nnnnnnnn.nnnn.n.nnn.n.n..nn...n..nnnnnnnnnn  
No marks awarded.

With a higher concentration, there are more reactant partticicicic ellelelelelelellelleleeeelelelelelellelelleelleleeeleeeleleleleeeeeeeeleleeeeeeelleeeeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessssssss ssssssssssss sssss sssssssssssssssssss sssssssssssssssss ssssssssssss sssssssssssssssssssssssss inininnninininininininininininininininininininininininininnninnnnnnininnnninninnnnninininnnninnniiinnniiinnnninnnniiiinnnniniinnin aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuunit vovovovoluuuumme. [1[1] ] 
Thus, there are more collisions between reactant particles. Thhiiisis resultssss iiin aaaa highherer 
frequency of effective collisions occurring. [1]

[2]

The student is not correct. The activation energy of the reacctitionon is not loowewered with 
higher temperature. [1]

Must mention what is wrong with the stuudedentnt’s’s expxplalananatitionon.   

At higher temperatures, reactant particleless popossssesess s grgreaeater amount of kinetic energy.
Thus, they are able move more quicklklyy [1[ ] ] ana dd cocollllidide ininto one another more
frequeu ntly.
This results in a higher frf eqequeu ncy y ofof eeffffecectitivev  collisions occurring. [1]

[3]

Total:10
OR
(i) Methane [1]
(ii)
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CNG (gaseous state, but closer together than original diagram) [1]

(ii) Data quoted:

Compared to the original volume of natural gas, LNG occupies 1/600th

/0.167% of the original volume, which is 100 times/ significantly less
than CNG, which occupies 1% of the original volume.                     [1]

*Student  must quote the data of both CNG and LNG
Implication:

Hence,
o LNG is likely to be easier to transport than CNG, [1] OR
o for the same volume, LNG contains more natural gas than CNG

[1] OR
o LNG is safer to use than CNG because CNG is compressed but

LNG is not, hence if a pressurised CNG cylinder is damaged, the
danger of an explosion is much greater [1]

1m for comparison of volume/ evidence
1m for stating implication

Accept any reasonable implication of the difference in volume

[2]

[Total:10]
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CNG (gaseous state, but closer together than original diagram) [1]

(ii) Data quoted:

Compared to the ooririgig naall vovolulumeme oof f natural gas, LNG occupies 1/600th

/0.167% of thee originanal l vovolulumeme, which is 100 times/ significantly less
than CNG, whwhicichhh ococcucupip eses 1%1% of the original volume.                     [1]

*Student  must quootetet tthehe ddatata a ofof botthh CNG and LNG
Implici attioion:n:

HeH nce,e,
o LNLNNG G isis llikikely to be easier to transport than CNG, [1] OR
oo fofor r ththe e e same volume, LNG contains more natural gas than CNG

[1[1]] ORO
oo LNG is safer to use than CNG because CNG is compressed but

LNG is not, hence if a pressurised CNG cylinder is damaged, the
danger of an explosion is much greater [1]

1m for comparison of volume/ evidence
1m for stating implication
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1 A gas X is insoluble in water and less dense than air. An impure supply of X
contains water vapour and a water-soluble impurity.

Which of the following order can be used to collect a pure dry sample of gas X? 

A 1, 2, 3, 4
B 1, 3, 2, 4
C 1, 2, 3, 5
D 1, 3, 2, 5

Paper 1 (40 marks)
Answer all questions. For each question there are four possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the OTAS
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2 The reaction between aqueous iron(II) sulfate and aqueous sodium hydroxide is 
shown below.

FeSO4 (aq)    +    2NaOH (aq) Fe(OH)2 (s) + Na2SO4 (aq)
pale green           colourless        dirty green           colourless

Which method could be used to separate the products?

A crystallization
B distillation
C filtration
D separatory funnel

3 The diagram shows three balloons filled with different gases held by students. 

Which statements are correct? 

1 The number of moles of gases in the 3 balloons is the same. 
2 The number of molecules in the 3 balloons is different. 
3               The mass of gases in the 3 balloons is different.

A 1 and 2 only
B 1 and 3 only 
C 2 and 3 only 
D 1, 2 and 3
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4 The graphs (not drawn to scale) show the heating curves of oxygen and nitrogen
over a period of time. 

At what temperature will there be two different phases (states) of matter  
co-existing at the same time, in a mixture of oxygen and nitrogen under room 
conditions?

A -180 oC
B -195 oC
C -200 oC
D -210 oC

5 Which of the following diagrams shows a pure hydrogen gas?

                                                

                                                
A B

C D

temperature / oC
time / minutes

–183
–196
–210
–218

O2 N2
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6 An element X has two isotopes of 16 and 18. Its relative atomic mass is 16.4. 
Which statement correctly states the proportion of isotope-16 in the sample?

A 20 %
B 40 %
C 60 %
D 80 %

7 Elements X, Y and Z have consecutive, increasing proton numbers. 

If element X is a noble gas, what is the symbol for the ion of element Z in its 
compounds?

A Z+

B Z2+

C Z2-

D Z3+

8 Which molecule has the largest number of electrons involved in covalent bonds?

A C2H4
B CO2
C CH3OH
D N2

9 Substance X has the following properties:

melting point above 500 C 
insoluble in water
conducts electricity only when molten.

What would substance X be?

A aluminium oxide
B copper
C graphite
D sodium chloride
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10 1.97 g of an unknown metal carbonate, MCO3, reacts completely with 50.0 cm3 of 
0.400 mol/dm3 hydrochloric acid. 

What is the relative atomic mass of M? 

A 35.0
B 94.5
C 137
D 150

11 A metal Y forms a sulfate salt with the formula, YSO4 while a non-metal Z forms 
an ammonium salt with the formula, (NH4)3Z.

What is the formula of the substance formed between Y and Z? 

A YZ
B Y3Z
C YZ3
D Y3Z2

12 The electronic structure of two atoms P and Q are shown.

What is the type of chemical bonding and the mass of one mole of compound 
formed between these two elements? 

type of bonding
mass of one mole of 

compound
/ g

A covalent bonding 70
B covalent bonding 113
C ionic bonding 43
D ionic bonding 102

atom P atom Q
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13 Ozone, a gas found in stratosphere, helps to filter the harmful ultraviolet rays from 
the sun. CFCs from aerosol sprays can cause the ozone layer to decompose as 
follows:

2O3 2 (g)

Which one of the following statements is correct at room temperature and 
pressure? 

A 2 mol of ozone produce 9 x1023 oxygen molecules.
B 24 dm3 of ozone produce 24 dm3 of oxygen.
C 48 dm3 of ozone produces 32 g of oxygen.
D 48 g of ozone produce 48 g of oxygen.

14 The scheme below shows some reactions of a compound of element X.

    

  

     excess aqueous HNO3

      

                + 

        aqueous NaOH

  

What could the compound of element X have been?

A aluminium sulfate
B calcium sulfate
C copper(II) carbonate
D lead(II) carbonate

compound of element X

gas colourless solution

white precipitate which dissolves in 
excess aqueous NaOH

Water +
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15 Chlorine gas is a severe irritant to the eyes and respiratory system. The maximum 
safe toleration level of chlorine gas is 0.005 mg/dm3.

How many molecules of chlorine gas are present in 1 dm3 of air at this toleration 
level?

A 71
106
005.0

23

B 23106
71
1

1000
005.0

C 23106
71
005.0

D 2310671
1000

005.0

16 The equation for the reduction of iron ore in the blast furnace is shown below.

Fe2O3 (s)  + 3CO (g)  2Fe (l)  +  3CO2 (g)

When 20 tonnes of the iron ore were reduced, 7 tonnes of molten iron were 
produced.

What is the percentage yield of this reduction?  

A 17.5 %
B 54 %
C 50 %
D 70 %

17 Which of the following reactions is NOT a redox reaction?

A KI + Br2    KBr + I2

B CuO + H2SO4        CuSO4 + H2O

C Mg + 2HCl MgCl2 + H2

D N2 + 3H2 2NH3

www.KiasuExamPaper.com

 
160



[Turn Over

9

18 Two solutions were mixed in a beaker and the mass of the beaker and contents 
was then recorded at various times. The graph shows the results. 

What could the two solutions be?

A aqueous ammonia and aqueous iron(II) nitrate
B dilute hydrochloric acid and aqueous potassium hydroxide
C dilute nitric acid and solid copper(II) carbonate
D dilute sulfuric acid and aqueous barium nitrate

Mass of 
beaker and 
contents / g

Time / s
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19 The mouth contains saliva which is a weak alkali. When sweets containing sugar 
are eaten, bacteria in the mouth change the sugar into acids.  

Which graph best shows how the acidity in the mouth changes during and after 
the eating of sweets?

       pH pH

       pH       pH

A B

DC
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20 Solid Z was dissolved in dilute sulfuric acid to give a colourless solution and a gas 
that combusts with a blue flame. When aqueous ammonia solution was added to 
the colourless solution, a white precipitate was obtained, which dissolved in 
excess aqueous ammonia. The same colourless solution gave a white precipitate 
with barium nitrate solution.  

What is the identity of solid Z? 

A calcium metal
B zinc metal
C calcium chloride
D zinc sulfate

21 The presence of ethanol vapour in the breath of a person who has very recently 
consumed alcohol can be detected using a filter paper moistened with acidified 
potassium dichromate(VI). 

If ethanol vapour is present, orange potassium dichromate(VI) spot will turn green.
What does this suggest about the property of ethanol?

A Ethanol acts as an indicator.
B Ethanol acts as a drying agent.
C Ethanol is a reducing agent.
D Ethanol is an oxidising agent.

22 A substance alpha is added to lead(II) nitrate solution. The change of conductivity 
is plotted as shown below.

What could substance alpha be?

A potassium
B potassium iodide solution
C potassium manganate(VII) solution
D potassium nitrate solution

Amount of substance alpha
added
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23 Consider the following set-up.

  

The rust indicator will turn blue in the presence of rust.

Some statements concerning the experiment are given below. 

(I) If X is copper, the iron nail will not corrode readily.
(II) If X is iron, the iron nail will not corrode readily.
(III) If X is silver, a blue colour is observed around the iron nail.

Which of the following statements is/are correct?

A (I) only
B (III) only
C (I) and (II) only
D (II) and (III) only

24 During the electrolysis of an aqueous solution of a cerium salt, 70 g of cerium 
(Ar = 140) is deposited at the cathode by 1 mole of electron. 

What is the formula of the cerium ion?

A Ce+

B Ce2+

C Ce3+

D Ce4+
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25 The diagram shows the circuit for electrolysing silver bromide and potassium 
chloride to produce the metal. 

                                              container for           container for
                                              silver bromide         potassium chloride

To produce a metal, what form must these salts be?

silver bromide potassium chloride
A concentrated solution molten
B dilute solution concentrated solution
C molten molten
D molten molten

26 Many properties of an element and its compounds can be predicted from the 
position of the element in the Periodic Table. 

What property could not be predicted in this way?

A the formula of its oxide
B the nature of its oxide
C the number of isotopes it has
D the number of electron shells of its atom
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27 In the apparatus shown, gas P is passed over solid Q.

Which of the following identities of P and Q would not result in a reaction?     

P Q
A carbon monoxide copper (II) oxide
B carbon monoxide lead (II) oxide
C hydrogen iron (III) oxide
D hydrogen zinc oxide

28 Three elements X, Y and Z belong to the same period in the Periodic Table. The 
properties of their oxides are given below.

oxide of X: soluble in both nitric acid and aqueous sodium hydroxide

oxide of Y: insoluble in water and aqueous sodium hydroxide but 
dissolves readily in nitric acid

oxide of Z: changes acidified potassium manganate(VII) from purple to 
colourless

Based on the statements above, arrange X, Y and Z in order of decreasing atomic 
number in the Periodic Table.

A X, Y, Z
B Y, X, Z
C Z, X, Y
D Z, Y, X
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29 A hand warmer bag purchased by skiers consists of powdered iron, water, salt 
and sawdust. When the bag is shaken, it becomes hot because the following 
reaction occurs.

4Fe (s) + 3O2 (g)  2Fe2O3 – 823 kJ/mol

Which statement is not true about the reaction above?

A The energy change involved in bond-forming is more than that in bond-
breaking.

B The energy level of products is lower than that of the reactants.
C The energy level of reactants is lower than that of the products.
D The temperature of the reaction mixture increases.

30 In the conversion of compound P into compound R, it was found that the reaction 
proceeded by way of compound Q, which could be isolated. 

The steps involve were:

P Q H = negative
Q R H = positive

Which one of the following reaction profiles agrees with this data?
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31 A thermometer is placed in water and the temperature measured is shown.

An endothermic change takes place as a solid is dissolved in the water. The 
temperature change is 4.5 oC. 

What would be the temperature reading immediately after the reaction?

A 38.0 °C
B 38.5 °C
C 47.0 °C
D 47.5 °C

32 A sample of hydrogen peroxide is decomposed by a metal oxide catalyst.

2H2O2 (aq)  O2(g)  +  2H2O(l) 

What will become larger if the experiment is repeated using a better catalyst?

A The total volume of gas produced at the end of the reaction.
B The amount of hydrogen peroxide left over at the end of the reaction.
C The initial gradient of a graph of total volume of gas produced against time.
D The time needed to produce a particular volume of gas.
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33 In the graph below, curve 1 was obtained when 25.0 cm3 of 1.0 mol/dm3 of dilute 
hydrochloric acid is reacted with an excess of magnesium ribbons at 30 oC.

Which of the following changes would result in curve 2?

A adding a catalyst to the reaction
B heating the acid to a higher temperature
C using 25.0 cm3 of 2.0 mol/dm3 of dilute hydrochloric acid
D using finely powdered magnesium metal of the same mass
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34 The percentage of ammonia obtained at equilibrium in the Haber Process is 
plotted against pressure for two temperatures, 400 °C and 500 °C. 

Which of the following correctly represents the two graphs obtained? 

35 Which statement about the properties of ammonia is correct?

A It decomposes on heating at high temperature to form nitrogen gas and
hydrogen gas.

B It dissolves in water to form an acidic solution.
C It is formed by heating ammonium salts with sulfuric acid.
D It reacts with alkalis to form salts.

A B

C D
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36 The table shows the boiling points of four fractions when crude oil is distilled.

fraction W X Y Z
boiling point 

/ C 35 75 80 145 150 250 greater than 
250

Which statement regarding the fractions is true ?

A Fraction W is more flammable than fraction Y.
B Fraction W is more viscous than fraction Z
C The density of fraction X is greater than that of fraction Z.
D The molecules in X have a longer chain length than those in fraction Z.

37 Which of the following statements about air are true?

I Clean air has a lower density than carbon dioxide.
II Clean air has a constant composition of oxygen and water vapour.
III Clean air contains mainly argon.
IV Clean air is a mixture of elements and compounds.

A I and III only
B I, II and III only
C I, III and IV only
D all of the above

www.KiasuExamPaper.com

 
171



20

38 Which structure is not an isomer of the structure shown?

 

39 Some unsaturated compounds contain more than one carbon-carbon double 
bond. An example is the compound with the formula C21H26.

How many carbon-carbon double bonds are present in one molecule of this 
compound?

A 3
B 5
C 8
D 9
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40 A chemist carried out a cracking reaction on a hydrocarbon, X and obtained two 
products, Y and Z. 

The chemist then wrote the following statements in his notebook. 

(1) A molecule of X has 7 carbon atoms.
(2) Y is unsaturated.
(3) Z will decolourise bromine water.

Which statement(s) is/are correct? 

A (3) only
B (1) and (2)
C (1) and (3)
D (1), (2) and (3)

- - - End of Paper 1 - - -
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Section A [50 Marks]
Answer ALL questions in the spaces provided. 

A1 Name the following chemical processes.

reaction name of process

(i) SiO2 2SiO3 + H2O 

(ii) H2SO4 + CaCl2 l + CaSO4

(iii) Fe2+ 3+ + e- 

(iv) MgBr2 + F2 2 + Br2

(v) CuCO3 2

[5]

[Total: 5 marks]

A2 This question concerns the chemistry of carbon and silicon, elements from Group 
IV of the Periodic Table.
Table 2.1 provides some information on two different forms of carbon (allotropes) 
and silicon:

Table 2.1
Substance Melting point / °C Electrical 

conductivity
Uses

Carbon 
allotrope A

Above 3000 Poor Cutting tools, 
drill bits

Carbon 
allotrope B

Above 3000 Good Lubricant

Silicon 1414 Good Semiconductors 
in electronics
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(a) Carbon tends to form covalent compounds.

By drawing the dot-and-cross diagram of a carbon compound of your 
choice, describe how a covalent bond is formed. You only need to show 
valence electrons.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(b) Explain, in terms of structure and bonding, why carbon allotrope A can be 
used as a drill bit while carbon allotrope B can be used as a lubricant.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(c) Carbon is commonly used as a reducing agent. For example, it can reduce 
zinc oxide to form zinc.

Explain, using oxidation states, how carbon is acting as a reducing agent in 
the reduction of zinc oxide.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

[Total: 6 marks]
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A3 Table 3.1 shows the results of some of the chemical reactions of four unknown 
metals. 

Table 3.1
Metals Thermal decomposition of metal 

carbonates
Reaction of 
metal with 
cold water

A Greenish-blue solid turns black. White 
precipitate formed when gas produced is 
being passed through limewater

No reaction

B White solid remains. No gas was 
produced.

Very vigorous 
reaction

C White solid turns yellow, turns back to 
white after when cooled. White precipitate 
formed when gas produced is being 
passed through limewater

No reaction

D White solid remains white. White 
precipitate formed when gas produced is 
being passed through limewater

Little bubbles 
formed on the 
surface of the 
metal.

(a) Arrange the metals in ascending order of their chemical reactivity.

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

(b) Metal A and D are placed into two separate beakers of iron(III) sulfate 
solution. Describe the observations you will see in each beaker.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(c) Pure iron can be extracted using the Blast furnace in the presence of carbon 
monoxide.

(i) Write a balanced equation for the reaction mentioned above.

……………………………………………………………………………..[1] 
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(ii) State and explain if the reaction written in (ci) is a redox reaction.

………………………………………………………………………………... 

……………………………………………………………………………..[1] 

(d) Iron oxidises to form iron(III) oxide, which is a reddish-brown deposit 
commonly known as rust.

Using your knowledge of the reactivity series of metals, describe and explain 
how rusting of iron can be prevented.

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

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

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

[Total: 8 marks]
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A4 A student carried out a series of experiments to determine the rate of reaction 
between excess zinc and dilute hydrochloric acid (HCl) by measuring the volume
of gas produced per unit time.

In Experiment 1 (conducted at 25 oC), he used 5 g of zinc granules and 30 cm3 of 
0.5 mol/dm3 dilute hydrochloric acid.  

The experiments were repeated two more times, with different variables.
  
Experiment 2: 5 g of zinc powder and 30 cm3 of 0.5 mol/dm3 of HCl, 25 oC 
Experiment 3: 5 g of zinc granules and y cm3 of z mol/dm3 of HCl, 25 oC 

Fig 4.1 shows the volume of gas produced over time.  

Fig 4.1
(a) Complete the diagram below with the appropriate apparatus used in the 

experiment.

[1]

Time / minutes

Volume 
of gas / 

cm3 Experiment 1

Experiment 3
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(b) Write a balanced equation for the reaction between zinc and dilute 
hydrochloric acid.

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

(c) On Fig 4.1 sketch and label the graph for Experiment 2.
[1]

(d) Taking reference from the Fig 4.1, suggest appropriate values for y and z for 
Experiment 3.

y = ………………………… cm3 

z = .………………………... mol/dm3 

[2]

(e) The student repeated the experiment at 50 oC. Explain in terms of energy 
and particle collisions how an increase in temperature increases the rate of 
a reaction.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

[Total: 8 marks]

A5 The table shows some information about a homologous series of organic 
compounds called ketones.

name number of 
carbon atoms formula

propanone 3 CH3COCH3 

butanone 4 C2H5COCH3

pentanone 5 C3H7COCH3
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(a) Deduce the name and formula of the ketone that contains 6 carbon atoms.

name    ………………………………………

formula ………………………………………

[2]

(b) From (a), deduce the general formula for ketones.

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

(c) The oxygen atom in a ketone forms a double bond with a carbon atom.

Draw the full structural formula of butanone.

[1]

(d) Separate samples of propanone and propene were placed in separate test 
tubes and each shaken with bromine water.

Predict what will be seen in each test tube after shaken with bromine water.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

[Total: 6 marks]

A6 Ozone is considered a pollutant at ground level but is important in the stratosphere.

(a) Explain why the ozone layer is important to us. 

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

(b) Explain why ozone is considered as a pollutant at ground level.

………………………………………………………………………………………... 

……………………………………………………………………………………..[1]
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(c) Ozone is destroyed when chlorine atoms from CFCs attack the ozone 
molecules. 

2Cl + O3  Cl2O + O2

Explain, in terms of oxidation states which element is oxidised.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(d) Nitrogen dioxide can also contribute to the depletion of the ozone layer and 
must be removed. 

(i) Besides breathing issues, describe one other harmful effect of 
nitrogen dioxide. 

………………………………………………………………………………... 

……………………………………………………………………………..[1] 

(ii) Write an equation to show how nitrogen dioxide can be removed in 
the catalytic converter.

……………………………………………………………………………..[1] 

[Total: 6 marks]

A7 Table 7.1 shows the enthalpy of combustion of three fuels. 

fuel enthalpy change of combustion (kJ/mol)
ethanol - 1370

hydrogen - 256
octane - 5510

combustion of ethanol: C2H5OH + 3O2 2CO2 + 3H2O 

(a) Use ideas about breaking and forming bonds to explain why the enthalpy 
change for combustion of ethanol is negative. 

………………………………………………………………………………………... 

……………………………………………………………………………………..[2] 
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(b) Octane also undergoes combustion to produce carbon dioxide. The 
equation for the combustion of octane is given below. 

2C8H18 + 25O2 16CO2 + 18H2O 

Calculate the volume of carbon dioxide that will be produced when ethanol 
undergoes combustion to produce 100 kJ of energy.

[2]

(c) Explain why the combustion of hydrogen is considered a ‘cleaner’ alternative 
as compared to octane and ethanol. 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

[Total: 6 marks]

A8 The diagram below shows how petroleum can be refined. 
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(a) Briefly describe how fractions can be separated through the fractional 
distillation of crude oil. 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(b) The flow chart below shows how a sweet smelling compound Y can be 
formed from petroleum (crude oil). 

(i) Explain why Stage A is an important process in the energy industry.

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[1] 

(ii) A long chain alkane, C12H26, undergoes Stage A to form ethene, 
butane and an unsaturated compound Z. 

Draw the structure of compound Z in the space given below.

[1]

[Total: 5 marks]
                      ---End of Section A---
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Section B [30 Marks]
Answer all questions. Question B11 has a choice of section to answer. Write your 

answers on the spaces provided.

B9 Fig 9.1 shows the set-up for the electrolysis of a chloride solution containing two 
metal ions, copper(II) and iron(II).

                                               Fig 9.1
An electric current was passed through the cell for a period of time. 
The observations at different stages were recorded in the table.

Table 9.2 
stage observations

stage 1 – after 10 
mins

A yellowish-green gas is observed at one of the 
electrodes while a brown solid is deposited at the 
other electrode.
There was no visible change to the electrolyte.

stage 2 – after 1 hour
The same observations in stage 1 at the anode and 
cathode.
The electrolyte became pale green.

stage 3 – after 2 
hours

Colourless gases are both evolved at the anode 
and cathode.
The pale green of the electrolyte becomes more 
visible.
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(a) (i) Write the equations for the reactions taking place at the respective 
electrodes in stage 1.

………………………………………………………………………………... 

……………………………………………………………………………..[2] 

(ii) The total mass of the brown solid deposited was 0.584 g. 

Calculate the volume of the yellowish-green gas produced at the 
other electrode.

[2]

(b) Explain why the electrolyte becomes pale green in stage 2 and then darker 
in stage 3.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(c) A few drops of Universal Indicator were added at the cathode in stage 3. 

State and explain the result of the test.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

……………………………………………………………………………………..[2] 
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(d) A total of three different substances were produced at the cathode 
throughout the whole electrolysis process. 

Identify and list the three substances in order of which they are produced. 
Explain your answer.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

[Total: 10 marks]
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B10 Graph 1 shows how the average temperature of the Earth’s surface may have 
changed over the last 150 thousand years.

Graph 2 shows how the percentage of carbon dioxide in the atmosphere may have 
changed over the last 150 thousand years.
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(a) Describe and explain the relationship between graph 1 and graph 2. 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(b) State two consequences as a result of the changes in temperature levels 
shown in graph 1? 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

……………………………………………………………………………………..[2]

(c) Explain how the carbon cycle regulates the level of carbon dioxide in the 
atmosphere.

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

www.KiasuExamPaper.com

 
190



[Turn Over

17

(d) Two most polluting emissions from cars are nitrogen monoxide and carbon 
monoxide. The actual concentration of each of these components depends 
on the mode of operation of the vehicle and the proportion of air present in 
the fuel mixture that is used.

Some typical figures are given in the table [ppm = parts per million].

mode of 
operation

proportion 
of air 

present in 
fuel mixture

nitrogen 
monoxide 

emissions / 
ppm

carbon monoxide 
emissions / ppm

idling engine high 14 2000

Accelerating 

engine

high 3700 1000

idling engine low 10 8000

accelerating 

engine

low 1000 5000

(i) Suggest why 

(1) the concentration of nitrogen monoxide is high when the engine is 
in the accelerating mode; and

(2) the concentration of carbon monoxide is low when the proportion 
of air present in the fuel mixture is high.

………………………………………………………………………………... 

………………………………………………………………………………... 

………………………………………………………………………………... 

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[2] 
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(ii) Catalytic converters help reduce pollution by converting pollutants to 
non-polluting products.

The equation shows a typical reaction in a catalytic converter.
   

Complete and balance the equation. Explain why this equation 
represents a redox reaction.

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[2] 

[Total: 10 marks]

EITHER
B11 (a) Citric acid is a white crystalline powder with formula C5H7O5COOH

Two samples of 0.1 mol/dm3 citric acid was prepared, one in water and the 
other in propanol. It was noticed that when the acid dissolved in water, the 
solution felt cold.

Dissociation of citric acid in water: C5H7O5COOH  C5H7O5COO- + H+ 

A piece of magnesium ribbon was added to each of the two solutions. The 
results are summarised in Table 11.1

Table 11.1
solution action on magnesium ribbon

citric acid in water slow but steady formation of gas bubbles
citric acid in propanol no reaction

(i) What type of energy change takes place when citric acid was 
dissolved in water?

……………………………………………………………………………..[1] 
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(ii) Explain the observations for the reaction between a solution of citric 
acid in water and magnesium.

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[2] 

(iii) Write a balanced chemical equation to show the reaction between 
magnesium and citric acid in water.

……………………………………………………………………………..[1] 

(iv) Explain why there was no reaction between magnesium and a 
solution of citric acid in propanol. 

………………………………………………………………………………... 

……………………………………………………………………………..[1] 

(b) Fig 11.2 shows three experiments involving aluminium that were set up in 
the laboratory.

                                        Fig 11.2

(i) Explain why a reaction occurred in Experiment 2 but not in 1.

………………………………………………………………………………... 

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[3] 

Experiment 1 Experiment 2 Experiment 3
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(ii) State and explain the observation(s) if any, that will be seen in 
Experiment 3. 

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[2] 

[Total: 10 marks] 

OR
B11 (a) The information in Fig 11.3 is about the elements in Period 3 of the Periodic 

Table.

Fig 11.3
(i) Describe the general trends in melting point across Period 3.

………………………………………………………………………………... 

………………………………………………………………………………... 

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[3]
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(ii) How does the data show that the first four elements in Period 3 are 
solids at room temperature and pressure?

………………………………………………………………………………... 

……………………………………………………………………………..[1] 

(b) Silicon has a structure similar to that of diamond. Explain in terms of 
structure and bonding why silicon has such a high melting point in Period 3. 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

………………………………………………………………………………………... 

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

(c) Sketch a graph to show how proton number changes across Period 3.

[1]

(d) Fluorine, chlorine, bromine and iodine are halogens found in Group VII of 
the Periodic Table. Table 11.4 lists the bond lengths and average bond 
energies of the halogens. 

Table 11.4

covalent bond bond length/ nm
(1nm = 10-9m)

average bond energy (kJ/mol)

F – F 0.142 158

Cl – Cl 0.199 242

Br – Br 0.228 193

I – I 0.267 151
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(i) Describe the general relationship between bond length and the 
average bond energy within Group Vll molecules.

………………………………………………………………………………... 

……………………………………………………………………………..[1] 

(ii) A student made the following comment about the reaction of gaseous 
propane, gaseous chlorine and gaseous bromine.

“When the same number of moles of gaseous propane is reacted with 
both gaseous bromine and gaseous chlorine, the rates for the two 
reactions will be the same.” 

Do you agree with the student’s comment? Explain your reasoning. 

………………………………………………………………………………... 

………………………………………………………………………………... 

……………………………………………………………………………..[2] 

[Total: 10 marks] 

---End of Section B---

---End of Paper 2---
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Group
I II III IV V VI VII 0

1
H

Hydrogen 

1

4
He

Helium

2
7
Li

Lithium

3

9
Be

Beryllium

4

11
B

Boron

5

12
C

Carbon

6

14
N

Nitrogen

7

16
O

Oxygen

8

19
F

Fluorine

9

20
Ne
Neon

10
23
Na

Sodium

11

24
Mg

Magnesium

12

27
Al

Aluminium

13

28
Si

Silicon

14

31
P

Phosphorus

15

32
S

Sulfur

16

35.5
Cl

Chlorine

17

40
Ar
Argon

18
39
K

Potassium

19

40
Ca

Calcium

20

45
Sc

Scandium

21

48
Ti

Titanium

22

51
V

Vanadium

23

52
Cr

Chromium 

24

55
Mn

Manganese

25

56
Fe
Iron

26

59
Co
Cobalt

27

59
Ni

Nickel

28

64
Cu
Copper

29

65
Zn
Zinc

30

70
Ga

Gallium

31

73
Ge

Germanium

32

75
As

Arsenic

33

79
Se

Selenium

34

80
Br

Bromine

35

84
Kr

Krypton

36
85
Rb

Rubidium

37

88
Sr

Strontium

38

89
Y

Yttrium

39

91
Zr

Zirconium

40

93
Nb

Niobium

41

96
Mo

Molybdenum

42

Tc
Technetium

43

101
Ru

Ruthenium

44

103
Rh

Rhodium

45

106
Pd

Palladium

46

108
Ag
Silver

47

112
Cd

Cadmium

48

115
In

Indium

49

119
Sn
Tin

50

122
Sb

Antimony

51

128
Te

Tellurium

52

127
I

Iodine

53

131
Xe
Xenon

54
133
Cs

Caesium

55

137
Ba

Barium

56

139
La

Lanthanium

57

*

178
Hf

Hafnium

72

181
Ta

Tantalum

73

184
W

Tungsten

74

186
Re

Rhenium

75

190
Os

Osmium

76

192
Ir

Iridium

77

195
Pt

Platinum

78

197
Au
Gold

79

201
Hg

Mercury

80

204
Tl

Thallium

81

207
Pb
Lead

82

209
Bi

Bismuth

83

Po
Polonium

84

At
Astatine

85

Rn
Radon

86

Fr
Francium

87

226
Ra

Radium

88

227
Ac

Actinium

89 +

*58-71 Lanthanoid series
+90-103 Actinoid series

140
Ce

Cerium

58

141
Pr

Praseodymium

59

144
Nd

Neodymium

60

Pm
Promethium

61

150
Sm

Samarium

62

152
Eu

Europium

63

157
Gd

Gadolinium

64

159
Tb

Terbium

65

162
Dy

Dysprosium

66

165
Ho

Holmium

67

167
Er

Erbium

68

169
Tm
Thulium

69

173
Yb

Ytterbium

70

175
Lu

Lutetium

71

Key      
a
X

b

a = relative atomic mass
X = atomic symbol
b = proton (atomic) number

232
Th

Thorium

90

Pa
Protactinium

91

238
U

Uranium

92

Np
Neptunium 

93

Pu
Plutonium

94

Am
Americium

95

Cm
Curium

96

Bk
Berkelium

97

Cf
Californium

98

Es
Einsteinium

99

Fm
Fermium

100

Md
Mendelevium

101

No
Nobelium

102

Lr
Lawrencium

103

23
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Answers for Sec 4EX Chemistry SA1 EXAMINATION Paper 2018
Paper 1 MCQ: 40 MCQs (40 marks)

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

Paper 2 Section A:
Answer all questions (50 marks)

Qn Part Answers Mark 
allocated

Markers Feedback

1 (a) neutralization [1 mark] Very
(b) precipitation [1 mark]
(c) oxidation [1 mark]
(e) displacement / redox [1 mark]
(f) thermal decomposition / decomposition [1 mark]

A2 (a) Any appropriate compound
1 mark for correct number of electrons on carbon atom
1 mark for correct number of electrons on the other 
atom(s)
Explanation: the carbon atom and X atom share a pair of 
electrons to attain a noble gas electronic configuration [1]

[3 mark]
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Answers for Sec 4EX Chemistry SA1 EXAMINATION Paper 2018
Paper 1 MCQ: 40 MCQs (40(( marks)

1. B 9. A 17. B 25. A 33. CCCCCC
2. C 10. C 18. C 26. C 34.. AAAAAA
3. B 11. D 19. D 27. D 353535353535. AAAAAA
4. B/D 12. D 20. B 28. C 3636363636366663336363666663666666. AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
5. A 13. D- 21. C 29. C 373777373737373737373737373373737373737373737373773373337373777773737373737373777373733773737373737377377773773777373737777777737773737373737373777373773737377377773777777377377777737777337777337373333777333737737737377777777777773377... CCCCCCCCCCCCCCC
6. D 14. D 22. B 30. CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 383838383838383838383838383838383838383833838338383383833833838383838383838383883838383338388383838383838838388388383388383838383383883888388888838883888388883838838388883838388383888838383838888338388388388333888383833333838333333888883338......... CCCCCCCCCCCCCCCCC
7. B 15. B 23. B 31. BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 3939393939393333939339933393939393933939333939333393939333939393393939393939393333393939333933939939333393993933333933933393933993939399999333399393999939393999999999999999939999999999939993999399399399393933 .............................. DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
8. A 16. C 24. B 32. CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 44404444444444444404004040404044444444444444444444044444444440444444444444444444404444044444444444444404440404044444404044444440404044444440440404044040444 . CCCCCC

Paper 2 Section A:
Answer all questions (50 marks)

Qn Part Answers Mark 
allocated

Markers

1 (a) neutralization [1 mark] Very
(b) precipitation [1 mark]
(c) oxidation [1 mark]
(e) dispsplacec mement / rededoxox [1 mark]
(f) thermamal l decoompmpososititioon n / / dedecomposition [1 mark]

A2 (a) AnAny y apprpropopririatate e cococ mpm ound
1 maarkrk fofoor r cocorrrrrrecece t number of electrons on carbon atom
1 mamarkr fforor ccororrect number of electrons on the other 
atata omom(s(s))
ExExplplananation: the carbon atom and X atom share a pair of 
elelecectrons to attain a noble gas electronic configuration [1]

[3 mark]
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(b) In allotrope A, every carbon atom is bonded to 4 other
carbon atoms by strong covalent bonds. This makes the
whole structure very hard.
In allotrope B, every carbon atom is bonded to 3 other
carbon atoms in hexagonal layers. Little force is needed to
overcome these weak intermolecular forces of attraction
between layers, making B slippery.

[1 mark]

[1 mark]

(c) Carbon causes the oxidation state of zinc to decrease 
from +2 in ZnO to 0 in Zn, hence reducing zinc oxide / C 
itself is oxidized. O.S of C increases from 0 to +2. Hence 
it’s a reducing agent.

[1 mark]

A3 (a) A,C,D,B [1 marks]

(b) Metal A: No visible observation [1]
Metal D: Metal D dissolves/brown solution becomes 
colourless/Grey solid produced (Any 2 for 2 marks)

[3 marks]

(ci) Fe2O3(s) + 3CO(g) 3CO2(g) + 2Fe(l) [1 marks]

(cii) Yes it is redox as Fe2O3 loses oxygen to form Fe and CO gains 
oxygen to form CO2.

[1 marks]

(d) Sacrificial Protection. A more reactive metal like 
magnesium or zinc can be placed beside iron. It will
corrode in place of iron

[1 marks]
[1 marks] 
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(b) In allotrope A, every carbon atom is bonded to 4 othththththherererererer
carbon atoms by strong covalent bonds. This makakakakakakeseseseseses tttttthehehehehehe
whole structure very hard.
In allotrope B, every carbon atom is bondededeeeeeeeeeeeeeddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd tototototootottotottotooototottototoootototototototttooooototototototottttottotottottototottotoototttotottottototoototoottooooootoooototooototoooooooooootoototoootoooooototoooooooooooooooooooooooootttotttott 33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333 ooooooooooooooooooooooooooooththththththhttttthttttt er
carbon atoms in hexagonal layers. Little ffffffoorororororrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrcecececeececececececececececececccececececececceceeceececeeccceccceececececcececececccceccececcceccecccceccecececcecccccccceccceecccccecceeeecececeeeeeeeeeeeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiissssssss sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss ssssss sssssssssssssssssssssss nnennenenennenenenneneneneeennennneeeneeeneneenenennnneneeeeeneeeneneeneneneeeeneneneneenennneeeeeeneneeeeennneeeneeeeeenneeeeneneeeeneneneeneeeeneeeneeeeneeneeeneneeenennnennnenenneeeddedededededeededeedeedededddededededeeddededdededededededededeeededdeddeddeededddeeeeeddeddedededededededdddededdededddedededddeedddddededddededdededededddedeeededddeededededdedeedddeddeedeeeeededdeeeedeeedeeeeeeeeeeeeeeeeeeeeeddddededdeedddddddeedededdde  to
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between layers, making B slippery.

[1111 mmmmmmmmmmmmmmmmmmaraaaaaaaaaaaaaaa k]

[111111111111111111 mmmmmmmmmmmmmmmmmararararararararararararararaark]k]k]k]k]k]k]kk]k]kk]k]k]kkkk]

(c) Carbon causes the oxidation state of zinc to ddddddddddddddddddddddddddecececeeeeeececececececeeeceeeeeeeee reaseee   
from +2 in ZnO to 0 0 in Zn, hence reducingn  zinc oxide ///// / CCCCC C
itself is oxidized. O.S of C increases from mm 0 to +2. Hennnnnncececececece 
it’s a reducing agent.

[1 mamamamamamamamamamamamamamamamamarkrkrkrkrkrkrkrkrkrkrkrkrkrkkkk]

A3 (a) A,C,D,B [1 marks]

(b) Metal A: No visible obobservrvatatioion [11]]
Metal D: Metal D disssosollves/b/brorownwn ssololutu ion becomes 
colourless/Grey solidd producuceded ((AnAnA y y 2 2 for 2 marks)

[3 marks]

(ci) Fe2O3(s) + 3CO(g)g))  3C3CCOOO22(g(g) ) ++ 2F2Fe(e l) [1 marks]

(cii) Yes it iis redod x as FFee22OO33 loloses oxygen to form Fe and CO gains 
oxygyggenen tto o formm CCOO2.

[1 marks]

(d) SaSacrc ifficial PPrP ototecectitionn. A more reactive metal like 
mam gnessiuiuummm oror zzinnc can be placed beside iron. It will
corrrodode ee inin pplalace of iron

[1 marks]
[1 marks]
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A4 (a) [1 marks]

(b) 2HCl(aq) + Zn(s) ZnCl2(aq) + H2(g) [1 marks]

(c) [1 marks]

(d) Y = 30.0 cm3

Z = 0.25 mo/dm3

Or
Y = 60.0 cm3

Z = 0.125 mol/dm3

[2 marks]

Time / minutes

Experiment 1

Experiment 3
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A4 (a) [1 mamamamamamammamamamamamamamamammaaarkrkrkrkrkrkrkrkrkrkrkkkkrkrkkssssssssssssssss]]]]]]]]]]]]]]]]

(b) 2HCl(aq) + Zn(s) ZnCl2(aq) + H2(g) [111111111111111111 markkkkkkkkkkkkkkkkkksssssssssssss]]]]]]]]]]]]]

(c) [11111111111111111 marks]

(d) Y == 3030.0.0 ccmm33

Z Z == 0.0..2525 mmo/o/dmdm3

OrOr
Y Y == 60606 .00 cm3

Z = 0.00 125 mol/dm3

[2 marks]

TiT mem  / minutes

ment 1ExExE pep rim

ment 3Experim
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(e) Increase in temperature, increases the kinetic energy of
the particles [1], more particles have energy greater or
equal to the activation energy [1], higher frequency of 
effective collision,[1] increase speed of reaction

[3 marks]

A5 (a) name: hexanone

formula: C4H9COCH3

[1 marks]
[1 marks] 

(b) CnH2n+1COCH3 [1 marks]

(c) [1 marks]

(d) Bromine water remains brown in propanone.

Bromine water decolourizes / turns colourless in propene.

[1 marks]
[1 marks] 

A6 (a) Shields / filters out harmful UV rays from the sun that can cause 
skin cancer / genetic mutations / eye damage. ; 

[1 marks]

(b) Forms photochemical smog which irritates the eyes and lungs 
which can cause breathing problems.

[1 marks]

(c) Chlorine is oxidised. ; 
Its O.S. increases from 0 in Cl to +1 in Cl2O. ;

[1 marks]
[1 marks] 

d(i) Pollutant reacts with rain water to form acid rain that corrodes 
buildings and harms aquatic life / plants. 

[1 marks]

d(ii) 2NO2 + 4CO 4CO2 + N2 [1 marks]
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(e) Increase in temperature, increases the kinetic energy of
the particles [1], more particles have energy greater or
equal to the activation energy [1], higher frequency of 
effective collision,[1] increase speed of reaction

[3 markkkkkkkkssssssss]]

A5 (a) name: hexanone

formula: C4H9COCH3

[[[[[[[11111111 mamamamamamamaarrrrrkrrr s]
[[[[[[[[[[[[[111111111111111111111 mamamamamamamamammmmmm rks]

(b) CnH2n+1COCH3 [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[11111111111111111111111111111 mamamamamamamamamm rks]

(c) [1 mammmmmmm rkrkrkrkrkrkrkrks]

(d) Bromine water remains brown in proopapanononee.

Bromine water decolourizes / turns colourlesss s inin pproropepenene.

[1 marks]
[1 marks]

A6 (a) Shields / filters out harmful UV rrayays s frfromom tthehe ssunun ththata  can cause 
skin cancer / genetic mutationnss / / eyeye e dad mamagege. ; 

[1 marks]

(b( ) Forms photoco heemicaal smogg wwhihichch irritates the eyes and lungs 
which can caususe brbreathinngg prproboblelemsms.

[1 marks]

(c) Chlorine isis ooxidiseed.d. ;; 
Its O.S. increasesess frfromom 00 inin CCl to +1 in Cl2O. ;

[1 marks]
[1 marks]

d(i) Polllututana tt rereaca tss wwitithh rain water to form acid rain that corrodes 
buildiingngs s aand d haharrms aquatic life / plants. 

[1 marks]

d(ii) 2NO2 ++ 4C4CO O 4CO2 + N2 [1 marks]
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A7 (a) The energy released in the formation of O-H and C=O bonds is 
larger; than the energy required to break the C-H, O-H, C-C and 
H-H bonds. ;

[1 marks]
[1 marks] 

(bi) Moles of ethanol required to produce 100 kJ of energy
100 / 1370
= 0.07299 moles ;

From the equation above, 
1 mole of C2H5OH = 2 moles of CO2  
0.07299 moles of C2H5OH = 0.1460 moles of CO2

Volume of CO2 produced = 3.50 dm3 ; 

[1 marks] 

[1 marks] 

(c) Combustion of hydrogen produces water which does not 
contain carbon and produce carbon monoxide which is a 
pollutant or carbon dioxide which is responsible for global 
warming.

[1 marks]
[1 marks] 

A8 (a) Crude oil enters the heater and is heated up to form a gaseous 
mixture.; 

The gaseous mixture enters the distillation column and is cooled 
and then separated through condensation. ; 

The fractions with the lower boiling points / the lighter fractions
will be collected at the top, while the fractions with the higher 
boiling points / the heavier fractions will be collected at the 
bottom of the distillation column.;

[1 marks]

[1 marks] 

[1 marks] 

(bi) Longer hydrocarbons are cracked to produce shorter 
hydrocarbons / smaller molecules (e.g. petrol) that have higher 
demand in the industries. 

[1 marks]

(bii) [1 marks]

www.KiasuExamPaper.com

Mayflower Secondary School Mighty in Thought & Deed

A7 (a) The energy released in the formation of O-H and C=O bonds iss 
larger; than the energy required to break the C-H, O-H, C-C anndd
H-H bonds. ;

[1 mmmmmmmam rks]
[1 mammmmmmm rks]

(bi) Moles of ethanol required to produce 100 kJ of eneergrgyy
100 / 1370
= 0.07299 moles ;

From the equation above, 
1 mole of C2H5OH = 2 moles of CO2  
0.07299 moles of C2H5OH = 0.1460 moleess ofoofofofofoffofofofofoofofoofofofffofofofofofofofofofofofofofofofoffffoofoooffoofofoooooofofofffofffffofoffffffofoffo CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO222222222222222222222222222222222

Volume of CO2 produced = 3.50 dm3 ; 

[[[[[[[[11111111 mamamamamamamamarkrkrkrkrkrkrkks]s]s]s]s]s]s]s]

[1111111 mamamamamamamamarrrrrkrr s]

(c) Combustion of hydrogen produces water whw ich doeses nnot 
contain carbon and produce carbon monnoxoxidi e which is a 
pollutant or carbonn did oxidide which is rerespspononsisible for global 
warming.

[1 marks]
[1 marks]

A8 (a) Crude oil enters the hheaeatet r r ana d isis heheatateded upup tto form a gaseous 
mixture.; 

The gaseous mixtuurere eentntere s s ththee didiststilllalatition column and is cooled 
and then separated d ththrorougu h cocondndensation. ; 

Thehe ffraractionsns wwith h ththe e lolowew r boiling points / the lighter fractions
wiwill be cocollecectetedd atat thehe top, while the fractions with the higher 
boiling g popoinntsts // theh  heavier fractions will be collected at the 
bottttomom ofof tthehe ddisi tillation column.;

[1 marks]

[1 marks]

[1 marks]

(b(bi)i) Longngerer hydrocarbons are cracked to produce shorter 
hyhydrdroocarbons / smaller molecules (e.g. petrol) that have higher 
dedemand in the industries. 

[1 marks]

(bii) [1 marks]
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Paper 2 Section B: (30 marks)
B9ai Cu2+ (aq) +   2e-

2Cl- l2 (g)    +    2e-
[1 mark]
[1 mark]

B9aii Number of moles of Cu  =  0.584 / 64 =  0.009125 mol

For the same amount of electricity (2 mol of e-), 1 mol of Cu and 
1 mol of Cl2 are produced. Hence, number of moles of Cl2
produced is also 0.009125 mol. 
Volume of Cl2 produced  =  0.009125 x  24  = 0.219 dm3  

[1 mark]

[1 mark]

B9b At stage 2, Cu2+ ions were preferentially discharged leaving 
behind Fe2+ ions in the electrolyte which are pale green in 
colour.  
At stage 3, H+ and OH- ions from water are discharged.
Hence the concentration of the electrolyte increases and the 

solution 
becomes darker due to the Fe2+. 

[1 mark]

[1 mark]

B9c The Universal Indicator will change colour from green to violet/ 
blue. H+ ions are preferentially discharged at the cathode
leaving behind OH- ions in solution / concentration of H+

decreases which thus increases the concentration of OH-

in electrolyte which makes the solution around the cathode 
alkaline.  

[1 mark]

[1 mark]

www.KiasuExamPaper.com

Mayflower Secondary School Mighty in Thought & Deed

Paper 2 Section B: (30 marks)
B9ai Cu2+ (aq) +   2e-

2Cl-ll l2 (g)    +    2e-
[1[1[[1[1[1[1[1[1[1[1[1[1[1[111 marararararararararararararararaarrrk]k]k]k]k]k]k]k]k]k]k]k]k]k]k]k]]
[[[[[[[[[[[[[[[[[1 markrkrkrkrkrkrkrkrkrkrkrkrrkkr ]]]]]]]]]]]]]]]]

B9aii Number of moles of Cu  = 0.584 / 64 = 0.00912555555 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmololololololoooloolololoololooooooololooolooololololooloooloololoooloolololooloolooooooooololololooloolollllloolllllllollllllllloloolllooolllooooooooooooooo

For the same amount of electricity (2 mol of e-))))))),) 1111111111111111111111111111111111111111111111111111111111111111111111111 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoollololoolollolllolollolololololoololollollolooooloooooooooooolooooooooooooooooooooooooooooooooloooooooolooooooooooooooooooooooooooo ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooof ffffffffffff fffffffffffffffffffffffffffffffff ffffffffffffffffffff f ffffff ff ffff ffffffffff CuCuCuCuCuCCuCCuCuCuCuCuCuCuCuCuCuCuCuCuCuCCuCuCuCuCCuCCuCCCCuCuCuCuCuCCCuCCCCCCCuCuCCCuCCuCCCCCuuCuCuCCuCuCuCuCCuCuCuCCCuCuCuCCuCuCuCuCuCCuCuuCuuCuCuCCCCuCCuuCCuCuCuCCuCuCuuCCuCCuCuCuCuCuCuuCCuCuuuCCCCCCCCCuCCuCCCCC aaaaaaaaaaaaaaaaaaandndddddddddndd 
1 mol of Cl2 are produced. Hence, number of mmmm looolololoolollolololloloolollololololololollollololololloolololololoooollllololololololoooooooooooololoooolooloooooloooooo eeeseeeeeeeeeeseseseseseseseseseeeeeeseseseseseseeseseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeee oof Cl22222
produced is also 0.009125 mol. 
Volume of Cl2 produced  =  0.009125 x  24  = 000.219 dm3 

[1 marararaararararararaaraararark]k]k]k]k]k]k]k]k]k]k]k]k]k]]k]k]k]

[111111111111111111 mark]

B9b At stage 2, Cu2+ ions were preferentially dischararrgeged leaving
behind Fe2+ ions in the elecectrt olytyte which arree papaalele ggreen in 
colour.  
At stageg  3, H+ and OH- ions ffroromm waw teer r araree didiscschaharged.
Hence the concentration of ttheh  eleectctrorolylyytete iincncreases and the 

solution 
becomes darker due to theee FeFe2+2+. 

[1 mark]

[1 mark]

B9BB c The Univerrsasal InIndidicatoor r wiwillll cchahah ngnge colour from green to violet/ 
blue. HH+ ioionsns are ppprerefefererentntiaially discharged at the cathode
leavinngg bebehindnd OOHH-- ioionsns iin solution / concentration of H+

decreases whwhhicicchh ththususus increases the concentration of OH-

inn eelelel ctctrorolylytee whwhiichch makes the solution around the cathode 
alalkakaalil nenee..  

[1 mark]

[1 mark]
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B9d The three substances are copper, hydrogen gas and iron. 
Any one of the following explanations :

Copper atoms are the least reactive, followed by hydrogen
atoms, then iron atoms. Hence,
Copper(II) ions are preferentially discharged followed by
hydrogen ions, then iron(II) ions
Copper(II) ions accept electrons most readily followed by
hydrogen ions then iron(II) ions

[2 marks]

B10a When the percentage of carbon dioxide increases, the average 
temperature at the Earth’s surface increases.  
Carbon dioxide is a greenhouse gas. It traps the infrared radiation 
from the sun and prevents it from going back to the atmosphere. This 
causes the earth’s average temperature at the Earth’s surface to 
increase.

[1 mark]

[1 mark]

b More occurrences of unusual weather conditions such as warm 
spells, droughts and storms.
Decrease in crop yields because areas covered by vegetation may 
become deserts.
OR Melting of ice cap will cause ocean levels to rise and flood low-
lying

[1 mark]

[1 mark]

c Photosynthesis by plants lowers the level of carbon dioxide while 
combustion, respiration and decay increase the level of carbon 
dioxide.

[1 mark]
[1 mark]

di When the engine is in the accelerating mode, the high temperature
of the engine allows nitrogen in the air to react with oxygen to form 
nitrogen monoxide. 
When the proportion of air present in the fuel mixture is high, the fuel 
mixture will burn completely, there is less likelihood of incomplete 
combustion.

[1 mark]

[1 mark]

dii 2NO + 2CO N2 + 2CO2
NO loses oxygen and is reduced to N2. CO gains oxygen and is 
oxidised to CO2.

[1 mark]
[1 mark]
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B9d The three substances are copper, hydrogen gas and iron. 
Any one of the following explanations :

Copper atoms are the least reactive, followed by hydrogenn
atoms, then iron atoms. Hence,
Copper(II) ions are preferentially discharged follllllllowowowowowowedededededed bbbbbbyyyyyy
hydrogen ions, then iron(II) ions
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hydrogen ions then iron(II) ions

[22[2[22[2[2[2[2[2[2[2[2[2[22[22[[ mmmmmmmmmmmmmmmmmmaraaaaaaaaaaaaaa ks]

B10a When the percentage of carbon dioxide increaaaaaaaseseseseseseseseseseseeeseseseseseseeessssseeesseesesssssesesesseesessesesesesesesseeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees,s,s,sssss,s,ss,s,s,ss,sssss,s,s,sssss,ssssssssssss,ss,s,ssssssss,ss,sssss,sssss,sssss,s,ssss,s,sssssss,ssssssssssssssssss,sssssssss,ssss,,s,s,,,,s,,s,,,ss,,s tttttttttttttttttttttttttttttttttttttttttttheheheehehheheheheheehehhehehehehhhhhhehhhehehehheheehehhehehhheheheeeeheheheheheheeeeeheheheeeeeeeeeeeeeheeeeeeeeeeeheeheheeeheeeeheheheheheheeeeheheeehehhhheehhhhhhhhhhhhhhhhhhhh aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaavevevveveveveveveveveveeveeveveveveveveveveeveveveveeeveeveeeveeeveeeveeveeeeveeeeeveveeveeveveveeeveveveeeveveeveveeeveeveeeeeeevveevvvevvvvvevvvveeerararararararararararararaarararararararararaararararararrararaaraaaraaraaraaaaaarraaaraaaararararaaaaaaaarrraaaaraaarrrrarrrrarrrrrrrraaagggegegegegegegegegegegegegegegegeggggegegegeg  
temperature at the Earth’s surface increases.  
Carbon dioxide is a greenhouse gas. It traps the infrared radiatatatatatatiooonn
from the sun and prevents s it from going back to thhhe atmosphere. TTTTThT isisisisisis 
causes the earth’s average temperature at theee Earth’s surfacccccceeeee e totototototo 
increase.

[1[1[1[1[[[1[111[1[[1[1[1[1[ mmmmmarararaaararaarararaaraararaarrk]k]k]k]k]k]k]k]k]k]k]k]k]k]k]]k]]

[1 mamamamamamamamamamamamamamamammam rkrkrkrkrkrkrkrkrkrkrkrkrkrkkrkkk]

b More occurrences of unusual weather conditions ssucuchh as warm 
spells, droughts and storms.s
Decrease in crop yields beecac use e arareae s coovevereedd byby vvegegetee ation may 
become deserts.
OR Melting of ice cap will cause oceceanan llevevelels s to rise and flood low-
lying

[1 mark]

[1 mark]

c Photosynthesis by plantstss llowo ererss ththee lelevevel ofofo  carbon dioxide while
combustion, respiration ananddd dedecay y inincrease the level of carbon 
dioxide.

[1 mark]
[1 mark]

di Whhenen thee eengngine isis iinn ththe e acaccecelelerating mode, the high temperature
of ththe enengig ne aallllowows s nin trtrogogo ene  in the air to react with oxygen to form 
nitrogen mononoxoxididee..
Whhene  thee pproopoportrtioion n of air present in the fuel mixture is high, the fuel
mimim xtxturure e wiw lll bbururnn completely, there is less likelihood of incomplete 
cococ mbmbbusustiono .

[1 mark]

[1 mark]

dii 2NO + 2CO N2 + 2CO2
NO loses oxygen and is reduced to N2. CO gains oxygen and is 
oxidised to CO2

[1 mark]
[1 mark]
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Either 
B11ai

Exothermic

aii Formation of bubbles is due to the hydrogen gas evolved when acid 
react with magnesium metal to form salt and H2.
The reaction is slow as citric acid is a weak acid – less H+ ions 
dissociated..

[1 mark]

[1 mark]

aiii Mg(s) + 2C5H7O5COOH (C5H7O5COO)2Mg + H2 [1 mark]

aiv Propanol is an organic solvent which will not result in hydrogen ions 
being produced.

[1 mark]

bi A reaction occurred in Experiment 2 because the aluminium strip is 
rubbed with sandpaper to remove the oxide layer and aluminium is 
more reactive than iron so displacement of iron from its salt solution 
can occur. A reaction does not occur in Experiment 1 as the 
aluminium strip is still covered by an inert(unreactive) oxide layer.

[1 marks]

[1 marks] 

[1 marks]

bii There will be no reaction seen in Experiment 3 as aluminium is 
less reactive than sodium. Hence no displacement reaction will 
take place despite the aluminium strip being rubbed with 
sandpaper.

[1 mark]
[1 mark]

OR 
B11ai

1. Melting point increases from Na to Si.
2. It drops drastically from Si to P.
3. There is a gradual drop in melting point from S to Cl.

[1 mark]
[1 mark]
[1 mark]

aii Their melting points are above room temperature. [1 mark]

b Silicon has a giant molecular structure with all the silicon 
atoms joined together with strong covalent bonds.
A lot of heat energy is needed to break the strong covalent 
bonds between the silicon atoms.

[1 mark]

[1 mark]
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Either 
B11ai

Exothermic

aii Formation of bubbles is due to the hydrogen gas evolved when acid d d d d d 
react with magnesium metal to form salt and H2.
The reaction is slow as citric acid is a weak acid – less H+ ioooonsnsnsnsnsns 
dissociated..

[1[1[1[1[1[1[1[1[1[1[1[[[1[11 mmmmmmmmmmmmmmmmararararararararararararaararaara k]k]k]k]k]]k]k]k]k]kk]k]kkk]kkk

[1 maaaaaaaaaaaarkrkrkrkrkrkrkrkrkrkrkrkkrkrkrrrkrkk]]]]]]]]]]]]]]]

aiii Mg(s) + 2C5H7O5COOH (C5H7O5COO)2Mg + H2 [1 mmmmmmmmmmmmmmmmaaaaaraaaaaaaaaaaa k]kk]k]k]k]k]kk]k]kk]k]kkk]k]k]

aiv Propanol is an organic solvent which will not resuuuuuuultltllll iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn hhyhyhyhyhyhyyhyhyhyhyhyyhyhyhyhyhyhyhyyhyhyyhyhyhyhyhyyyhyhyhyhyhyhyhyhyhyhyhyhyyyhyhyhyhyhyhyhyhyhyyhyhyhyhyhyhyhhyhyhyhyhyyhyhyhyhyyhyyhyyyhyyhyhyhyhhyhyyyhhyhyhyyhyhyhhyhyhyhhyhyhhyhyyhhyyhhyhhhyhyyyhyhyyyhyyhyhyyyyhyhyyyhhhyyhyyyyyyyyyyyyyyyyddrdddrdddddddrdrrdrdrddrdrdrddrdrdrdrdrdrddrdrdddddrdrdrdrddrdrdrdrdrdrdrdrdrdddrddrddrdrdddddddrdrdrddrddddddddddddrdrdddddrddddddddrddddddrdddrrrogogogogoogogogogogogogoggogogogogogoogoggogoggogoggogogogggogogogggogoooogooogogogogoggogogoogooggogogogoogogogoogogogogooogoogogooogooogogoogogogogogogogoogoooogogogogogogoogoogooogoggggogooogogggogggogogggoggggoggggoogggggggggggggggggggggggggggggggggeneneneneneneneneneneneneneneneneneneneeneneneneneeneneneeeeeeeeeneneneeneneeeeeeneneeneneneneeeneeeneeeeneneeeneneneeeneneneneneneneennneneennneennnnnnnnnnennnnnnnnnnnnn iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiooooooononoonononononooooooooooooooooooonooonoooooooonoonoooooonononoooooooonoooooonononoooonoooononooooooooooonooooooooooooooooo ss ssssssss
being produced.

[1[[[[[[[[[[ mararararaararararararaa k]kk]k]kkk]k]k]kkkk]k]kk]k]

bi A reaction occurred in Experiment 2 because the alumumummmmmmmmmmmmmmmmmmmmmmmmmmminiiiiiniinnninininininininnniniinnninniniiiinniiiinninnininininiiniiiiiiininininiininnnnnnnnnnnnnnnnnninniuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiiiuiiuiiiiiiiiiiiiuiiiiiiiiiuiiuii mmmmmmmmmmmmmmmmmmmm stripp issss 
rubbed with sandpaper to remove the oxide layer and aluminiummm  iiissi  
more reactive than iron so didisplacement of iron fromoo  its salt solutiiiiioooooon 
can occur. A reaction does not occur in Expeeriment 1 as ththththththe
aluminium strip is still covered by an inert(unreactive))  oxoxidi e layer.

[[[[[[1 maaaaaaaaaaaaaaaaarkrkrkrkrkrkrkrkrkrkrkrkrkrkrkkkkks]s]s]s]s]s]s]s]s]s]s]s]s]s]ssss

[1 marks]

[1 marks]

bii There will be no reaction seen inn Exxperimentnt 33 aas s alalumumu inium is 
less reactive than sodium. HeHencnceee non ddisisplplacaccememenent tt reaction will 
take place despite the alulumiminiumm sstrtrt ipip bbeie ng rubbed with 
sandpaper.

[1 mark]
[1 mark]

OR 
B11ai

1. Melting point increaeaaseses s frromm NNaa toto SSSii.
2. It drops drasticallyy ffroroomm SiS  too P.P
3. Thhere ee isis aa graadudualal ddroror p p in melting point from S to Cl.

[1 mark]
[1 mark]
[1 mark]

aii Their r memeltlting popoinintsts aarere aaabob ve room temperature. [1 mark]

b SiSilicoconnn hahas s a a gigianant t mom lecular structure with all the silicon 
atata omomss jojooineded ttogogether with strong covalent bonds.
A A lolot t ofof hheaeatt energy is needed to break the strong covalent 
bondndss bebeb twtween the silicon atoms.

[1 mark]

[1 mark]
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c [1 mark]

di as bond length increases, the bond energy decreases;
(with the exception of fluorine).

[1 mark]

ii No. Chlorine is more reactive than bromine;
the reactivity decreases down Group VII.

[1 mark]
[1 mark]
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c [1[1[1[1[1[1[1[11[1[1[1[1[11[1[11 marrrrrrrrrrrrrrrrk]k]k]k]k]]k]k]k]k]k]k]k]k]k]]k]k

di as bond length increases, the bond energy decreaeaseses;
(with the exception of fluorine)e).

[1 mark]

ii No. Chlorine is more reactivvee thhana bbromiinene;;;
the reeactivity decreases doownwn GGroup VVIIII.

[1 mark]
[1 mark]
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1 The diagram shows the apparatus used for the slow reaction between liquid F (boiling 
point 57°C) and liquid G (boiling point 80°C).

What is the purpose of the condenser?

A to enable F and G to mix more efficiently

B to prevent the mixture from getting too hot

C to allow the product to escape as fast as it is formed

D to prevent F and G from escaping before the reaction is complete

2 A liquid mixture of 50% ethanol and 50% water was distilled in the apparatus shown below.
The boiling point of ethanol is 78°C and that of water is 100°C. As the mixture was heated 
the temperature shown by the thermometer initially rose but then remained constant at 
78°C for some time.

Which of the following statements about percentage of ethanol in the vapours shown at 
points X, Y and Z, when the temperature is at a constant 78°C, is true?

A The percentage of ethanol in the vapour at X is equal to 50%.

B The percentages of ethanol in the vapour increase in order at positions X, Y and Z. 

C The percentages of ethanol in the vapour at Y and Z are equal but greater than at 
X.

D The percentages of ethanol in the vapour at X, Y and Z are equal but greater than 
50%. 

F and G

cold water

heat
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3 A sample of herbal tea containing two water- soluble vitamins was analysed during 
chromatography with water as a solvent. When the solvent front reached the position 
indicated, the chromatogram was placed under ultra-violet light. The following 
chromatogram was obtained.

Given that the Rf value of vitamin B12 is 0.34, determine the Rf value of vitamin B6.

A 0.20 B 0.50 C 0.56 D 0.73

4 The following diagram shows a set up. 

Which pair of gases would cause a fall in the water level at the right side of the U
shaped tube?

gas A gas B
A Nitrogen dioxide Chlorine

B Carbon Monoxide Nitrogen

C Oxygen Neon

D Fluorine Argon

vitamin B12

vitamin B6

herbal tea
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5 Bromine melts at -7°C and boils at 59°C. A tank filled with bromine at 30°C is cooled to -
7°C. 

Which diagram below best represents the arrangement of bromine particles at -7°C and 
at 30°C? 

            1                              2                               3                                 4

-7oC 30oC
A 2 4
B 1 3
C 2 3
D 1 2

6 Fires are categorized into four different classes according to the type of fuel involved.
The table below shows the various classes of fire.

class fuel/heat Source example
1 ordinarily combustible solids like wood and 

coal on fire
2 flammable liquids petrol, oil on fire
3 flammable gases natural gas, carbon 

monoxide on fire
4 combustible metals sodium or potassium 

on fire
In a selection test, a potential firefighter is required to match four substances according 
to their class of fire.

Which of the following has been incorrectly matched?
(Assume room temperature and pressure).

melting point/°C boiling point/°C class of fire
A 98 883 4
B -184 -164 3
C -117 78 1
D 5 80 2
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7 The table gives data about three different particles.

particle nucleon 
number

number of 
protons

number of 
neutrons

number of 
electrons

Xe 131 54 T 54
Se2- 79 U 45 36
Be2+ 9 4 5 V

What are the correct values of T, U and V?

T U V
A 54 36 4
B 54 34 2
C 77 36 4
D 77 34 2

8 The table shows details of the particles present in the following 4 atoms or ions. 

atoms/ ions number of neutrons number of electrons
J- 17 18
K 16 16

L2+ 20 18
M 20 17

Which of the following atoms is an isotope of J?

A K B L C M D None of the above

9 A table listing the atomic numbers of 4 elements P, Q, R and S is given below.

element P Q R S
atomic Number 5 12 15 18

Using the above information only, it can be deduced that

A one atom of Q is heavier than one atom of R.

B the number of neutrons in one atom of R is more than that in one atom of Q.

C R can be converted into Q by removing three electrons from each atom of R.

D Q has a higher tendency to lose electrons than R.
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10 The formulae of the ions of some elements are shown below: 

P3-          O2-         Cl-        Na+        Ca2+

Which of the following statements about these ions is correct? 

A All have stable noble gas configuration.

B All have the same number of electron shells.

C All have the same number of neutrons in their nuclei.

D All have more electrons than protons.

11 Solid iodine readily forms iodine vapour when heated.

What can be deduced about the nature of the particles in these two states of iodine?

solid vapour
A atomic ionic
B atomic molecular
C molecular atomic
D molecular molecular

12 Which of the following diagrams represents a mixture of elements?

A B C D
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13 A sample of a white crystalline substance is heated in the absence of oxygen. It melts 
sharply at 120°C, but on further heating, gives off smoky fumes and a black solid 
remains. 

From this information, we may deduce that the white crystalline substance is

A an element which combusted to form two products.

B a mixture of substances which combined chemically.

C a compound which combusted to form two products.

D a compound which decomposed to form simpler substances.

14 The diagram below shows the bonding between P and Q in the covalent molecule, 
PQ2.

What are the electronic structures of atoms P and Q before combining together to 
form the above molecule?

P Q
A 2.6 2.8.6
B 2.4 2.8.7
C 2.6 2.8.7
D 2.8 2.8.8
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15 The equation below shows the reaction between a metal E and dilute sulfuric acid.

E (s) + H2SO4 (aq) → ESO4 (aq) + H2 (g)

A test on electrical conductivity showed that both the reagents and the resulting 
solution are good conductors of electricity.

Which particles are responsible for the electrical conductivity in metal E, sulfuric acid 
and ESO4?

Metal E Sulfuric acid ESO4 (aq)
A Electrons Cations Cations and anions
B Electrons Cations and anions Cations and anions
C Cations Electrons Anions
D Cations and anions Cations Electrons

16 Graphane has a similar structure to graphite, except that, it has an additional hydrogen 
atom attached to each carbon as shown in the diagram.

Which set of properties will graphane have?

1 It has a high melting and boiling point.
2 It has a giant molecular structure.
3 It conducts electricity in the solid state.

A 1 and 2 B 1 and 3

C 2 and 3 D 1, 2 and 3

hydrogen atom
carbon atom
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17 A solution contains 12.60 g/dm3 of the acid H3ZO3.

25.0 cm3 of this solution reacted with an equal volume of 0.100 mol/dm3 NaOH as 
shown in the equation.

NaOH  +  H3ZO3    →  NaH2ZO3 +  H2O
What is element Z?

A arsenic B nitrogen

C silicon D sulfur

18 A sample of insecticide DDT, C14H9Cl5, was found to contain 0.120 g of carbon. 

What mass of chlorine was present in the sample?

A 0.127 g B 0.253 g

C 0.994 g D 1.01 g

19 Nitrogen(II) oxide and chlorine react according to the equation shown below.

2NO2(g)  +  Cl2(g)  →  2NOCl(g)         ΔH = -38 kJ

The activation energy for the forward reaction is 62 kJ. 

What is activation energy for the reverse reaction?

A - 62 kJ B 24 kJ

C 38 kJ D 100 kJ
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20 The conversion of graphite to diamond has an only small value for enthalpy change as 
shown.

C (graphite)   →   C (diamond)     ΔH = +2.1 kJ/mol

However, the production of synthetic diamonds using this reaction is very difficult.

Which statement helps to  explain this?

A Diamond has a larger number of covalent bonds than graphite.

B Only exothermic reactions can occur readily.

C The activation energy of the reaction is large.

D The reaction between diamond and graphite is reversible.

21 Ammonium chloride dissolves in water according to the equation shown below.

NH4Cl (s)  →  NH4Cl (aq)      ΔH = +15.0 kJ/mol

When 0.2 moles of ammonium chloride dissolves in 50.0 cm3 of water,

1 the concentration of the solution is 4.0 mol/dm3.
2 the energy level of NH4Cl increases.
3 the heat liberated is 3.0 kJ.
4 the temperature of the solution falls.

Which one of the following statements are correct?

A 1, 2 and 3 B 1, 2 and 4

C 1, 3 and 4 D 2, 3 and 4

22 Disproportionation is a reaction in which the same element is both oxidised and 
reduced.

Which reaction is an example of disproportionation?

A 3Cu + 8HNO3 → 3Cu(NO3)2 + 2NO + 4H2O

B 2KOH + H2SO4 → K2SO4 + 2H2O

C 2NO2 + H2O → HNO3 + HNO2

D 2Pb(NO3)2 → 2PbO + 4NO2 + O2
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23 The equation below is one of the reactions which occur in catalytic converters.

2C8H18(g) + 50NO(g) 16CO2(g) + 25N2(g) + 18H2O(g)

Which statement is correct?

A Carbon dioxide is formed by the reduction of carbon containing compounds.

B Nitrogen is produced by the oxidation of nitrogen monoxide.

C Nitrogen monoxide is a reducing agent.

D C8H18 is a reducing agent.

24 Acidified potassium manganate(VII) can be used to detect the presence of ethanol 
vapour in the breath of a person who has consumed alcohol.

A colour change is observed. This shows that ethanol is

A a reducing agent because it reduces the oxidation state of the manganese ions.

B an alkali because the final colour is purple.

C an oxidising agent because the manganese atoms gain oxygen atoms.

D neutralised by acidified potassium manganate(VII) solution.

25 In which of the following pairs is the oxidation number of chromium more than that of 
manganese?

A K2CrO4 KMnO4

B CrCl3 MnO2

C Cr2 (SO4)3 MnSO4

D K2Cr2O7 MnO4-

filter paper dipped in acidified 
potassium manganate (VII) 
solution
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26 Which one of the following elements burns in excess oxygen to form a neutral oxide?

A carbon B sulfur

C calcium D hydrogen

27 The following steps were carried out to prepare magnesium chloride.

I Add excess magnesium carbonate to hydrochloric acid.
II Heat the solution until it is saturated.
III Filter , wash and dry the crystals.

Which of the following steps should be taken to ensure that the procedure is successful 
in order to obtain the pure salt?

A Filter to get rid of the excess magnesium carbonate before carrying out step II.

B Add excess  hydrochloric acid instead of magnesium carbonate in step I.

C Evaporate the solution to dryness in step III.

D The crystals should not be washed in step III.

28 Ammonia is produced by Haber process as shown in the diagram.

Which one of the following processes separates ammonia from the reaction mixture?

A cooling the gaseous mixture

B distillation of the gaseous mixture

C filtering out the other gases by passing through the condenser

D pass the gaseous mixture through fused calcium oxide

H2 + N2

reactor

catalyst

condenser
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29 When heated, nitrogen and hydrogen react according to the equation:

N2 + 3H2 2NH3

The graph below shows the number of moles of ammonia produced from 1 mole of 

nitrogen at different temperatures and pressures.

Which one of the following statements may be deduced from this information?

1 At 500 atm pressure, the number of moles of ammonia produced is 

greater at 200 C than at 400 C.

2 An increase of pressure increases the number of moles of ammonia 

produced both at 200 C and at 400 C.

3 At 500 atm pressure and 300 C, the number of moles of ammonia 

produced is likely to be greater than one.

A 1, 2, and 3 are correct B 2 and 3 only are correct

C 1 and 2 only are correct D 1 only is correct

moles of ammonia 
produced/ mol

pressure / atm

500 1000

2

1

no catalyst

no catalyst

200 C

400 C
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30 The graph shows the variation of a physical property with proton number for the 
elements from sodium to chlorine in the Periodic Table.

What is the physical property that varies?

A atomic radius B electrical conductivity

C melting point D density

31 An element R forms compounds with the following chemical formulae:

MgR H2R CR2 Li2R

In which group of the Periodic Table would element R be placed?

A Group II B Group IV

C Group V D Group VI

32 Transition metals are often used as catalysts in industries.

Which of the following is not an example of a transition metal acting as a catalyst?

A platinum in catalytic converters

B iron in Haber Process

C aluminium in catalytic cracking

D nickel in making of margarine

physical 
property

proton number
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33 Gaseous chlorine was passed through the following apparatus. The apparatus was 
continuously heated and the observations were recorded below.

Which of the following observations would be made at regions 1, 2 and 3?

region 1 region 2 region 3
A red-brown gas black solid violet gas
B violet gas red-brown gas black solid
C yellow-green gas red-brown gas violet gas
D yellow-green gas violet gas brown gas

34 The diagram shows the positions of elements L, M, Q, R and T in the Periodic Table.
These letters are not the chemical symbols of the elements.

Which statement about the properties of these elements is correct?

A M reacts more vigorously with water than does L.

B Q, R and T are all metals.

C T is more reactive than R.

D T exists as diatomic molecules.

1

2 3

chlorine gas in to pump

potassium 
bromide

gel beads containing blue 
litmus solution

cotton wool plug

potassium iodide
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35 Which of the following combinations below correctly states how the increase in the 
percentage of carbon in steel affects its properties?

strength malleability melting point brittleness Key:
A
B = increase
C
D = decrease

36 The positions of three metals X, Y and Z are indicated in the reactivity series below.

Most reactive potassium

X

sodium

zinc

Y

iron

Least reactive Z

How are the metals obtained from their ores?

electrolysis reduction with 
carbon

found uncombined

A X Y Z
B X Z Y
C Y X Z
D Z X Y

37 The table shows a list of metal carbonates and the time taken for a fixed volume of 
carbon dioxide to be collected upon heating a fixed mass of each metal carbonate.

metal carbonate time taken / min
WCO3 0.5
XCO3 2
Y2CO3 10
ZCO3 5

Using the results shown, arrange the order of the metals in order of increasing reactivity.

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

C Y, X, Z, W D Y, Z, X, W
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38 The diagram shows an experiment to determine the percentage of oxygen in air. 

Which diagram shows the correct level of water after the candle stops burning? 

39 Acid rain contains sulfuric acid and can cause lakes to become acidic. Acidic lakes may 
be treated with powdered limestone, impure CaCO3, to neutralize the acidity forming 
calcium sulfate. If large lumps of limestone are used, instead of powder, the reaction 
starts but soon stops, leaving most of the limestone unreacted.

Which statement explains why the reaction starts but soon stop?

A Limestone only contains small amounts of calcium carbonate. 

B The acid reacts with calcium sulfate instead of the calcium carbonate.

C Powdered limestone is more reactive that lumps of limestone.

D A layer of insoluble calcium sulfate forms on the surface of the lumps.

40 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
END OF PAPER 1

A B C D

bell jar

lit candle

water
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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 table below shows some information about substances A to F.

substances melting 
point/°C

boiling 
point/°C

conducts electricity 
when solid

dissolves in 
water

A Turns directly from solid 
to gas

No slightly

B 1583 2862 Yes No
C 1873 2230 No No
D -114 78 No Yes
E 0 100 No -
F -97 40 No No

Using the information provided, suggest the best separation technique to separate the 
following mixture.

(a) A and B ……………………………………

(b) C and D ……………………………………

(c) D and E ……………………………………

(d) E and F ……………………………………
[4]

A2 This  question is about ammonia.

(a) Describe briefly how you would prepare ammonia using an ammonium salt.

………………………………………………………………………………………………

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

(b) Explain why it is not advisable to dry ammonia using concentrated sulfuric acid.

………………………………………………………………………………………………

………………………………………………………………………………..………… [1]
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(c) Suggest a suitable substance to dry ammonia.

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

(d) When dry ammonia is passed over heated sodium, hydrogen and solid sodamide 
(NaNH2) are formed. 

Suggest why ammonia must be dried before reacting with sodium?

………………………………………………………………………………………………

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

(e) Explain how hydrogen can be collected from the gaseous mixture from (d).

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(f) Construct the equation for the reaction between sodium and ammonia. Include state 
symbols.

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

(g) If 240 cm3 of hydrogen were formed at room temperature and pressure, calculate 
the mass of sodamide obtained.

[2]
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A3 A student placed a crystal of silver nitrate and a crystal of potassium iodide in a dish of 
water. 

After an hour she observed that the crystals had disappeared and a yellow precipitate 
had appeared near the middle of the dish.

Use your knowledge of the kinetic particle theory and reactions between ions to explain 
these observations.

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

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

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

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

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

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

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

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

dish of water

yellow 
precipitate

crystal of silver 
nitrate

crystal of 
potassium 

iodideat the start after an hour
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A4 The graph below shows the percent abundance (%) and relative masses of three naturally 
occurring isotopes of element Z.

(a) Define the term ‘isotopes’. 

………………………………………………………………………………………………

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

(b) Using the graph, calculate the relative atomic mass of element Z.

[2]

percent 
abundance/%

relative isotopic mass
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(c) (i) Z has a melting point of 777oC and a boiling point of 1382oC.

A solid sample of Z was heated from room temperature to 1500oC. There was 
a larger increase in volume at the boiling point than at the melting point.

Explain, in terms of arrangement and movement of the particle, why there was 
a larger increase in volume at the boiling point.

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………… [2]

(ii) Complete the graph below to show changes in volume of solid sample Z
against temperature. Label all temperatures clearly.

[1]

Volume/cm3

Temperature/°C25

www.KiasuExamPaper.com 
232



7

No part of the paper is to be reproduced without the approval of the Principal of Temasek Secondary School.

A5 The labels of eight substances below had fallen off from their containers.

Zn(s) Na2CO3(aq) HCl(aq) BaCO3(s)
CuSO4(aq) NaOH(aq) H2SO4(aq) NH4Cl(aq)

A qualitative analysis was conducted in an attempt to identify the eight substances.

substance 1 substance 2 substance 3 substance 4

substance 5

Soluble salt 
formed by 

titrating 
substances 1 

& 5.

Effervescence 
seen.

Soluble salt 
formed.

Effervescence 
seen.

Soluble salt 
formed.

Effervescence 
seen.

Soluble salt 
formed.

substance 6
Blue 

precipitate 
formed.

Green 
insoluble salt 

formed.

No visible 
observation.

Pink solid 
formed.

substance 7

Soluble salt 
formed by 

titrating 
substances 1 

& 7.

Effervescence 
seen.

Soluble salt 
formed.

Effervescence 
seen.

Insoluble salt 
formed.

Effervescence 
seen.

Soluble salt 
formed.

substance 8 Alkaline gas 
formed.

No visible 
observation.

No visible 
observation.

No visible 
observation.

Identify substances 1 to 8. 

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

Substance 2 …………………………………………………………….. [1]

Substance 3 …………………………………………………………….. [1]

Substance 4 …………………………………………………………….. [1]

Substance 5 …………………………………………………………….. [1]

Substance 6 …………………………………………………………….. [1]

Substance 7 …………………………………………………………….. [1]

Substance 8 …………………………………………………………….. [1]
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A6 Hydrazine, N2H4, is commonly used as a liquid rocket fuel. It reacts with oxygen in the 
equation shown below.

N2H4     + O2   →   N2 +   2H2O

(a) Suggest why the combustion of hydrazine has negligible adverse environmental 
impact.

………………………………………………………………………………………………

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

(b) Do the reactants or products have stronger bonds? Explain your answer.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

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

(c) Sketch a labeled energy profile diagram for the above reaction.

[2]

www.KiasuExamPaper.com 
234



9

No part of the paper is to be reproduced without the approval of the Principal of Temasek Secondary School.

(d) 10 g of hydrazine was burnt in 50 dm3 of air.

(i) Did the hydrazine undergo complete combustion? Show your working.

[3]

(ii) Given that 194 kJ of energy was involved in the burning of 10g of hydrazine, 
calculate the enthalpy change in kJ/ mol for the reaction of hydrazine with 
oxygen.

[2]
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A7 The reactivity of some metals can be compared using the data in the table below.

metals displacement reactions
reaction with 

water and 
steam

observations 
during reaction 

with steam

mercury Mercury does not displace any of 
the metals.

Has no reaction 
with steam

Silvery metal 
remains 

unchanged.

magnesium Mg + Zn(NO3)2→  Mg(NO3)2  + Zn
Reacts slowly 

with cold water.
Burns in steam.

Grey solid turns 
white.

nickel Ni +  Hg(NO3)2→  Ni(NO3)2  + Hg

Has no reaction 
with water.

Reacts slowly 
with steam.

Silvery solid 
turns green.

zinc Zn + Ni(NO3)2→  Zn(NO3)2  +  Ni

Has no reaction 
with water.

Reacts slowly 
with steam.

Grey solid turns 
yellow when 

hot.

(a) Using the data from the table, arrange the metals in increasing order of reducing 
ability.

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

(b) (i) Solution containing nickel(II) ions are green.

State what you would expect to observe when magnesium is added to nickel(II) 
nitrate solution.

………………………………………………………………………………….……….

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

(ii) Write an ionic equation for the reaction in (b)(i). Include state symbols.

……………………………………………………………………….........………. [2]
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(c) Steam was passed through the apparatus set up below. 

(i) Write an equation for the reaction that occurred in Tube A.

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

(ii) Given that nickel lies between iron and lead in the reactivity series, what would 
you observe in Tube B?

Explain your answer.

…………………………………………………………………………………..……….

…………………………………………………………………………………..……….

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

END OF SECTION A

excess steam Tube A Tube B
excess 

hydrogen

heat
zinc powder

heat
nickel(II) oxide 

powder
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Section B
Answer three questions from this section.

Question B10 is in the form of either/or and only one of the alternatives 
should be attempted.

Write your answers in the spaces provided.

B8 The table below shows some physical properties and common oxidation states of the 
Period 4 metals. 

name of 
element

chemical
symbols of 

element

density 
(g/cm3)

melting 
point (°C)

common oxidation 
state(s)

potassium K 0.9 64 +1
calcium Ca 1.5 842 +2

scandium Sc 3.0 1541 +3
titanium Ti 4.5 1660 +2,+3,+4

vanadium V 6.1 1917 +2,+3,+4,+5
chromium Cr 7.9 1857 +2,+3,+4,+5,+6

manganese Mn 7.2 1244 +2,+3,+4,+5,+6,+7
iron Fe 7.9 1537 +2,+3,+4,+6

cobalt Co 8.7 1494 +2,+3,+4
nickel Ni 8.9 1455 +2,+3,+4
copper Cu 8.9 1084 +1,+2

(a) Quoting data from the table above, state two ways the main group metals, 
potassium and calcium differ in their physical properties from the transition metals, 
titanium to copper.

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………..……… [2]
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(b) State two differences that can be observed when the metals potassium and iron 
are added to dilute hydrochloric acid respectively. 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(c) Describe the general pattern for the oxidation states exhibited by the transition 
metals from titanium to copper. 

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(d) Explain why the main group metals, potassium and calcium have only one oxidation 
state of +1 and +2 respectively. 

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(e) Manganese(II) nitrate decomposes upon strong heating to form manganese(IV) 
oxide and nitrogen dioxide gas.

Explain, with the aid of an equation, whether the decomposition of manganese 
nitrate is a redox reaction in terms of oxidation state. 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………..……… [3]
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(f) The pie chart below shows how oxides of nitrogen, NOx production is contributed 
by the different activities.

(i) Describe how oxides of nitrogen are formed in car engines. 

………………………………………………………………………………….….

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

(ii) Based on the statistics given in the chart, suggest one way to drastically 
reduce NOx emissions.

………………………………………………………………………………….….

………………………………………………………………………………….….

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

(iii) Describe an impact of NOx emissions on the environment.

………………………………………………………………………………….….

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

[Total: 12 marks]

industrial
processes 3%

agriculture 2%

energy production 
and distribution 21%

non-road 
transport 7%

energy use in 
industry 13%

road transport 
40%

energy use in 
commercial institutions 
and households 14%
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B9 Silicon dioxide, also known as silica, is a chemical compound that is an oxide of silicon. 
Silica, in the form of sand is used as the main ingredient in sand casting for the 
manufacture of various metallic components in engineering.

A diagram of a silicon dioxide is shown below.

(a) State one similarity and one difference between the structure of silicon dioxide and 
structure of diamond.

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(b) Both diamond and silicon dioxide are poor electrical conductors.

State the name of another form of carbon which can conduct electricity. 

How is this form of carbon different in structure from silicon dioxide which allows it 
to conduct electricity?

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………..……… [2]
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(c) Soda-lime glass is made by heating a mixture of calcium carbonate, sodium 
carbonate and sand in a furnace to a high temperature.

Other glasses contain compounds called silicates. The structures of soda-lime 
glass and silicate are shown in Fig. 9

Fig.9

(i) State one structural difference between soda-lime glass and silicate. 

………………………………………………………………………………….….

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

(ii) Is soda-lime able to conduct electricity? Explain your answer. 

………………………………………………………………………………….….

………………………………………………………………………………….….

………………………………………………………………………………….….

………………………………………………………………………………….….

………………………………………………………………………………….….

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

[Total: 8 marks]

silicate soda- lime glass
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B10 Either 
Read the information below about the oxides of elements in Period 3 of the Periodic Table.

Elements and their oxides
The table below show the properties of the oxides formed by elements in Period 3. 

element formula of oxide melting point of 
oxide/°C

boiling point of 
oxide/°C

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) Describe the pattern for the ratio of each metallic element to oxygen across period 
3. Include ratios in your answer.

………………………………………………………………………………………………

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

(b) Account for the melting and boiling points of the oxides formed by elements in 
Period 3 in terms of structure and bonding. 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(d) The table below shows the variation of atomic and ionic radius across Period 3. 

element atomic 
radius/nm

simple ion ionic 
radius/nm

number of electron 
shells 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 above to show the number of shells of electrons in the 
ions of period 3 elements.                                                                          [1]

(ii) Use the information from the table to explain the difference between the radii 
of anions and cations in the same period. 

………………………………………………………………………………….….

………………………………………………………………………………….….

………………………………………………………………………………….….

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

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

………………………………………………………………………………….….

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

[Total: 10 marks]
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B10 OR
Read the information below about the chlorides of elements in Period 3 of the Periodic Table.

Elements and their chlorides
The formulae and chemical properties of the chlorides of the elements change across Period 
3.

The chlorides behave differently when they are added to water. Some the chlorides dissolve 
in water to form a solution. Some hydrolyse when they are added to water. This means that 
they react chemically with water to produce new products.

The chlorides have a different formulae and the ratio of the element to chlorine changes 
across Period 3. Some examples are shown in the table below.
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(a) Describe the pattern for the ratio of each element to chlorine across period 3. 
Include ratios in your answer.

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(b) (i) Which chloride forms a precipitate when it is added to water?

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

(ii) Write a balanced equation for the reaction of phosphorus (III) chloride with 
water.

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

(c) Two students talk about the data.

Student 1: ‘I think that whether or not the chloride hydrolyses is linked to 
the metal or non-metal character of the element.

Student 2: ‘I think that whether or not the chloride hydrolyses is linked to 
the bonding of the chloride.’

Does the information in the table support the ideas of the students?

Explain your reasoning.

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………..……… [3]
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(d) Another student performs an experiment to test whether some other chlorides 
dissolve or hydrolyse when they are added to water.

He adds each chloride to water and tests the pH of the mixture.

Explain how the result of a pH test shows whether or not a chloride has hydrolysed.

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

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

(e) Suggest a reason why argon is not included in the table of information about Period 
3 chlorides. 

………………………………………………………………………………………………

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

[Total: 10 marks]

END OF SECTION  B
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Sec 4E Chemistry 6092
Mid Year Examination 2018

Mark Scheme

Paper 1

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

Paper 2 Section A

A1 (a) Sublimation [1]
(b) Filtration [1]
(c) Fractional distillation [1]
(d) Using separating funnel [1]

A2 (a) Heating of ammonium salt with an alkali. [1]

(b) Ammonia is an alkaline gas and will react with /be neutralized by
concentrated sulfuric acid, forming a salt.

[1]

(c) Calcium oxide/fused calcium chloride [1]

(d) Sodium will react vigorously with water to form sodium hydroxide and
hydrogen gas.

[1]

(e) Pass the gaseous mixture through water / collect by displacement
over water.  [1]

As ammonia is very soluble in water, it will be absorbed by the water.
Only hydrogen will be collected as it is insoluble in water.  [1]

[2]

(f) 2NH3 (g) + H2 (g) +  2NaNH2 (s)

[1] for balanced equation
[1] for correct state symbols

[2]

(g) No of moles of hydrogen
=  0.24/ 24
= 0.0100    [1]
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5 C 15 C 25 C 35 C
6 C 16 A 26 D 36 A
7 D 17 A 27 A 37 B
8 C 18 A 28 A 38 C
9 D 19 D 29 A 393939393939 D
10 A 20 C 30 C 404040404040 BBBBBB

Paper 2 Section A

A1 (a) Sublimation [1]
(b) Filtration [1]
(c) Fractional distillation [1]
(d) Using separating fununuununununununununuunuuuuuuu nenenenennennnnnnnnnnnnnnn l [1]

A2 (a) Heating of ammoniumumumumumumumumuumuumuuuumuumumumumm saalallalalaalalaalalaallalt t t t ttttttttttttt wiwwwiwwwiwwwiwwwwwwwwwwww ththththththththththththtththththhhh aaaaaaaaaaaaaaaaaaaaaan alalaalalalalaalaalaalalalaaa kakakakakakakakakakakakkakakakakakkkk lli. [1]

(b) Ammonia isssssssssssssssssssssss annnnnnnnnnnnnnnnnnnn alaaaaaaaaaaaaaaaaaaa kakakakakaakakkakakakakakakakkkkkakak lillililliliilililllliiiineeeeeeeeeeeeeee gagggaggagagggagggggggaggg s ssssssssss annnnnnnnnnnnnnnnnnnnndddddddddddddddddddd wiiiiiiiiiiilllllllllllllllllllllllllllll  rerererererererererereererererreeererererrrr acacacacacacacacccacacacacacacacccacacact tttttt ttttttttttttt wiwiwiwiwiwiwiwiwiwiwiwiwiwwwwiwiwiwwwwiththththththhthtthththththththhtthtttt  /be neutralized by
conccccccccccccccccccccenenenennnnnnenennnnenennntrttttttttttttttttt atedddddddddddddddddddddd sssssssssssssssssssssssulululululululululllullulululululuu fufufufufufufuffufufufufufufufufufufufufuf ririiriririririiririririririrrirrrr c ccccccccccccccc acacacacacacacacacacacaccaccccccccidididididididiidididididiidid, formmmmmmmmmmmmmmininninininininininininininnnininnni gggggggggggggggggggggg aaaaaaaaaaaaaaaaaaaaaaaaa sasasasasasassasasassasasasasassassasasaaa tltltltltltltlltlltltltttttttt.

[1]

(c)))))))))) Caaaaaaaaaaaaaaaaaaaalciummmmmmmmmmmmmmmmmmm oxxxxxxxxxxxxxxxxxxxidiiiiiiiiiiiii e/e/ee/eee/eeeeeeeeee/eeeeee fuuuuuuuuuuuuuuuuuuuuused calclclclclclclclclcclcclclclcllclclcccccciuiuiuiuiuiuiuiuiuiuiuiuiuiuiuuuuuuuum mmmmm mm mmm mmmmmmmmmmmmm cchhchc lolololololololololololololololoolooooririrrrirrirririririrriririrrrrr deddddddddddddddddddd [1]

(ddddddddddddddddd))))))))))))))))))))) SoSoSoSoSoSoSoSoSoSoSoSoSSSSoSooSoSoSoodidiididiididdiddiddidiiiiiumumumumumumumumuumumuumummmmmmmmm wwwwwwwwwwwwwwwwwwilllllllll rererererereerererererererererrrrr act vivivivivivivivivivivivivivivviviviiiviivv gogogogogogogoggogogooogogogogogogooggogogoorororoorororororororororororoorooooroousususususususususussususssssssssslylylylylylylylylylylyllylylyylylylylyylyl  with water to form sodium hydroxide and
hyhhyhhhhhhhyhyhhhhhhhhyhhh drogogogogogogogogogggogogogogoggggggeneneneneneneneneneneeneeneneneneeenen gas..........

[1]

(e) PaPaPaPaPaPaPaaPaPaPaPaPaPaPaPaPaPaPaaaPaPaPaPPPPasssssssssssssssssssssssssssssssssss ttttttttttttttttheheheheheheheheheheheheheehehehehehhehhe ggggggggggggggggggggggasasasasasasasasassasasasasasasasassaaaaseoeeoeoeoeoeoeeeooeeoeoeoeeeeeeeee us mixture through water / collect by displacement
ovovovovovovovovvovovovovovvovoovverererererererererereereerereer wwwwwwwwwwwwwwatattttttatatatatatattatta ereeeeeeeeeeeeeee .  [1]

As amaaaaaaaaaaaa monia is very soluble in water, it will be absorbed by the water.
Only hydrogen will be collected as it is insoluble in water.  [1]

[2]
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Mole ratio of   H2 :  NaNH2
1    :    2

0.0100  :   0.0200

Mass of sodamide
=   0.0200 x ( 23+14+ 2)
=   0.780 g  [1]

[2]

A3 Crystal of silver nitrate and potassium iodide dissolve in the dish of water [1] and form 
ions which diffuse from a region of higher concentration at the 2 spots to a region of 
lower concentration at the middle of the dish [1].
Silver ions and iodide ions react to form insoluble silver iodide [1] which is yellow in 
colour

A4 (a) Isotopes are atoms of the same element with same number of proton but 
different number of neutrons.

[1]

(b)
Ar of Z = (10 x 86) + (7 x 87) +(83 x 88)  [1]

         100
=  87.7 (3sf)     [1]   

(c) (i) There was a change in state from liquid to gas.
The particles moved faster in all directions / randomly [1]
and were spaced further apart / large spaces between particles. [1]

(ii)

Volume/cm3

Temperature/°C25
777 1382 1500
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ions which diffuse from a region of higher concentration at the 2 spots to a region of 
lower concentration at the middle of the dish [1].
Silver ions and iodide ions react to form insoluble silver iodide [1] whhhhhhhhhhhicicicicicicicicicicichhhhhhhhhhh isisisisiiiiiiis yellow in 
colour

(a) Isotopes are atoms of the same element with same nnnnnnnumumumumumumumumumumumbebebebebebebebebebeberrrrrr r r rrr oooooooofooo  proooooooooootototototototototototonnnnnnnnnnn bububububububububububut tttttttttt
different number of neutrons.

[1]

(b)
Ar of Z = (10 x 86) + (7 x 87) +(83 x 88888888888888888888) ))) ) ) )) ) ))) ) )))))  [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[1[11[1[1[1[111[11[11[11[1[1[1[111[111[[[[[[1[[[[[[[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

         100
=  87.7 (3sf)     [1]  

(c) (i) There was a chhhhhhhhhhhanaaaaaaaaaaaaaaaaaaa gegeggegegegegegeegeege iiiiiiinnnnnnnnnnnnnnnnnnnn stststststststtstststststststsstststs ataaaaaaaaaaaaaaaaaaa eeeeeeeeeeeeeeeeeee frffrrfrrrrromomomoomomoooooomoomomomomomooom lllllllllllliqiiiiiiiiiiii uiiiuiuiuiuiiuiuuiiuiidddddddddddddddd totototototototootototototototototottototot gggggggggggggggas.
The paaaaaaaaaaaaaaaaartrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrrtrrrr icleleleleleleleleleleleleleeeeeeeeeeessssssssssssssss moved fasterrrrrrrrrrrrrrrrrrrrrr innnnnnnnnnnnnnnnnnnnnn all direeeeeeeeeeeeeeeeeectctctctctctctctctctctctctctctctctctctcttctctioioioiiooioioioioioioioioioioioooooioiooonsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsn //////////////////// randomly [1]
and wererrrrrrrrrrrrrrrrrrrr sssssssssssssssssssssspapapappapppppppapappppapapappp cecececececececececccecececcecececececececeddddddddd fuuuuuuuuuuuuuuuuuuuuuurrrrtr hehhehehehehehehehehehehehhehehhehhheheheeer rrrrrrrrrrrrrrr apaapapapaapappapapapapapappapapapapapa aaraa t / ////// // / /////// /// laalalalalaalaalaalaaaaalalalalalalaaargrgrgrgrgrgrgrggrgrgrgrgrggrgrggrrrrgeeeeeeeeeeeeeeeeeeeeeeeee spspspspspspspspspspspspspspspspspspspsppspspaaaacaaaaaaaaaaaaaaaaaaa es between particles. [1]

(ii)

VoVVVVVVVVVVVVV lumememememememememmemememmmemmememee/c/c/c/c/cc/c/c/c/c/cc/c/c/c/cc/c/c/c/cc/c/cm3
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The vertical line at 1382 must be longer than that at 777.
All the 3 values (777, 1382 and 1500) must be indicated clearly. 

A5 Substance 1 NaOH / sodium hydroxide [1]

Substance 2 Na2CO3 / sodium carbonate [1]

Substance 3 BaCO3 / barium carbonate [1]

Substance 4 Zn / zinc [1]

Substance 5 HCl  / hydrochloric acid [1]

Substance 6 CuSO4 / copper(II) sulfate [1]

Substance 7 H2SO4 / dilute sulfuric acid [1]

Substance 8 NH4Cl  / ammonium chloride [1]

A6 (a) The only products of the combustion are nitrogen and water vapour
which are components of clean air.

[1]

(b) The products have stronger bonds.  [ no marks]

The total energy absorbed during the breaking of bonds in N2H4 and
O2 is less than the the total energy released during the forming of

bonds in N2 and H2O

as reaction of hydrazine with oxygen is an exothermic reaction. [1]

[1] for idea that energy absorbed during bond breaking is less than
energy released released during bond forming

[1] correct relation of substances in bond breaking and bond
forming

[3]

(c)

[1] for correct energy profile

[2]

www.KiasuExamPaper.com

Substance 8 NH4Cl  / ammonium chloride [1]

(a) The only products of the combustion are nitrogen and water vapapapapapapapapapapapourrrr
which are components of clean air.

[1]

(b) The products have stronger bonds.  [ no marks]

The total energy absorbed during theeeeeeeeeeeee breakinininnnnnnnnnnnnnnngggggggggggggggggggggggggggggggggggggggggggggg ofofofofofofofofofofofofofofofofofofofofofofofofoooffofofofoffofofofofofoffoffofoffofffofoofofofofofofofooooooo bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbonononononononononononononononononononononononononononnononoonononnoonononononononoonnooonnnnnonnno dddddsdsdsdddddddddddddddddddddddddddsdsdddsddddddddddsdsdddddddsddd iiiiiinnnnnnnnnn N2HHHHHHHHHHH44444444444 anananananananananananddddddddddd
O2 is less than the the total energyyyyyyyyyyyyyyyyyy releeleleleleleleleleleleleelelelleaeaeaeaaeaeaeaeaaaeaeaeeeeeee seseseseseseseseeeesesesseseeseeeeeeeeeeeeeeseeeeeeeeseeeeeeeeeeddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd duddududdududududududududududududududududduddudududududududddudududududddudududduddudududuududududududdudududddduuuuriririririririririririririririrriririririririririrrrrrrrrrrrririririririir ngngngngngngngngnnnngngngnngngnnngngngngnngngngngnnngngngngngnngngngngnngnggngnnnggggggng tttttttttttttttttttttttttttttttttttttttttttttttttthhhhhhhhhhhhehehehehehehehehhhhheheheehhhehhhhehhhhhhhhehhhhhhh fffffffffffffororororororororororormimimimimimimimimimim ngngngngngnggngngngng ooooooooooofffffffffff

bonds in N2 and H2O

as reaction of hydrazinnnnnnnnnnnnnnne eeeeeeeeeeeeeeeeeeee wiiiiiiiiiiiithththththtthththththtthtththhhhhhhh oooooxyxyxyxyxxxyxyxyxyxyxxxxxyxxxxyxyxyxygegegegegeggegegegegegegeeegeegeeen is annnnnnnnnnnnnnnnnnnnnnn exeeeeeeeeeeeeeeeeee othermic reeeeeeeeeeeacacacacacacacacacacactttttitttttt on. [1]

[1] for idea that energygggggygygggggggggggggggggg aaaaaaaaaaaaaaaaaaaaaabsbsbsbsbsbsbsbsbsbsbsbsbssbssbsbsbsbsbsorororororoooooorooooo bebebb dddddddddddddddddddd dudududududududududududududududududududurirrrirrririrrirriririririiringggggngngggngngnggngngngggng bbbbbbbbbbbbbbbbbbbbbondddddddddddddddd brbrbrbrbbrbrbrbrrrbrbrbrbrrrbrbrbrreaking is less than
energy relelellelelelelleleleeeeeeeee eaeaeaeaeaeaeeaeaeaeaeaeaeaeaeaeeaeaeaeaaasessssssssssssssss d relelelellelelelelelelleleeleleeeeeasasaasasasasaasasasasasaaaaaaa ed duuuuuuuuuuuuuuuuuuuuringnnnnnnnnnnnnnnnnnnnn  bondddddddd fofofofofofofofofofofofofofofofofofofofooofoormrmrmrmrmrmrmrmrmrmrmrmrmrmrmrmrmrmrmrmrmrminninninininininininininininininininngggggggggggggggggggggggg

[1] correct releeeeeeeeeeeeeeeeeeee atataatatatatatatatatattttatataatattttioioiiioiiioioiioion nnnnnnn ofoooooooooooooooooooo  subbbbbbbbbbbbbbbbbbbbbbstststststsstststststststststststststtttanananaanananananananananananananaanana cecccccceccccccccccccccc sssssssssssssssssssssss in bbbbbbbbbbbbbbbbbononononononononononononoononononononononoo d dd dd ddddddddddddddddddd brbrbrbrrrbrrbrrbrrbrbrrrrrrrrrrrrb eaeaeaeaeaeaeaeaeaeaeaeaeaaeaeaaeaeaaeaaeaeakikkkkkkkkkkkkkkkkkk ng and bond
formrmrmrmrmrmrmrmrmrmrmrmmmrmrmrmrmmmrmrrrr iniiiiiiiiiii g

[[[[[3[[[[[ ]

(c) [2]
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(d) (i) No of moles of hydrazine
= 10 / (14x2 + 4)
=  0.313          [1]

Volume of oxygen in air
= 21% x 50
=  10.5 dm3

No. of moles of oxygen 
=  10.5/24
=  0.438            [1]

Mole ratio of   O2 : N2H4
1   :     1

0.438  :  0.438

Since 0.438 moles of N2H4 is required and only 0.313 moles is 
available, N2H4 is the limiting reagent and is completely used up and 
hence, underwent complete combustion.   [1]

[3]

(ii) 0.313 moles of hydrazine releases 194 kJ of energy
1 mole of hydrazine releases 194/ 0.313     [1]

=  621 kJ

- 621 kJ/mol  [1]
[2]

A7 (a) Mercury, nickel , zinc , magnesium [1]

(b) (i) Solution changes from green to colorless.  [1]

Silvery solid is formed.  [1]

[2]

(ii) Mg (s) + Ni2+ (aq)   2+ (aq) + Ni (s)

[1] for balanced ionic equation
[1] for state symbols

[2]

(c) (i) Zn + H2 2 [1]

(ii) Silvery solid is formed.   [1]

Nickel(II) oxide has been reduced to grey solid nickel by
hydrogen [1]

[2]
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No. of moles of oxygen 
= 10.5/24
=  0.438            [1]

Mole ratio of O2 : N2H4
1  :   1

0.438  :  0.438

Since 0.438 moles of N2HHHHHHHHHHHHHHHHHHHH4 isiiiiiiiiii reqeqeqeqeqeqeqeqeqeqeqeqeqeqeqeqeqeqeqeqeeeqqqeqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqquiuuuuuuuuuuiiuiiuiuiuiuiuuiiuiuiuiuiuiuiuiuiiiuiuiuiuuuuuiuuuuuuuuuuuuuuuuuuuuiuuuuuuuuuuiuuuuuuuuuuuiuuuuuuuiuuuuuuuiuiuiuuuiiu rererererereerererererererererererereererererererereereerererereererererreeeeerereeerererrrerererererererereererererererrerererereerreeerreerrreerrerrrrereeerrererreeeerreeeeeererrrrerereeeerreerrrrreeeeerrerrreeeeerreeeereeerrrereeeeddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd anananananananaaananananananananananananananananaaaananaanananaanananaaaaaananananannannanaaanaanannnanaaaanaananananannnnaaannnnanaanaaananaaannnaaaannnannnnaaaaaaaaanaaaanaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd ononononononoooooonnnononoonoooonnoononoonooooonnnoooooooonooonoooooooonoooooonoooononooooooooooonooooooooooooooooonoooonnnnonnnnnnonnnnnnnnlylylylylylylylyylylylylylyylylylyy 0000000000000000 3333333333333333.3131313131331313131313131313113 mmmmmmmmmmmmmmmmmoololollllolollllolllleeeeeeseeeeeeeeeeee  is 
available, N2H4 is the limittttttttininininininininiininininininininnnng rererrrrrrrrrrrrrrrrr agagaaggggggggggggggggggagaagaggggggggggggggggeneneneneneneneneneneneneneneneneneneneenenenenennenennenenenenenenenenenennenenenennennnneneenenennenenenenneneneennnnenenennnnnenennnnneneeennnenenneeennnennnnennneneeeneenenenennnnennenenneenennneeneennneennenttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt nananananananananannnnnnnanannnnnnnanaannnnnnanannnnnnnannnnnnnnnnnnnnnnannnnnnnannnnnaaanananannnannnnnaannnanaaanaaaaannaaaaanannnananananannaaanaaannnnnaaannnanaannnaannnannannnanannnannnaanannnnndddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd isiisisisisisisisis cccccccccccccccccomomomomomomomomomomomomomoomomomo plppppppppppppppppp etellllllllllllllllly y y y y y y y y y y y yy y yy yy ususususususususususususususususused up and
hence, underwent cococcocococococococococococococcccc mmpmmmmmmmmmmmmmmmmmm lete ccccccccccccccccccccommmomommmmommomommmmmommmmmmbustioioioiiiiiioioiiiiiiiioioioiooioioooonnnnnnnnnnnnnnn.   [1]

[3]

(ii) 0.313 moleeeeeeeeeeeeeeeeeees ofooooooooooooo hhhhhhhhhhhhhydydydydydydydydydydydydydydydydydyddydyy raraarararararaararararararararararazizizizizzizizizizzizizzzizizizizzziziineneneneeneeneeneeneeneeeneenenenee releleleleleleeeleleaeaeaeeaeaeaeeaeaeaeeaeeaaasesessesesesesesesessesesssss s 19191919191919191919191991999919191919191994 444444444444444444 kJ of enenennnnnnnnnnnnnnneeeeeeeeereeeeee gy
1 momomoomoomomomomomomomomomomoomoom le of hyhyhyhyhyhyyhyhyyyhyyyhyhyyyyyydrdrdrdrdrdrdrdrddrdrddrddrdrddrddrrd azazazazazzazazazazazazazazazazzazazazazazzininnininininnininninninnnnninneeeeeee rerererererererererererererererereeeeeeeleeeeeeeeeeeeeeeeeeeeeeases 1949494949494949494949494949444949449449 / ///// ///// /////////// 0.0.0.0.0.0.0.0.0.000.0..000.0.0.00.000 31313131313131313131313131313131311331313113 3     [1]

= 66666666666666666662121212121221212121212121212121212121212222 kkkkkkkkkkkkkkkkkkkkkJJJJJJJJJJJJJJJJJJJJJ

- 6262626262626266626266262626662622221 kJ/m/m/m/m/m/m/m/m/mm/m/m/m/m/m/mmm/m/m/mmm/mm/m/mololololololoololooloololooolollollo   [1[1[1[1[1[1[1[1[1[1[1[[1[1[1[[1[1[[[[11]]]]]]]]]]]]]]]]
[2]

A7 (aa(aaaaaaaaaaaaaaa))))))))))))))))))))))) MeMMMMMMMMMMMMMMMMM rcury,yyyyyyyyyy  nicicicicicicicicicicicicicicciciccccckeeeeeeeeeeeeeeeeeeeeel , zinc , mmmmmmmmmmmmmmmmmmmmmagagagagagagagagagagagagagaggagagggaggagggnenenenenenenenenenenenenennenennennnnn siumumumumumumumumumumumumumumumumumumummmm [1]

(bbbbbbbbbbbb))))))))))))))))))))) (i(ii(i(iiiii(i(i(iii(i( )))))))))))))))))))) SoSoSoSSoSoSoSSoSoSoSoSSoSoSoSoSSooooolululululululullululluluuluululuuuuuuutiiiitiiiiiiiiiooooonooooooooooo chananananananananananananaanaaaanaaaanaaa gegegegegegegegegegegegegegegegegegegeegeeges ssssssssss ssssss frfrfrfrfrfrfrrrfrrrrrrrromomooomomooomoooommomomoooooooo  green to colorless.  [1]

SiSSSSSSSSSSSSSSSSS lverrrrrrrrrrrrrrrry yyyyyyyyyyyyyyyyyy sososososososososososososososoososooolillililililililililiilililllll ddddddddddddddddddddddddd isssssisisissisisissisisisisisisssss formed.  [1]

[2]

(ii) MgMgMgMgMgMgMgMgMgMgMgMgMgMgMgMgMgMgMMM ((((((((((((((((((s)ss)s)s)s)s)s)s)s)s)ss)s)sss)s)ss)ss  + Ni2+ (aq)   2+ (aq) + Ni (s)

[[[[[[[1]1111111111111 for balanced ionic equation
[1] for state symbols

[2]

 
254



Paper 2 Section B

B8 (a) The density of main group metals, potassium and calcium, are lower (0.9 g/cm3

and 1.5 g/cm3 respectively) than the transition metals (ranges from 4.5 g/cm3 to 
8.9 g/cm3) or vice versa. [1m with quoted data from table]

The melting points of the main group metals, potassium and calcium, (64oC and 
842 oC) are lower than that of the transition metals (1084 oC and above/ranges 
from 1084 oC to 1917 oC) [1m with quoted data from table]

(b) For potassium, the solution remains colourless but for iron, the solution
changes from colourless to green.

Potassium took a shorter time to disappear than iron.

The rate of effervescence for potassium with dilute hydrochloric acid is
greater as compared with iron.

Any 2 observations [2m]

(c) The oxidation states exhibited by the elements increase from titanium with 3
different oxidations states to manganese with 6 different oxidations states and
then decreases from manganese to copper with 2 different oxidation states.

1 mark for correct trend + quoted evidence

(d) Potassium and calcium has a fixed number of valence electrons of 1 and 2
respectively and lose their valence electrons

to achieve a stable octet configuration/noble gas configuration [1m].

This explains why they have only one oxidation state at +1 and +2 respectively.

(e) Mn(NO3)2 2 + 2NO2 [1]

Mn(NO3)2 is oxidised to MnO2 as the oxidation state of manganese increases
from +2 to +4. [1]

Mn(NO3)2 is reduced to NO2 as the oxidation state of nitrogen decreases from
+5 to +4. [1]

Since oxidation and reduction occurs simultaneously, this a redox reaction. 
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(b) For potassium, the solution remains colourless but for iron, the solutio
changes from colourless to green.

Potassium took a shorter time to disappear thannnnnnnnnnnnnnnn iiiiiiiiiiiiiiirorororororororooroororororooron.n.n.nn.nn.nnn.nnnnn.nnnn.

The rate of effervescence for potassium wwwwwwwwwwwwwwwwwwitititititititititititititititi hhhhhhhhhhhhhhhhh ddddddddiddddddddd lululuuuuluuululuuuluuuluuttttettttttt  hydydydydydydydydydydydydydydydydydy rorororororororororororororororrochchchchchchchchchchchchchchchcchlolololololololololololololololoorrrrirr c acid
greater as compared with iron.

Any 2 observations [2m]

(c) The oxidation states exhibitededeeeeeededeeedeedeeeeee bbbbbbbbbbbbbbby the eleleleleeeleleeleeeeleeeee emmmmmmmmmmmmmmmmmmmmmmments innncreaseseeeeeeeeeeeeeeee ffrfrrrrfrrrrrrrrrrrooooomoooooooooooo tttttttttttittititititititititititititittananananananananananananananananananiium with 3
different oxidations staaaaaaaaaaaaateteteteteteteteteteetetet ssssssssssss tototototototototototottototottotototooo mmmmmmmmmmmmmmmmmmmmmannnnnnnnnnnnnnnnnnnnnngaggggggggggggg neseeeeeeeeeeeeeeeeeeee wwwwwwwwwwwwwwwwwwwwwwwith 6 differennnnnnnnnnnnnntt ttt oxoxoxoxoxoxooxxoxoxoxoxoxidations states and
then decreases frommmmmmmmmmmmmmmmmmmmm mmmmmmmmmmmmmmmmmmmmmananaananaanngagagagagagagagagaggagagagagagaggagagaganesesesesesesesesesesesesesesesesesesese ttttttttttttttttttttoooooooooooooooooooooo copppppppppppppppppppppppppppppppppppppereeeeeeeeeeeeeeeeeeeeee  with 2 differerererererererererererrerenenenenenennenenennnenent oxidation states.

1 mark for ccccccccorororooroororororororororororrorroo rerrerrrrrrrrrrrrrrer ct treeeeeeeeeeennnnnnnnnnnnnnnnnnnnddddddddddddddddddd +++++++++++++++++++++ quottttttttttttttttttttededededededededdeddedededeedeedede  evidencccccccccccccccccccceeeeeeeeeeeeeeeeeeeeee

(d) Potasssssssssssssssssssssssssssssssssssssssssssium anaaaaaaaaaaaaaaaaaaaaaa dddddddddddddddddddddd cacacacacacacacacacacacacaccacacacaalcciuiuiuiuiuiuiuiuiuiuiuiuiuuuuuuuuuuummmmmmmmmmmmm hahahahahhhahahahahahahahahahhhahassssssssssssssssss aaaaaaaaaaaaaaa fixeeeeeeeeeeeeeeeeeeeeeedddddddd dddd nununuuuuuuuuuuuuuumbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmmbmbereeeeeeeeeeeeeee  of valence electrons of 1 and
reeeeeeeeeeeeeeeeeeespssssssssssssssssssss ecececececececeecececeececececeecectiiiititiiititiiiiiiivvevvvvvvvvvvvvvvvvvvv ly aaaaaaaaaaaaaaaaaaaaanddddddddddddddddddd looooooooooooooooseseseseseseseseseseseseesesesesesesses tttttttttttttttttheeheheheeeheeheeheeheeeeiriiriiiiriiiiriiiiriii vvvvvvvvvvvvvvvvvvalaaaaaaaaaaaaaaaaaa enenenenenenenenenenennennennenenenennee cececececececececececececceccecccecceccc eeeeeeeeeeeeeeeeeeleeleleleleeleleleleleleleelleeectctctctctctctctctctctctctctcctctctctctc rorrrrrrrrrrrrrrr ns

ototototottotottotoottoto achievvvvvvvvvvvvvvve eeeeeeeeeeeeeeeeee aaaaaaaaaaaaaaaaaaaaa stttttttttttttttttttttabbababababababababbabbababababbbbaa lel  octetetetetetetetettetetetetetetetettt ccccccccccccccccccononononononononononononoonononnoononnnnono fiffffffffffffffffffff guraraaaaaaattttttittttt on/noble gas configuration [1m].

ThThThThThThThThThThTThThThThThThThThTT isisisisisisisisisissisisssssssss eeeeeeeeeeeeeeeeeeeexpxpxpxpxpxppxpxpxpxplalalalalalalalalalalalaaaaaaaaaaaininininiiniininiiinnnini s why yyyyyyyyyyyyyyyyyyyyy ththththththththththththththththththtthtt eyeyeyeyeyeyeyeyeyeyeyeyeyeyeyeyeyeyeyeyyeyy hhhhhhhhhhhhhhhhhhhhhhhavavavavavavavvvavavvavavavavvvvvvve only one oxidation state at +1 and +2 respectivel

(e) MnMnMnMnMnMnMnMnMnMnMnMnMnMnMnMnMnMnMnMnMMM (N(N((N(N(N(N((N(N((N(N(((((((((( OOOOOOOOOOOOOOOOOOOOOOOO33333333333333333333)))))))))))22222222222222222 222222222222222222222 ++++++++++ 2NO2 [1]

Mn(N(N(N(N(N(N(N(N(N(NN((N(N(N(N(NN(N(NN(NNNOOOOOOOOOOOOOOOOOOO3333333333333))))22222222222 issisisisisisisisisisisisiisisiisissssss oxidised to MnO2 as the oxidation state of manganese increase
from +++++++++++++++++++22222222222222222222 totottototototottotototottotottototototooto +4. [1]

Mn(NO3)2 is reduced to NO2 as the oxidation state of nitrogen decreases fro
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(f) (i) Under high temperature, the nitrogen and oxygen in the air of car engine
reacts to form oxides of nitrogen. 

(ii) The largest contributor of 40% to the production of NOx is road
transport. Hence we can,

Fit catalytic converters in the exhaust pipes of cars
Reduce vehicular activity by encouraging greener transportation
activities such as public transport and cycling

Any 1

(iii) NOx dissolve in rain water and react with oxygen to form acid rain which
leads to:

weathering of limestone buildings and metal structures.
causing soil to be acidic and leaches nutrients from soil, resulting
in poor plant growth, damaging trees and forests
water being acidic and destroying aquatic life

Any one impact.

B9 (a) Both has a giant tetrahedral arrangement. OR
There are strong covalent between atoms in both silicon dioxide and diamond. 
[1]

Silicon dioxide is made of silicon and oxygen atoms covalently bonded together 
whereas diamond is made up of only carbon atoms covalently bonded together. 
[1]

(b) Graphite. [correct but no marks]

Each carbon atom in graphite uses only 3 out of its 4 valence electrons for
covalent bonding. There is one delocalized electron form each carbon atom
which is free to move to carry electric charges whereas

there are no free electrons in silicon dioxide to carry electric charges.  [1]

(c) (i) silicate soda-lime glass

Has regular arrangement of 
atoms/ arranged in 

hexagonal rings

Has irregular arrangement 
of atoms /ions

Absence of ions Presence of calcium/ 
sodium ions

All the oxygen atoms are 
each covalently bonded to 

2 silicon atoms

Some oxygen atoms are 
covalently bonded to only 

one silicon atom
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(iii) NOx dissolve in rain water and react with oxygen to form acid rain whic
leads to:

weathering of limestone buildings and metal stststststststststsstststststststructcttcttttttttttttuuuuuuuruuuuuuuuu es.
causing soil to be acidic and leaches nuuuuuuuuuuuuuutrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrrieieieieieieieieieieieieieiieieientntntntntntntntntntntntntntntntttntssssssssssssssssss frfrfrfrfrfrrfrrrrrrfrrrfroooooooomooooo  soil, resultin
in poor plant growth, damaging treesss aaaaaaaaaaaaaaaaaandndndndndndndndndndndndndndndndndn ffffffffffffffffforororororororororororororororooo estss
water being acidic and destroying aqqqqqqqqqqqqqqqqquauauauauauauauauauauauauauauauauatitititititiitititititiitititititt c lllllilllllllllll ffffffefffffffffff

Any one impact.

B9 (a) Both has a giant tetrahedral araaaaaaaaaaaaaaaa rangemememememememememememmmmemmmmmmmmmeneneeneneneneneneeneneneneneneneeene t. OROROROOROROOORORORORORORORRRRRRRRRORORORORORORRORORRRRRORORORORRRRRRRRRROROOORORORRORORRORRRORRORRORRRRORRRRRRRRRRRRRRRRRRRORRRRRRRRRORRRRRRRRRORRRRRRRRORRORRROORRORORRORORRRORRRRROORRRORRRRRRORRRRRRRRRRRRRRRRR
There are strong covalent bebebebbbebebebebebebebbebebbebbebeetwtwwwwwtwwwwwwwwwwwwwween attttttttttttttttomomomomomomomomomomomomomomomomomomomomoms sssssssssssssssssss in bbotttttth silicocococoococococococococococcoon ddddddiddddddddddd oxididididididididiididididididididde e ee e e ee e e e e eeee and diamon
[1]

Silicon dioxide is maaaaaaaaaaaaaaaaaaaaadedededeededeededededeedeeedeeeeee oooooooooooooooooooof ffffffffffffffff sisisiiiisisisisisisiisisississ lililililillililillililililillicooonnnnnnnnnnnnnnnnnnnnnn anananananaananaaananaanananananaaananndddddddddddd oxoxoxoxoxxoxoxoxoxoxoxoxoxoxoxoxoxxoxoxxo ygyyyyyyyyyyyyyyy ennnnnnnnnnnnnnnnnnnnnn aaaaaaaaaaaaaaaaaaaaaatottttttttttttt ms covalently bonded togeth
whereas diamamamamamamamamamamamamamamamamamammammama onoooooooooooooooooooo d is mmmmmmmmmmmmmmmmmmmmmadadadadadadadadadadadaddadadadadaddadada eee up ooooooooooooooooooof onoooooooooooooooo ly carrrrrrrrrrrrrrrrrrboboboboboboboboboboboboboboobobobobbbobobooonnnnnnnnnnnnnnnnnn atatatatatatatatatatatatatatatatataaaatattomomomomomomomomooooomomoooomomoooo s covalently bonded togethe
[1]

(b) GrGrGrGrGrGrGrGrGrGrGrGrGrrrGrrrGrrGrapaaaaaaaaaaaaaaaa hihhhhhhhhhhhhhhhhhhhh teeeeeeeeeeeeeeeeeeee........ [corororrrororrrororrrrrrrrreeeeeeeeeeeeeeeeeeectctctctctctctctctctcctctct bbbbbbbbbbbbbbbbbbbbbututututututututtuttututututtttt nnnnnnnnnnnnnnnnno o o oo o oooo ooo oo o mamamamamamamamamamamamamamammammaamaarkrrrrrrrrrrrrrkrrr s]s]s]s]s]ss]s]s]s]]s]s]s]s]]s]ssssssss

Eacaaaaaaaaaaaaaaaaaa h carbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbbbbonnnnnnnnnonnnnnnnnnnnnnn aaaaaaaaaaaaaatottttttttttttttt m mmmmmmmmmmmmmmmmmm in ggggggggggggggggggrararararararararararararararararaaaaphphphphphphphphphphphphphphphphphphphphphhppp ittititititititititititittttttittiiteeeee uses only 3 out of its 4 valence electrons for
coooooooooooooovavavavvavavavavavavavavavavvvvavaaaaalellelelelelllelelllelleent bononononononononoonononooonoonoonoondididididididididididididddiddididddd ngnnnnnnn . ThThThhThThThThThThThhThThhThThhhTTT erererererererererererererererererererrrre ee e ee eeeee isisisisisisisisisississsisisssii oooooooooooooooooooonennnnnnnnnnnnnnnnnnnnnn  delocalized electron form each carbon atom
whwhwhwhwwhwhwhwhwhwhwhwhwhwhwhwhwhhww iciciciciciciciciccciccciccccccccch hhhhhhhhhhhhhhhhh hhhh is ffffffffffffffffffrerererererrerererrerererererererreeeeeeeeeree to mmmmmmmmmmmmmmmmmmmmmovovovovovovoovovovovoovoovovoovovvvveeeeeeeeeeeeeeeeeeeeeee tottototototototototottototototottotttoooo cccccccccccccccccccaraaaaaaaaaaaaaaaa ry electric charges whereas

thththththththththththtththththththththhererererrererererrrrrrrrrerrrrrre ararararararararararararararararaaarararraraareeeee nononononoononononoonooonononnononoo fffffffffffffffffffffreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eleleleleleleeleleelelelelelelleeeleleele eceeeeeeeeeeeeeeeeee trons in silicon dioxide to carry electric charges.  [1]

(c) (i) silicate soda-lime glass

Has regular arrangement of 
atoms/ arranged in 

Has irregular arrangement 
of atoms /ions
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Contains covalent bonds Contains covalent and 
ionic bonds

Any one difference

(ii) It is not able to conduct electricity  in the solid state but  is able to
conduct electricity  in the molten state. [1] [Reject aqueous state]

In the solid state, the calcium and sodium ions are in fixed positions and
are not free to move to conduct electricity.[1]

In the molten state, the ions are free to move to conduct electricity. [1]

B10 Either

(a) The ratio of each metallic element to oxygen across period 3 decreases from 2:1
to 2:3 from sodium to aluminium.

(b) Na2O, MgO and Al2O3 has a giant ionic lattice structure. Large amount of
energy is needed to overcome the strong electrostatic forces of attraction
between the oppositely charged ions. [1] Thus they have a high melting and
boiling point.

SiO2 has a giant molecular structure. Large amount of energy is needed to 
overcome the strong covalent bond between the silicon and oxygen atoms. [1]
Thus it has a high melting and boiling point.

Oxides of P, S and Cl have a simple molecular structure. Small amount of 
energy is needed to overcome the weak intermolecular forces of 
attraction/weak van der waals forces between molecules. [1] Thus they have a 
low melting and boiling point.

if ans does not relates to m.p and b.p minus 1m

(c) SO3 has a higher melting and boiling point compared to SO2 because it has a
higher relative molecular mass [1]
Thus the intermolecular forces of attraction is stronger. More energy is needed
to overcome it. [1]

(d) (i) 2;2;2; 
3;3;3 

(ii) The radii of anions are generally larger than that of cations
+ quoted evidence from table eg average radii of cation vs anions [1]

as anions consist of 1 more electron shells [1] compared to cations.

Thus radii of anions are generally larger. 
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In the molten state, the ions are free to move to conduct electricity. [1]

B10 Either

(a) The ratio of each metallic element to oxygen across s s sssssss sss sss pepepepepepepepepepepepepepeepepep riririririririririrrriririririr ododododododododododododododododdoo  3 deeeeeeeeeeeeeeeecrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcreaeaaeaeaaaeaaaaaaeaeaaseseseseseseseseseseseseseseseseseesssssssssssssssss from 2
to 2:3 from sodium to aluminium.

(b) Na2O, MgO and Al2O3 has a giant ionic lattticicciciciciciciciciciciciccccccccccccicccccceeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeee eeeeeeeee eeee e eeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee stststststststsststsstststsststststststststststststststststsstssstststsststststststststststtststststtstststtsttsttstttsttststsstststtstststsstssststssssssssststsstssssstttsssssssssssssssssstssstssssssststtsststrururururururrururururuururururrururururururrrruuurururururruuururururuuruuruuruurururuuuuruuuuuuruuurruruuruururuuurururrurrrurururururrrrrrrrrrrrrruuuuuuctctcctctctctctctcctctcctctctctctctctctctcttctcttctctcttctctctctcttctctctcttctttctctctctctttttcttctcttctctctctctcttctcctctcccctctctcctctctctcctctctctctctctctccccctctcctctccccctcccccccccttccccctctcttttctttttttttccttttuuuuuruuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu e.e.eeeeeeeeeeeeeee Largegegegegegegegegegegegegegegegege aaaaaaaaaaaaaaaaamomomomomomomomomomomomomomommomom unt of
energy is needed to overcome theeeeeeeeeeee sssssstrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrrrronoooooooooooooo gggggggggggggggggggggggg eeeeeeelelelllleeeeelleeeeeelelelleeelllleeleleleeelllelelelelleleleleleeeeeleleleleleeeeeeeleleeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eececececececcecccccecececcececccccccececcececcceccceccccceccccccececcccceecccecccccceceececceecccccecececeecececececeeeeeecceeeececeeeeccccceeecceeeecccccceeecccccecccceeeccccccccccccccccccceccccccccecece trtrtrtrtrtrtrttttrtrtrttrtrtrtrtrttrtrtrtrtrtrtrttrttttrrtrtrtrtrtrtrttrtrtrrtrtrtttrttrtrrtrtrtrtrtrtrttrtrtrtrtrtrtrtttrrrrtrrtttrtrtttttttttrtrttrttrtttrtrrrrrososososossosososssososososososssosoososososososososososososoossossosososososososooosooososoooosososososossssooososossososoosooososssssssossssssosssosssososooosssooososooosososssssooooossssssssssossoosossssssssssoso tatatatatatatatatatatatataatatatatatatataatatatatattataatataatatatatatatatataatattataatatatatatatatatattattatattatattattatatttatttttttataatataataataaaaataaaaaataaaaaaaaaaaaaaatititititititititititititititititititiititititititittitititttttititittttitittttttttititttititittttititttitittittitttitttittittiiiitititiiiitiitttitttttttttt cccccccccc ccccccccc ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc c c cc c fofofofofofoofofooofoofofofoofofofofffffffffffffffffooffffoffffoffffofffffff rcrrcrcrcrcrcrcrcrcrcrcrcrcrcrccr esesesesesesesesessseseseseesese oooooooooooooooofffffffffffffff f atatatatatatatatatatatataatatatttttrtrtrtrtrtrtrtrrtrtrtrtrtrtrtraaaaaacaaaaaaaaaaaa tion
between the oppositely charggggggggggged ionssssss.ssssssssssssss  [1[1[1[1[1[1[1[1[1[[[1[1[1[1[1[1[1[1[1[1[11] ThThThThThThTThTTThThThThTThhhhThThhThhThThThTTTTTThThTTTTTThhhhhTTTThThhhThThThhhhhThTThThhhhThThhhThThThhhhhhhThhhhhhThhhhhhThhhhhhhT ususususususuussussusssusssususususususususususususususussususususussssususussususususuususuussusussususuusuussusususuusuususuususuuuususuuusuuusssuusuusussuususuususssssuusususuususssususuusssssssususssusssususssususuususuuusuussssusssusssssssuussu tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttheheheheheheheheheehehehehehehehehehehehhheeheheeeheheeeheheeheeeheheehehehheheehhehehehhehehehehhheehehheehehhehehheheeheheeheheheeehheeeehhhhhheeehhhehhhhheeeeeehhhhehhhhheeeeeehheehhhhhheeeeehhhheheheeeeeeyyy yyyyy y yyyyyyyyyyyy y y y y yy y y y y yyy hhhhhhhhhhahhhhhhh vevevevevevevevevevevevveve aaaaaaaaaaaaaa highhhhhhhhhhhhhh memememememememememmememmemmelllllltlllllll ing and
boiling point.

SiO2 has a giant moooooooooooooooolelleleleleleleelelelelelelllll cucucucucucucucucucucucucucucucuucucuccc lalaalaaaaalaaaaaalaaaaar rrrrrrrrrrrrrrrr stsssssssssssssssss ruuctccccccccccccccccccccc ururururururururururururururururrurrrrrreee. Laaaaaaaaaaaaaaaaaaargrgrgrgrgrgrrgrgrgrrgrgggggggggggeeeeeeeeeeeeeeeeeee amount of enenenenenenenenenenenenenenneeneneeeeereeeeeeeeee gy is needed to 
overcome the strongggggggggggggggggg cococococococccocococococcococcococovavavavavavavavavavavavaavavavavaaavvv leleleleeleleleeeleeeleleeeeleeentnttntntnnntntntntnntnnnttnnnnn bbbbbbbbbbbbbbbbbbonononononononnononononononononononononoondddddddddddddddddddd bebbbbbbbbbbbbbbbbbb twtwtwtwtwwwtwwtwwtwwwwwtwwwwweeeeee nnnnnnnnnnnnnnnnnnn ththtthththththththththththththtthhtthhhttheee silicon aaaaaaaana d oxygen atoms. [1
Thus it has aaaaaaaaaaaaaaaa hihhhhhhhhhhhhhhh gh meleeleleleleleleeeeeeeeeeltittttitittittitittttt ngngngnggngngngngngngngngngngngnggn aaaaaaaaaa ddddddddndnddddddd boioooooooooooooooo ling poiiioiiiiiiiiiiiintntntntntnttntntntntntntntntntntn .............

Oxideeeeeeeeeeeeeeeeeeees sssssssssssssssssss of P, SSSSSSSSSSSSSSSS ananaanananananananaanannnnnnanndddddddddddddddd ClClCClClClCClClClClClClCCClCClClCC havavavavavavavavavavavavavaaavavaaavavvveeeeeeeeeeeeeeeeee aaaaaaaaaaaaaaaaaaaa sisssisssisisisissisisiiisisissss mpleleleleleleleleleleleeleeeeleleleee mmmmmmmmmmmmololololoololololollollololooooo ecececececececececececececececceecee ululululululululululuuluuululuuuu ar structure. Small amount of 
ennnnnnnnnnnnnnnnnnnererererereeeeeeeeeee gygygygygygygygygyggygyggygggggygyy iiiiiiiiiiiiiiiiis ssssssssssssssssss needeeeeeeeeeeeeeeeeeeee edededededededededededededededededdedededed tttttttttttttttttto ooooooooooooooooooooo ovoovovovovovovovoovovovovovoovovoovoo ererrrrrerrrrrrrrrrrrcococococococococococococococococccococomemmmmmmmmmm ttttttttttttttttttthehehehehhehehehehhehehehehehehehehehehehheh wwwwwwwwwwwwwwwwwwwwwwweaeaeaeaeaeaeaeaeaeaeaeaaaeaeaaeeeeaak k kkkkkkkkkkkkkkkkkkk iiniiiiii termolecular forces of 
ataaaaaaaaaaaaaaaaaaa trtttttttttttttttttttttt actititiiiiiiiiiiiiiiiooonooooooooooooooooo /w/w/w/w/w/w/w/w/w/w/w/w/w/w/w/w/w/wwwweaaaaaaaaaaaaaaaaaaaaaaak vavvvvvvvvvvvvvvvvvvvvvv n der rrr wawawawawawawawawawawawawawawawawwawawawawaawaalalaaalalalalalalalaalalalalaalssssssssssssss fofofofofofofofofofofofoffoofofofofofofofoforcrcrcrcrcrcrcrcrcrcrcrcrcrcrcccrccrcrcrceseseseseseseseseseesesesesesesesesesessse bbbbbbbbbbbbbbbbbeteteeteteeteetetetetetetetetteteteeete ween molecules. [1] Thus they have a
low wwwwwwwwwwwwww meltttttttininininininininininininiinnnng ananananananananananananananaaaa dddddddddddddd bobbbbbbbbbbbbbbbbbb ilinggggggggggggg popopopopopopopopopopopopopopopopoinininininininininininininininnnnnt.tttttttttttttttt

iffffffffffffffffffffff aaaaaaaaaaaaaaaaaaaaaaansnsnsnsnsnsnsnsnsnnsnsnnnsnsnnsnnsnsns dododododododododdodododdoddodoeseeseseseseseseseseseseseseseseseseesssssss nnnnnnnot relaaaaaaaaaaaaaaaaaaaaaaateteeteeteteteteeteteeteteteeeeeees sssssssssssssss tototototototototototototototootooooototo mmmmmmmmmmmmmmmmmmmmmmm.p and b.p minus 1m

(c) SOOSOSOSOSOSOSOSOSOSOOSOSOSOSOSOSOSOSOSOOS 33333333333333333333 haahaaaaaaaaaaaaaaaaaaaaaaaas sssss aaaaaaaaaaaaaaaa hihhhhhhhhhhhhhhhh ghghghghghghhghghghghghhhhhghhghghghghgherererererererrerererereeeerereeererr mmmmmmmmmmmmmmmmmmmmmmmeleeeeeeeeeeeeeeeeee ting and boiling point compared to SO2 because it has a
hiiiiiiiiiighghghghghghghghghghghghghghghghgghghhghghg ererererererererererererererererrerereeee  reeeeeeeeeeeeeeeeeeeeeelalallalalalalalalalalalalalallalall tititititititittititititititittitititiveeeveveveeveveveveveeeeeeeeeee mmmmmmmmmmmmmmmmmmmmmolecular mass [1]
Thususussususususususususssssss tttttttttttttttttttttheheheheheheheheheheheheheheheheheehehheeehe innnnnnnnnnnnnnnnnnnnnteteteteteteteeteteteteeteetetetetetetetetteteerrrrmrrrr olecular forces of attraction is stronger. More energy is needed
to oveeeeeeeeeeeeeeeeercrcrcrcrcrcrcrcrcrcrcrccrcrcrcrccrcrcrr omomomomomomomomoomomomomomomomomoomomoo e it. [1]

(d) (i) 2;2;2; 
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(ii) Argon has a stable electronic configuration/stable octet configuration
and thus do not gain or lose electrons to form ions/ chemically
unreactive/inert [1] and will not affect the radius.

B10 OR
(a) Across period 3, the ratio of each element to chlorine decreased from 1:1 in NaCl

to 1:4 in SiCl4 respectively [1]
and then increased from 1:3 to 1:1 in PCl3 to S2Cl2. [1]

(b) (i) Silicon tetrachloride or silicon(IV) chloride or  SiCl4
(ii) PCl3 + 3H2O H3PO3 + 3 HCl

(c) The information supports the idea of student 2 but not student 1.

The information supports student’s 2 idea as covalent chlorides formed from
aluminium to sulfur hydrolyse [1] whereas ionic chlorides like those of sodium
and magnesium only dissolve. [1]

The information does not support student 1 as chlorides of both metals like
aluminium and non-metals from silicon to sulfur hydrolyse.  [1]

(d) Based on the information in the table, if a chloride has hydrolysed, dilute
hydrochloric acid will be produced.
Hence, a pH level lower than 7 will mean that the chloride has hydrolysed. [1]
If the chloride is not hydrolysed, the pH remains at 7. [1]

(e) Argon has a attain a stable electronic configuration of 8 electrons in the
outermost shell/ stable octet configuration.
Hence, it is chemically unreactive/inert and will not react with chlorine to form a
chloride.
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[ ]

B10 OR
(a) Across period 3, the ratio of each element to chlorine decececececececececececececececcecrererererererererererererererereerr asasasasasasasasasasasaasasasassasedededededededededeededededededeed ffffffffffffffffrorrrrrrrrrr m 1:1 in NaC

to 1:4 in SiCl4 respectively [1]
and then increased from 1:3 to 1:1 in PCl3 to S2Cl22222222222222...... [1[1[1[1[1[1[1[1[1[1[1[1[1[1[111[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]

(b) (i) Silicon tetrachloride or silicon(I(I(I(I(II(I(II(I(I(I(I(I(I(II((( V)VVVVVVVVVVVVVVVVVVV  chlororororororororororororororrorrrrrrrroorrrrrrrrrrriidiididididididididdddididiidddddidddidididdddiddiddddidddddididididddididididddididididdidddidididdiddidididdidddddddididdddddddddddididdiddidii eeeee eeeeeeeeeee eeeeeeeeeee e eeeeeeeeeeeeeee e eeeeee eeeeeeeeeeeeeeeeeeee eeeeeeeee ee eeeeeeeeeeeeeeeeee eeeeeeeeee orororororoooororoororororororororororororooorrororroorrrorororororoorororoororooooroooroorooororoorrooooooroorooooorooooooooroooorooooororoorororrrorrrrrrorrrrr SiSiSiSiSiSiSiSSiSiSiSSiSiSSiSSSSiSiSSiSiSiSSiSiSiSSiSiSiSSSSSSSSiSiSiSiSiSiSiSiSSSSiSSSiSiSiSiSiSSiSSiSiSiSiSSiSiSSSiSiSiSSSSSSSSSiSiSiSSSSiiSiSSSSSSSiiSiSiSSSSSiSSSSiSiSSSSSSSSSSSSiSSiSSSiSSSSSSSSSSSSSSSSSSSSSSSiiCCCCCCCClClCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 444444444444444444444444444444444444
(ii) PCl3 + 3H2O H3PO3 ++++++++++++++++++++++ 33333333333333333 HCHCHCHCHCHCHCHCHCHCCCCCCCHCHHCHCHCCCHCHCCHHCHHCCCCCCCCCCCCCCCCHCCCCCCCCCCCCCCCCCCCCCCHCCCCHCCCCCCCCCCCCCCCCCCCCCHCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHCCCCCCCCCCCCCCCCCCCCCCCCCllllllllllllllllllllllllllllllllllllllllllllll

(c) The information supports the iiiiiiiiiiiiiiiidededededededededededededededededed aaaaaaaaaaaaaaaaaaa of stuuuuuudededededededededededededdddddd nnntnnnnnnnnnnnnnnnnnn  2 but not stututututututtutututututtututttudededededededededededededededdedent 1.

The information suppoppopopopopopopopopopopopopopopopppopoportrtrtrtrrrtrtrrrtrrrtrr s sttttttttttttttttttttudennnnnnnnnnnnnnnnt’tttttttttttttttttt s 2 22 2222 222222 2222 22222 2 idididididididididdididdddididddiddi eaeaeaeaeaeaeaeaeaeaeaeeaeaeaeaeaeaeeaeaeaa as coccccccccccccccccc valentttttttttttttttt cccccccccccccccchhhhhlhhhhhhhhhhhhh orides formed from
aluminium to sulfur hyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyyhyydrdrdrdrdrdrdrdrdrdrdrdrdrdrdrrrrololololollolololololoooolololooo ysysysysysysysysysysysysyysysyyysyseeeeeeeeeeeeeeeeeee [1[1[1[1[1[[[[[[[[[[[[ ]]]]]]]]]]]]]]]]]]]]] whwhwhwhwwwhwhwhwhwhwhwhwhwhwhwhwhwhwhhw erererererererererererererererrrerererrreaeaeaaeaeaeaeaeaeaeaeaeaeaeaeeaeaeeee s ioooooooooooooooninnnnnnnnnnnnnnnnnnnn c ccccccccccccccccccc chlorides like those of sodium
and magnessiuiuiuiuiuuiuiuiuiuiuuiuiuuiuiuuiuui m mmmmmmmmmmmmmmmm onoooooooooooooo ly ddiiiiiisiiii solve. [1[[[[[[[[[[[[[[[[[[[[ ]]]]

The infnfnfnfnfnfnfnfnfnfnffffnfnfnfnfnfnfnn ororororororororororororororororoorrmationoooooooooooooooooooo ddddddddddddoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeoeeoeeeoes nononononononoononooonoooooooootttttttttttttttttt susuuuuuuuuuuuuuppppppppppppppppppppppppppport t stststststststststststststssttstststudududududududududududududududududuuuddddeneeeeeeeeeeeeeeeeeeeee ttttt tttttttttttttttt 11111111111111111111 as chlorides of both metals like
alumumumummumumumumummumumumumumumumummmuminiuiuiuiuiuiuiiuiuiuiuiuiuiuiuiuiuiuuuuuummmmmmmmmmmmmmmmmmm anddddddddddddddddddddddd noooonnnnnnnnnnnnnnnnnnnnn-meeetatatatatatatatatatatatatatatattataaaaaalslslslslslslslsslslssslslslsslslll ffffffffffffffffffrorororororororororororororoororororor mmmmmmmmmmmmmmmmmmmm sisissisissisisisisisisisisisisssssssss lilililililililiilillililliiiicococococococococoocococoocococococooc nnnnnnnnnnnnnnnnnnnn totototoototootootoootootoootoootooooo sulfur hydrolyse.  [1]

(ddd)) BaBBBBBBBBBBBBBBBBBBB sesssssssssssssssssssss d on ttttttttttttttheeeeeeeeeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiinfnfnfnfnfnfnffnffnffnfnfffffooooorooooooooooooo maaaaaatitititititititititititittitttttt ononononnonnononononononononononononoooonnn iiiinnnnnnnnnnnnnnnnnnnnn the table, if a chloride has hydrolysed, dilute
hyhhhhhhhhhhhhhhhhhhh drddddddddrddrdddrocococoococococococococococococococcchlhlhlhlhhlhlhlhhhlhhlhlhlhhlhlhlorooo ic aaaaaaaaaaaaaaaaaaaciciciciciciciciciciciciciciiiciiciiicccc d willlllllllllllllllllllllllll bbbbbbbbbbbbbbbbbbbbeeeeeeeeeeeeeeeeee prprprprprrprprprprrprprrrprprprrpp ododododododododododododododododododdddoddducucucucucucucuccucucucucucucuuuuuuu ed.
Heeeeeeeeeeeeeeeeeeeeeencccccccceeeee,eeeeeeeeeeeeeeee aaaaaaaaaaaaaaaaaaaaaaa   pHpHHpHpHpHpHpHpHpHpHHpHpHHpHpHpHHHpHHpHHpp  leveleleleleleleeleleleleeeleleleeeee llllllllllllllowowowowowowowowowowowowowowwwwwoowowwowo ererererererereererereererereereeeeeee tttttttttttttttttttthahhhahhahahhhahahhhahhhhhhhhh n 7 will mean that the chloride has hydrolysed. [1]
IfIfIfIfIfIfIfIfIfIIfIfIfIfIfIffIfIff thehehehehehehehehhehehhehehehhehhh  chlorideeeeeeeeeeeeee isisisisssisisisisissisisisisississ nnnnnnnnnnnnnnnnnnnnototototototooototototototototototototoooot hhhhhhhhhhhhhhhhhhhhydydydydydydydydydydydydydydydydyddydyydydydyddy rolysed, the pH remains at 7. [1]

(e) Argoooooooooooooooooooooooonnnnnnnnnnnnnn hahahahahahahahahahahahahaaaaaaaassssssssssssssssssss a atatatatatatatatatattatatttatatatata tatatatatatatattatatatatatatatataaaaaaininininininnininininininiiiii  a stable electronic configuration of 8 electrons in the
outermmmmmmmmmmmmmmmmmmmmmososososooososososoososoososososost t shshshshshshshshshshshhshhshhhshshhshsshssheleeeeeeeeeeeeeeeeeee l/ stable octet configuration.
Hence, iiiiiiiiiiiiiit ttttt ttttttttttttt isisisisisisissisisisisisisisisisis chemically unreactive/inert and will not react with chlorine to form a
chloride.
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1 A sample of solid X is heated until it is completely melted. The graph shows how its 
temperature varies with time as molten X is cooled. 

Which of the following statements are true about the particles in X?

I     They are closer to each other at stage RS than at stage PQ. 
II    The forces of attraction are stronger at stage P than at stage S. 
III   The arrangement is more orderly at stage RS than at stage PQ. 
IV   Their total energy content at stage QR is lower than at stage RS. 

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

2 In a volumetric experiment involving the addition of dilute hydrochloric acid to 25.0 
cm3 of aqueous sodium hydroxide, it is necessary to determine when the reaction has 
just completed. 

Which piece of apparatus could be used to determine the end-point of the reaction? 

A electronic balance
B gas syringe
C stop watch
D thermometer
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3 The gas jars shown below contain carbon dioxide, hydrogen and oxygen.

Which test could be used to identify the gases in each jar? 

A a glowing splint
B a lighted splint
C damp blue litmus paper
D limewater

4 Which procedure shows the best method to obtain a pure sample of silver nitrate, from 
a mixture of silver nitrate and silver chloride salts? 

step 1 step 2 step 3       step 4
A dissolution filtration evaporation       crystallisation
B dissolution crystallisation filtration        evaporation
C dissolution evaporation crystallisation     filtration
D        filtration dissolution crystallisation       evaporation

5 Argon is used to reduce the evaporation of the metal filament in electric light bulbs. 
There are three isotopes of argon: argon-36, argon-38 and argon-40.

Which of the following about these three isotopes is correct?

A They have different chemical properties.
B They have different rates of diffusion.
C They have different numbers of electrons.
D They have different numbers of protons.
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6 The apparatus was set up with two cotton wool plugs soaked in concentrated aqueous 
ammonia and concentrated aqueous hydrochloric acid respectively. 
These plugs were placed at opposite ends of a long glass tube as shown. After some 
time, a white solid was formed within the tube. The experiment was then repeated at a 
higher temperature. 

  

Which was true of the repeated experiment? 

A The white solid was formed even closer to X as compared to the first experiment.
B The white solid was formed even closer to Y as compared to the first experiment.

C The white solid was formed at a much faster rate as compared to the first 
experiment.

D Yellow solid was formed instead.

7 A metal Y was analysed and found to contain only two isotopes, Y-63 and Y-65. The 
graph below shows the relative abundance of the two isotopes. 

What is the relative atomic mass of Y?

A 63.2                    B     63.4                    C     63.6                    D     64.0
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8 The table below shows the proton number and nucleon number of elements M and N.

element proton number nucleon number
M 13 27
N 8 16

When M and N combine together to form a compound, what will be the mass of one 
mole of the compound?

A 43                     B     70                          C     102                    D     113

9 Hexasulfur was prepared by M.R. Engel in 1891 by reacting concentrated hydrochloric 
acid with thiosulfate, HS2O3- . It is orange-red and forms a rhombohedral crystal. It has 
a formula of S6. 

What can you deduce from the information given above?

A Hexasulfur contains only one element.
B Hexasulfur is a compound which contains 6 atoms. 
C Hexasulfur is a compound which contains 6 elements.
D Hexasulfur is a mixture which contains 6 elements.

10 Since 1850, most books have been printed on acidic paper which eventually becomes 
brittle and disintegrates. These books can be preserved by treatment with diethylzinc 
vapour, Zn(C2H5)2, which reacts with both acid and also with small amounts of water 
retained in paper. 

The reaction below shows the reaction of diethylzinc with an acid.

Zn(C2H5)2 + 2HX ZnX2 + 2C2H6

Which products are likely to result from the reaction of diethylzinc with water? 

A ZnH2 + C2H5OH
B ZnH2 + C2H6

C Zn(OH)2 + C2H5OH
D Zn(OH)2 + C2H6

www.KiasuExamPaper.com 
264



6

[Turn over

11 The following diagram shows the structure of one molecule of a substance.

What are the possible electronic configurations for the elements in the above 
substance?

A 1 2.3
B 2.6 2.5
C 2.7 2.3
D 2.8.7 2.5

12 A molecule consists of three types of elements, P, X and Y.

If P is phosphorus, what could X and Y be?

X Y
A Al H
B N Cl
C O H
D Si Cl
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13 A student was given four bottles containing different solutions.
He mixed pairs of the solutions together and obtained the following results. 

solutions observations

1 and 2 effervescence

2 and 3 white ppt.

2 and 4 no visible reaction

1 and 3 white ppt.

1 and 4 white ppt.

Which of the following correctly identifies each solution? 

solution 1 solution 2 solution 3 solution 4

A hydrochloric acid sodium carbonate barium nitrate lead(II) nitrate

B lead(II) nitrate barium nitrate sodium carbonate hydrochloric acid

C sodium carbonate hydrochloric acid lead(II) nitrate barium nitrate

D barium nitrate lead(II) carbonate hydrochloric acid sodium carbonate

14 Which of the following pairs of solutions will show no visible change when mixed? 

A barium nitrate and hydrochloric acid
B copper(II) sulfate and lead(II) nitrate
C magnesium chloride and sodium carbonate
D zinc and iron(II) sulfate

15 The following results are obtained from an experiment involving the reduction of an 
oxide of lead to lead metal. 

Mass of test tube                         = 21.28 g
Mass of test tube + lead oxide = 27.26 g
Mass of test tube + lead  = 26.46 g

What is the empirical formula of this oxide of lead?

A PbO B Pb2O3 C PbO2 D Pb3O4
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16 Which aqueous acid neutralizes the greatest volume of aqueous sodium hydroxide?

A 1 dm3 of H2SO4 of concentration 4 mol/dm3

B 2 dm3 of H3PO4 of concentration 2 mol/dm3

C 3 dm3 of HNO3 of concentration 2 mol/dm3

D 4 dm3 of CH3COOH of concentration 1 mol/dm3

17 5 g of barium sulfate is contaminated with barium carbonate. The mixture is added to 
excess nitric acid and filtered. The mass of the residue and filtrate is found to be 2.8 g 
and 9 g respectively. 

What is the percentage purity of barium sulfate? 

A 2.25 × 100%
B 2.85 × 100%
C 59 × 100%
D 95 × 100%

18 The structure of oxalic acid is shown below. 

A 25.0 cm3 solution of oxalic acid reacts completely with 15.0 cm3 of 2.5 mol/dm3

sodium hydroxide.

What is the concentration of the oxalic acid solution?

A 0.667 mol/dm3

B 0.750 mol/dm3

C 1.33 mol/dm3

D 1.50 mol/dm3
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19 Nitrogenous fertilizer such as ammonium nitrate is used to increase crop yield. 
Which substance can be added to increase pH of the acidic soil without causing a loss 
of nitrogen? 

A calcium carbonate
B calcium hydroxide
C magnesium hydroxide
D magnesium sulfate

20 Which pair of elements would react together most vigorously?

A potassium and bromine
B potassium and iodine
C sodium and chlorine
D sodium and fluorine

21 Elements X and Y are in the same Group of the Periodic Table. 

Which statement must be correct?

A Atoms X and Y have similar electronic structure.
B Atoms X and Y have the same physical properties.
C If X has a smaller proton number than Y, it is less metallic.
D The number of electronic shells in atoms X and Y must be the same.

22 Which statement about the manufacture of ammonia by the Haber process is correct?

A The reactants are both obtained from air.
B The reactants and product are compounds.
C The reactants and product are elements.
D The reactants and product are gases.

23 An alloy contains copper and zinc. Some of the zinc has been oxidized to zinc oxide. 
What is the result of adding an excess of sulfuric acid to the alloy?

A A blue solution is formed and a white solid remains.
B A colourless solution is formed and a pink solid remains.
C The alloy dissolves completely to form a blue solution.
D The alloy dissolves completely to form a colourless solution.
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24 Ethyne (H– –H) undergoes addition of hydrogen to form ethane as shown. 

C2H2 (g) + 2H2 2H6 (g)

The average bond energies of the bonds in the substances involved are shown in the 
table below. 

bond C–H C–C C=C H–H

bond energy / 

kJ/mol

413 347 612 839 432

What is the enthalpy change for this reaction? 

A –296 kJ/mol
B -176 kJ/mol
C +176 kJ/mol
D +296 kJ/mol

25 Ammonium chloride dissolves in water according to the equation below. 

NH4Cl (s) NH4Cl (aq)                H = +15.0 kJ/mol

When 0.2 moles of ammonium chloride dissolves in 50.0 cm3 of water, 

1. the concentration of the solution is 4.0 mol/dm3.
2. the energy level of NH4Cl increases.  
3. the heat liberated is 3.0 kJ. 
4. the temperature of water falls. 

Which of the above statements are correct? 

A 1, 2 and 3
B 1, 2 and 4
C 1, 3 and 4
D 2, 3 and 4
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26 The anti-cancer drug, cisplatin, has the formula Pt(NH3)2Cl2. In the human body, one of 
the chloride ions of cisplatin is replaced by one water molecule to form an aqua complex. 

Pt(NH3)2Cl2 +  H2O             [Pt(NH3)2(H2O)Cl]+       + Cl- 
                                                                                  aqua complex

What is the oxidation number of platinum in each of these substances?

cisplatin aqua complex
A +2 +1
B +2 +2
C +4 +3
D +4 +4

27 Manganese(IV) oxide catalyses the decomposition of hydrogen peroxide (H2O2) into 
oxygen and water. 
Which curve represents the decomposition of 1.0 mol of hydrogen peroxide? 

28 In which reaction is the underlined substance behaving as an oxidising agent?

A BaCl2 + Na2SO4 4 + 2NaCl
B 3CuO + 2NH3 2 + 3H2O
C 2FeCl2 + Cl2 l3
D 2NaI + Br2 2
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29 A few drops of litmus solution were added to concentrated rubidium chloride solution 
and the resultant solution was electrolysed using platinum electrodes.

Which statement is true?

A A greenish-yellow gas is formed at the cathode.
B The anode decreases in mass.
C The pH of the electrolyte decreases.
D The solution turns purple around the cathode.

30 In an experiment, a copper rod and a zinc rod are placed into a beaker of sulfuric acid 
as shown below. Bubbles of gas are produced around the zinc rod only.  

The experiment is repeated with the ends of both rods touching each other.

What happens when the ends of both rods touch each other?

A Bubbles of gas collect around both rods.
B Bubbles of gas collect around copper rod only.
C Bubbles of gas collect around zinc rod only.
D No bubbles of gas collect around both rods.
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31 The diagram shows the apparatus used to investigate the relative reactivity of four 
metals. Strips of these metals were connected in turn with the copper sheet and the 
voltage was recorded in the table below. 

Results table:

metal under test direction of electron flow voltage recorded (volts)
W from W to Cu + 0.78

X from Cu to X 2.22

Y from Y to Cu + 1.39

Z from Z to Cu + 0.28

What is the order of decreasing reactivity of the four metals?

most reactive least reactive

A W Z X Y

B X Y W Z

C Y W Z X

D Z W Y X
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32 The table shows the results of adding weighed pieces of zinc metal in salt solutions of 
metals P, Q and R. 

salt solution initial mass of zinc / g final mass of zinc after 
15 minutes / g

P 6.0 0.0

Q 6.0 6.0

R 6.0 4.5

Which of the following shows the correct arrangement of metals in increasing reactivity?

A P, R, zinc, Q
B P, zinc, Q, R
C Q, P, R, zinc
D Q, zinc, R, P

33 The diagram below represents a section of a catalytic converter on the exhaust system 
of a car. Harmful gases are converted into carbon dioxide, nitrogen and water vapour. 

Which process(es) take(s) place in this catalytic converter? 

I.    Carbon monoxide and unburnt hydrocarbons react together.
II.   Carbon monoxide and nitrogen oxides react together.
III.  Platinum and rhodium catalyse redox reactions. 

A I only
B I and II only
C II and III only
D I, II and III 

CO,
unburnt 
hydrocarbons, 
NOx

CO2,
 H2O,
 N2

platinum and rhodium catalyst
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34 A salt has the chemical formula (NH4)2Fe(SO4)2.12H2O.
Excess aqueous sodium hydroxide was added slowly, with shaking, to a hot solution of 
the salt in a boiling tube until there were no further reaction. The boiling tube was then 
left to stand for some time. 

Which observation would not be made? 

A A green precipitate was produced.
B A pungent gas which turned damp red litmus paper blue was produced.
C On standing, the precipitate turned brown.
D The precipitate dissolved in excess aqueous sodium hydroxide.

35 In a test for the presence of a cation in an aqueous salt solution, aqueous sodium 
hydroxide is added slowly until in excess. The diagram shows how the mass (m) of the 
precipitate varies with the volume (v) of sodium hydroxide added.

Which could not be the aqueous salt? 

A aluminium nitrate
B calcium nitrate
C lead(II) nitrate
D zinc nitrate

36 1 mole of a compound X reacts completely with 2 moles of hydrogen gas in the presence 
of a catalyst to form 1 mole of alkane. 

Which compound could X be?

A CH2=CH-CH=CH-CH=CH2

B CH2=CH-CH2-CH2-CH=CH2

C CH2=CH-CH2-CH2-CH2-CH3

D CH2=CH-CH2-CH2-COH=CH2
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37 Which of these molecules have the same boiling points?

A P and Q
B P and R
C Q and R
D P, Q and R

38 An organic compound S has the following reactions:

neutralises sodium hydroxide
decolourises aqueous bromine 

Which structure represents S? 

A C C C O
H

H H H

H
H

B C C C O
H H

H

H O

C C C C O
H

H H H

H
HH

O

H

D 
C C C O
H

H H
HH

O

H
O

C

C C

H
H H

H

H

P

C C C C

H

H

H

H
H

H

H

H

H
CH

Q

C C C

C

CH
H

H
CH

H

H

H

H

H

H

R

CCH

H
H

H

H
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39 Which statement describes the property of the first fraction obtained from the fractional 
distillation of crude oil?

A It gives the most sooty flame when burnt.
B It has the highest boiling point.
C It is the most miscible with organic solvent.
D It is the most viscous.

40 The structure below shows part of a polymer. 

Which option shows the correct monomers? 

monomer 1 monomer 2
A

C
O

OH
N

NH2

H

C N

N

H

NH2

O

OH

B
NH2

N

H

C
O

OH

C N

N

H

NH2

O

OH

C
C
O

OH
N

NH2

H

NH2
N

N

H

C
O

OH

D
C
O

OH
N

H

C
O

OH

NH2
N

N

H

NH2
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Section A
Answer all questions in this section in the spaces provided.

The total mark for this section is 50.

A1 This question refers to the elements shown in the section of the Periodic Table below.

From this list of elements, identify in each case one element that has the property described.
Give the symbol of the element. 

(a) An element that sinks in cold water and reacts readily with it.

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

(b) An element that forms an oxide that is a reducing agent.

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

(c) An element in Period 3 that forms the smallest cation.

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

(d) 2 elements that react the most violently together to form a solid.

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

(e) An element that produces a reddish-brown solution with potassium iodide.

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

[Total: 5]
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A2 A student carried out an experiment where she removed some gas from a gas 
chamber containing marshmallows.

The marshmallows were observed to have increased in size after some gas was 
removed from the sealed gas chamber.

(a) In the boxes below, draw the diagram for the gas in the chamber before and 
after some gas was removed from the chamber.

                     Before                                                  After
    [1]

(b) Using the kinetic particle theory, provide an explanation for why the 
marshmallows increased in size.

……………………………………………………………………………………….

……………………………………………………………………………………….. 

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

www.KiasuExamPaper.com 
280



4

[Turn over

(c) When heat was applied to the gas chamber before gas was removed, the 
student theorized immediately that the space between the gas particles will 
be increased. Do you agree? Explain your answer.

………………………………………………………………………………………..

………………………………………………………………………………………...     [2]
                                                                                                                       [Total: 5]

A3 (a) The percentage of oxygen in air can be determined by using the apparatus shown 
below. The glass tube was filled with iron filings (in excess) and the total volume of 
air in the syringes was 80 cm3. 

            (i) Calculate the expected total volume of gas left remaining at the end of 
the experiment.

[1]

      (ii) A student commented that the glass tube should be fully packed with iron 
to ensure accurate results. 
Explain why the results obtained would be less accurate if the glass tube 
were only partially filled with iron filings.  

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

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

glass tube filled with iron filings
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(b) The Haber Process which is used to manufacture ammonia can be demonstrated in 
the laboratory by the method shown below.  

  

The mixture of nitrogen and hydrogen is passed back and forth over the hot iron 
wool until there is no further reaction. 

      (i) Suggest why it is important to ensure that no air is present in the
apparatus shown above.

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

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

      (ii) Write a balanced chemical equation for the reaction between nitrogen 
and hydrogen.

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

(c) Aqueous ammonia is formed when ammonia gas is dissolved in water. When 
aqueous ammonia is added dropwise to a sample of contaminated water, a 
mixture of white and blue precipitate is formed initially. 
Upon adding excess aqueous ammonia, a dark blue solution is formed. 

       (i)           Write the formula(e) of the possible cations present in the water sample.

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

      (ii)       Write the ionic equation with state symbols for the reaction that forms
the blue precipitate.

            …………………………………………………………………………………. [1]
                                                                                                                      [Total: 7]

glass tube filled with iron wool
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A4 At a children’s birthday party, a magician told the children that he can change ‘water’ to 
‘milk’ and then to a colourless fizzy drink like 7-up.

The magician had three glasses.
He began by holding the glass containing colourless solution A which he called ‘water’. He
then continued:

Step 1: The colourless solution A was poured into a seemingly empty glass containing a 
colourless solution B (which appeared to be invisible to the children). The ‘water’ turned 
into ‘milk’ instantly.

Step 2: The ‘milk’ was poured into another seemingly empty glass containing colourless
solution C (which appeared to be invisible to the children). The ‘milk’ turned colourless and
fizzing was observed.

The following chemicals were found in the magician’s bag:

ammonia solution              calcium carbonate                 methyl orange
sodium carbonate             magnesium carbonate           iron(III) chloride
sodium hydroxide              lead(II) nitrate                        zinc sulfate
hydrochloric acid               acidified potassium manganate(VII) solution

(a) What could be the substances involved in this demonstration?

        solution A: …………………………………. [1]

       solution B: …………………………………. [1]

      solution C: ………………………………… [1]

(b) What is the chemical name of the ‘milk’ formed?

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

(c) Explain why fizzing was observed in Step 2.

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

(d) The magician further demonstrated how he could change ‘lemon drink’ 
(yellow solution) to ‘rose syrup’ (pink solution). 

        (i) Which two substances did the magician use to prepare the yellow 
solution?

         ……………………………………………………………………………….
[1]
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(ii) What is the colourless solution that the magician poured into the 
yellow solution to get a pink solution?

         ………………………………………………………………………………… [1]
                                                                                                                  [Total: 7]

A5 The following experiment was carried out to investigate the rate of decomposition of 
hydrogen peroxide. A catalyst, manganese(IV) oxide, was added to a conical flask 
containing 50 cm3 of aqueous solution of hydrogen peroxide. The mass of the flask 
was measured by an electronic balance as shown. The results were recorded and the 
graph obtained was labelled X.

(a) Write the chemical equation for the decomposition of hydrogen peroxide.

……………………………………………………………………………………… [1]

(b) Suggest the use of the cotton wool.

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

(c) Curve Y shows the results that is expected to be obtained.
Explain the difference between the actual curve X and theoretical curve Y.

……………………………………………………………………………………….

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

(d) State one other way in which the rate of decomposition of aqueous hydrogen 
peroxide can be increased.

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

X
Y
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(e) Describe what you would do to show that manganese(IV) oxide is acting as 
a catalyst in this decomposition.

……………………………………………………………………………………….

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. [3]
                                                                                                                  [Total: 7]

A6 A photographic plate is made up of a plastic base covered with a layer of 0.50 g silver 
bromide. After a photograph is taken, 35% of the silver bromide is reduced to silver. 
The image is then fixed by reacting the remaining silver bromide with aqueous sodium 
thiosulfate as shown in the equation below.

AgBr + 2Na2S2O3 Na3Ag(S2O3)2 + NaBr

(a) What is the mass of silver bromide remaining on the plate after a photograph 
is taken?

                                            mass of silver bromide = …………………………
[1]

(b) How many moles of sodium thiosulfate is needed to fix the plate?

                                               moles of sodium thiosulfate = …………………
[2]

(c) A 100 cm3 sample of 0.200 mol/dm3 sodium thiosulfate is used in the fixing 
process. Calculate the number of moles of thiosulfate left after the process.

                                               moles of sodium thiosulfate = …………………   
[2]

www.KiasuExamPaper.com 
285



9

[Turn over

(d) Explain using oxidation states, why the silver bromide is said to be reduced 
to silver.

……………………………………………………………………………………….

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

(e) Silver bromide is a pale yellow insoluble halide salt. Briefly describe how a 
pure and dry sample of silver bromide can be prepared starting from silver 
nitrate.

……………………………………………………………………………………….

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………….. [2]
                                                                                                                   [Total: 8]

A7 On a camping trip, a boy scout can only pack 1 kg of fuel for use. He has to decide 
which fuel to bring along. The table below shows the energy released by the complete 
combustion of some compounds used as fuels.

compound Mr boiling point/ oC H in kJ/mol
methane 16 -162 -880
propane 44 -42 -2200
heptane 100 98 -4800

(a) Explain why the fuels have relatively low boiling point.

……………………………………………………………………………………….

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

(b) Which fuel produces the most energy when 1 kg of the compound is burnt? 
Hence, determine the fuel which the boy scout is most likely to bring along.

[2]
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(c) The boy scout finally decided to bring along heptane for his camping trip. 
Using the data from the table, suggest why his decision differs from your 
answer in (b). 

………………………………………………………………………………………..

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

(d) Calculate the bond energy of the O=O bond in the combustion of methane 
given the following bond energies.

bond bond energy in kJ/mol
C – H 410
O – H 460
C = O 740

[2]
                                                                                                                   [Total: 6]
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A8 The diagram below shows the set-up of an electrolysis experiment.

W and X are copper electrodes while Y and Z are silver electrodes.

(a) Electrodes X and Z will increase in mass after some time. 
Explain why, using half-equations to illustrate your answer.

……………………………………………………………………………………….

………………………………………………………………………………………. 

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

(b) Electrode Z will increase in mass at a faster rate than electrode X. 
Explain why this is so.

………………………………………………………………………………………..

……………………………………………………………………………………….. 

……………………………………………………………………………………….. [2]
                                                                                                                   [Total: 5]
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Section B
Answer all three questions from this section.

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

B9 Styrene, a liquid hydrocarbon that is important chiefly for its marked tendency to 
undergo polymerisation. 

Styrene is employed in the manufacture of polystyrene, an important plastic, as well 
as a number of specialty plastics and synthetic rubbers.

Pure styrene is a clear, colourless, flammable liquid that boils at 145 °C and freezes 

Unless treated with inhibitor chemicals, it has a tendency to polymerise spontaneously 
during storage. It is slightly toxic to the nervous system if ingested or inhaled, and 
contact with the skin and eyes can cause irritation. Although it is suspected of being 
carcinogenic, studies have not proved it to be so.

The chemical formula for styrene is C8H8, but its structural formula, C6H5CH=CH2,
more clearly reveals the sources of its commercially useful properties. 

                                           Structural formula of styrene

Styrene is a member of a group of chemical compounds broadly categorised as 
vinyls—organic compounds whose molecules contain a double bond between two 
carbon atoms. 

Under the action of chemical catalysts or initiators, this link contributes to the formation 
of polystyrene, in which thousands of styrene units are linked along a carbon 
backbone. Hanging from this backbone are phenyl groups (C6H5)—large ring-shaped 
units that interfere with the spontaneous motion of the chainlike polymer and lend 
polystyrene its well-known rigidity. 

The phenyl group is one of the aromatic rings. Styrene, which gives off a penetrating 
sweetish odour, is therefore one of the aromatic hydrocarbons.

Industrial production from ethylbenzene

The modern method for production of styrene by dehydrogenation of ethylbenzene 
was first achieved in the 1930s. The production of styrene increased dramatically 
during the 1940s, when it was popularised as a feedstock for synthetic rubber. 

Because it is produced on such a large scale, ethylbenzene is in turn prepared on a 
prodigious scale (by alkylation of benzene with ethylene).Ethylbenzene is mixed in the 
gas phase with 10–15 times its volume in high-temperature steam, and passed over 
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a solid catalyst bed. Most ethylbenzene dehydrogenation catalysts are based on 
iron(III) oxide, promoted by several percent potassium oxide or potassium carbonate.
  

                             Dehydrogenation of ethylbenzene

Steam serves several roles in this reaction. It is the source of heat for powering the 
endothermic reaction, and it removes coke that tends to form on the iron(III) oxide 
catalyst through the water gas shift reaction. The potassium promoter enhances this 
decoking reaction. The steam also dilutes the reactant and products, shifting the 
position of chemical equilibrium towards products. 

A typical styrene plant consists of two or three reactors in series, which operate under 
vacuum to enhance the conversion and selectivity. Typical per-pass conversions are
65% for two reactors and 70-75% for three reactors. Selectivity to styrene is 93-97%. 
The main byproducts are benzene and toluene. Because styrene and ethylbenzene 
have similar boiling points (145 °C and 136 °C, respectively), their separation requires 
tall distillation towers and high return/reflux ratios. At its distillation temperatures, 
styrene tends to polymerise. To minimize this problem, early styrene plants added 
elemental sulfur to inhibit the polymerisation. 

During the 1970s, new free radical inhibitors consisting of nitrated phenol-based 
retarders were developed. More recently, a number of additives have been developed 
that exhibit superior inhibition against polymerization. However, the nitrated phenols 
are still widely used because of their relatively low cost. These reagents are added 
prior to the distillation.

Laboratory synthesis

A laboratory synthesis of styrene entails the decarboxylation of cinnamic acid. 

C6H5CH=CHCO2 C6H5CH=CH2 + CO2

Incineration

If polystyrene is properly incinerated at high temperatures (up to 1000 °C) and with 
plenty of air (14 m3/kg), the chemicals generated are water, carbon dioxide, and 
possibly small amounts of residual halogen-compounds from flame-retardants. If only 
incomplete incineration is done, there will also be leftover carbon soot and a complex
mixture of volatile compounds. According to the American Chemistry Council, when 
polystyrene is incinerated in modern facilities, the final volume is 1% of the starting 
volume; most of the polystyrene is converted into carbon dioxide, water vapor, and 
heat. Because of the amount of heat released, it is sometimes used as a power source 
for steam or electricity generation.

                                                           Adapted from: https://www.britannica.com/science/styrene
                                                                                               https://en.wikipedia.org/wiki/Styrene
                                                                                              https://en.wikipedia.org/wiki/Polystyrene
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(a) Draw the ‘dot and cross’ diagram of styrene, showing only the outermost 
electrons.

[2]

(b) .

……………………………………………………………………………………….

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

(c) Explain the type of reaction that occurs in the dehydrogenation process.

……………………………………………………………………………………… [1]

(d) Explain why tall distillation towers are necessary for the separation of styrene 
and ethylbenzene. 

………………………………………………………………………………………

……………………………………………………………………………………… [1]

(e) Draw the repeating unit of polystyrene.

[1] 

(f) Write down a balanced chemical equation for the incineration of 
polystyrene (2 repeat unit) in modern facilitates. 

……………………………………………………………………………………… [1]

(g) Describe, with a balanced equation, what would be observed when sodium 
carbonate is put into cinnamic acid.

………………………………………………………………………………………

…………………………………………………………………………………….. [2]
                                                                                                                [Total: 10]
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B10 In the following experiment, copper and three other metals, P, Q and R are added 
separately to copper(II) sulfate solution.

The results for the action of heat on the oxides of copper, P, Q and R are given in the 
following table:

(a)   (i) Explain the observations in the reactions of Q and R with copper(II) sulfate 
solution.

……………………………………………………………………………………….

………………………………………………………………………………………. 

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

       (ii) Write the balanced equations for these reactions.

……………………………………………………………………………………….

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

(b) Explain why metal P can be formed with direct heating on the oxide of P.

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

(c) Arrange the four metals in increasing order of reactivity.

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

copper(II) sulfate solution
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(d) One of the three metals, P, Q and R, is used to make a chemical cell with a 
copper rod. The cell is shown in the following diagram:

        (i) Which metal would you choose for the metal strip? 
Give a reason for your choice.

……………………………………………………………………………………….

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

       (ii) If solution X is dilute sulfuric acid, write the ionic equations for the reactions 
that occur at the two electrodes.

……………………………………………………………………………………….

………………………………………………………………………………………. [2]
                                                                                                                [Total: 10]
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EITHER
B11 (a) Styrene-butadiene rubber is a synthetic rubber. It is made by polymerizing 

a mixture of the monomers butadiene and styrene. 

        (i) What type of polymerisation will take place when the monomers polymerize?

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

       One possible structure for the polymer is shown below.

       (ii) Give the full structural formula for the repeating unit in this polymer structure.

[1]

      (iii) When the mixture of styrene and butadiene polymerizes, the polymer is 
unlikely to contain only this regular, repeating pattern. Explain why. 

……………………………………………………………………………………….

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

      (iv) Butadiene is obtained from the cracking of butane. 2.90 kg of butane entered 
the cracking tower. The percentage yield of butadiene is 75%. Calculate the 
mass of butadiene obtained from the cracking process.

[1]

C C

C2H3

CC

H X H

HHH H

styrene butadiene
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(b) Three different experiments were carried out using metal carbonates and 
acids. The table below shows the reactants used in each of the experiment. 
The graph shows the results of the experiments.

experiment reactants
Q 150 cm3 of 2.0 mol/dm3 H2SO4 (aq) + 26.5g Na2CO3 (s)
R v cm3 of 1.0 mol/dm3 H2SO4 (aq) + excess Na2CO3 (s)
S 150 cm3 of z mol/dm3 H2SO4 (aq) + excess CaCO3 (s)

        (i) Identify the limiting reagent in experiment Q.

[2]

Q

R

S
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       (ii) Calculate the volume of carbon dioxide gas produced in experiment R and 
hence calculate the volume, v cm3, of sulfuric acid used.

                                                      Volume of carbon dioxide = ……………..

                                                             v = ……………………………………..
  
[2] 

      (iii) From the graph, deduce the concentration of sulfuric acid used in experiment 
S. 

                                      Concentration of sulfuric acid = ……………………… [1]

      (iv) The mass of the salt formed in experiment S is much lower than expected.
Write a balanced chemical equation, including state symbols, to suggest 
another reaction that can prepare a greater mass of this salt.

………………………………………………………………………………………. [1]
                                                                                                                [Total: 10]
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OR
B11 (a) When graphite anode and a very high current is used in this electrolysis, 30 

cm3 of gas is formed above the cathode and 15 cm3 of gas is formed above 
the anode.

        (i) Using a balanced equation, account for the volume of gas collected at both 
electrodes. 

……………………………………………………………………………………….

………………………………………………………………………………………. 

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

       (ii) Explain, with a balanced equation, why the graphite anode has to be 
replaced periodically.

……………………………………………………………………………………….

………………………………………………………………………………………. 

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

(b) An organic compound, X, contains carbon, oxygen and hydrogen only. The
Percentage by mass of carbon and hydrogen are 47.4% and 10.5% 
respectively. The relative molecular mass of X is 76.

        (i) Find the empirical formula of X.

[2]

aqueous 
potassium sulfate

15 cm3

of gas 
30 cm3

of gas 
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End of Paper

       (ii) X is a sharp smelling liquid at room temperature. It is soluble in water and 
can be oxidised to form Y whose structure is shown below.

Under suitable conditions, Y reacts with excess methanol to produce Z. 
State the reagent needed to oxidise X to Y, and the colour change observed.

………………………………………………………………………………………. 

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

      (iii) Draw the full structural formula of X and Z.

[2]

                                                                                                                [Total: 10]   

www.KiasuExamPaper.com 
298



22

[Turn over[Turn ovoooooooooooooooooovooooooooooooovooooovoovoooovooovooooooooooooo er

www.KiasuExamPaper.com 
299



www.KiasuExamPaper.com 
300



19

[Turn over

Chemistry 
2018 Preliminary Examination

Answer Scheme

Qn Answer
1 B
2 D
3 B
4 A
5 B
6 C
7 C
8 C
9 A
10 D
11 D
12 B
13 C
14 A
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16 B
17 B
18 B
19 A
20 D
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23 B
24 A
25 B
26 B
27 D
28 D
29 B
30 A
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33 C
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35 B
36 B
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38 B
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40 A
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Bendemeer Secondary School
Preliminary Examination 2018

Chemistry 6092/02
Answer Scheme

Qn Answer Mks Markers’ Report
A1 (a) Ca 1 For (a), some students either cannot even recall that 

the only 3 metals that react with water are K, Na and 
Ca or cannot recall the properties of Group I metals 
as having low density. For (e), many students wrote 
Br as the answer. Students failed to realize that after 
bromine itself is reddish-brown but once it is gone 
after displacing iodide from KI. They failed to recall 
the colour of aqueous iodine as reddish-brown.

(b) C/ S/ N/ H 1
(c) Na 1
(d) KF 1
(e) Cl/ F 1

A2 (a)

Before    After
* Answer to clearly illustrate lesser gas particles (1) AND gas
particles are further apart (1) when comparing before and after

1 Badly answered. Basic concepts of the kinetic 
particle theory is extremely weak.

(b) When all the air particles are removed, the vacuum created forces 
the air particles in the marshmallows to spread further apart. 
This action pushes against the marshmallows and causes it to 
swell / increase in size. 

1

1

Badly answered. Students went to talk about the 
increase in pressure in the marshmallows.  

(c) No, heating the chamber will cause the gas particles to increase in 
kinetic energy, making them vibrate and move faster OR

2 Almost all students failed to realise that gas particles 
have already filled up the available spaces in the 
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Answer Mks Markrkkkkkereeeee s’ Repo
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C/ S/ N/ H 1
Na 1
KF 1111111111111111111111111111111111111111111111111111111111111111111111111
Cl/ F 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

Before    After
* Answer to clearly illustrate lesser gas particlcleses (1(1)) ANAND D gagas
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No, the space in the gas chamber is the *same / fixed, so the 
particles will not move further apart.
*only award max. of 1 mark for second answer as students failed
to link that an increase a temperature (through heating) lead to an
increase in kinetic energy.

container. They managed to note that the gas 
particles will move faster with greater kinetic energy. 
Only Joven and Karthik realized that the number of 
particles is the same and hence the number of 
particles per unit volume remains the same.

A3 (a)(i) 80/100 x 80 = 64 cm3 1 Some students could not even recall that the 
percentage of oxygen in air is 20%.

(ii) There would be air around the iron fillings if the glass tube is 
not fully filled. This would result in having more than 80 cm3

of air present in the gas syringes.

1 Students gave very vague and ambiguous answers 
such as “ iron and oxygen would not fully react” 

(b) (i) Oxygen in air would react with the iron wool. This would 
make iron lose its role as the catalyst.

1 None of the students get this question correct. They 
could not link (a) to (b) that iron is used as a catalyst 
and if oxidized to iron(III) oxide, would lose its role as 
a catalyst and would affect the speed of reaction.

(ii) N2 (g) + 3H2 (g) 2NH3 (g) 1 There is still 1 student who wrote the formula of 
hydrogen gas as H.

(c) (i) Zn2+, Cu2+ 2 Generally well answered.

(ii)
Cu2+ (aq) + 2OH- (aq) Cu(OH)2 (s) 1 Weak students could not even recall ionic equation 

for precipitation.

A4 (a) A: sodium carbonate
B: lead(II) nitrate
C: hydrochloric acid

1
1
1

Badly answered. Weak students have no clue at all.

(b) Lead(II) carbonate 1
(c) Carbon dioxide produced 1 Students wrote “Gas produced” without specifying 

the name of gas.
(d) (i) Methyl orange and sodium hydroxide/ ammonia solution 1 Some students did not even know the colour change 

of methyl orange.
(ii)

Hydrochloric acid (in excess) 1

www.KiasuExamPaper.com
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particles will mmmmmmovovovovovoveeeeee fafafafafafastsss er with greate
Only Joven andndndnddnd Karththththththik realized that
particles is ttttthehehehehehe ssssssamamamamamame e e e e e and hence the 
particleess s s s s pepepepepeperrrrrr unununu itititititit vvvvvvololoooo ume remains the

0/100 x 80 = 64 cm3 1 Somemememememe ststststststududenenenenenents cououououououldldldlddld nnnnnnotototototot eeeeeeven recal
pepepepepepeeeeeeeeeeeeeeercrcrcccrcrcrcrcrcrcrccccccrccrccrcrccrcrcccrcrcrrccrcrccrcrccccrcccrcrcccccrcrccccccrcrcrcrcccrccrrcccrcrccrcrcrccrcrcrccccrrcrcrccrcccrrcccrrrcrrccrrrrrrrrrrrrrrrcrrrcrr eneneneneneneneneneneeeneeeeeeeneneneeeneneneneneeneneneneneneeeeneneeeeeeeneneenennneneeeeeenneenennnnneneneeneenenennneeneneneenneeeeeennnnenneeeeeennneeeeeeneeeennnntatatatatatatatataatattatatatatatatataaatatataaaatatatatatataattaaatatatatataatatatataaatatatataaataaataaataatatataaatataaattaataattttaaatttttataaattttaaaaaaaaaggggggggegeeeeegggegggegggggeggegggggeeggeeeeegggeeg  of oxxygygygygygygennnnnn iiiiiinn air is 20%.

here would be air around the iron fillings if the glass tube is 
ot fully filled. This would result in having more than 80 cm3

air present in the gas syringes.
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sususussususususuususususususususususususususuusuusussusususussusususussussuuuusususssusussusussususususssssusssssusususussssussussususususussusususussssssuuususuusssusussusuuuuusuusuuuusuuuchchchchccchchchchchhhhchchchchchchchchchchchchchchchchhchhcchchchhchchchchchchhchchchchhchchcchchchhchchchchchchchchchchchchchchchcchchchchccccchchchcchchcchcccchchchchchchcchcchccchchhhchccchhhhhchcchhhchhhhchhhhcchhchhhhhhhhhhhhhhhhhhhhhchhhcchhhcccccccc aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaass sssssssss s ss ssssss sss sss sssss sssssssssssssssssssssssssssssssssssss sssssssss ssssssssssssssssssssssss “““““““““““““““““““““““““““““““““““““““““““ iririrriiriiriiiiiii onononononon aaaaaandndndndndnd ooooooxyxyxyxyxyxygegegegegegennnnnn would not

xygen in air would react with the iron wool. This would 
ake iron lose its role as the catalyst.

1 NoNoNoNoNoNNoNNNNoNNoNoNoNNNoNoNoNooooooNoNNoNoNNNNoooNoNNNNNNNNNNoNNNNNNNNNoNNNoNooNNoNNNoNoNoNoNoNNNNNNNoNNNNNNoNNooooooooooooooooNoNNNNoooooonnnnnnnnnnennnnnnnnnn  of thhhhhheeeeee ststststststudennnnnntstststststs ggggggeeeeete  this questio
could not liiiiiinkkkkkk (a) to ooooo (b(b(b(b(b(b)) that iron is us
and if oxidididididdizeeeeeeddddd d to iron(III) oxide, wou
a catalystttttt aaaaaandndndndndnd would affect the spee

2 (g) + 3H2 (g) 2NH3 (g) 1 ThT ere is stiillll 1 student who wrote the
hyhydrogen gas as H.

n2+, Cu2+ 22 GeGeGenerally well answered.
u2+ (aq) + 2OH- (aq) Cu(OH)2 (s) 11 Weak students could not even recal

for precipitation.

 sodium carbonate
 lead(II) )) nitrate
: hydrochloric acid

1
1
1

Badly answered. Weak students hav

ead(II) carbonate 1
arbon dioxide producedd 1 Students wrote “Gas produced” with

the name of gas.
ethyl orange andd sosodidid umum hhydydroroxixidede/ / ammonia solution 1 Some students did not even know th

of methyl orange.ydrochloric acid (inn exexcecessss ) 1
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A5 (a) 2H2O2 (l) 2H2O (l) + O2 (g) 1 There are students who do not know the products of 
the decomposition of hydrogen peroxide. Weak 
students do not even know the formula of hydrogen 
peroxide.

(b) To prevent acid spray 1 Well-answered.
(c) Curve Y shows a slightly lower mass obtained/ greater mass 

lost. The actual mass lost is smaller due to a small amount of 
oxygen dissolving in the solution.

1 Many students do not know that oxygen is soluble in 
water.

(d) Heating up hydrogen peroxide solution/ using smaller pieces 
of manganese(IV) oxide. 

1 A small number of very weak students could not 
even recall the factors that affect the speed of 
reaction.

(e) Weigh a fixed mass of manganese(IV) oxide and add to a 
solution of hydrogen peroxide.
Monitor the mass loss.
Once the mass loss reached a constant (the end of 
reaction), filter and measure the mass of manganese(IV) 
oxide at the end of the reaction. It would be noted that the 
mass of manganese(IV) oxide remains the same.

1

1

1

Badly answered. Students did not read the question 
carefully that it is asking with respect to this 
decomposition reaction. Hence there is only 1 
experiment involved. Many wrote the experiment as 
conducting 1 without MnO2 and 1 experiment with 
MnO2. 

A6 (a) 65/100 x 0.5 = 0.325g 1 Very well-answered. Only 2 girls could not do this 
question. The rest of the class obtained full or close 
to full marks.

(b) No. of moles of AgBr = 0.325/ (108+80) = 0.001729
No. of moles of Na2S2O3 = 2 x 0.001728 = 0.00348

1
1

(c) No. of moles of Na2S2O3 used = 100/1000 x 0.2 = 0.02
No. of  moles of Na2S2O3 left = 0.02 – 0.00346 = 0.0165

1
1

(d) Oxidation state of silver decreases from +1 in AgBr to 0 in 
Ag.

1 Well-answered.

(e) Add silver nitrate to sodium bromide (any Group I bromide) 
until no more precipitate forms. Filter to obtain silver bromide 
as the residue. Wash the residue with a little distilled water 
and dry it in between 2 pieces of filter papers.

1

1

Many students cannot answer this simple 
preparation of salts question which is extracted form 
Sci (Chem). Some could not even differentiate 
between the filtrate and residue. A small number of 
students wrote “react silver nitrate with aqueous 
bromine.”
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H2O2 (l) 2H2O (l) + O2 (g) 1 There are students who do not know
the decompossssssititititititioioioioioionnnnnn ofofofofofof hydrogen pero
students do nonononononot evennnnnn know the form
peroxide.

o prevent acid spray 1 Well-annnnnswswswswswswererererereredededededed.
urve Y shows a slightly lower mass obtained/ greater mass 
st. The actual mass lost is smaller due to a small amount of 
xygen dissolving in the solution.

1 Manynynynynyny sssssstutututututudedededededentntntntntnts do nnnnnnotototototot kkkkkknonononononow wwwww that oxy
wateteteteteterrrrr.r.

eating up hydrogen peroxide solution/ using smaller pieces
manganese(IV) oxide. 

1 AAAAA AAAAAAAAA A A AA AAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAA smsmsmsssmsmsmsmsmsmsmsmsmsmsmsmsmmmsmmsmmsmssssmssmsmsmssmsmsmsmsmsmsmsmsmsmmmmmmmmsssssmsmsmsmsmsmsmsmsmssmsmsmsmmmmmmsmsmsmmmmsmmsmsmmsmmsmsmsmsssmsmmmsmsmsmsmsmsmsmsmsmsssmsmmmmmsmsmmmmmmmmmmmmmsmssssssmsssmalaalalalalalaalallalaalalalalalallalalllalalalalalalallalalalalalalaaaalallllalaaalalalalallalalalaaaaaalaalallalalalaallaaaaaaalaalaaaaaalalaaalaaaaaalalaaaaaaalaaaaaalalallaaaallllllallaallllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll nununuuuunnnnnnnnnnnnnnnnnnnnnnn mmmmmbm er ooooooffffff veveveveveveryryryryryry wwwwwweak studen
eveveveevevevevevevevvevevevevevevevevevevevevevevveveeveveveveeveveveveeveeveevvveveveeeveveeeveveeveveveveeeeeveeeeeveveveveeeveeveveveveveveeveveveeeeevvvevevveeveveevevvvvvevvevvvvevveneneneeeeneneeneneneneneneneneneneneneneneneeneneneneneeneneneneneneeneneneneneneneneeeeeneeneneneeneneneneneeeeeeenneneneeeneneneneneneneneneennenenenenneneeenennnnenennnnenennnnenneneneneeennnennneennnnnennennnnnnnnnnnnnnnnnneeeeneneeeeeeeeeee rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrececeeeceeececececececececececececececeecececececececececececececeecececececeeeeccecececeeececececececcececcccecececcececceceeceecceeecccecececececeeccecececccccececceceecececcceecccccccccecccceeceeeeee alallallalallalalalalaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaalaallaalllllll ththththththeeeeee fafafafafafactctctctctctororororororssssss thhhhhhaaaaata  affect the
rerererereereereeeerererereeeeeeeeeereeeereeeeererereeererereeeeeeeeerreeeeeereeereeeeeeeeeeeeeeeerereeereererererreerrrerererer acacacacacacacacaccacacacacacaacacacacacacacacacacacacacacacacacacacacacacacaccacaccaacaacccacacacccaaacaccaaaaccacaaaaaacacaaacaacaacaacacacacaacacaacacacacaaaaacaaaccccaaacccaaccccccaacacccccaccaaccctititttttttittitititittittititttttitititittiitititititttttitiiiittiiitititititiitittttittttttttttitttttttttttttttttt oononononononononononoononoononononoononoonoo .

Weigh a fixed mass of manganese(IV) oxide and add to a 
olution of hydrogen peroxide.
onitor the mass loss.
nce the mass loss reached a constant (the end of 
action), filter and measure the mass of manganese(IV) 

xide at the end of the reaction. It would be nooteted thhat the 
ass of manganese(IV) oxide remains the saamem .

1

1

11

BaBaBaBaBaBBaBBBBaBBaBaBaBaBaBaBaBaaaaaaBaBaBaBaBBaBBaaaBaBBBBBBBBBBaaBBBBBBBBBaBBaBaBaaBBaBBBaBaBaBaBaBBBBBBBaBaBBBBBaBBaaaaaaaaaaaaaaaaaaaBaBBBaaaaaaaadddldddlddldldlldldldldldldldldldldlddly answswswswswsweeeerere eeeeeed. StStStStStStududududududeeeeeents did not re
carefully ththththththatttttt iiiiiti is aaaaaaskskskskskskininininining with respec
decompoosossssiitioooooonnn reaction. Hence there
experimeeeeentntntntntt iiiiiinnnnnvn olved. Many wrote the
coc nducting 11 without MnO2 and 1 ex
MMnO2.

5/100 x 0.5 = 0.325g 1 Very well-answered. Only 2 girls cou
question. The rest of the class obtain
to full marks.

o. of moles of AgBr = 0.325/ (108+80) = 0.0.001017272299
o. of moles of Na2S2O3 = 2 x 0.001728 = 0.00 000 34343 88

1
1

o. of molo es of Na2S2O3 used = 1000/10000 x x 0.0.2 2 = 0.02
o. of  moles of Na2S2O3 leftftt = 00.002 – 0.0.000034346 6 == 0.0 0165

1
1

xidation state of silver dedecrcreae ses fromomo ++11 inin AAgBg r to 0 in 
g.

1 Well-answered.

dd silver nitrate to sodiiumu  broromimim dede ((ananyy Group I bromide) 
ntil no more precipipititatatte e foformrms.s FFililteter r tot  obtain silver bromide 
s the residue. Washshsh tthehe rrrese iddueu  wiw th a little distilled water 
nd dry it in between 22 pipieccesese  of filter papers.

1

1

Many students cannot answer this s
preparation of salts question which i
Sci (Chem). Some could not even di
between the filtrate and residue. A s
students wrote “react silver nitrate w
bromine.”
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A7 (a) They are covalent compounds with weak intermolecular
forces of attraction which require little energy to break.

1 Some students could not even answer this lower sec 
bonding question.

(b) No. of moles of methane = 1000/16 = 62.5
Amount of energy produced by burning 62.5 moles methane 
= 880 x 62.5 = 55 000 kJ
No. of moles of propane = 1000/44 = 22.7
Amount of energy produced by burning 22.7 moles propane 
= 2200 x 22.7 = 49 940 kJ
No. of moles of heptane = 1000/100 = 10
Amount of energy produced by burning 10 moles heptane 
= 4800 x 10 = 48 000 kJ
Therefore, methane produces the most energy when burnt.
The boy scout is most likely to bring along methane. 

1
1 

Generally well-answered.

(c) Heptane is in the liquid state at room temperature. It is easier 
to be transported than methane which is a gas at room 
temperature.

1 Generally well-answered.

(d) CH4 + 2O2 CO2 + 2H2O
Bond breaking = 4(410) + 2x
Bond forming = 2(740) + 4(460) = 3320 kJ
4(410) + 2x – 3320 = -880

x = 400 kJ/mol

½
½ 

1

Many students are still unable to calculate 

A8 (a) X: Cu2+ (aq) + 2e Cu (s)
Z: Ag++ (aq) + e Ag (s)

Copper metal deposited on X and silver metal deposited on
Z increases the mass of X and Z.

1
1
1 

Generally well- answered

(b) Silver requires 1 mole of electrons to be discharged whereas 
copper requires 2 moles of electrons to be discharged. 
Hence Z will increase at a rate double that of X.

1
1

Generally well-answered. Students who got it wrong 
mentioned that silver is less reactive than copper 
hence it will be discharged faster. This concept is 
wrong.
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hey are covalent compounds with weak intermolecular
orces of attraction which require little energy to break.

1 Some studenttttttssssss cocococococoulululululu dddddd not even answ
bonding quesssssstiiiiiion.

o. of moles of methane = 1000/16 = 62.5
mount of energy produced by burning 62.5 moles methane 
880 x 62.5 = 55 000 kJ
o. of moles of propane = 1000/44 = 22.7
mount of energy produced by burning 22.7 moles propane 
2200 x 22.7 = 49 940 kJ
o. of moles of heptane = 1000/100 = 10
mount of energy produced by burning 10 moles heptane
4800 x 10 = 48 000 kJ
herefore, methane produces the most energy when burnt.
he boy scout is most likely to bring along methane.

1
111

Generally wewewewewewellllllllllll------ananananananswswswswswsweeeeeered.

eptane is in the liquid state at room temperature. It is easier 
be transported than methane which is a gas s ata  roooom m

mperature.

1 GeG nerally well-answered.

H4 + 2O2 CO2 + 2H2O
ond breaking = 4(410) + 2x
ond forming = 2(740) + 4(460) = 3320 kJ
410) + 2x – 3320 = -880

x = 400 kJ/mol

½
½

1

Many students are still unable to cal

X: Cu2+ (aq) + 2e Cu ((s)s)
: Ag++ (aq) + e Ag ((s)s)
opper metal deposited on X ananddd sisilvlverer mmetal deposited on
increases the maassss ooof f X X anand d Z.Z.

1
1
1

Generally well- answered

lver requires 1 mooolelee oof f elele ece trrononss to be discharged whereas 
opper requires 2 moleles s ofof eeelelectc rons to be discharged. 
ence Z will increase atat aa rrrata e double that of X.

1
1

Generally well-answered. Students w
mentioned that silver is less reactive
hence it will be discharged faster. Th
wrong.
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B9 (a)
2 

Dot-and-cross diagram of this compound was shown 
in class but students failed to register.

(b) It is a covalent compound with weak intermolecular forces
of attraction which requires little energy to break.

2 Some students could not answer this basic question.

(c) Endothermic reaction 1 Badly done. Answer is in the data given.
(d) They are miscible liquids with very similar boiling points. 1 Most students were able to identify that styrene and 

ethylbenzene have similar boiling points but they 
failed to mention that they are miscible.

(e) 1 Many students gave the drawing of the polymer 
rather than the repeating unit.

(f) (C8H8)2 + 20O2 8H2O + 16CO2 1 Many students wrote the formula of 2 repeating units 
as 2C8H8 which is wrong. Some even wrote the 
formula as C16H16.

(g) Effervesence seen. Gas produced forms white precipitate in 
limewater.
2C6H5CH=CHCO2H + Na2CO3  2C6H5CH=CHCO2Na + CO2 +
H2O

1

1 

Most students were able to state the observation but 
few got the equation correct.

C

C

C

C

C

C

C
C

H
H

H

H H

H
H

H

xx

x

x x x
x

x
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(b) It is a covalent compound with weak intermolecular foorcrcrcrcrccccccccccccccccrrcccccccccccccccccccccccccccccccccccccccccccccccccccceeeeeeeeeeeseseseseseseseseseeeeeeeeeeeeseseeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeseseseseseseseseseeeeeeee
of attraction which requires little energy to break.
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(c) Endothermic reaction 1 BBBBBaB dly done. Answer is 
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(g) Effervesese enene cecee sseeen.n GGas produced forms white precipitate in 
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B10 (a)(i) In the reaction of Q with copper(II) sulfate, displacement 
reaction takes place. Copper, the reddish-brown solid, is 
displaced by Q, which is more reactive.
In the reaction of R, the metal R is a very reactive metal. It 
reacts with water in copper(II) sulfate solution to form an 
alkali and hydrogen gas, which is observed as gas bubbles.

1

1

Most students were able to identify the displacement 
reaction in Q but were unable to identify the reaction 
of metal R with water in.

(ii) Q:    Q + CuSO4 Cu + QSO4
R:      2R + 2H2O 2R(OH)2 + H2

1
1

Most students were able to write the equation at Q 
but not at R.

(b) P oxide decomposes upon heating. 1 Some students wrote “metal P is weak and 
decomposes on heating.” This concept it wrong as 
metal P is an element.

(c) P, Cu, Q, R 1 Most students mixed up Q and R

(d)(i) Q.
Q, being more reactive than Cu, will allow the flow of 
electrons from Q to Cu.

1
1

Generally well-answered

(ii) Q:   Q (s) Q2+ (aq)  + 2e

Cu:    2H+ (aq) +2e  H2 (g)

1

1

Some students missed out the state symbols and 
were not given credit.

B11 (a)(i) Addition Polymerisation 1 Not many students attempted this question.
Some students wrote “polymerization” as the 
answer.
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the reaction of Q with copper(II) sulfate, displacement 
action takes place. Copper, the reddish-brown solid, is 
splaced by Q, which is more reactive.
the reaction of R, the metal R is a very reactive metal. It 
acts with water in copper(II) sulfate solution to form an 
kali and hydrogen gas, which is observed as gas bubbles.

1

1

Most students were able to identify t
reaction in Q bubububububutttttt wewewewewewerererererr  unable to iden
of metal R witttttthhhhhh wateeeeeer in.

:    Q + CuSO4 Cu + QSO4
:   2R + 2H2O 2R(OH)2 + H2

1
1

MoMoMoMoMoMoooooooooooooooooooooooooooooooooooooooooooooooooooooooosssstststsssstsssssstsssssststssttssssssstssstttsssststttsstststtttsstssststtstttsttsstsssssssssttttssssssttsstssstttssstsstsststssttststttttttttttttt ssssssssssssssssssssssssssssstttutututututututuututututuuutututututututtutuututuutuuututututututututuutututututuututuututututuutuuutuuuututututututuutuutututuututuuuutttuuuuttuuuuutttuuuuutttttttttttttt dededddddedeeeeddddedddddddddddddddddddddddddddddeedddeddedeedddeeeddeennnnntn s weeeeeerrrererere aaaaaablblblblblblee to write the
bububububuububububuububububububububbbbububbububbubububububububububbubububbbbubbububbbbbbubububububbbubbbubbububbbbbubbububuubbubububbububbubbbubububuuubbuububuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuubbuutttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttt ttt ttttttttttttttttttttttt nonononononnonnnnnnonnnonononononononnonononononononononononnnnononnnnononononononnonononnnononnnononnnnnoononononooonnonnoononononnononononononnnononononoooonononnoonoooooonooooooooooonoooooooonooooootttttttttttttttttttttttttttttttttttttt tttttttt tttttt ttttttttttttttt tttttttttttttttttttttttt aataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa RRRRRR.
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dedeeededdedededdeededeedededededddededededededeeededddedededededededeedeeededdedeeededededdedededededdedddedeeddededeedededdededdeedddedededdddedeedddddddeeeededddedeededdedeeeeeddeeeeeeeeeeeeeeeeeeeeeeeecococococococococococococococococoococc mposssssseseseseseses oooooon heeeeeeatatatatatatinininininingggggg.” This conce
metal P issssss aaannnnnn eelemmmmmmenenenenenenttttt.t

 Cu, Q, R 111 Most studedededededennntttsssss s mixed up Q and R

.
, being more reactive than Cu, will allow the flfloow oof f
ectrons from Q to Cu.

1
11

GeG nerally well-answered

:   Q (s) Q2+ (aq)  + 2e

u:    2H+ (aq) +2e  H2 (g)

1

1

Some students missed out the state
were not given credit.

ddition Polymerisation 1 Not many students attempted this qu
Some students wrote “polymerizatio
answer.
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Either (ii)
1 

Many students drew the structure of the polymer 
instead of the repeating unit.

(iii) Poly(styrene) and Poly(butadiene) will be formed as well. 1 Many students gave vague answers like “styrene 
and butadiene will also combine with itself.”

(iv) 0.75 x 2.9 = 2.175 kg = 2.18 kg 1 Some students were unable to calculate this straight 
forward question.

(b)(i) H2SO4 + Na2CO3 Na2SO4 + CO2 + H2O
No. of moles of H2SO4 = 150/1000 x 2 = 0.3
No. of moles of Na2CO3 = 26.5/ 2(23)+12+3(16) = 0.25
Limiting reagent = sodium carbonate

½
½
1 

Generally well-answered

(ii) No. of moles of carbon dioxide used in experiment Q = 0.25
Volume of carbon dioxide used in experiment Q 
= 0.25 x 24 = 6 dm3

Volume of carbon dioxide produced in experiment R 
= 6/2 = 3 dm3

No. of moles of sulfuric acid in experiment R = 0.25.
Volume of sulfuric acid, v = 0.25/1.0 = 0.25 dm3 = 250 cm3

½

½

1

Many students were able to calculate the volume of 
carbon dioxide produced but were unable to 
calculate the volume of sulfuric acid.

(iii) 2.0 mol/dm3 1
(iv) Ca(NO3)2 (aq) + Na2SO4 (aq) CaSO4 (s) + 2NaNO3 (aq) 1

C C CC

CH

HHH H

HX

C

H

H H
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1
Many students drew the structure of
instead of the rrrrrrepepepepepepeaeaeaeaeaeatitititititing unit.

oly(styrene) and Poly(butadiene) will be formed as well. 1 Many studedededededentntntntntntsssss gaveveveveveve vvvvvvague answers
and butaddididididienennnnneeeeee will also combine with

75 x 2.9 = 2.175 kg = 2.18 kg 11 Some stuuuuuudedededededennnnntts were unable to calcu
foforward question.

2SO4 + Na2CO3 Na2SO4 + CO2 + H2O
o. of moles of H2SO4 = 150/1000 x 2 = 0.3
o. of moles of Na2CO3 = 26.5/ 2(23)+12+3(16)6) = 000.225
miting reagent = sodium carbonate

½½
½½
1

GeG nerally well-answered

o. of moles of carbon dioxide used in expererrimmenennt t Q == 0.0.2525
olume of carbon dioxide used in experimenent t Q QQ
0.25 x 224 = 6 dm3

olume of carbon dioxidede pproroduduced innn eexpxpererimimene t R
6/2 = 3 dm3

o. of moles of sulfuric acid inn eexpxpx erere imimenent t R = 0.25.
olume of sulfuric acicid,d,d vv == 00.225/5/1.1.00 == 0.25 dm3 = 250 cm3

½

½

1

Many students were able to calculat
carbon dioxide produced but were u
calculate the volume of sulfuric acid

0 mol/dm3 1
a(NO3)2 (aq) + Na2SOO44 (a(aaq) CaSO4 (s) + 2NaNO3 (aq) 1

C C CC

CH

HHH H

HX

C

H

H H
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B11 (a)(i) 4OH- (aq) + 4H+ (aq) 2H2O (l) + O2 (g) + 2H2 (g)
From the equation, the ratio of oxygen to hydrogen is 1 : 2. 
Hence the volume of hydrogen formed at the cathode is 
double the volume of oxygen formed at the anode.

1

1

Many students only gave half equations instead of 
the overall equation.

OR (ii) Under the high temperature, oxygen produced burns the 
graphite anode off.
C + O2 CO2

1

1

Students who answered this wrote “carbon reacts 
with oxygen.” There was no mention of the heat 
involved. These students were given BOD.

(b)(i)

C O H
% by mass 47.4 42.1 10.5

Ar 12 16 1
No. of moles 47.4/12 = 

3.95
42.1/16 = 

2.63
10.5/1 = 

10.5
÷ by smallest 

no. 
3.95/2.63 = 

1.5
2.63/2.63 = 

1
10.5/2.63 = 

4
ratio 1.5 x 2= 3 1 x 2 = 2 4 x 2 = 8

Empirical Formula = C3O2H8

1

1

Many students have forgotten how to calculate 
empirical formula.

(ii) Add acidified potassium dichromate (VI). 
Colour change from orange to green./
Add acidified potassium manganate (VII)

Colour change from purple to colourless

1
1

Well-answered.
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C O H
% by mass 47.4 42.1 10.5

Ar 12 16 1
No. of moles 47.4/12 = 

3.95
42.1/16 = 

2.63
100.5/1/  = 

1010.5.
÷ by smallest 

no.
3.95/2.63 =

1.5
2.63/2.63 =

1
1010.555/2/2.633 ==

44
ratio 1.5 x 2= 3 1 x 2 = 2 4 4 4 x x 22 == 88

mpirical Formula = C3O2H8

11

1
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(iii)

1

1

Many students were able to draw the structure of X 
but not Z.

CC C HH

H H H

H OO HH

X

CC C

O H O

H OO CC

H

H

H

H

H

H

Z
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H H H
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X

CC C

O HH O

H OO CC

H

H

H

H

HH

HH

Z

 
310



w
w

w
.K

ia
su

Ex
am

Pa
pe

r.c
om

 
311



 BBSS/2018 O Prelim  /sec 4E/ Chem 6092 P1 

Apply past knowledge to past knowledge to new situations   1 

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.
Do not use staples, paper clips, glue or correction fluid.
Write your name, index number and class on the Answer Sheet in the spaces provided.

There are forty questions on this paper.  Answer all questions.  For each question there are four possible 
answers A, B, C and D.  
Choose the one you consider correct and record your choice in soft pencil on the separate Answer 
Sheet. 

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark.  A mark will not be deducted for a wrong answer. 
Any rough working should be done in this booklet. 
A copy of the Periodic Table is printed at the end of the question paper.
The use of an approved scientific calculator is expected, where appropriate. 

This document consists of 15 printed pages. 

BE OUR BEST

BUKIT BATOK
SECONDARY SCHOOL

Bukit Batok Secondary School
PRELIMINARY EXAMINATION 2018
SEC 4 EXPRESS 

CHEMISTRY 6092/01
Paper 1 Multiple Choice 24 August 2018

0745 - 0845
1 hour

Additional Materials: Multiple Choice Answer Sheet 

www.KiasuExamPaper.com

 
312



                                                                                                                            BBSS/2018 O Prelim  /sec 4E/ Chem 6092 P1  

 

Apply past knowledge to past knowledge to new situations                                                                              2 

 

1  The reaction scheme shows how hydrated copper(II) sulfate, CuSO4.5H2O, changes 
when heated.    

   CuSO4.5H2O                    CuSO4.H2O                     CuSO4

A little water was accidentally spilled into a dish containing hydrated copper(II) sulfate.  
What could be done to remove the water, leaving pure, dry CuSO4.5H2O?

A Heat the dish over a boiling water-bath.
B Heat the dish to a constant mass. 
C  Heat the dish with a Bunsen burner. 
D  Let the dish stand in direct sunlight. 

2 Aluminium sulfate is sometimes used in water treatment to remove impurities.  Aqueous 
aluminium sulfate is acidic.  The table shows the results of tests on four different 
samples of treated water.   
To which sample had an excess of aluminium sulfate been added? 

sample pH of sample reaction with an excess of aqueous ammonia

A
B 
C 
D

3
3 
7 

11

white precipitate
no reaction
no reaction

white precipitate

  
3 An acid, X, was added to a solution of the nitrate of a metal, Y. A dense white precipitate  

was formed  
What are X and Y? 

acid X metal Y

A
B 
C 
D

hydrochloric
nitric

sulfuric 
sulfuric 

calcium
zinc

aluminium
barium

4 A student tested a solution by adding aqueous sodium hydroxide.  A precipitate was not 
seen because the reagent was added too quickly. 
What could not have been present in the solution? 
A Al3+   B Ca2+  C NH4+  D Zn2+

90 oC 250 oC

www.KiasuExamPaper.com

 
313



BBSS/2018 O Prelim  /sec 4E/ Chem 6092 P1  

Apply past knowledge to past knowledge to new situations                                                                              3 

5 The graph gives the melting points (m.p.) of mixtures of lead and tin.    

The graph shows that any mixture of lead and tin must have a melting point that is

A above that of tin.
B  below that of lead. 
C  below that of both tin and lead.
D  between that of tin and lead. 

6 The isotopes of carbon and oxygen are given in the table.

Isotopes of carbon 12C             13C            14C       

Isotopes of oxygen 16O             17O            18O

A molecule of carbon dioxide with molecular mass 46 could contain  

A one 12C atom and two 16O atoms.
B one 14C atom and two 18O atoms.
C one 12C atom, one 16O atom and one 18O atom.
D one 14C atom, one 16O atom and one 18O atom.  

7 Particles with the same electron arrangement are said to be isoelectronic.  
Which of the following compounds contains ions which are isoelectronic?   

A CaCl2

B KBr  
C MgCl2

D Na2S

melting 
point / oC 

% of tin in the mixture

melting 
point / oC 
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8 The table shows information about particles X and Y.
   

number of protons number of neutrons electronic structure 

X
Y

9
17

10
20

2, 8
2, 8, 8

Which statement is correct for both X and Y? 

A They are atoms of metals.
B They are atoms of noble gases.
C They are isotopes of the same element.
D They are negative ions.  

9 The table shows some properties of four substances. 
Which substance is an ionic compound?  

  
melting 

point /oC 
conducts electricity 

when solid
dissolves 
in water

conducts electricity 
in aqueous solution

A
B 
C 
D 

-102
801
842

3000

no
no
yes
yes

yes
yes
yes
no

yes
yes
yes 
no

10 The shapes and names of some molecules are shown below.  

Phosphine is a compound of phosphorus, an element in Group V, and hydrogen.  The 
shape of a molecule of phosphine is likely to be    

A bent.  
B linear. 
C pyramidal.  
D tetrahedral. 

tetrahedral pyramidal bent linear
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11 Which sulfide contains the greatest mass of sulfur in a 10 g sample?

12 Two of the reactions used in the manufacture of nitric acid, HNO3, are shown.

  2NO  +   O2 2NO2

   4NO2 +   2H2O   +   O2 4HNO3

What is the maximum number of moles of nitric acid which could be formed from one 
mole of nitrogen monoxide, NO?      

A 0.5   B 1.0     C 2.0    D 4.0

13 A piece of chalk has a mass of 23.0 g.  Chalk is impure calcium carbonate.  When 
analysed, the chalk is found to contain 0.226 moles of calcium carbonate.     
What is the percentage purity of the piece of chalk?

A 0.983%  B 1.02%  C 77.0%  D 98.3%

14 Which element requires the smallest number of electrons for one mole of atoms to be 
liberated during electrolysis?         

A aluminium
B calcium
C copper
D sodium

sulfide formula mass of one mole /g 

A
B 
C 
D

NiS
FeS2

MoS2

PbS  

91
120
160
239
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15 The diagrams show an electrolysis experiment using inert electrodes.  

  

Which could be liquid Y? 
1   aqueous copper(II) sulfate
2   aqueous sodium nitrate

  3   concentrated aqueous sodium chloride
  4   dilute sulfuric acid

A 4 only
B 1 and 4 only
C 2 and 4 only
D 2, 3 and 4 only

16 A student carries out a single experiment to determine the speed of reaction between 
calcium carbonate and an excess of hydrochloric acid. 
Which of the following does not change during the course of the reaction?

A concentration of the hydrochloric acid solution       
B mass of the calcium carbonate 
C volume of carbon dioxide evolved      
D volume of hydrochloric acid solution

liquid Y 

before electrolysis after electrolysis
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17 The graph shows how the rate of a reaction varies with the concentration of one of the 
reactants. 

Concentration /mol/dm3

What is the reaction time, in seconds, when the concentration of the reactant was 
0.50 mol/dm3?

A 0.2   B 0.5   C 2.0   D 5.0

18 A diagram for the energy change during a chemical reaction is shown. 

For which reaction(s) would this be an appropriate diagram?
1  CH4 +   2O2 CO2 +    2H2O 
2  C6H12O6 +   6O2 6CO2 +   6H2O 
3  2C   + O2 2CO  

A 1 only
B 1 and 2 only
C 1 and 3 only
D 1, 2 and 3

energy

reactants

. 

Rate (1/t) /s-1

products
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19 The oxide of titanium, TiO2, is used as a ‘whitener’ in toothpaste.  It is obtained from the 
ore iron(II) titanate, FeTiO3.  What is the change, if any, in the oxidation number of 
titanium in the reaction  FeTiO3 TiO2?

A It is oxidized from +3 to +4.                          
B It is reduced from +3 to +2.                        
C It is reduced from +6 to +4.  
D There is no change in the oxidation number.

20 The pH of an aqueous solution of hydrochloric acid is 2. 
What will be the pH of the acid after the addition of 10.0 g of sodium chloride?

A 2   B 5    C 7   D 9 

21 Which row in the table correctly shows the properties of 0.100 mol/dm3 hydrochloric acid   
when compared with 0.100 mol/dm3 ethanoic acid?

22 Consider the three reactions below.
reaction between nitric acid and calcium hydroxide
ethane burning in air
reaction between ethanoic acid and ethanol

A student made three statements about the three reactions above.
1  carbon dioxide is produced in all reactions
2  water is produced in all reactions  
3  a salt is produced in all reactions

Which statement(s) is/are true?
   

A 2 only
B 1 and 2 only
C 2 and 3 only
D 1, 2 and 3

pH conductivity Rate of reaction with magnesium

A

B 

C 

D

lower

higher

lower

higher

lower

higher

higher

lower

slower

faster

faster

slower
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23 Methylamine, CH3NH2, has very similar chemical properties to ammonia, NH3.
Methylamine reacts with hydrogen chloride to form a white crystalline salt, 
methylammonium chloride.

     CH3NH2 +   HCl CH3NH3+Cl--

A sample of methylammonium chloride is heated with aqueous sodium hydroxide.
What are the products? 

A ammonia, sodium chloride and water
B ammonia, sodium hydrogencarbonate and sodium chloride
C methylamine, hydrogen chloride and water
D methylamine, sodium chloride and water

24 A student has five reagents.
dilute hydrochloric acid
dilute sulfuric acid
dilute nitric acid
solid calcium carbonate
solid copper(II) carbonate 

How many soluble salts can be prepared?

A 3   B 4    C 5   D 6 
  

25 How can a pure sample of barium sulfate be obtained from barium carbonate?

A Dissolve it in dilute hydrochloric acid, add dilute sulfuric acid, filter and crystallise.    
B Dissolve it in dilute hydrochloric acid, add dilute sulfuric acid, filter and wash.
C Dissolve it in water, add dilute sulfuric acid, filter and crystallise.
D Dissolve it in water, add dilute sulfuric acid, filter and wash.

26 An alloy of copper and zinc is added to an excess of dilute hydrochloric acid.  The 
resulting mixture is then filtered. 
Which observations are correct?

filtrate residue

A

B 

C 

D

colourless solution

colourless solution

blue solution

blue solution 

none

pinkish brown

grey

none
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27 In the apparatus shown, gas P is passed over solid Q.

No reaction occurs if P and Q are 

28 The period 4 elements gallium (Ga), germanium (Ge), arsenic (As) and selenium (Se) 
are elements below aluminium, silicon, phosphorus and sulfur in the Periodic Table, a 
portion of which is shown below.  

  period 3 elements  Al Si P S 
  period 4 elements  Ga Ge As Se 

The properties of each period 4 element resemble those of the period 3 element directly 
above it.  
Which period 4 elements form oxides that dissolve in water to give an acid solution?

A As and Se
B Ga and Ge 
C Ga and Se
D Se only   

  

29 When a mineral was heated in a Bunsen flame to a constant mass, a colourless gas that 
produced a white precipitate in limewater, was given off.  The remaining solid was 
cooled and then added to aqueous hydrochloric acid.  Vigorous effervescence was seen.  
What was the mineral?  

A aragonite, CaCO3    
B artinite, MgCO3.Mg(OH)2.3H2O            
C barytocalcite, BaCO3.CaCO3  
D dolomite, CaCO3.MgCO3

P Q

A

B 

C 

D

hydrogen

hydrogen

oxygen

oxygen

lead(II) oxide

magnesium oxide

carbon

sulfur
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30 Listed below are four solutions. 
  1 aqueous sodium hydroxide 

2 aqueous silver nitrate
3   aqueous potassium sulfate  
4   dilute hydrochloric acid

Which of the following solution(s) will react with magnesium metal?

A 4 only
B 1 and 4 
C 2 and 4 only 
D 2, 3 and 4 only

31 Attaching pieces of magnesium to underground iron pipes can protect the iron from 
corrosion.  
Which reaction protects the iron from corrosion? 

A Fe2+(aq)  Fe3+(aq) + e
B Fe(s) Fe2+(aq)  +   2e
C Mg2+(aq)  +   2e Mg(s)
D     Mg(s)  Mg2+(aq)  +  2e

32 An experiment to find the percentage of oxygen in 150 cm3 of polluted air is shown.  
  

The apparatus is left for one week.
After this time, the volume of gas in the measuring cylinder is 122 cm3. 
What is the percentage of oxygen, to the nearest whole number, in the polluted air?  

A 19 %  B 21%                        C 28 %  D 81%

33  The depletion of the ozone layer in the upper atmosphere reduces the Earth’s natural 
protection from harmful ultraviolet radiation. 
Which compound would cause the most depletion of the ozone layer?

A CCl3F  B CF4 C CHClF2  D CH2F2
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34 The compound, C8H18 undergoes the following process.

   

C8H18                            Ethene  + Compound Y

Which row in the table correctly identifies Process X and Compound Y?

35 How many moles of hydrogen chloride are formed when one mole of methane is added 
to a large excess of chlorine in the dark?

A 0   B 1    C 2   D 4 

36 Three members of the cycloalkene homologous series are shown:  

Which of the following is the general formula for this homologous series?

A CnH2n-4      
B CnH2n-2  
C  CnH2n      
D CnH2n+2

Process X Compound Y

A

B 

C 

D

cracking

cracking

distillation

distillation  

hexane

hexene

hexane

hexene

Process X
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37 Oil contains carbon-carbon double bonds which can undergo addition reactions with 
iodine. The iodine number of an oil is the mass of iodine in grams that will react with 
100 g of oil. 
Which row in the table shows the oil that is likely to have the lowest melting point?

38 A compound has the following structure.

Which reaction(s) will occur with this compound?
  1   Bromine water will decolourise. 
  2   It will react with an alcohol to form an ester.
  3   It will react with sodium metal.  
  

A 1 only    
B 1 and 2 only   
C 2 and 3 only   
D 1, 2 and 3  

39 Polyvinyl chloride (PVC) is a man-made polymer used mainly in the manufacture of 
pipes. PVC pipes are strong, lightweight and does not rot.   
Which statements correctly describe the polymer, polyvinyl chloride, PVC?  

1 Combustion of PVC waste produces a highly acidic gas.
  2 PVC molecules are saturated.

3 The empirical formula of PVC is the same as the empirical formula of its 
monomers.   

A 1 and 2 only    
B 1 and 3 only
C 2 and 3 only  
D 1, 2 and 3

oil iodine number

A

B 

C 

D

corn

linseed

olive

soya

123

179

81

130
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40. A section of a condensation polymer is shown below. 

One of the monomers is 

 
The structural formula of the other monomer is 

End of paper

A

C

B

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(a) The grid below represents part of a blank periodic table, the numbers being the proton 
number of the elements.  
In the grid below, write
(i) P in a space which could be occupied by a noble gas which is used to fill weather

balloons.          [1]
(ii) Q in a space which the most reactive non-metal would occupy. [1]            
(iii) R in a space which could be occupied by a metal with the lowest density.       [1]
(iv) S in a space which could be occupied by an element forming an amphoteric 

hydroxide.          [1]
(v) T in a space which could be occupied by an element with an isotope that can be 

represented by .                                                                                                [1]
.  

1 2

3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18

(b) (i) Describe how the metallic character of the elements in Period 3 changes across   
the period from left to right.

 ………………………………………………………………………………………………….[1]
(ii) State how the metallic character of an element is related to its electronic                        

structure.

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

(c) Explain what is meant by the term periodicity. 

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

 ………………………………………………………………………………………………….[1]
                                                                                                                                    [Total: 8]
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A2 Carbon atoms can bond to each other to produce a variety of different structures,       
including diamond, graphite and buckminsterfullerene.  

(a) There are similarities and differences in the structure and bonding in diamond and 
graphite.
(i) Describe two features of the structure and bonding in diamond that are similar to 

graphite.

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

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

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

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

(ii) Describe two features of the structure and bonding in diamond that are different 
from graphite.   

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

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

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

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

(b)   Buckminsterfullerene is a form carbon with the formula C60. If it is burned 
completely in oxygen, it forms carbon dioxide as the only product. 
Calculate the mass of carbon dioxide that is released when 51 g of       
buckminsterfullerene is completely burned in oxygen.                                          [2]
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(c) The structures of graphite and boron nitride are shown below.   

(i)  What is the chemical formula for boron nitride? …………………………………. [1]
(ii) Like graphite, boron nitride feels slippery to the touch.

Explain, in terms of bonding and structure, why boron nitride feels slippery to 
                       touch.

…………………………………………………………………………………………… 

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

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

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

(iii) The diagram below shows the structure of a solid form of carbon called   
graphene.  Graphene contains one layer of carbon atoms.   
Graphene is made from graphite but it is harder than graphite.    

Explain, using ideas about structure and bonding, why graphene is hard.

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

                     …………………………………………………………………………………………[1]   
                                                                                                                                   [Total: 10]  

graphite boron nitride
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A3 Alkanes like propane and butane are found in Liquefied Petroleum Gases(LPG).   

(a) An experiment shows that complete combustion of 1.0 dm3 (measured at room 
temperature and pressure) of butane produces 120 kJ of energy.  

Calculate a value for the enthalpy change of complete combustion (kJ/mol) of butane, 
giving the correct sign.      

  [1]
  

(b)(i) The alkane with 5 carbon atoms, pentane exists as several isomers shown below. 
One is straight chain pentane while the other two are branched chain pentane.  

  Will the two isomers which are branched chain pentane have the same enthalpy  
change on complete combustion as the straight chain pentane?  
Explain your reasoning. 

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

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

(ii) The table shows the enthalpy changes of combustion of hexane and heptane.

name formula enthalpy change of combustion / kJ/ mol

hexane C6H14 -4163

heptane C7H16 -4817

Using the data given, estimate the enthalpy change of combustion in kJ/mol of 
octane, C8H18. Explain the method you use to arrive at your answer. 

………………………………………………………………………………………… 

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

  …………………………………………………………………………………………..[2] 
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(c)       Some students studied the graph below that shows the amount of fossil fuel
burned in the world between 1960 and 2010.

                                                                                    

                      Fig 3.1

  (i) One student says that the amount of fossil fuels burned has increased by the    
same amount every ten years. 
Is the student correct? Use data from the graph to justify your answer.  

………………………………………………………………………………………… 

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

           (ii) Another student says that it is very difficult to estimate the amount of fossil  
fuel we will use in 100 years’ time.  Suggest reasons the student could give to 
justify this statement.

……………………………………………………………………………………… 

………………………………………………………………………………………… 

  ………………………………………………………………………………………..

……………………………………………………………………………………… [2]
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(iii)  The graph below shows the changes in average global temperature from 
1960 to 2010.   

                                                                   

                                                                      Fig 3.2

  Describe the link between the trends shown in the graphs in Fig 3.1 and Fig 3.2.

……………………………………………………………………………………………

………………………………………………………………………………………….[1]
                                                                                                                           [Total: 8] 

Fi 3 2
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A4 The diagram shows a simple cell, with two different metals as electrodes dipped in
dilute nitric acid. A student did an experiment using the simple cell below. 
The voltages were recorded in the table.    

If the voltage measured is positive then metal 2 is more reactive than metal 1.
If the voltage measured is negative then metal 1 is more reactive than metal 2.

                                                                                           

(a) (i) In the simple cell containing nickel and silver, it was observed that the electrolyte          
slowly turned pale green. Write the ionic equation to explain the colour change.

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

(ii)   What happened to the mass of the nickel electrode?

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

(b) (i)  Using the data given, state the most reactive metal in the table above.  
Explain your reasoning. 

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

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

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

           (ii)  Predict the voltage produced by a simple cell with beryllium as metal 1 and silver 
as metal 2.

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

metal 2
beryllium cobalt nickel silver vanadium

metal 1 

beryllium 0.0 V -1.6 V -1.6 V not measured -0.7 V
cobalt 0.0 V 0.0 V -1.1 V 0.9 V
nickel 0.0 V -1.1 V 0.9 V
silver 0.0 V 2.0 V
vanadium 0.0 V

                                                                          

voltmeter

metal 1 metal 2

electrolyte
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(c) (i) The student wanted to rank the metals listed in the table according to their 
reactivity but he was not able to do so.  Why?     

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

           (ii)  Briefly describe one simple experiment the student can do which will help him to 
solve the problem in c(i).

……………………………………………………………………………………………… 

 ……………………………………………………………………………………………...[1]
                                                                                                                                        [Total: 7] 

A5 The rate of reaction of iron with aqueous bromine is determined by using the 
apparatus shown below.

The iron is removed at regular intervals.  It is washed, dried and then weighed.        
The iron is then replaced in the solution.
The experiment is repeated twice, each time with a different concentration of aqueous    
bromine at room temperature, 25 oC. The results are shown in the table below.

Experiment concentration of aqueous bromine
mol/dm3

speed of reaction
mg iron reacted/min

1 0.050 9.2

2 0.10 18.1

3 0.15 27.2

(a) Describe how and explain why the speed of this reaction changes with
concentration of bromine.

………………………………………………………………………………………………

……………………………………………………………………………………………… 

……………………………………………………………………………………………... [2]
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(b) (i) Experiment 1 is repeated after aqueous bromine has been cooled in an ice 
bath to 15oC.    
Predict the speed of reaction, with appropriate unit……………………………………[1] 

(ii) Using collision theory, explain your answer in (b)(i).

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

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

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

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

 (c) Suggest another method for measuring the speed of this reaction.

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

                                                                                                           
A6 Ammonia, NH3, is a colourless, pungent-smelling gas which has been known to man 

from the beginning of recorded time.  Chemists have discovered a novel way of ‘fixing’ 
atmospheric nitrogen (converting nitrogen gas into its compounds).  Moist nitrogen is 
passed over a TiO2 plate which has been coated with other chemicals.  The nitrogen is 
thought to react with moisture in the air at room temperature and pressure to form 
ammonia.  
A possible equation for the reaction is given below.

5N2(g)  +    6H2O(g)          4NH3(g)  +   6NO(g)   = +1808 kJ/mol

(a) (i) Explain why there are only a few reactions that ‘fix’ nitrogen.

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

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

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

(ii) Suggest and explain one advantage and one disadvantage of the process given 
in the equation above as a method of making ammonia compared with the    
Haber process.

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

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

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

  ………………………………………………………………………………………….......... [2]
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(b) 1.20 dm3 of ammonia gas was dissolved in water to form 200 cm3 of aqueous alkali at 
                room temperature and pressure. 

 (i) Calculate how many moles of NH3(g) was dissolved in water.
  [1]

(ii) Write the equation for the neutralisation of aqueous ammonia, NH3(aq) by
dilute sulfuric acid. 

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

(c)  The decomposition of ammonia is represented by the following equation.

                       2NH3(g) N2(g)  +    3H2(g) H = + 92 kJ/mol  
  

The activation energy, Ea for the uncatalysed reaction is 335 kJ/mol.
The activation energy, Ea” for the reaction when tungsten is used as a catalyst is 
163 kJ/mol.

(i) On the grid provided on page 12, draw a labelled energy profile diagram for the 
uncatalysed and catalysed reactions.                                                     [3]
Include the necessary information given.
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enthalpy
kJ/mol

                                                                      
   

(ii)    When osmium is used as a catalyst, the activation energy is 197 kJ/mol.
                      Which catalyst, osmium or tungsten, will cause ammonia to decompose 
                      at a faster rate?  Explain your answer using ideas about particles.   

…………………………………………………………………………………………..´ 

………………………………………………………………………………………….. 

…………………………………………………………………………………………. [1] 
(iii)   State the activation energy for the uncatalysed reaction of the following:   

                                           N2(g)  +   3H2(g)  2NH3(g) 

                       ………………………………………………………………………………………… [1]
                                                                                                                                      [Total:11] 

progress of reaction

NH3
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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.

B7 Composition of sea water
The Earth’s ocean holds about 1.5 x 1018 tonnes of water, which in turn contains 

           0.05 x 1018 tonnes of dissolved salts.  The table below shows eight most common ions 
in the sea. 

ion % by mass of total 
dissolved solids

concentration in
mol/dm3

Chloride, Cl- 55.04 0.535

Sodium, Na+ 30.42 0.457

Sulfate, SO42- 7.69 0.028

Magnesium, Mg2+ 3.91 0.056

Calcium, Ca2+ 1.16 0.010

Potassium, K+ 1.10 0.0097

Carbonate, CO32- 0.41 0.0023

Bromide, Br 0.19 0.00081

  
The dissolved ions in the sea form an essentially free source of materials to anyone 
with access to the sea.  Evaporation of sea water produces sodium chloride and 
potassium chloride.  The two other elements that can be obtained from sea water are 
bromine and magnesium.

Uses of Magnesium  
Magnesium is the lightest structural metal used today, some 30% lighter than 
aluminium. Magnesium is the third most used metal in construction (after iron and 
aluminium). Nearly 70% of the world production of magnesium is used to make alloys.  
One example is Magnox which is an alloy of magnesium with small amount of
aluminium and other metals.    

Extraction of magnesium
The first stage in the production of magnesium is to mix the sea water with a slurry of 
calcium hydroxide.  This precipitates magnesium hydroxide.
This reaction can be represented as follows.

Mg2+(aq)  +   Ca(OH)2(aq)  Mg(OH)2(s)  +   Ca2+(aq)  

Magnesium hydroxide is then separated and heated to produce magnesium oxide. 
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The flow chart summarises the process mentioned

                                                                               
                                                                                      
                                                                                      heat

                             water
                                         slaked lime                   quicklime
                                         Ca(OH)2                                    CaO

magnesium hydroxide

1. separate from sea water
2. heating

magnesium oxide
   

Conversion to magnesium chloride is achieved by heating the oxide, mixed with 
carbon, in a stream of chlorine at a high temperature in the furnace.   

2MgO(s) +  C(s)  +   2Cl2(g)  2MgCl2(s)  +  CO2(g)  

The resulting anhydrous magnesium chloride is fed into electrolytic cells.  
A schematic diagram of the electrolytic cell is shown below in Fig 7.1

                                                                 Fig 7.1                                                                  

The design of this cell considers the following properties of both magnesium metal and 
magnesium chloride:

molten magnesium reacts vigorously with oxygen
at the temperature of molten magnesium chloride, magnesium is a liquid
molten magnesium has a lower density than molten magnesium chloride and forms a 
separate layer on the surface. 

sea water limestone, CaCO3

chlorine gas
inert gas out

graphite anode

inert gas in

chlorine gas

molten magnesium

molten magnesium chloride
(with some NaCl and CaCl2) 

molten magnesium

iron cathode
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 (a) Name the most abundant ionic compound in sea water and determine the effective 
concentration of this compound in mol/dm3.

                                                                                                                         [1]

(b) (i)  From the information given, deduce the trend in solubility of the Group II metal                   
  hydroxide as the proton number increases.
    

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

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

(ii)  Calculate the mass of magnesium hydroxide precipitated when an excess of 
calcium hydroxide is added to 1000 dm3 of sea water.                                       [2]

  
(c) (i)   Write an ionic equation for the reaction at the cathode in the electrolytic cell.   

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

(ii) How does the design of the cell shown in the Fig 7.1, take into consideration 
the reaction of molten magnesium with oxygen?

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

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

(d) Electrolysis is an expensive process as high consumption of energy is needed.   
Using the information given, what is being done to lower the cost in industrial 
process?

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

  ………………………………………………………………………………………………… [1]
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 (e) A technician accidentally replaced the graphite electrode with a piece of silver 
metal.  
How would the products of electrolysis be affected? Explain your answer.  
Write an ionic equation to support your answer.

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

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

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

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

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

(f) State an example of recycling that is given in the information.  

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

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

(g) The aluminium atoms in Magnox form a metallic structure with magnesium.
The figure below represents a simple illustration of the bonding in Magnox.

   Use your knowledge of atomic structure and metallic bonding to label the 
boxes.                                                                                                                       [1]                      

[Total: 12]
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B8 (a)  A student reacted together an alcohol and a carboxylic acid under appropriate
conditions to produce an ester.         
A sweet smelling organic liquid, Q, with the empirical formula C2H4O was produced.  
The Mr of Q was found by experiments to be 87.5.
(i) What is the molecular formula of Q? Show the necessary calculation. [1]

(ii)  In the boxes below, draw the structural formula of two isomers with this formula
that are straight chain esters. [2]                      

A sample of Q was heated with aqueous sulfuric acid.  The product obtained was a 
mixture of the original alcohol and carboxylic acid.  This mixture was heated under 
reflux with acidified potassium manganate(VII) to give a single product, R.
The product, R, was collected and subjected to the following tests: 

A sample of R gave no reaction with aqueous bromine.
A second sample of R gave an effervescence with sodium carbonate.
A third sample of R is completely miscible with water.

(iii) What is the identity of single organic compound R?

……………………………………………………………………………………………. [1]
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(b)  Cyclopentene is a cyclic alkene with the formula C5H8. It is a colourless liquid with a    
petrol-like odour.  It is used as a monomers for synthesis of plastics.  
The figure below shows some reactions involving cyclopentene    

         (i) Complete the partial structures of compounds X and Y which are the products of 
the reactions.                                                                                                    [2]

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii) Write a balanced chemical equation to show the reaction between cyclopentene  
and aqueous bromine.

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

(iii) Cyclopentene can be polymerised to give poly(cyclopentene).  Draw a section 
                     of poly(cyclopentene) to show two repeat units.                                                 [1]   
 
  
 
 
 
 
 

                                                                                                                                      [Total: 8]

cyclopentene
compound X

compound Y
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B9 Either
Aqueous iron(II) bromide is a pale green solution containing iron(II) ions and bromide ions.
When chlorine is passed into aqueous iron(II) bromide, the colour of the solution changes from 
pale green to orange-red. 
When the orange-red solution is heated, it gives off a brown vapour, leaving a yellow solution
S. The brown vapour forms a dark orange liquid T on cooling.   When ethene gas is bubbled 
into T, the dark orange colour disappears.  Sodium hydroxide solution is added to solution S
and a reddish brown precipitate was obtained.  

(a) (i) Name liquid T.  ………………………………………………………………………….. [1]    
(ii) Draw ‘dot-and-cross’ diagram to show the electron arrangement in T. 

Show only the outer electrons.                                                                               [1]

(b) Name the yellow compound present in solution S.

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

(c) (i)   Construct a balanced chemical equation for the reaction in which S and T are formed. 

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

(ii)  In this reaction in which S and T are formed, name the oxidising agent.  
Explain your answer, using electron transfer.  

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

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

……………………………………………………………………………………………….[2]
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(d) A student uses chromatography to analyse the food dyes used in a packet of 
sweets.  The packet contains three different coloured sweets.  He tests one sweet of  
each colour.  He uses two known safe food dyes and one known unsafe dye as  
references.   
The chromatogram below shows his results. 

(i) The student looks at the results and makes this statement:  
“The results show that it is possible that two of the sweets contain an unsafe dye.”
Explain how the results of the chromatogram support the student’s conclusion.

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

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

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

(ii) Calculate the Rf value of the unsafe dye given in the chromatogram above. 

                                                                                                                                             [1]
(iii) The student also uses chromatography to identify the flavourings used in the 

sweets. He sprays his chromatogram with a locating agent. 
Why does he need to use a locating agent?

……………………………………………………………………………………………. [1]
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B9 Or 
Both calcium and barium are elements in Group II of the Periodic Table.  The trend of the 
reactivity of the elements in Group II is similar to that in Group I.  Like Group I elements, 
calcium and barium form salts with the halogens.   

The salt, calcium chloride, CaCl2, can be made by different reactions. 
A student prepared hydrated calcium chloride by  carrying out the following experiment.

Step 1 The student added an excess of a solid calcium compound, X, to dilute
hydrochloric acid. The mixture fizzed as the solid reacted.   

Step 2 The student filtered the mixture to give an aqueous solution of CaCl2. 
Step 3 On evaporation, colourless crystals of hydrated calcium chloride were formed. 

(a) Why is calcium chloride an example of ‘salt’?

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

………………………………………………………………………………………………….. [1] 
(b) A friend of the student suggested that solid X was calcium oxide.  State one reason

why the student’s friend was incorrect and suggest a possible identity of solid X.

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

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

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

(c) Hydrated calcium chloride has a molar mass of 219 g/mol.
Determine the formula of hydrated calcium chloride.
You must show your working. [2]
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(d) Calcium chloride can also be formed by directly reacting calcium with chlorine gas.
Explain, using oxidation states, why the formation of calcium chloride from its
elements, is a redox reaction.

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

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

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

(e) The student decided to prepare barium sulfate, BaSO4, by adding barium metal
to dilute sulfuric acid . Another student said this method should not be used to
prepare the salt, barium sulfate.
Give two reasons why the other student is correct.

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

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

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

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

(f) Barium atom has the electron arrangement 2, 8, 18, 18, 8, 2.   Write the electron
arrangement of the barium ion.

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

End of paper
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2018 GCE O Prelim sec 4E Chemistry 6092 Paper 1
Answer & mark scheme

No. Ans Remarks
1 D (A) A boiling water bath has a temperature of 100oC, so if heat over water bath, 

CuSO4.H2O obtained (see eqn)
(B) This will convert hydrated copper(II) sulfate to the anhydrous form.
(C) Same as (B)

2 A (See QA notes)
3 D X has sulfate ion reacts with barium ion to form insoluble barium sulfate.  This 

is not the reaction of the hydrogen ion in the acid.
4 B Both aluminium ion and zinc ion forms white ppt which dissolves in excess aq 

NaOH giving colourless solution.  Calcium ion forms white ppt that does not 
dissolve in excess aq NaOH.    

5 B
6 C (add up nucleon no. given in the options and compare to 46)
7 D (write down electron arrangement of ions given in the option and compare) 

Electron arrangement for:
Ca2+ 2,8,8           Cl- 2,8,8

8 D (compare no. of protons and no. of electrons)
X: 9 protons, 10 electrons so X is negative ion
Y: 17 protons, 18 electrons, so Y is negative ion

9 B (see the column for ability to conduct electricity in solid and in aq state)
10 C (compare with N which is in Group V, compound of N and H is NH3, so 

compound of P and H is PH3. Check the no. of white dots which represent 
hydrogen atoms)  

11 B Mass of S = no. of S atom x Ar of S x mass of sample
Mr           

12 B
13 D Mass of calcium carbonate in the chalk = 0.226 x 100 = 22.6g

% purity = 22.6 / 23.0 x 100 = 98.3%
14 D (compare the charge of the positive ion, eg Na+ +   e Na)  
15 C Oxygen and hydrogen gas given off (see volumes of gas produced), so 

hydroxide ion and hydrogen ion discharged.   
In (1), copper(II) ion discharged instead of hydrogen ion.
In (3), chloride ion discharged instead of hydroxide ion due to higher [Cl-]

16 D As reaction progresses:
(A) Concentration of acid drops
(B) More carbonate used
(C) More gas produced

17 D Reaction time, t = 1 / rate = 1 / 0.2 = 5.0 s
18 D (2) is respiration which is exothermic. (see glucose react with oxygen.

Both (1) and (3) are combustion of fuel so exothermic.
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(C) Same as (B)
2 A (See QA notes)
3 D X has sulfate ion reacts with barium ion to form insoluble bariuiuiuuuummmmmm susususususulflflflflflfate.  This 

is not the reaction of the hydrogen ion in the acid.
4 B Both aluminium ion and zinc ion forms white ppt which diissssssssssss lolololololveveveveves inininininin excess aq 

NaOH giving colourless solution.  Calcium ion forms whwhwhwhwhwhititititititeeeeee ppppppppppppt thatatatatatat ddddddoeoeooo s s s s s s nonononononot t
dissolve in excess aq NaOH.    

5 B
6 C (add up nucleon no. given in the options andddddd ccccccccccccccccccccccccccccccccccccccccccccccccccccccomomomomomomomomomomomomomomomomomomomomommomomoomomomomomomoomomomomomomomoomomoommomoomomomomoomomomoommomommmoooomommoooommmmmoooomomomommomommomoomomommmmmomooommooomoommmmmoomomommommmmmmmmoommmmmoommmmmmmmmmmmmmmmmpapappappapapapapappapapapapapaapapapappapapapapapapapapppapapppaaapapapapappppapapapapapppapapapapppaapaapapapapppaaaaapapapapapapapaapaaaappaapapapapapppppapaapaapppppppapapappp rerererererereerereeeerereerereeerererereerereererererererereerererereereereeeeeereererereererereeeeeeeeeeeereeereeerereeeeeeereererrrreeerreerrreerrerrrrreeerrereeereeeeeeeeerree tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttoo oooooooooooooooooooooooooooooooooooooooo 464444646)
7 D (write down electron arrangement of ionsssssss ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggivivivvvivivvvivvvvvvvivvivivivivvivvivivivivivivivvvvvvivivvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvenenenenenenenenenenennneneneneneneneneeneneennenenenenneenenenenenenenenenenenenenennenneneneeennneeeneneneennnnneneenennnenenenennnnnnenennenennnenennnnnnennnnneneneneneneennnnennnnnnnnnnnnnnennee iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn thththtthththtthththhthhhththththtththhhththhthththththhhthththththhthhthththhhthththththhthtthththhhhththhththhhhhththhhthhthhthththhhthhthththttthhhthhhhthhhthtttttththttttthtththttthttttthtthththhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee oooooooooopopopopopoopoooooooooooooooooooooooooopopopoooooooooooopoooooopooooooopooopoooopopooopopopooooopopopopoooooopopoooooopopooopooptttttttitittttttttttttiiiiiiittiiiitiiitiiiiiiiiiiononononononoooooooo aaaaaandndndndndnd ccccccomomomomomompapapapapaparrrrrer )

Electron arrangement for:
Ca2+ 2,8,8           Cl- 2,8,8

8 D (compare no. of protons and no. of electronsn )
X: 9 protons, 10 electrons so X is negative ion
Y: 17 protons, 18 electrons, so Y is negative ioionn

9 B (see the column for ability to cconondduct electctriricicityty iinn solid and in aq state)
10 C (compare with N which iss iinn GrGrouo p V,V, ccomompopounund of N and H is NH3, so 

compound of P and H is PPHH3. ChChececkk k ththe e nono. of white dots which represent
hydrogen atoms)  

11 B Mass of S = no. of S aatotot mm x x x ArA oof f SS x mass of sample
MrMr      

12 B
13 D Maassss oof f calcciuiuumm cacarbrbonono ate in the chalk = 0.226 x 100 = 22.6g

% pup rity == 222.2.6 6 // 2323.0 x 100 = 98.3%
14 D (c(comomo papap rere tthehe cchah rge of the positive ion, eg Na+ +   e Na)  
15 C OxOxygyggenn aandn  hydrogen gas given off (see volumes of gas produced), so

hyydrdroxoxo idide ion and hydrogen ion discharged.   
In (1)1 , copper(II) ion discharged instead of hydrogen ion.
In (3), chloride ion discharged instead of hydroxide ion due to higher [Cl-]
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No. Ans Remarks
19 D (assign oxidation numbers)

In FeTiO3, oxidation number of Ti is +4, in TiO2, oxidation number is +4
20 A Sodium chloride is neutral, does not react with hydrogen ions in the acid, so 

pH unchanged
21 C Hydrochloric acid is strong acid, total ionization. ethanoic acid is  weak acid, 

partial ionization.
22 A Carbon dioxide is only produced in 2nd reaction. Salt is produced in 1st

reaction.   
23 D (Recall properties of ammonium compound, apply this to methyl ammonium 

chloride) when ammonium chloride react with aq NaOH, ammonia gas, salt 
(sodium chloride) and water produced.

24 C With calcium carbonate, soluble salts will be calcium chloride, calcium nitrate.  
NOT calcium sulfate as it is insoluble
With copper(II) carbonate, soluble salts will be copper(II) chloride, copper(II) 
sulfate, copper(II) nitrate

25 B Barium sulfate is insoluble, so need two soluble starting reagents. Barium 
carbonate is also insoluble.   
Add barium carbonate to dilute hydrochloric acid to form soluble barium 
chloride, before reacting with the second soluble reagent. 

26 B Copper will not react, remain as residue.  Zinc react with dil hydrochloric acid 
to form colourless solution zinc chloride.   

27 B (A) Lead(II) oxide will be reduced by hydrogen gas to form lead and water
(B) Magnesium is higher up in the reactivity series, so hydrogen is not able to

reduce magnesium oxide
(C) Carbon react with oxygen to form carbon dioxide
(D) Sulfur react with oxygen to form sulfur dioxide

28 A Both P and S are non-metals, so form acidic oxides which dissolves in water to 
form an acid. 

29 C Going down group II, the carbonate becomes more difficult to decompose. 
Both magnesium carbonate and calcium carbonate decomposes, but not 
barium  carbonate.

30 C (2) magnesium will displace silver from silver nitrate
(4) magnesium will react with acid to form salt and hydrogen

31 D Magnesium is a more reactive metal, so loses electron more easily. 
32 A Rusting uses up oxygen. Volume of oxygen used = 150 – 122 = 28 cm3

% of oxygen = 28 / 150 x 100 = 18.7% 
33 A Chlorine atom reacts with the ozone molecules, so choose the option with 

largest no. of chlorine atoms.
34 A Y is C6H14, so it is hexane
35 A Absence of uv light, so no substitution occurs
36 B Cyclobutene – C4H6,  cyclopentane – C5H8, cyclohexene – C6H10

37 B The oil with the lowest bp will have the largest no. of C=C bonds. 
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22 A Carbon dioxide is only produced in 2nd reaction. Salt is produced in 1st

reaction.  
23 D (Recall properties of ammonium compound, apply this to meththththththylylylylylyl aaaaaammmmmmmmmmmmonium 

chloride) when ammonium chloride react with aq NaOH, ammmmmmmonooooo ia ggggggaaaaasa , salt 
(sodium chloride) and water produced.

24 C With calcium carbonate, soluble salts will be calcium m  chchchchchchlolololololoriririririridededededede, calclcccclciuiuiuiuiuiummmm ninininininitrtrtrtrtrtrataaaaa e. 
NOT calcium sulfate as it is insoluble
With copper(II) carbonate, soluble salts will be ccopopopopopopppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppepepepepepepepepepeeepepepepeepepepeppepepepepepepeepepepppepeeeeeppepeeeeepppepepepeppeeeepepepepeppeeeepepppeppeppepeppepeepepepepepeppeppppeepppeepepppeppeeeppeeeeeeepeeeeepepepepeepeeeeepepeepepeeeeepp r(r(r(r(r(r(r(r(r(r(r(r(r(r(r((r(r(r(r(r(r(((((((r(r(((((r(r(r(rrr((r((r(r(r(((r((r(rr((((r(rr(((r(r(rr(r((((((rr(r((((IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII )) ) ) ) )))))) ))))))))) ) ))))) )))))))))) ) )))) ))))))) chchchchchchccccccccccccc lorideeeeee,,, coooooopppppppper(II) 
sulfate, copper(II) nitrate

25 B Barium sulfate is insoluble, so need two sssssssolololooooooooolllollooolllolooooololllloolololloolollolooololololoolloooloooolloooooooooolooooooo ubububububububububububuuubuuuubuububbubububububububububbububububububuububbubbubbbububbubbbubbbubububbbbubbbubbbbbbuuuuububuuuuububbuuububbuuuuuuuuuuuuubuu lelleleleleleleleleleelllelllelellelelleelelelelelelellelelleleelleleeeeeleeeeeeelleeeeeeeleleleleleeeeleleeeeleeeeeeeeeeeeeeleeeeeeeeeeeeeeeeleeeleleeleelellleelelllllele ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssstattatattttatattatatatatataatatttataaatatttatatatattatatatatatatattattatataatatattatatatatatttttataatataaatataataaaaatttataaaaaataaaatataaaaaaaaataaaatataattatataatataataaatatatataatatttatttattttttttt rtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrrtrtrrrtrrtrtrtrtrtrrtrtrrrrrrtrtrtrtrtttrttrttrttrtrttrtttttrtrtttrrrttrtttttrtttrtrrtrttrrtttttrrrttttr innininininininininininininninnninnninininininnininnnininninninninnninnnnininnnniniiinninniiinninninnniinnininininnnnnnnnnnnnnnnnnnnnnnnnnnnnnnninnnnngggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg rrrrrererrrrerrrerreeeeeeeeeeeeeeerrreeeeeereeeereeeeeeeagagagagagagenenenenenentstststststs.... BaBaBaBaBaBariririrrr umumumumumum 
carbonate is also insoluble.   
Add barium carbonate to dilute hydrochloric acid tto form ssssooolubuuubu le bbbbbbarararararariuiuiuiuiuum 
chloride, before reacting with the second sooluble reagenttttt.t  

26 B Copper will not react, remain as residue.  Zinc rereact with ddddddilililililil hhhhhhydrochloric acid 
to form colourless solution zinc chloride.  

27 B (A) Lead(II) oxide will be reduccedd by hydrrogogenen ggasass to form lead and water
(B) Magnesium is higher uupp inin ttheh rreaeactcttivivitity y seserir es, so hydrogen is not able to

reduce magnesium oxiided
(C) Carbon react with oxoxygygenen tto o foformrm ccararbon dioxide
(D) Sulfur react with oxxxygygenenn tto foformrm sulfuf r dioxide

28 A Both P aandd SS aare nonon-memetatals, so form acidic oxides which dissolves in water to 
formm aan acacidid.

29 C Gooiningg dod wnn gggroroupup III,I ttthehe carbonate becomes more difficult to decompose.
Both maggnenesisiumum ccara bonate and calcium carbonate decomposes, but not
babaaririumum cacarbrbononatate.

30 C (2(2)) mmagagnenesis um will displace silver from silver nitrate
(44)) mmagagnen sium will react with acid to form salt and hydrogen

31 D Magnesium is a more reactive metal, so loses electron more easily. 
32 A Rusting uses up oxygen. Volume of oxygen used = 150 – 122 = 28 cm3

 
352



 BBSS/2018 O Prelim  /sec 4E/ Chem 6092 P1 

Apply past knowledge to past knowledge to new situations   18 

No. Ans Remarks
38 D It has C=C  so will react with aq bromine

With the -COOH, it is an organic acid, so react with metal and alcohol  
39 D (1) True, Hydrogen chloride gas produed

(2) True, no more C=C in addition poymers
(3) True, only the polymer is produced

40 B
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No. Ans Remarks
38 D It has C=C  so will react with aq bromine

With the -COOH, it is an organic acid, so reacaccccccctttt tt t t t tt t tttt t wwiwiwiwiwiwiwiiwiiiwiwiwiwiwiwwwwwiwiwiwiwiwiwiwiwwwiwwiwiwwwwiwwiwiwwiwwiwiwiwwwwwwwwwwiwwwwwwwwwiwiwiwwwiwiwwwwwiwwiwwiwiwiwiiwiwiwwwiwitththtthhhthhthhhhhthththhhthhhththhhhhththhhhhthhhthhhthhhthhththththththhthhththhhthhthhththhhhthththhhthhthhththhththththhhhthhththhhhhththhthhthhhttthhhththtttththhttthhttthtttthtthttthhhhhhhhhhthh mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeeeeeeeteteeeeteeeeeeetttettttalalaaaalaaaa  and aaaaaalclclclclccoho ol 
39 D (1) True, Hydrogen chloride gas prodduuueueueueueueueueueeueeeeeeeeeueueeeeeeeeeeeeeeeeeeeeeueeeeeeeeeeeeeeeeeeeeeeeeeuuueeeeuuu ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd

(2) True, no more C=C in addition popopopopopooooooopooooooooooooooooooooooooooooooooooymymymyymyymmymmymymymymymymymymymymyyymymymymmymmymyyymyymymymymmymmyyyyymyymymymymyyymyymmyyymymymyyyymmymmymymymymyyymymymymymmymmmymyyymmymymmmmymymymymmmmymymyymymyymmmmyymymmmmymymyyyymymmmymmmmyyyyymmmmyymmmyyyyyyymmmmmmmmmmerererererererererrrrerereererereerrererrerererrrrrrrrreeeeeeeeeeeeeeeereeeeeeeeeeererereeeereereeereeeeeereeeeeeee sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
(3) True, only the polymer is produced

40 B
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Sec 4E GCE O Prelim Chemistry 6092
Answers & mark scheme

The paper was

A1a(i) P – box 2; Q – box 9; R – box 3; S – box 13 T – box 6 [1] each
(b) (i) elements becomes less metallic. [1]

(ii) metallic elements have fewer outer / valence electrons. [1]
(c)   periodicity is a repeating pattern (across different periods) [1]
                                                                                                                                    [Total: 8] 

A2a(i) Both consists entirely of carbon atoms joined by covalent bonds;   [1]
Both have giant lattice (or giant molecular)      [1]

ii. In diamond every carbon atom is bonded to four other carbon atoms, but in graphite, 
each carbon atom is bonded to 3 atoms;      
diamond has a tetrahedral arrangement of atoms but graphite has a layered 
arrangement;        
graphite has delocalised electrons unlike diamond which do not.  [any 2]

b. No. of mole of C60 = 51 / 720   = 0.0708 (eqn – optional)
No. of mole of CO2 = 60 x no. of mole of C60 = 0.0708 x 60 = 4.24        [1]
Mass of C60 = 4.24 x 44 = 187 g       [1]

c(i) BN            [1]
 ii. weak Van der Waal (or intermolecular) forces of attraction between layers; [1]

layers of atoms can slide over each other.       [1]
iii.       graphene has many strong covalent bond between carbon atoms.  [1]

[Total: 10] 

A3a. - 24 x 120 = - 2880kJ/mol [reject if no unit and sign]     [1]
b(i) Yes, same(not similar) type bond and same number of bond     [1]
ii.          – 4163 = 654 kJ      [1]

from hexane to heptane, increase in one CH2 group
from heptane to octane, same increase of one CH2 group

so -(4187 + 654) = -5471 kJ/mol     [1]
c(i) No, quote any two data that shows a difference for every ten years.  [1]

Egs of data that can be used: 1960 -70, 2000 millions of tons bigger that 1970 to 80 
which has increase 1200 millions of tons,  or 1990 – 2000, increase of  800 millions of 
tons smaller than 2000 – 2010 increase of 1300 millions of tons.  

ii. alternative / renewable forms of energy being used;    [1]
fossil fuel running out.         [1]

iii. As the amount of fossil fuel burnt increase, the increase average global temperature is 
higher.            [1]

                          [Total: 8]

A4a(i) Ni(s)  Ni2+(aq)  +   2e         [1]
ii. mass decrease                       [1]
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                                                                                                                                    [Total: 8] 

A2a(i) Both consists entirely of carbon atoms joined by covalent bonds;   [1]
Both have giant lattice (or giant molecular)      [1]

ii. In diamond every carbon atom is bonded to four other carrbobobobobobonnnnnn atatatatatatomomomomomoms, butututututut iiiiiinnnnnn grgrgrgrgrgrapapapapapaphhihhhh te, 
each carbon atom is bonded to 3 atoms;     
diamond has a tetrahedral arrangement of atoms but ggggggggggggggggrrrararararararaaarararararararararaaararaaraararararararararaaaaaaaraaaaraaaaaaaaaraaraaaaaaarraaarrrrrrraaaaaaaarrraaarrr phphphphphphphphhphhpphphphphphhhhhhphphphphphphphhhphphphphphphphphhhphphphphphphphhphphhphphphphphphphphphphphhhphhphphphhphhhphphphhhphhphhhphphhhhphpphphhphhphhphhphphhhphhhphhhhphhhhhphphhppphhhphphhhhpppphppppphppphpphhphpphhppphhpppppp iititititittititititititittttitittiitttititttitiitittttitittitititttttittititititititiitttttititiitititittttittiiiiiiiii eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee hhhhhhahahahaaahhhhhhahhhhahahahhaaaahhaahass a laaaaaayeyeyeyeyeyered 
arrangement;       
graphite has delocalised electrons unlike diamonononononononddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd whwhwhwhwhwhwhwhwhwhwhwhwhwhwhhwhwhwwhwhwhwhwwhwhhwhwhwhwhwhwhwhwhwhwhwhwhwhwhhwhwhhwhhhwhwhhwwwhwhwhhwhwhwhwhwhwhwhhwhwhwhwhwhwwhhwhwhwwwhwwwwwwwhwwwwhwhwhwwwwhwwhwwwhwhwwhwwwhwwwwwwwwhwwwwwwwhwwwwwhwwwwwwhwhwwhhhwhhhhhhhwhhwwhiciciciccccccciccciciccccccccciccccicicccccccicccccciccccccciccccccccccccccccciicicciciciiciciciccccciiciciccicciccccciccccccccccccccccccchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh oodododoodododdodododododoododododododododododododododododoododododododododododododododododoodoooooddodododoododododoooddddodoooddddoodoododododoododooddododooooddooooododdoooooodooodoooooooooooood nnnnnnnnnnnnnnnnnnnnnnnnnooooooootottooooottoootttooott.  [a[a[a[a[a[anynynynynyny 2]

b. No. of mole of C60 = 51 / 720   = 0.0708 (eqn – optionononaaaaallalalaaaaallalalalalaaaalalaallalaalaaallalalalaaaaaaalalaaalalaaaaaalaaaaaaaaaalaaaaaalalaaaalal))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
No. of mole of CO2 = 60 x nno. of mole of C60 = 0.0708 x 60 ====== 4.4.4.4.4.4.24        [1]
Mass of C60 = 4.24 x 44 = 187 g       [1]

c(i) BN            [1]
ii. weak Van der Waal (or intermmololece ulular)) forces oof f atattrtrt acaction between layers; [1]

layers of atoms can slide overer eacchh otother.  [1]
iii.       graphenene has many strong covovalalenent t bondnd bbetetweweenen carbon atoms.  [1]

[Total: 10] 

A3a. - 24 x 1200 = -- 282880kJkJ/m/molol [r[rejejece t if no unit and sign] [1]
b(i) Yes, same((noot t sis milaar)r) tttypypee bobondnd and same number of bond     [1]
ii.          – 414 63 = 654 kJ      [1]

from hexe anane ee toto hhepeptatanene, ini crease in one CH2 group
from hepepptatanene to ococtatanne, same increase of one CH2 group

so -(4187 + 654) = -5471 kJ/mol   [1]
c(i) No, quote anannyy two data that shows a difference for every ten years. [1]

Egs of data that can be used: 1960 -70, 2000 millions of tons bigger that 1970 to 80 
which has increase 1200 millions of tons or 1990 – 2000 increase of 800 millions of
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b(i) beryllium;         [1]
It has the largest voltage with cobalt/nickel      [1]

ii. -2.7 V (V + Ag ) + (V +  Be)          [1]
c(i).  both nickel and cobalt has the same reactivity      [1]
ii. Place a piece of nickel in cobalt nitrate solution.  If nickel displaces cobalt, nickel is 

more reactive than cobalt.          [1]
[Total: 7]

A5a.     As concentration increases, the speed of this reaction increases.  When 
concentration increases, there is greater number of particles in the same volume [1]
Particles are closer to each other so  frequency of effective collision increases. [1]

b(i) 4.5 – 5.0 mg iron reacted/min (units needed)      
ii. As temperature drops, particles loses energy, move slower.    [1]

Number of particles with energy equal to or greater than activation energy drops. [1]
Frequency of effective collision decreases.  

c.         measure the colour intensity of aqueous bromine.     [1]
                                                                                                                                    [Total: 6]

A6a(i)   triple bond;                                                                                               [1]          
A lot of energy is needed to break the (strong covalent) bond                               [1]                        

ii. Advantage: lower temperature / lower pressure so save energy, lesser fossil fuel, or 
water, instead of hydrogen, water is used, so cheaper    [1]
Disadvantage: nitrogen oxide produced, reacts with oxygen to form 
nitrogen dioxide which contribute to acid rain / an air pollutant   [1]                      

b(i) no. of moles of ammonia = 1.20 / 24 = 0.05        [1]
(ii) 2NH3(aq)  +   H2SO4(aq)  (NH4)2SO4(aq) (state symbols not needed) 

[1]
c(i)     correct shape and location for both graphs     [1m each]

correct labels of Ea, Ea”                                                                                 [1]
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, p
concentration increases, there is greater number of particles in the same volume [1]
Particles are closer to each other so frequency of effective collision iiiiiincncncncncncrererererereasaaaaa es. [1]

b(i) 4.5 – 5.0 mg iron reacted/min (units needed)      
ii. As temperature drops, particles loses energy, move slower.    [1]

Number of particles with energy equal to or greater than activvvvvvatatatatatatioioioioioionnnnnn enerererererergygygygygygy dropspspspspsps. [1]
Frequency of effective collision decreases.  

c.         measure the colour intensity of aqueous bromine.    [1]
                                                                                                                           [T[T[T[T[T[Total: 6]

A6a(i)   triple bond;                                                                                              [1]       
A lot of energy is needed to break the (strong covalalenent) bond                               [1]       

ii. Advantage: lower temperaturee // lowwere ppressuree soso sssavave e energy, lesser fossil fuel, or 
water, instead of hydrogen, waatet r isis uuses d, sso o chcheaeapeper r    [1]
Disadvanntage: nitrogen oxide pproroduduced, rreaeactcttss wiwithth oxygen to form
nitrogen dioxide which contribbutute e to aacicidd rarainin / / an air pollutant   [1]   

b(i) no. of moles of ammonia = 1.2020 // 224 4 = 0.0.0505      [1]
(ii) 2NH3(aq)  +   H2SO4(a( q)  (N(NHH44)2SO4(aq) (state symbols not needed) 

[1]]
c(i)     correct shappee anand locacatitionon fforor bbotothh graphs     [1m each]

correct labels of EEa,a, EEa”a”                                                                                [1]
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b(ii) Tungsten: with it, the reaction has a lower activation energy;                         
which means the higher proportion of collisions that are successful between ammonia
molecules will be higher (not more collisions, both points needed)  [1]

(iii)       Ea’ = 243 kJ/mol  (units needed)                                                               [1]  
                         [Total: 11] 

Section B
B7a.  sodium chloride, Conc(mol/dm3) = 0.457 (sodium ion is the limiting reactant)     [1]
b(i) as the proton number increases, the group II metal hydroxide becomes 

more soluble         [1]
ii. no. of mol of Mg2+ in 1000 dm3 sea water = 0.056 x 1000 = 56 mols                         [1]

no. of mol of Mg(OH)2 = no. of mol of Mg2+ = 56 mol
mass of Mg(OH)2 = 58 x 58 = 3248 g                                                                        [1]      

c(i) Mg2+(l)  +   2e   Mg(l)                                                                                               [1]
ii an inert gas, instead of air, is blown through the cathode compartment above molten 

magnesium            [1]                        
d. sodium chloride and calcium chloride is added to molten magnesium chloride to lower 

the melting point, saving energy.        [1]   
e. at the anode, silver will be oxidised instead of chloride ion.  Silver ion would be 

produced rather than chlorine at the anode.      [1]
Ag(s) Ag+(l)  +   e         [1]
the silver ion would move to the cathode, get discharged and silver is produced instead 
at the cathode.          [1]

 

Ea 

Ea
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b(ii) Tungsten: with it, the reaction hhasa  a lolowew r activavatitionon eenen rgy; 
which means the higher proporrtitionn oof coc llissioionsns tthahat t ara e successful between ammonia
molecules s will be higher (not morore e cocollisioonsns,, bobothth points needed)  [1]

(iii)       Ea’ = 243 kJ/mol  (units needed)d)                                                              [1] 
                         [Total: 11] 

Section B
B7a.  sodium chllororidde,e  Cooncnc((momoll/d/dmm33) = 0.457 (sodium ion is the limiting reactant)     [1]
b(i) as the proton numbmberer iincncrereasa es, the group II metal hydroxide becomes 

more sololubublele         [1]
ii. no. of mmolol oof f MgMg2+2+ inn 1000 dm3 sea water = 0.056 x 1000 = 56 mols                         [1]

no. of molol oof f MgMg(O( H)2 = no. of mol of Mg2+ = 56 mol
mass of Mgg(O(OH)2 = 58 x 58 = 3248 g                                                                        [1]    

c(i) Mg2+(l)  +   2e   Mg(l)                                                                                               [1]
ii i t i t d f i i bl th h th th d t t b lt

Ea
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f. chlorine gas produced during electrolysis is used to convert magnesium oxide to 
magnesium chloride at the furnace.       [1]

g. magnesium ion, aluminium ion, delocalised electron [ all three correct -1]
[Total: 12]

B8a(i) relative mass of C2H4O = 44
 Mr ~ 88

N = 88 / 44 = 2
Relative molecular formula  is C4H8O2                                                                      [1]

ii.  ethyl ethanoate                                                                                                                      
   

  propyl methanoate [any 2]

iii. ethanoic acid                                                                                                       [1]
b(i)    

Compound X compound Y [1m for each, all H atoms needed]          
ii. C5H8  +  Br2 C5H8Br2                                                                                        [1]
iii.  

[Must have at least two repeat units and the free bonds at the end. All carbon-carbon 
bonds in the polymer chain must be shown.]                                                         [1]  

                                                                                                                                 [Total: 8]
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N = 88 / 44 = 2
Relative molecular formula  is C4H8O2                                                                      [1]

ii. ethyl ethanoate                                                         
  

 propyl methanoate [any 2]

iii. ethanoic acid                                                                                                 [1]
b(i)   

Compmpououndnd XX compound Y [1m for each, all H atoms needed]      
ii. C5H8  + BBrr22 C5H8Br2                                                                                        [1]
iii. 
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B9 Either
a(i) bromine           [1]
ii (dot-cross diagram of bromine molecule,                                [1]

b. iron(III)  chloride            [1]
c(i)       3Cl2 +   2FeBr2 2FeCl3 +   2Br2       
  [1]                         
ii. chlorine           [1]

chlorine removes electrons from iron(II) ion and bromide ion.    [1]
d(i)     sweet 2 contains an unsafe dye;        [1]

unknown dye in sweet 3 does not match up with a safe dye     [1]
ii.        0.8 / 5.2 = 0.154 (or 0.15)          [1]
iii.       to see the spots / make the colourless spots visible      [1]

(ignore ‘find / identify the spots’) 
                                         [Total: 10]
    
  
B9 Or 
a. Hydrogen ion / H+ ion in acid replaced by calcium ion / Ca2+ ion or metal ion.     [1]     
b.       The reaction produced a gas / calcium oxide does not produce a gas in reaction with 

acid.                                                                                                                   [1]  
calcium carbonate.                                                                                                 [1]

c. Mr of CaCl2 = 111.

No. of water molecules = 219 – 111        [1]
18

                                       = 6
Formula: CaCl2.6H2O  [ 6 and CaCl2.6H2O  score the 2nd mark, allow no dot, 
CaCl26H2O]                                                                                                               [1]

d. Calcium is oxidised as oxidation state of calcium increases from 0 to +2   [1]
Chlorine is reduced as oxidation state of chlorine decreases from 0 to -1   [1]

e  barium is very reactive metal, so react violently with the acid, reaction not safe;  [1]
barium sulfate formed is insoluble, so form a barrier on barium, preventing further 
reaction.           [1]

(ii)  2, 8 , 18, 18, 8          [1]
[Total:10]
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[ ]
ii. chlorine           [1]

chlorine removes electrons from iron(II) ion and bromide ion.   [1]
d(i)     sweet 2 contains an unsafe dye;        [1]

unknown dye in sweet 3 does not match up with a safe dye     [1]
ii.        0.8 / 5.2 = 0.154 (or 0.15)         [1]
iii.       to see the spots / make the colourless spots visible     [1]

(ignore ‘find / identify the spots’) 
                                [T[T[T[T[T[Total: 10]
   
  
B9 Or 
a. Hydrogen ion / H+ ion in acid rereplaced by calcium ion / Ca2+ ionnnnnn oorrrr metal ion.     [1]    
b.       The reaction produced a gas / calcium oxide does not produce aaaaaa gagagagagagas in reaction with 

acid.                                                                                                                  [1]  
calcium carbonate.                                                                                             [1]

c. Mr of CaCl2 = 111.

No. of water molecules = 219 –– 111111       [1]
1818

                                       = 6
Formula: CCaCl2.6.6HH2OO [[ 66 anandd CaCaCCll2.6H2O  score the 2nd mark, allow no dot, 
CaCl26H2O]O]                                                                                                              [1]

d. Calcium is oxidisesed d asas ooxixidadad tion state of calcium increases from 0 to +2   [1]
Chlorinene iis s rereduducecedd asas ooxidation state of chlorine decreases from 0 to -1   [1]

e bariumm iis ss veveryryr  reaeactctivive metal, so react violently with the acid, reaction not safe;  [1]
barium sululfafatete fforo med is insoluble, so form a barrier on barium, preventing further 
reaction. [1]

(ii)  2, 8 , 18, 18, 8          [1]
[Total:10]

 
358



www.KiasuExamPaper.com 
359



CHEMISTRY

Paper 1  Multiple Choice

6092/01

Sec 4 Express 

Additional materials : OAS 1 hour

Setter :  Mrs Loh Kim Woon 20 August 2018

READ THESE INSTRUCTIONS FIRST

Write in soft pencil. 
Do not use staples, paper clips, highlighters, glue or correction fluid.

Write your name, class and register number on the Answer Sheet in the spaces 

provided unless this has been done for you.

There are forty questions on this paper. Answer all questions. 

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

Choose the one you consider correct and record your choice in soft pencil on the 

separate Answer Sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. 

A mark will not be deducted for a wrong answer.

Any rough working should be done in this booklet.

A copy of the Periodic Table is printed on page 16.

This document consists of 16 printed pages.

[Turn over

Geylang Methodist School (Secondary)
Preliminary Examination 2018

www.KiasuExamPaper.com 
360



                                                              2                                 GMS(S)/Chem/P1/Prelim2018/4E

1 Which of the following pairs of substances can be separated by heating?

A ammonium chloride and potassium iodide

B copper (II) nitrate and potassium iodide

C ammonium chloride and iodine

D sodium chloride and copper (II) nitrate

2 The table shows the colours and the solubilities in water of four solids.

solid colour solubility in water

W blue insoluble
X blue soluble
Y white insoluble
Z white soluble

A mixture containing two of the solids is added to excess water, stirred and filtered.

A blue filtrate and a white residue are obtained.

Which two solids are present in the mixture?

A W and X B W and Y 
C X and Y D X and Z
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3 An experiment is carried out to investigate the rate of reaction when calcium carbonate 
reacts with hydrochloric acid.
The volume of carbon dioxide gas given off is measured at different intervals of time.

1 2 3
downward delivery calibrated gas syringe displacement of water 

with a graduated tube

Which apparatus is suitable to collect and measure the volume of the carbon dioxide?

A 1 only B 3 only C 2 and 3 D 1, 2 and 3

4 Solution X contains two anions. Tests are carried out as shown in the diagram below.

What anions are found in solution X?

A sulfate ions and carbonate ions

B carbonate ions and chloride ions

C sulfate ions and chloride ions

D nitrate ions and carbonate ions

The diagram shows pieces of apparatus used to collect gases.

colourless solution 
and effervescence 

of gas
no changesolution X

nitric acid 
is added

barium 
nitrate 
solution 
is added

white precipitate

silver nitrate 
is added
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5 Which statement correctly explains why chlorine, Cl2, at 40°C diffuses more slowly than 
neon, Ne, at 20°C?

A    Chlorine has a relative molecular mass of 71 whilst neon has a relative atomic
mass of 20.

B Chlorine is at a higher temperature than neon.
C Chlorine is diatomic and neon is monatomic.
D Chlorine is more reactive than neon.

6 Four statements are being made about elements, compounds and mixtures by a 
student.
Statement 1: Elements and compounds have fixed melting points.
Statement 2: The properties of a compound are similar to that of its elements.
Statement 3: A mixture can be separated into its components by physical means.
Statement 4: Elements can exist either in the form of atoms or molecules.

How many of the above statement(s) is/are not correct?

A   one
B two
C three
D four

7 Deuterium, D, is an isotope of hydrogen.
Which statement about deuterium is not correct?

A It reacts with ethene, C2H4, to form a compound CH2DCH2D.
B An atom of deuterium contains one proton.
C It has the same density as hydrogen.
D It forms the ion D+.

8 A molecule of sulfuric acid has the structural formula shown.

How many electrons are involved in forming all the covalent bonds in one molecule of 
sulfuric acid?

A 6 B 8 C 12 D 16
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9 An investigation of the properties of the chlorides of Period III elements shows that the 
boiling points of sodium chloride and silicon tetrachloride are 1465oC and 57oC
respectively. This difference in boiling points is a result of

A covalent bonds being weaker than ionic bonds.
B sodium chloride having strong metallic bonds.
C silicon tetrachloride having weak intermolecular forces of attraction.
D silicon forming weaker bonds with chlorine than does sodium.

10 Compound P is the only substance formed when two volumes of ammonia gas react with 
one volume of carbon dioxide gas (both volumes being measured at r.t.p.).

What is the formula of P?

A NH2CO2NH4

B (NH2)2CO

C NH4CO2NH4

D (NH4)2CO3

11 When sugar (Mr = 342) is fermented using yeast, the following reaction takes 
place. 

C12H22O11 + H2O 4C2H5OH + 4CO2

What volume of carbon dioxide, at r.t.p., would be produced by the complete 
fermentation of 1 kg of sugar? 

A 342 x 4 x 24 dm3 B 1000 x 24 dm3

1000  342 x 4

C 342 x 24 dm3        D        1000 x 4 x 24 dm3

1000 x 4         342

12 On collision, airbags in cars inflate rapidly due to the production of nitrogen.
The nitrogen is formed, in two consecutive steps, according to the following equations.

Step 1:    2NaN3 → 2Na + 3N2

Step 2:   10Na + 2KNO3 → K2O + 5Na2O + N2

What is the total number of moles of nitrogen gas that can be produced from one mole
of sodium azide, NaN3?

A 1.5 B 1.6 C 3.2 D 4.0

www.KiasuExamPaper.com 
364



                                                              6                                 GMS(S)/Chem/P1/Prelim2018/4E

13 Which property would all the hydrogen compounds of the Group VII elements possess?

A They form covalent compounds.
B They are solids at room temperature.
C They form alkaline aqueous solutions.
D They conduct electricity when molten.

14 The properties of the oxides of four elements K, L, M and N in the third period of the 
Periodic Table are given below.

The oxide of K is insoluble in water and dilute acid but soluble in concentrated alkali.
The oxide of L reacts with both dilute acid and dilute alkali.
The oxide of M reacts with dilute alkali at room temperature.
The oxide of N dissolves in water to form an alkaline solution.

If K, L, M and N are placed in order of increasing atomic number, which order is correct?

A K, L, M, N
B N, M, K, L
C N, L, K, M
D L, K, N, M

15 A coil of clean copper wire is suspended in aqueous silver nitrate. Crystals of silver are 
deposited on the copper wire.

Which statement is not correct?

A The copper is oxidised.
B The total mass of the crystals of silver increases gradually.
C The total number of positive ions in the solution is unchanged.
D The solution turns blue.

16 Which statement about the production of iron from iron oxide in a blast furnace is correct?

A Limestone is used to remove basic impurities.
B The reaction between the iron oxide and carbon monoxide liberates carbon dioxide.      
C The iron is obtained using carbon monoxide as an oxidising agent.
D The iron oxide is reduced by carbon dioxide.
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17 A known mass of potassium carbonate was placed in an open crucible and heated until 
there was no further change observed.
Which graph shows the change in mass of the crucible and its contents?

18 A sample of three gases was passed through the apparatus shown below. It was found 
that only one gas was collected in the gas jar at the end.

Which of the following could be the mixture of gases in the sample?

A ammonia, hydrogen, carbon monoxide
B ammonia, sulfur dioxide, carbon monoxide
C nitrogen, helium, carbon dioxide
D oxygen, nitrogen, hydrogen chloride

A

DC

B

mass / g mass / g

mass / g mass / g

time / s time / s

time / s time / s
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19 Nitrogenous fertiliser such as ammonium nitrate is used to increase crop yield.

Which substance can be added to increase the pH of acidic soil containing ammonium 
nitrate without causing a loss of nitrogen?

A calcium carbonate
B calcium hydroxide
C magnesium hydroxide
D potassium hydroxide

20 Which of the following does not show the appropriate reagents used for preparation of 
the named salts?

salt reagents
A barium sulfate barium nitrate and sulfuric acid
B lead(II) chloride lead(II) nitrate and hydrochloric acid
C lithium nitrate lithium hydroxide and nitric acid
D magnesium chloride magnesium sulfate and hydrochloric acid

21 Which of the following is true about the Haber Process?

A The catalyst in the reaction is iron(III) oxide.
B The optimum temperature for the reaction is 450 C.
C A pressure of above 600 atm will result in lower yields.
D 1 mole of nitrogen reacts with 3 moles of hydrogen to form 2 moles of ammonia.

22 Which of the following statements best describes the mechanism of a hydrogen-oxygen
fuel cell?

A Hydrogen and oxygen undergo redox reaction to generate electricity.
B Hydrogen ions react with hydroxide ions to generate electricity.
C Electricity is used to provide heat energy.
D Electricity is used to generate hydrogen and oxygen.
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23 The energy profile diagram for the forward direction of a reversible reaction is shown.
 
 
 
 

activation energy
 
                                energy
 
                                                                                                    ∆H
 
 

progress of reaction
 
For the reverse reaction, which row correctly shows the sign of the activation energy
and the type of enthalpy change?

sign of activation energy type of enthalpy change
A negative endothermic
B negative exothermic
C positive endothermic
D positive exothermic

 
24 In four separate experiments, 1, 2, 3 and 4, nitric acid was added to excess marble chips 

and the volume of carbon dioxide formed was measured.
In all four experiments the same volume of nitric acid was used.
Its concentration, or temperature, or both concentration and temperature, were changed.
The results of the experiments are shown on the graph.

Which statement is correct?

A A lower concentration of acid was used in experiment 3 than in experiment 1.
B Experiment 4 was faster than experiment 3.
C The acid used in experiment 2 was of a lower concentration than in experiment 1.
D The temperature of the acid was the same in experiments 1 and 2.
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25 The following changes could be made to the conditions in the reaction between zinc and
hydrochloric acid.

1 increase in concentration of the acid
2 increase in particle size of the zinc
3 increase in pressure on the system
4 increase in temperature of the system

Which pair of changes will increase the rate of reaction?

A 1 and 2 B 1 and 4
C 2 and 3 D 3 and 4

26 Disproportionation is a reaction in which the same element is both oxidised and reduced.

Which reaction is an example of disproportionation?

A 3Cu + 8HNO3 3Cu(NO3)2 + 2NO + 4H2O
B 2KOH + H2SO4 K2SO4 + 2H2O
C 2NO2 + H2O HNO3 + HNO2

D 2Pb(NO3)2 2PbO + 4NO2 + O2

27 Aqueous potassium iodide, KI(aq), can be used as a test reagent in redox reactions.                    

Iodide ions are readily ……X…… A positive result for the test is when the solution
changes colour from ……Y…… to ……Z……..

Which words correctly complete gaps X, Y and Z?

X Y Z
A oxidised brown colourless
B oxidised colourless brown
C reduced brown colourless
D reduced colourless brown

28 In an electrolysis experiment, the same amount of charge deposited 54.0 g of silver and 
8.5 g of vanadium.

What is the charge on the vanadium ion?

A 1+
B 2+
C 3+
D 4+
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29 With reference to the diagram below, which of the following statements is correct?

A Copper electrode is the negative electrode.
B Metal X is below copper in the reactivity series.
C The mass of the copper electrode decreases.
D The mass of the metal X electrode decreases.

30 When electrolysed using inert electrodes, which dilute solution would produce the 
greatest increase in mass of the cathode?

electron flow

electrode made of metal X copper 
l t d

dilute sulfuric acid

inert 
electrode

A
aluminium 

sulfate

B
copper(II) 

sulfate

C
lead 

nitrate

D
silver 
nitrate
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31 The table shows some atmospheric pollutants and their possible effects.

Which row is not correct?

pollutant effect
A CFCs cause depletion of the ozone
B CO2 layer forms photochemical smog
C CO is poisonous to humans
D NO2 forms acid rain

32 The diagram below represents a section of a catalytic converter on the exhaust system 
of a car. Harmful gases are converted into carbon dioxide, nitrogen and water vapour.

Which processes take place in this catalytic converter?

I Carbon monoxide and hydrocarbons react together.

II Carbon monoxide and nitrogen oxides react together.

III Platinum and rhodium catalyse redox reactions.

A I, II and III

B I and II only

C II and III only

D I and III only

CO2

N2

H2O

CO
hydrocarbons

NOx

platinum and rhodium catalyst
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33 Which statement(s) best explains why bitumen has a higher boiling point than paraffin? 

1 Bitumen is more reactive than paraffin.
2 Bitumen is a pure substance whereas paraffin is a mixture.
3 Forces of attraction between the molecules of paraffin are weaker than that 

between the molecules of bitumen. 
4 There are smaller molecules in bitumen compared to the molecules in paraffin. 

A 1 and 2 B 1, 2 and 3
C 3 only D 3 and 4

34 Which compound is the most viscous and the least flammable?

A C6H14 B C8H18  

C C10H22 D C12H26  

35 The second member of a homologous series has the formula C7H8.

What is the formula of the first member?

A C6H6 B C6H8

C C6H7 D C7H6

36 An ester is produced by reacting together the carboxylic acid HCO2H and the alcohol
CH3CH2CH2OH.          

What is the name and structure of this ester?

name structure
A methyl propanoate CH3CH2CO2CH3

B methyl propanoate HCO2CH2CH2CH3

C propyl methanoate CH3CH2CO2CH3

D propyl methanoate HCO2CH2CH2CH3
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37 Compound Y

has the empirical formula CH2,
has an Mr of 56,
forms two alcohols that have different structural formulae when reacted with   
steam.

What is compound Y?

38 The structure of a polymer is shown below.

What is the molecular formula of the monomer?

A C2H4

B C3H8

C C4H8

D C4H10

CH CH2

CH2

CH CH2 CH CH2

CH3 CH2 CH3 CH2 CH3

A B

C D
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39 Aspirin is a drug which is used as a general pain killer. The structural formula of aspirin 
is shown below.

Which of the following statements about aspirin is false?         

A Its aqueous solution reacts with sodium carbonate.
B It decolourised aqueous bromine.
C It is formed from an alcohol and a carboxylic acid.
D It turns purple acidified aqueous potassium manganate (VII) colourless.

40 The diagrams show four monomers.
 

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

A 1
B 2
C 3
D 4
 
 
 
 
 
 
 

End of Paper
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2 GMS(S)/CHEM/P2/PRELIM2018/4E

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

The total mark for this section is 50.

A1 The following table shows some substances and their properties.

substance melting 
point (oC)

boiling 
point (oC)

solubility in 
water

electrical conductivity
when solid when liquid

A 3550 4830 insoluble poor poor
B -55.6 -78.5 slightly 

soluble
poor poor

C 1085 2562 insoluble good good
D 801 1413 soluble poor good
E -38.8 357 insoluble good good

(a) Using the letters A, B, C, D and E, which substance(s) is/are likely to have a 

(i) simple molecular structure, …………………………………………….… [1]

(ii) giant covalent structure, ………………………………………………. [1]

(iii) giant metallic structure. ………………………………………………. [1]

(b) Suggest a possible identity for element E.

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

(c) A student passed a current through molten substance D and after a while, a 
gas which rekindled a glowing splint was produced at the anode.

Write an ionic half-equation, including state symbols, for the reaction that 
happened at the anode.

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

[Total: 6]
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A2 The bond dissociation energies of some hydrogen halides are shown in the chart 
below. Bond dissociation energy is the energy that must be provided to the molecule 
in order to break the bond.

(a) Describe the trend shown in the above chart.

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

(b) Predict the bond dissociation energy of hydrogen astatide, HAt, by drawing the 
rectangular bar in the chart above.                                                                  [1]

(c) (i) Suggest which one of the hydrogen halides forms the strongest acid.

………………………………………………………………………………….. [1]

(ii) Explain your answer to (c)(i).

………………………………………………………………………………………

……………………………………………………………………………….…. [2]

(d) Hydrogen bromide can be produced by reacting hydrogen and bromine
according to the following reaction.

H2 (g) + Br2 (g) 2HBr (g)

The bond energies of some bonds are shown in the table below.

bond H-H H-Br Br-Br
bond energy (kJ/mol) 432 363 193

Calculate the enthalpy change of this reaction and state whether it is 
exothermic or endothermic.

[2]

[Total: 7]
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A3 This information comes from a textbook about elderberries.

(a) The chromatogram shown below was obtained when water was added to a drop 
of elderberries extract at the centre of a filter paper.

(i) Predict the colour of the elderberries extract at pH 7.

…………………………………………………………………………………[1]

(ii) An alternative set-up for the above experiment was shown below.

Given that the distance travelled by the dark pink dye is 1.00 cm,
complete the table above by stating the distance travelled by the light 
blue and dark blue dyes.                       [2]

Elderberries are widely used in wine making. Extract of 
elderberries is a useful pH indicator and it can be 
separated by chromatography. 

As an indicator, the colour of the extract changes to pink 
at a pH of 2 – 3 and to blue at a pH of 11 – 12.

elderberries

stopper

water

position of extract at the 
start of the experiment

filter paper strip

boiling tube

solvent front
dye Rf value distance 

travelled (cm)

light blue 0.2

dark pink 0.4 1.00

dark blue 0.5
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(b) The diagram below shows how pH values changed during a titration when an 
acid was added from a burette into a solution of an alkali. Some drops of 
elderberries extract were added at the start of titration.

(i) Suggest one possible chemical formula of the alkali.

………………………………………………………………………………... [1]

(ii) State the colour of the elderberries extract when the volume of acid 
added was

20 cm3, ……………………… [1]

30 cm3. ……………………… [1]

                [Total: 6]

pH

      5        10       15       20       25   30       35        40

                                 Volume of acid added (cm3)
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A4 Most vehicles have petrol or diesel engines, but some use fuel cells.

The flow charts show the substances entering and leaving a petrol engine and a fuel 
cell.

(a) Complete the flow chart for the fuel cell by filling in the empty boxes.  [1]

(b) The waste products from vehicles with petrol engines cause more harm to 
human health than those from vehicles with fuel cells.

Explain why this statement is true.

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………..……. [3]
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(c) Hydrogen for fuel cells can be obtained from water by electrolysis.

Electricity is used to provide energy for the electrolysis.

Complete the energy profile diagram for the electrolysis of water.

Your diagram should include
the formulae of the products of the electrolysis,
a label for the enthalpy change of reaction.

                                 ____H2O____

[Total: 6]

energy

progress of reaction                  [2]
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A5 A laboratory assistant has six elements that are consecutively arranged in the 
Periodic Table. He randomly assigns each element a letter, T, V, W, X, Y and Z. The 
letters do not represent the atomic symbols and the order of the elements.

He carried out some experiments on the elements and found the following properties.

V2 reacts with X2 to form a compound VX3.

Y forms a carbonate that decomposes to carbon dioxide and an oxide on 
heating.

W reacts with T2 to form W2T. W2T dissolves in water to form a solution that 
turns purple with addition of Universal Indicator.

Z is a gaseous element. It is used in advertising strip lights.

(a) Identify the following elements

(i) T, ………………………………………… [1]

(ii) W, ………………………………………… [1]

(iii) Z. ………………………………………… [1]

(b) Write down the product(s) formed from the reaction between

(i) Y and Cl2, ………………………………………………………………… [1]

(ii) X2 and NaCl. ……………………………………………………………….... [1]

(c) State the industrial conditions required to produce VH3. (H is hydrogen).

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

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

            [Total: 7]
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A6 The table below shows some information regarding three materials. They are Kevlar,
polyglycine and Teflon.

(a) Identify the reaction that formed

(i) Kevlar, …………………………………………………                      [1]

(ii) polyglycine, …………………………………………………                      [1]

(iii) Teflon. …………………………………………………  [1]

(b) During polymerisation to form Kevlar and polyglycine, hydrogen chloride and 
water are released respectively.

Draw the structure of the monomer(s) that formed

(i) Kevlar,

[2]

name of material structure of polymer

Kevlar

polyglycine

Teflon
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(ii) polyglycine.

[1]

(c) Suggest the structural formulae of the products formed from a reaction between 
glycine and ethanol.

[2]

[Total: 8]
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A7 A new type of electroplating is known as ‘brush electroplating’.
It is used to electroplate zinc onto very large iron supports to be used in buildings.
The iron supports are too big to be plated in a normal electrolysis tank.

During the process, a metal brush spreads a layer of aqueous zinc sulfate over the 
iron surface.
A battery gives the brush a positive charge and gives the iron support a negative 
charge.
A layer of zinc forms on the surface of the iron support.

(a) The surface of the iron acts as a cathode.
Zinc ions from the solution form zinc on the surface of the iron. 

Write an ionic half-equation, with state symbols, for this reaction.

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

(b) Two different designs of metal brush are available.
One type of brush is made from zinc, one type is made from platinum.
As the electrolysis takes place, each brush has a different effect on the 
concentration of zinc ions in the solution.

(i) What will happen to the concentration of the zinc ions during the 
electrolysis if the brush is made from platinum?

………………………………………………………………………………… [1]

(ii) What will happen to the concentration of the zinc ions during the 
electrolysis if the brush is made from zinc?

………………………………………………………………………………... [1]

layer of aqueous zinc sulfatelayer of zinc sulfate
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(iii) Platinum brushes are much more expensive than zinc brushes.
However, zinc brushes need replacing regularly but platinum brushes do 
not.
Explain why.

…………………………………………………………………………………….

……………………………………………………………………………..…. [2]

(c) During the process, a worker needs to hold the brush.

Which of the following materials would be a good choice for the handle of the 
brush? Give a reason for your answer.

            chromium       copper       graphite       iron       poly(ethene)

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

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

(d) Explain why iron supports coated with zinc do not rust, even if the zinc coating 
is damaged.

…………………………………………………………………………………………….

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

[Total: 10]

End of Section A
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Section B
Answer all three questions from this section.

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

The total mark for this section is 30.
Write your answers in the writing papers provided.

B8 Chlorofluorocarbons (CFCs) are inert on the Earth’s surface. However in the 
stratosphere, they are very reactive. CFCs are part of a group of compounds which 
can be classfied as ozone depleting compounds. Other than CFCs, there are also 
hydrofluorocarbons (HFCs), hydrochlorofluorocarbons (HCFCs) and perfluorocarbons 
(PFCs). Some common examples of CFC and HCFC molecules are shown below with 
their names.

A naming system for these substances was devised several decades ago. The 
prefixes to the name tell us the elements present in the compound as shown in the 
table below.

The numbers suffixed to the names of the compounds give us the number of each 
type of atom present in one molecule of the compound. The key to decoding the 
number is simply to add 90 to the number suffixed to the name.

.
For example, to decode the number of atoms in CFC-113a, we add 113 to 90 to obtain 
203. The first number, 2, tells us the number of carbon atoms, the second number, 0, 
tells us the number of hydrogen atoms, and the third number, 3, tells us the number of 
fluorine atoms. Chlorine atoms make up the remaining bonds since all these 
compounds are saturated.

prefix elements  present
PFC carbon, fluorine
CFC carbon, fluorine, chlorine
HFC hydrogen, carbon, fluorine

HCFC hydrogen, carbon, fluorine, chlorine
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The letter ‘a’ in CFC-113a tells us about the structural formula of the compound. The 
arrangement of the type of atoms in the compound that most evenly distributes atomic 
masses has no letter. The second most even distribution is given the letter ‘a’, the third 
most even distribution is given the letter ‘b’, so on and so forth.

                 

Although most of these substances are harmful to the ozone layer, they can also be 
used to make polymers by first converting them to alkenes. For example, HCFCs react 
with potassium hydroxide which is dissolved in ethanol (solvent) to give an alkene, 
potassium chloride and water. An example of the reaction is shown below.

                                                 

The alkene produced from the above reaction can be used to make useful polymers 
such as the one shown below.

(a) Draw the structure of a PFC molecule with two carbon atoms. [1]

molecule atomic mass on left carbon atomic mass on right carbon

73.5 90

57 106.5

ethanol+ KOH +  H2O  +  KCl
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(b) Copy the table below and draw the other two isomers of HCFC-141 in the 
correct respective boxes. [2]

(c) A student comments that HFCs are safer alternatives to CFCs as HFCs do not 
harm the environment like CFCs do. 

Explain why the student is correct. [1]

(d) Use the naming system discussed in the passage, write down the names of the 
following molecules.

(i)

(ii)

(e) (i) A scientist wants to produce the polymer, polyvinyl fluoride, using 
HCFCs. 

Using a suitable HCFC, write down two equations showing the reactions 
he has to carry out to produce polyvinyl fluoride. Show the structures of 
all the organic compounds in your equations. [3]

HCFC-141a HCFC-141b

                                                                                      [1]

                                                                                    [2]

polyvinyl fluoride
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(ii) Samples of the polyvinyl fluoride polymer produced were analysed and 
found to have a maximum relative molecular mass of 12000. 

What is the maximum number of repeating units for this polymer?        [2]

[Total: 12]

B9 Fats and oils such as butter, lard, tallow and coconut are compounds formed by the 
reaction between fatty acids and an alcohol. Fatty acids may be saturated or 
unsaturated in nature.

A student collected some data about fatty acids present in some common types of oil 
or fats, which are shown in the table below.

Lauric acid, palmic acid and linoleic acid are unsaturated fatty acids while stearic acid 
and oleic acid are saturated fatty acids. Fats and oils containing saturated fatty acids 
are less healthy than unsaturated ones.

(a) Linoleic acid, C17H31COOH is a fatty acid found mainly in sunflower or palm oil.
Stearic acid has a molecular formula of C17H35COOH.

(i) State the reagent and conditions required to form stearic acid from 
linoleic acid in the laboratory.            [2]

(ii) Describe an experiment to show that all the linoleic acid had reacted 
completely to produce stearic acid. You are to include the expected 
observation. [3]

(b) Which types of oil or fats is the healthiest? Explain your answer. [1]

(c) 10 g of oil (Mr = 800) completely reacted with 1.8 dm3 of hydrogen measured at 
room temperature and pressure.

Calculate the number of moles of hydrogen that react with one mole of the oil. 
Hence, deduce how many C = C bonds there are in one molecule of this oil.  [2]

[Total: 8]

% by mass of fatty acid present in substance

lauric 
acid

palmic 
acid

stearic 
acid

oleic acid linoleic 
acid

butter 2-3 23-26 10-13 30-40 4-5

lard <1 28-30 12-18 41-48 6-7

tallow <1 24-32 14-32 35-38 2-4

coconut 45-51 4-10 1-5 2-10 0-2

b tt

types of 
oil or fats

types 
of fatty
acids
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EITHER 

B10 Sulfur dioxide reacts with chlorine gas in the presence of a catalyst to form a single 
liquid product, sulfuryl chloride, SO2Cl2.

(a) Draw a ‘dot-and-cross’ diagram for chlorine gas.
Show the outer shell electrons only. [2]      

(b) Student A says, “The sulfur in sulfur dioxide is oxidised.”
Student B says, “Sulfur dioxide is an oxidising agent.”

Do you agree with both of them, one of them or neither of them? 
Explain your answer. [2]

(c) Sulfuryl chloride can be heated to produce sulfur dioxide and chlorine. 

How can the identities of these two gases be confirmed? [2]

(d) Sulfuryl chloride reacts with water to form two strong acids. One is a dibasic 
acid while the other is a monobasic acid.

(i) Write down the equation for this reaction. [1]

(ii) Calculate the volume of 0.5 mol/dm3 of dilute sodium hydroxide required 
to completely neutralise the acidic solution produced by reacting one
mole of sulfuryl chloride with water.                       [3]

[Total: 10]
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OR

B10 Calcium carbonate decomposes when it is heated.

CaCO3 (s) CaO (s) + CO2 (g)

In an experiment, 10.5 g of calcium carbonate was heated to a constant temperature.

(a) Sketch a graph to show how the volume of carbon dioxide collected changes 
with time.
Explain your answer. [4]

(b) Calculate the maximum volume of carbon dioxide, at room temperature and 
pressure, that can be formed from 10.5 g of calcium carbonate. [2]

(c) The experiment was repeated under the same conditions using zinc carbonate 
instead of calcium carbonate. 

(i) Describe how the rates of the reactions would be different. 
Explain your answer.               [2]

(ii) The same mass (10.5 g) of zinc carbonate was used. Would the total 
volume of carbon dioxide formed be the same?
Explain your answer. [2]                   

[Total: 10]

End of paper
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Geylang Methodist School (Secondary)
Preliminary Exam 2018

Chemistry 6092
Paper 1

Paper 2
Section A

A1 (a) i. B
ii. A
iii. C and E

Note: both answers must be correct to award 1 mark.

[1]
[1]
[1]

(b) Mercury [1]
(c) 2O2- (l) O2 (g) + 4e    Note: [1] for chemically balanced ionic 

equation without state symbols.
[2]

A2 (a) The bond dissociation energies of hydrogen halides decreases
from HF to HAt.

[1]

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

10 A 20 D 30 D 40 C

Marking Scheme
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Paper 2
Section A

A1 (a) i. B
ii. A
iii. C and E

Note: bobothth aansn weersrs mmusust t beb  correct to award 1 mark.

[1]
[1]
[1]

(b) Mercury [1]
(c) 2OO22- ((ll)) OO22 (g(g)) ++ 4e  Note: [1] for chemically balanced ionic

equation without state symbols.
[2]

A2 (a) The bond dissociation energies of hydrogen halides decreases [1]

2 C 12 B 22 A 32 C
3 C 13 A 23 D 33 C
4 B 14 C 24 A 34 DD
5 A 15 C 25 B 355 AA
6 A 16 B 26 C 3636 DD
7 C 17 B 27 B 3737333737373733737373737373373733737337373737337373737373737337373737373737373737737333373773737373733377373777333333777737373737333373777373777733337337777733777777333737777733373333737777773773773337737377377333333337373 B
8 D 18 B 28 C 3838383838383838383838383883838383838383838383838383838383383838338383838333383838333833833838383833833383833333838383383838383383838383383383838383838383838388383333838333833883838383838333838388388333383833883883338838388383833383888388883888833333383388888 CC
9 C 19 A 29 D 3333333333339393333333333333333333333333 DD

10 A 20 D 30 D 40 CC
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A2 (b)

Accept if answer is between 200-275kJ/mol

[1]

(c) i. HAt   Note: chemical name is acceptable.

ii. HAt has the lowest bond dissociation energy therefore
hydrogen ions will be produced most easily.

[1]

[1]
[1]

(d) Enthalpy change = 432 + 193 – 2(363) = -101 kJ
Exothermic reaction

[1]
[1]

A3 (a) i Purple / violet
Acceptable: bluish-purple or purplish-blue

[1]

(a) ii Light blue – 0.500 (3sf)
Dark blue – 1.25 (3sf)

[1]
[1]

(b) i Any strong alkali such as NaOH, KOH [1]

(b) ii 20 cm3 – blue
30 cm3 - pink

[1]
[1]

A4 (a) [1]

(b) Steam, which is the product of fuel cell, has no adverse effect on 
human health. 
Waste product, like carbon monoxide, from incomplete combustion
of petrol, can react with haemoglobin in blood to form 
carboxyhaemoglobin. As a result, haemoglobin cannot transport 
oxygen to the rest of the body.

[1]

[1]
[1]

Note: Both answers 
must be correct to 
award 1 mark.
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A2 (b)

Accept if answer is between 200-275kJ/mol

[1]

(c) i. HAt   Note: chemical name is acceptable.

ii. HAt has the lowest bondnd ddisissosociatatioionn enenerergyg  therefore
hydrogen ions will be prprododucu edd mmosost t eae sily.

[1]

[1]
[1]

(d) Enthalpy change = 432 ++ 191933 –– 2(2(36363)3) == -101 kJ
Exothermic reaction

[1]
[1]

A3 (a) i Puurprplele // vvioioleet
Accceceptptabable:: blbluiu sh-purple or purplish-blue

[1]

(a) ii Light blblueu  – 0.500 (3sf)
Dark blue – 1.25 (3sf)

[1]
[1]
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A4 (c) [2]

A5 (a) i. Oxygen
ii. Sodium
iii. Neon

[1]
[1]
[1]

(b) i. YCl2
Accept: magnesium chloride

ii. NaX and Cl2
Accept: sodium fluoride and chlorine

[1]

[1]

A5 (c) 200-250atm

400-500oC

Iron catalyst

Note: 2 marks for 3 correct answers; 1 mark for 2 correct answers.

[2]

A6 (a) i. condensation polymerisation
ii. condensation polymerisation
iii. addition polymerisation

[1]
[1]
[1]

(b) i. [1]

[1]

ii. [1]

2H2 + O2

2H2O

[1] – correct graph

[1] – for correct
labelling
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A4 (c) [2]

A5 (a) i. Oxygen
ii. Sodium
iii. Neon

[1]
[1]
[1]

(b) i. YCl2
Acceppt: mamagng esiuum m chchloloride

ii. NaNaX X ana d ClCl22
Acceptpt:: sosodidiumum fflluoride and chlorine

[1]

[1]

A5 (c) 202000-25250a0atmtm

40000--505000ooCC

Iron catalyst

Note: 2 marks for 3 correct answers; 1 mark for 2 correct answers

[2]

2H2 + O2

2H2O

[1] – correcct t grgrapaph

[1] – foorr cocorrrecctt
lalabebelllling
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(c) [1] for
each

Section B

A7 (a) Zn2+ (aq) + 2e Zn (s) [2]

(b) i. Concentration of zinc ions will decrease over time.

ii. Concentration of zinc ions will remain constant throughout
electrolysis.

iii. Zinc brush will form zinc ions during electrolysis and will be used
up whereas platinum is an inert electrode therefore no change in
mass.

[1]

[1]

[1]
[1]

(c) Material – poly(ethene)
Reason – It does not conduct electricity.

[1]
[1]

A7(d) Zinc is more reactive than iron and therefore provides sacrificial 
protection by corroding in place of iron.

[1]
[1]

B8 (a) [1]

(b) HCFC-141a HCFC-141b

[1] for each box.

[2]

(c) HFCs do not contain chlorine atoms which will deplete the ozone layer. [1]

(d) i. CFC-111
ii. HCFC-132a Note: 1 mark for 132, 1 mark for a

[1]
[2]

i.
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Section B

ii. Concentration of zinc ions will remain constant throughout
electrolysis.

iii. Zinc brush will form zinc ions during electrolysis and will bebe uusesedd
up whereas platinum is an inert electrode therefore noo cchahangn e e inin
mass.

[1]

[1]
[1[ ]

(c) Material – poly(ethene)
Reason – It does not conduct electricity.

[1]
[1]

A7(d) Zinc is more reactive than iron and therefore prprrrovovovovovovoooovovvovvvovovovovvovovvvovovoooovovovovvvovvvvovovovvvvvvvvvvovvoovoovvvvvvvvvvvvoooooovvovvovovooovvvvvovoooovovvooooovvovooovovovoovvvovvvvvididididdidididdddidididdddddididiididddidididididididdididddddididdiddiddididididididdiddddiddididiidididdidididdddididdidiiiddidiiiidididiiiididiiididddddddddddiddddddddddidddeseseseseseseesesesesesesesesseseseseseseseseseeeeseseeseesseseesesesesessseseeeeseeessseeseesseseesesseseseseesssseseeeesesssseseessssseeeessssssesseessesssessssessessssssessssssssssessssssssse ssssssssssssssssssssssssssssssssssssaaaaaaacaa rrrrifffficicicicialaaa  
protection by corroding in place of iron.

[1]
[1]

B8 (a) [1]

(b) HCHCFCC--14141a1a HCFC-141b

[1] for each box

[2]
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B9(a) i. Reagent: hydrogen gas
Conditions: Nickel as catalyst, 200 oC

ii. Add aqueous bromine to the reaction mixture.
If all the linoleic acid has reacted, the reddish-brown colour of
bromine remains.
If some linoleic acid is present, the reddish-brown colour of bromine
decolourises rapidly.

[1]
[1]

[1]
[1]

[1]

B9(b) Coconut oil is the healthiest.
It contains the highest percentage of unsaturated fatty acids/ It contains 
the lowest percentage of saturated fatty acids.

Note: Explanation must be correct in order to award mark.

[1]

(c) No. of moles of hydrogen reacted = 1.8/24
= 0.075 mol

Number of moles of oil = 10/800
= 0.0125 mol

Number of moles of hydrogen : number of moles of oil
0.075   : 0.0125
     6    :  1

There are 6 double bonds in one molecule of oil.

[2]

B8(e)

   I: C CH

Cl

FH

H

H

+ KOH                

C C

H

FH

H + H2O + KCl

1 mark for correct HCFC used; 1 mark for equation.

   II:  

[2]

[1]

(e) ii. Mr of repeating unit: 12 x 2 + 19 + 1 x 3 = 46
No. of repeating units: 12000/46 = 260 (round down)

[1]
[1]

[1]

[1]

ethanol

n
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B9(a) i. Reagent: hydrogen gas
Conditions: Nickel as catalyst, 200 oC

ii. Add aqueous bromine to the reaction mixxtututututuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuurererererererererererereerererererereereeeeeeerereereeeereerererereerrrrereeerereeerrerrerererrrererrererrrerrrrrerrrrrreererrrereeererererrereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee...
If all the linoleic acid has reacted, the reddishhhhhh----brbrbbrbrbrbrbrbrbrbbbbbrbbrbbbrbrbrbrbrbrbrbrbrbrbbrbrbrbrbrbrbbrbrbrbbbrbrbbbrbrbrbbrbrbrbrbbbrbbrbrbbbbrbbbrbbbbrbrbrbbbbbrbrbrbbbbbrrbrbrbrbbbrrbrbrrbrbrbbrbbrrrbbbbrbbrrrrrrbbrrrrrrrrrrrrrrrrrrrbrrbrbrrrowowowowowowowowowowowwowowowowowowowowowowowowowowowowowowowowowowwowowowowowowoowowowowowwwoowwwwowwowowwwwwowwwowwowowowowowwowoowowowowoowowwoowwwwwowowwwowwoowowwwoooooooowwwwooowwooooooooowwwwwooowooowooowooowwoooowwoooooooo nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn cccccccccocccccccccccccc loooouuurur oooof
bromine remains.
If some linoleic acid is present, the reddish-brb own colourr ooff bbromine
decolourises rapidly.

[[1]
[1]

[1]
[1]

[1]

B9(b) Coconut oil is the healthiest.
It contains the highest percenntatagege oof f unsasatuturaratetedd fatty acids/ It contains 
the lowestt percentage of satuuraratetedd fattty y aca idids.s

Note: Explanation must be cocorrr ecect inin oordrderer ttoo award mark.

[1]

(c) No. of moles of f hyhydrd oggenen rreaeactcteded = 1.8/24
= 0.075 mo

Number of moleess ofof ooilil == 110/800
= 0.0125 mol

Numberr oof f momoleles s of hydrogen : number of moles of oil
0.075   : 0.0125
   6    :  1

There are 6 double bonds in one molecule of oil.

[2]

   II:  
(e) ii. Mr of repeating unit: 12 x 2 + 19 + 1 x 3 = 46

No. of repeating units: 12000/46 = 260 (round down)
[1]
[1]

ol
[1]

[1]
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Either
B10(a)

1 mark for correct bonding, 1 mark for correct number of electrons for 
each element.

[2]

(b) Student A is correct as the oxidation state of sulfur in sulfur dioxide 
increases from +4 to +6.
Student B is wrong as sulfur dioxide reduces the oxidation state of 
chlorine from 0 to -1, hence sulfur dioxide is the reducing agent.

[1]

[1]

(c) SO2, when bubbled through acidifed potassium manganate(VII), will 
decolourise the purple solution. 

A damp blue litmus paper when placed near the heated liquid will turn 
red before being bleached by Cl2.

[1]

[1]

(d) i. SO2Cl2 + 2H2O H2SO4 + 2HCl [1]

(d) ii. No. of moles of H2SO4 = 1 mole
No. of moles of HCl = 2 moles
H2SO4 + 2NaOH Na2SO4 + 2H2O (equation not needed)
No. of moles of NaOH needed to neutralise 1 mole of H2SO4
= 2 moles [1]
HCl + NaOH NaCl + H2O (equation not needed)
No. of moles of NaOH needed to neutralise 2 moles of HCl
= 2 moles [1]
Total moles of NaOH needed = 4 moles
Volume of NaOH needed = 4 ÷ 0.5 = 8 dm3 [1]

[3]

Refer to 
marks 
allocation 
on the 
left.
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B10(a)

1 mark for correct bonding, 1 mark for correct nummmmmmmmmmmmmmmmmmmmmmmmbebebebebebebebebebebebebebebebebebebebbbeerrrrrrrrrrr rrr r rrrr ofofofofofofofofofofofofofofofofofofofofof eeeeeeeeeeeeeeeeeeeeelectrororooororororoorororororororororororonsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnssnsnsnsnsnssn fffffffffffffffffffforororororororororororororororororororororo  
each element.

[2]

(b) Student A is correct as the oxidatiooooooooooooooonnnnnnnnnnnnnn stsssssssssssssssss ate e e eeeeee ee e e eeeeeeeeeeeee ofofoooooofofofofofofofoooofoffofoffffffooffofoofofffoofofofooffofofffofoffffoffofffoffofffffffffffofofffffofooofffffffoooffffofoooofofooofoooooofofoooofoooofooooooofofoooofoofofofofofofoofoooofoofooffofoofooo sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssulululuuuulululuuluuuuululuulululululuuuuuuululuuuulululuuululuuuulllluluuullululllllluluuululululululuuulululuuuuuluuulluuuluuuuuuuluuuuluuuuuuuuuluuuuuulllfufufufufufufufffufufufufufufuffuffufufuffufuffufuffuffufufufufufufufuffufufufufuufufufufufufuuuuuuufufufuuuuuuuufuufuuuufuuuuuufuuufufuufufuufuuufufuufuufufufuufuuufffffufffufuffuffufuffuuuuuuuuufffuuuuuuuufuuuuufuuuuuuuuurrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr r rrrrrrrrrrrr rrrr ininininiininininininininininiiiininiiniiininiiniinininiiinininininninninininninnnnininnnnininnininnnininnnninnnnninninninnnnnininnnnninnnnnnnnnnnninninnnininninninnnnnnn ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssulululululuuuulululuuulululuulululululululuuluuluuuuuuuuuuluuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu fufufufufufufufufufuffufufufuffufufufufuffuf rrrrrrrrrrrrrrrrr rr didididdddididididdddididididdddioxoxoxoxoxoxoxoxoxoxoxoxoxoxoxxoxoxo ididddiddiddiddiddiddididididididideeeeeeeeeeeeeeeeeeeeee
increases from +4 to +6.
Student B is wrong as sulfur rrrrrrr didddddddddddddddd oxoxoxoxooxoxooxoxooxoooxooxo ide reeeeeeeeedududududdddddddddddddd ceccccceccccccccc s the oxidatttttttttttttttttttttioooooooooooooooooooonnnnnnnnnnnnnnnnnnnnn statttttttttteeeeeee e e eee ee eeeeeeee ofofofofofofofofofofofofofofofofoooooo  
chlorine from 0 to -1, heheheehehehehehehehehehehehhh nceeeeeeeeee susususususususususususuususs lflfllflflfllfllfllflfurrrrrrrrrrrrrrrrrrr dioxideeeeedeeeeeeeeeeeee iiiiisssssssssss the reducingngngnnnnnnngnnnnnnngnn aaaaaaaaaaaaaaaaaaaaagent.

[1]

[1]

(c) SO2, when bubbled thrrrrrrrrrrrrrrroughghghghghghghghghghghghghghghghhghg  acacacaccacacacacaacaccacaca ididididiididididididiidididdififiififififififififififififffffedededededededdededededdee ppppppppppppppototooototototoootototooo asasasasasasassasasassasasaaa siumumumumumumumumumumummmummumumummummumum manganananananananananananananananannananaaatttttetetttttttttttttt (VII), will 
decolourise thhhhhhhhhhhhhhhe purppppppppppleleleleleleleleleleleleelee sssssssssssolololololololololololooolololoo ututututututututututututututututututu ioioiooioioioioioioioioioooon.n.n.n.n.n.n.n.n.n.n.n.nn.nn.nnnn  

A dampmpmmpmpmmpmmpmmpmpmmpmppp blue eeeeeeeeeeeeeee litmtmttmtmtmtmtmtmttmtmtmtmtmtmmtt usuuuuuuuuuuuuuuu pppppppppppppppppapapaaapapaaaaaaapaaapererererereerererererereerereerrr whwhwhhhhwhhhwhwhhhenenennenenenenenenenenenenenennenennenenennenne  plaaaaaaaaaaaaaaaaaaacecececececececececececececececececeeeed dddddddddddddddddddd neneneneneneneneneneneeneneneneneneneneeararararararararararaarararaarararrr ttttttttttttttttthehhhhhhhhhhhhh  heated liquid will turn 
reddddddddddddddd bebebebebebebebebbebebebebebbebeefofooooooooooooooorerrrrrrrr  beieeeeeeeeeeeeeee ngggggggggggggggggg bbbbbbbbbbbbbbbbleeeeeeleeleeeeeeeleeacacaacacacacacaacacacaccccachehehehehehehehehehehehhheheheeeeddddddddddddddddddd byyyy CCCCCCCCCCCCCCCCCCClllllllllllllllllllll22222222222222222lllllllllllll .........

[1]

[1]

(d) i. SOSOSOSOSOSOSOSOSOSOSOSOSOSOO2Cl2 ++++++++++++++++++ 2H2H2H2H2H2H2H2H2H2H2H2HHHHH2OOOOOOOOOOOOOOOOOO H2SOOOOOOOOOOOOOOOOOOOOOOO44444444 +++++++++++++++++++++ 2H2H22HH2H22H2H2H2H2HH2H2H2HHHClClCClClCCClClClClCCCClClCCClCC [1]

(d) ii.iiiiiiiii No. ofofofofoofofofofofoofofoofofof mmmmmmmmmmmmmmmmmolesesesssesesessssssssssssssss oooooooooooooooooooooooof fffffffffffff H2SOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOOSOSOOSOSOOS 444444444444444444 =========== 111111111111111111111 momomomomomomomomoomomomomomomomommomomommomm le
NoNoNoNoNNNoNoNNoNNNN . ofofofofofofofofofofofofoofooff mmmmmmmmmmmmmmmmmmololololololllollllolollololo eseeeeeeeeeeeeeeeeee  of fff ff HCHCHCHCHCCCCHCHCCHCHCHCHCHCHCCCHCHCHCHHHCClllllllllllllllllll ==================== 22222222222222222222 mommmmmmmmmmmmmmmmmmmmmmm les
H222222222222222SOSSSSSSSSSSSSSS 4 + 2NaOaOaOaOaOOaOaOaOaOaOaOaOaOaOaOaOaOaaaOHHHHHHHHHHHHHHHHHHHHHHHHHH NaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNaaNaNNaNaaNNaaNN 22222222SO4 + 2H2O (equation not needed)
NoNooooooooooooooooo. ofofofofofofofofofofofofofofofofofoffofofoffoff mmmmmmmmmmmmmmmmmmolololololololololololoolololoololooooo eseseseseseseseseseeeseseseeesssss oooooooooooooooooooooof ffffffffffffffff NaNaaNaNaNaNaNaNaNaNaNaaNaNaNNaNNaNNaNaN OH needed to neutralise 1 mole of H2SO4
= 2 momomomomomomomomomomomomomomomomooommomomomomoolelelelelleleelelelelellelleeeeeeeeel s sssssssssssss [1[1[1[1[1[1[1[1[1[1[1[1[[1[[111[1[111[1]
HCl + NaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNNaNaNaNNaaNaNN OHOOOOOOOOOOOOOOOOOOOOO  NaCl + H2O (equation not needed)
No. of moles of NaOH needed to neutralise 2 moles of HCl
= 2 moles [1]

[3]

Refe
mark
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 7 

OR
B10(a)

                       

Note:
There isn’t a need to indicate the reaction rate on the graph.

The initial rate of decomposition is the fastest therefore the gradient is
the steepest. As the rate of decomposition slows down, the gradient 
becomes less steep. Finally reaction stops when all calcium carbonate 
is used up and gradient is zero.

[1] –
graph 

[1] -
correct 
labels 
and units

[1]

[1]

(b) No. of moles of CaCO3 = 10.5 / 100 = 0.105 mol
Volume of CO2 = 0.105 x 24 = 2.52 dm3

[1]
[1]

(c) i. The rate of decomposition of zinc carbonate will be faster than the 
rate of decomposition of calcium carbonate.
Zinc carbonate is less thermally stable than calcium carbonate   
therefore it decomposes more readily than calcium carbonate.

Note: Ignore reference to metal reactivity, no mark will be awarded.

[1]

[1]

ii. No.

Possible explanation:    
No. of moles of ZnCO3 = 10.5 / 125 = 0.084 mol
Volume of CO2 = 0.084 x 24 = 2.02 dm3

OR

Since there are fewer moles of zinc carbonate therefore the volume
of carbon dioxide collected will be lesser.

no mark

[1]
[1]

[1]
[1]

END OF PAPER

volume of CO2
/ cm3

time / s
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1 Calcium carbonate reacts with hydrochloric acid, producing carbon dioxide gas.

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

The rate of this reaction can be measured using the apparatus shown.

Which additional piece of apparatus is also required?

A a burette
B a clock
C a gas syringe
D a thermometer

2 The fractional distillation apparatus shown is being used to separate a mixture of two 
liquids. A thermometer is missing from the apparatus.

Where should the bulb of the thermometer be placed?
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3 The oxidation of ethanol to ethanoic acid is often carried out in the apparatus shown.

What is the purpose of the condenser?

A to prevent any ethanol from escaping
B to prevent air from reacting with the ethanoic acid
C to prevent the ethanoic acid from reacting with the ethanol
D to prevent the ethanoic acid from changing back to ethanol

4 The table shows the results of two reactions of an aqueous solution of a salt.

reagents final observation
excess aqueous sodium hydroxide white precipitate
dilute nitric acid and aqueous silver nitrate yellow precipitate

What is the name of the salt?

A calcium chloride
B calcium iodide
C zinc nitrate
D zinc sulfate
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5 Which property or properties will affect the rate of diffusion of gases?

1 Temperature
2 Solubility
3 Molecular mass

A 1 only
B 1 and 2
C 1 and 3
D All of the above

6 Alpha particles consist of two protons and two neutrons bound together into a particle 
identical to a helium-4 nucleus.

In the Rutherford gold foil experiment, a thin piece of pure gold foil was used. After 
alpha particles were shot at gold foil, scientists noticed only a tiny fraction of the alpha 
particles were deflected by a large angle. Most flew straight through the foil. 

Suggest a reason for this phenomenon.

A The gold atoms consist of a small positively charged nucleus with large, empty 
spaces between the nucleus.

B The gold atoms consist of a small negatively charged nucleus with large, empty 
spaces between the nucleus.

C The gold atoms are surrounded by small positively charged electrons with large, 
empty spaces between the electrons.

D The gold atoms are surrounded by small negatively charged electrons with large, 
empty spaces between the electrons.

7 X, Y and Z are 3 different elements in the Periodic Table. The ‘dot-and-cross’ diagram 
of the compound formed from X, Y and Z is shown below. Only the valence electrons 
are shown.

Which statements are correct?

1 Element Y could be lithium.
2 Element X belongs to Group VI of the Periodic Table.
3 Elements X and Z are bonded together by covalent bonds.
4 There are more electrons than protons in ZX2–. 

A 1 and 3 only
B 2 and 4 only
C 1, 2 and 3 only
D 2, 3 and 4 only
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8 The table below shows the number of neutrons and electrons in the following four 
particles. 

Particle Number of neutrons Number of electrons
W 18 8
X+ 12 10
Y2- 16 10
Z 13 11

Which of the following atoms is an isotope of W? 

A X

B Y

C Z

D None of the above

9 The diagram shows the arrangement of the ions in an ionic crystal.

Which substance cannot have this arrangement of its ions?

A CuSO4

B KCl
C MgO
D Na2S

10 Which of the following correctly describes the particles in a very dilute sodium chloride 
solution at room temperature?

ions of sodium chloride water molecules
A widely separated, 

moving at random
close together, 

moving at random
B widely separated, 

vibrating about fixed positions
close together, 

moving at random
C close together, 

moving at random
widely separated, 
moving at random

D close together, 
vibrating about fixed positions

widely separated, 
moving at random
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11 The table gives the properties of four substances.
Which substance is a solid metal at room temperature?

melting point
/ °C

boiling point
/ °C

electrical
conductivity
when solid

electrical
conductivity
when molten

A 808 1465 key
B 98 890 = conducts
C 119 445 = does not conduct
D -39 357

12 The diagram shows the structure of hexagonal boron nitride.

Which property is hexagonal boron nitride most likely to have?

A It is soluble in water.
B It has a low melting point.
C It is soft and acts as a lubricant.
D It does not conduct electricity in solid state but conducts electricity in liquid state.

13 Which statement is not true for all metals when they are in solid state?

A They conduct heat.
B They are malleable.
C They conduct electricity.
D They form coloured compounds.

14 All of the following substances can conduct electricity.
Which substance’s conductivity is not due to the movement of electrons?

A aluminium
B graphite
C lithium chloride
D mercury
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15 One mole of a sample of hydrated sodium sulfide contains 162 g of water of 
crystallisation. What is the correct formula of this compound?

A Na2S.3H2O
B Na2S.5H2O
C Na2S.7H2O
D Na2S.9H2O

16 Hydrogen reacts with oxygen as shown in the equation below.

2H2(g) + O2(g) 2H2O(l)

How much gas will remain if 2 dm3 of hydrogen are reacted with 1 dm3 of oxygen at 
room temperature?

A 0 dm3

B 1 dm3

C 2 dm3

D 3 dm3

17 A sample of copper contains a metal impurity which is below copper in the reactivity 
series. The diagram shows the apparatus used for refining the sample.

The loss in mass of the anode is 50 g and the gain in mass of the cathode is 45 g.

What is the percentage purity of this sample of copper?

A 10.0%
B 11.1%
C 90.0%
D 95.0%

18 What products are formed when concentrated aqueous potassium chloride is 
electrolysed?

at the anode at the cathode
A chlorine hydrogen
B chlorine potassium
C oxygen hydrogen
D oxygen potassium

sulfate
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19 A galvanic cell is set up as shown below.

Which pair of electrodes would give the largest magnitude on the voltmeter reading? 

electrode E electrode F
A copper zinc
B magnesium copper
C silver magnesium
D zinc iron

20 Which of the following is an endothermic reaction?

A the combustion of ethanol in air
B the oxidation of carbon to carbon dioxide
C the reaction between hydrogen and oxygen
D the formation of a carbohydrate and oxygen from carbon dioxide and water

21 Nitrogen and hydrogen react to give ammonia according to the equation.

N2(g) + 3H2(g) 2NH3(g)

The bond energy of some covalent bonds are shown below.

bond bond energy (kJ/mol)
N N 945
H–H 436
N–H 391

What is , in kJ/mol, for the reaction above?

A –1471
B –93
C 93
D 1471
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22 Limestone usually contains impurities.
The diagram below shows the change in mass when pure calcium carbonate is 
heated.
Which graph, A, B, C or D, shows a sample of limestone, of the same mass,
containing impurities that do not thermally decompose?

23 The following changes could be made to the conditions in the reaction between zinc 
and hydrochloric acid.

1 increase in concentration of the acid
2 increase in particle size of the zinc
3 increase in pressure on the system
4 increase in temperature of the system

Which pair of changes will increase the rate of reaction?

A 1 and 2
B 1 and 4
C 2 and 3
D 3 and 4

24 Why is nickel used in the addition of hydrogen to alkenes?

A It increases the yield of products.
B It makes the reaction more exothermic.
C It prevents a reverse reaction from occurring.
D It lowers the activation energy of the reaction.
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25 Iron is extracted from its ore haematite, Fe2O3, by a reduction process in the blast 
furnace.

Which equation for reactions in the blast furnace shows the formation of the reducing 
agent?

A CaCO3 CaO + CO2

B CaO + SiO2 CaSiO3

C CO2 + C 2CO
D C + O2 CO2

26 Sodium hydroxide solution was added to dilute hydrochloric acid. The pH of the 
solution in the flask was measured at intervals until no further change of pH took place.

What would be the pH change in this reaction?

A decrease to 1
B decrease to 7
C increase to 7
D increase to 12

27 Which metal has a soluble carbonate, chloride and sulfate?

A barium
B calcium
C copper
D potassium

28 Which substance would not be used for preparing a pure sample of crystalline 
magnesium sulfate by reaction with dilute sulfuric acid?

A magnesium carbonate
B magnesium hydroxide
C magnesium nitrate
D magnesium oxide
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29 Which of the following methods would produce ammonia?

1 Heating aqueous barium nitrate with sodium hydroxide and aluminium 
powder.

2 Heating aqueous ammonium chloride with aqueous calcium hydroxide.
3 Heating solid ammonium sulfate with solid potassium hydroxide.
4 Heating aqueous ammonium chloride with dilute hydrochloric acid.

A 1 and 2 only
B 1 and 4 only
C 1, 2 and 3 only
D 2, 3 and 4 only

30 Using the apparatus shown, chlorine is passed through the tube.

After a short time, coloured substances are seen at P, Q and R.
What are these coloured substances?

at P at Q at R
A green gas red brown vapour violet vapour
B green gas violet vapour black solid
C red brown vapour violet vapour black solid
D violet vapour red brown vapour red brown vapour

31 The table shows the reactions of metals A, B, C and D when placed in aqueous 
solutions of their nitrates.

metal nitrate of A nitrate of B nitrate of C nitrate of D
A - reacts reacts reacts
B no reaction - reacts no reaction
C no reaction no reaction - no reaction
D no reaction reacts reacts -

A mixture of aqueous solutions of nitrates of A, B, C and D are electrolysed using 
carbon electrodes.

Which metal ion of metals A, B, C or D would most readily be discharged at the 
negative electrode?
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32 Experiments were carried out to determine the relative reactivity of three metals, S, T 
and U. The results were recorded in the table.

metal S metal T metal U
Can the metal react with dilute 
hydrochloric acid? yes no yes

Can the metal oxide be reduced 
by heating with carbon? yes yes no

Which of the following shows the metals in order of decreasing reactivity?

A S, U, T
B T, S, U
C U, S, T
D U, T, S

33 The diagram shows steel wool inside a test-tube.

The test-tube is inverted in water, trapping air inside. What will be the water level 
inside the tube after several days?

34 The enthalpy change for the complete combustion of three different fuels, methane, 
ethanol and propene are as shown below.

fuel formula Mr enthalpy change of combustion / kJ/mol
methane CH4 16 -100
ethanol C2H5OH 46 -75
propene C3H6 42 -170

What is the correct order of fuels, starting from the fuel that provides the most energy 
per gram of fuel, when the fuel undergoes complete combustion?

A methane, propene, ethanol
B methane, ethanol, propene
C propene, methane, ethanol
D ethanol, propene, methane
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35 The table shows the boiling points of four fractions, P, Q, R and S, obtained when 
crude oil is distilled.

Fraction P Q R S
Boiling Range 

/ OC 35-75 80-145 150-250 greater than 250

How is fraction P different from S?

A Fraction P is more viscous than fraction S.
B Fraction P is in less demand than fraction S.
C Fraction P is more flammable than fraction S.
D Fraction P contains molecules of larger molecular masses than fraction S.

36 The diagram shows the structure of ethyl ethanoate. 

Which structure is not an isomer of ethyl ethanoate?

37 60 cm3 of oxygen was mixed with 10 cm3 of gaseous hydrocarbon in a closed vessel. 
After explosion and cooling, the gases occupied 50 cm3 and after passing the gas 
through aqueous sodium hydroxide, 30 cm3 of oxygen remained. Deduce the 
molecular formula of the hydrocarbon.

A CH4

B C2H4

C C2H6

D C3H6
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38 The full structural formulae of compounds X and Y are shown below.

The best method to distinguish between X and Y visually is by using

A aqueous bromine
B potassium hydroxide solution
C potassium carbonate solution
D acidified potassium manganate(VII) solution

39 A food chemist wants to create the odour of pineapples for a product. An ester with this 
odour has the formula C3H7CO2C4H9. 

Which pair of substances will react to produce this ester?

A C2H5CO2H and C4H9OH
B C2H5CO2H and C3H7OH
C C4H9CO2H and C3H7OH
D C3H7CO2H and C4H9OH

40 Which compounds would undergo polymerisation on their own?

A 1 and 2 only
B 2 and 3 only
C 1, 2 and 3 only
D 1, 2, 3 and 4

End of Paper

1 2

3 4
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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 diagram shows part of the Periodic Table. Only some of the elements are shown.

Answer each of the following questions using only those elements shown in the 
diagram. Each element may be used once, more than once or not at all.

Give one element which

(a) has a giant molecular structure,

[1]

(b) combines with oxygen to form a gas which contributes to acid rain,

[1]

(c) forms an ion of type X+ which has only three completely filled shells of electrons,

[1]

(d) has an atom with fourteen protons,

[1]

(e) can exist as two different allotropes in gaseous state,

[1]

(f) is the most reactive metal among the listed elements,

[1]

(g) has a chloride of type XCl2, whose aqueous solution forms a green precipitate 
on addition of sodium hydroxide.

[1]

[Total: 7]
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A2 The structures of sodium chloride and chlorine are shown below.

The melting point of sodium chloride is 801 °C.
The melting point of chlorine is –101 °C.

(a) Explain, in terms of structure and bonding, the difference between the melting 
points of these two substances.

[4]

(b) Predict whether magnesium oxide would have a higher or lower melting point 
than sodium chloride. Explain your answer in terms of bonding.

[2]

(c) Chlorine exists as a gas at room temperature while bromine exists as a liquid 
at room temperature. Explain your answer in terms of bonding.

[2]

[Total: 8]
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A3 First ionisation energy is the energy required to convert one mole of gaseous atoms 
into one mole of gaseous ions with a charge of +1.

The magnitude of the first ionisation energy increases in general as the number of 
electron shells decreases.

(a) (i) Draw, in the following graph, the trend in which the first ionisation energy 
changes down Group VII elements from fluorine to bromine.

[1]

(ii) Based on the trend of the change in first ionisation energy, suggest the 
relationship between the first ionisation energy and the reactivities of 
elements in Group VII.

[1]

(b) (i) What is observed if aqueous sodium iodide is reacted with aqueous 
chlorine?

[1]

(ii) Write an ionic equation, with state symbols, for the reaction in (i) above.

[2]

[Total: 5]

A4 The apparatus shown in the diagram was used to study the catalytic effect of certain 
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substances on the exothermic reaction between zinc and dilute sulfuric acid.

Several experiments were carried out. In each experiment, 50 cm3 of 1.0 mol/dm3

sulfuric acid, 1.0 g of zinc powder and 0.1g of a possible catalyst were used.

To start the reaction, the flask was shaken. The time taken to collect 50 cm3 of
hydrogen was recorded. Other observations are shown in the table.

Possible catalyst added Time to collect 50 
cm3 of hydrogen/s

Other observations

No added catalyst 65 -

0.1 g of copper(II) sulfate 10 colourless solution 
obtained and a brown solid 
coated the zinc

0.1 g of copper(II) chloride 15 colourless solution 
obtained and a brown solid 
coated the zinc

0.1 g of copper powder 19 pink solid remained

0.1g of copper lumps 56 pink solid remained

0.1g of sodium chloride 65 colourless solution formed

(a) (i) Write the chemical equation for the reaction between zinc and dilute 
sulfuric acid.

[1]

(ii) Calculate the maximum volume of hydrogen gas that can be produced at 

dilute sulfuric acid

possible catalyst 
+ zinc

flask

rubber tubing
gas syringe
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room temperature and pressure in the reaction.

[3]

(b) Which of the added substances behaved as a catalyst? Explain your answer
using information from the table.

[2]

(c) Explain, in terms of activation energy, how a catalyst speeds up a reaction.

[2]

(d) Suggest whether the time taken to collect 50 cm3 of hydrogen would be longer or 
shorter than 65 s when 1.0 g of zinc lumps was used in the absence of a 
catalyst.

Explain your answer in terms of colliding particles.

[2]

[Total: 10]

A5 The graph below shows the percentage conversion to sulfur trioxide from sulfur dioxide 
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and oxygen gas during the Contact Process.

(a) Give two reasons, other than cost, why the optimal temperature for Contact 

[2]

(b) Write down the chemical equation for the formation of sulfur trioxide from sulfur 
dioxide and oxygen.

[1]

(c) Explain, in terms of bond breaking and bond forming, why the conversion of 
sulfur dioxide and oxygen to sulfur trioxide is an exothermic reaction.

[3]

(d) Draw an energy profile diagram to show the formation of sulfur trioxide from 
sulfur dioxide and oxygen.
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Your diagram should show and label
formulae of the reactants and products
the activation energy for the reaction,
the enthalpy change of reaction.

[3]

[Total: 9]

A6 The graph below shows the relationship between the concentration of carbon dioxide 
(in micromoles per kg of seawater) and the pH of the seawater across the years.
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Figure 6.1

(a) (i) Describe how the concentration of dissolved carbon dioxide has changed 
across the years.

[2]

(ii) State the relationship between the concentration of carbon dioxide and the 
pH of the seawater across the years.

[1]

(b) (i) During the test for carbon dioxide, it is observed that white precipitate 
would be observed when the gas is bubbled into solution X initially.

Upon further bubbling of the carbon dioxide, the white precipitate would 
dissolve to form a colourless solution.

State the identity of solution X.

[1]

(ii) Suggest how the concentration of dissolved carbon dioxide would affect 
the formation of coral reefs which consist mainly of calcium carbonate.

Historical and Projected pH and Dissolved Carbon 
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[2]

(c) Scientists have discovered that when carbon-neutral fuels, such as ethanol, are 
burnt, the amount of carbon dioxide in the atmosphere remains relatively 
constant.

Mary stated that ethanol obtained from all forms is considered to be a form of 
carbon-neutral fuel. John argued that only those obtained from the fermentation 
of glucose can be considered as carbon-neutral.

(i) Write down the chemical equation for the fermentation of glucose.

[1]

(ii) Who do you agree with, Mary or John? Explain your answer.

[4]

[Total: 11]
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Section B

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

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

B7 Read the information about organic acids.

Organic acids as weak acids
A weak acid is one which ionises partially to produce hydrogen ions when it is 
dissolved in water.

Ethanoic acid is a typical weak acid. It ionises in water to produce hydrogen ions and 
ethanoate ions, but the backward reaction occurs more readily than the forward one. 
So the ions react very easily to reform the acid.

CH3COOH  H+ + CH3COO-

At any one time, less than 1% of the ethanoic acid molecules have converted into ions. 
The rest remain as simple ethanoic acid molecules.

Most organic acids are weak.

Comparing the strengths of weak acids using the acid dissociation constant, Ka
The position of equilibrium for the ionisation of each acid varies from one weak acid to 
another. The further to the left it lies, the weaker the acid is.

You can get a measure of the position of an equilibrium using the acid dissociation 
constant, Ka. The higher the value for the constant, the more the equilibrium lies to the 
right, the greater the extent of dissociation of the acid. 

So the expression to determine the Ka of ethanoic acid is given by: 

H+ [CH3COO-]
[CH3COOH]

, 

where the product of the concentration of the hydrogen ion, [H+], and the concentration 
of the ethanoate ion, [CH3COO–], is divided by the concentration of the undissociated 
ethanoic acid, [CH3COOH]. 

As the extent of dissociation is very little, the concentration of the undissociated acid 
could be taken to be the same as the concentration of the ethanoic acid before 
dissociation occurs.

Electronegativity of substituents
Electronegativity refers to the tendency of an atom to attract shared electrons from the 
covalent bond towards itself.

Atoms of halogens are generally electronegative. When a hydrogen atom in an organic 
acid is replaced by a halogen atom, the halogen atom draws the electron density 
towards itself. This reduces the electron density of the functional group, allowing the 
anion formed to be more stable and recombined with the hydrogen ion less readily.
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Dissociation of ethanoic acid: 

Dissociation of chloroethanoic acid:

Comparing ethanoic acid and chloroethanoic acid, chloroethanoic acid will dissociate 
to a larger extent.

Acid dissociation constant, Ka, of different organic acids
The table below provides you with a list of Ka values of different organic acids.

name structure Ka

methanoic acid 1.80 x 10–4

ethanoic acid
 

1.75 x 10–5

propanoic acid 1.34 x 10–5

fluoroethanoic acid 2.57 x 10–3

chloroethanoic acid 1.35 x 10–3

dichloroethanoic acid 4.47 x 10–2

2-chloropropanoic acid 1.48 x 10–3

3-chloropropanoic acid 1.05 x 10–4

Table 7.1

Adapted from:  
https://www.chemguide.co.uk/physical/acidbaseeqia/acids.html
https://chem.libretexts.org/Textbook_Maps/Organic_Chemistry_Textbook_Maps/Map%3A_Organic_Chemistry_(Bruice)
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(a) Calculate the concentration of hydrogen ions, in mol/dm3, present in 5 mol/dm3 of
ethanoic acid, with reference to Table 7.1 and the expression for Ka of ethanoic 
acid.

[2]

(b) Write down the expression to determine the Ka of fluoroethanoic acid.

[1]

(c) Using the information provided, describe how the number of the carbon atoms in 
the carboxylic acid affects the strength of the acid.

[2]

(d) Using the information provided, deduce whether fluorine or chlorine is more 
electronegative. Explain.

[1]

(e) Suggest whether 2-fluoropropanoic acid or 3-fluoropropanoic acid would be a 
stronger acid. Explain your answer using an example.

[2]
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(f) Suggest why trichloroethanoic acid would be stronger than both chloroethanoic 
acid and dichloroethanoic acid. Explain in terms of electron density around the 
carboxylate group.

[2]

[Total: 10]

B8 (a) What method would you use to extract magnesium metal from its naturally 
occurring compound, magnesium chloride, in seawater, given that aluminium is 
extracted from aluminium oxide by electrolysis? Explain your answer based on 
the reactivity of the two metals.

[2]

(b) Aluminium is a reactive metal and it reacts with atmospheric oxygen to form 
aluminium oxide, Al2O3. It is a metal that is widely used in various applications.

The layer of aluminium oxide can be thickened by the process known as 
‘anodising’. Anodising is carried out using electrolysis, in which the electrolyte is 
dilute hydrochloric acid. A simplified set-up is shown below.

(i) Write the ionic half equation, including state symbols, for the reaction 
occurring at the aluminium object, which is acting as the anode.

[2]

(ii) Suggest how the aluminium object is anodised during electrolysis.

[1]

dilute hydrochloric acid
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(iii) Explain the purpose of anodising the aluminium object. 

[1]

(iv) Aluminium is coated on an iron object to prevent the object from rusting. 
Explain how rusting is prevented by this method.

[1]

(c) An electric current can also be generated by a simple electrochemical cell as 
shown below.

(i) Explain why the flow of electrons is in the direction shown in the diagram.

[1]

(ii) Chromium(III) sulfate solution is green in colour. Suggest why the colour of 
the chromium(III) sulfate solution fades over time.

[2]

[Total: 10]

electrolyte
(chromium(III) sulfate)

chromiummetal X
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EITHER

B9 The general structure of an amino acid is given below:

Figure 8.1

where R could just be a simple hydrogen atom or a functional group such as amino or 
carboxyl group.

The structure below gives a segment of a polypeptide chain with 2 amino acid 
residues, one with an amino group and another one with a carboxyl group for their R 
group, when placed in a solution with a pH of 7.

Figure 8.2

(a) Use the structures in Figures 8.1 and 8.2 to explain why 

(i) an amino acid is said to be amphoteric; and

[2]

(ii) a polypeptide chain is said to be a condensation polymer.

[2]

(b) A protein molecule is formed by one or more polypeptide chains interacting and 
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folding into a three-dimensional structure.

At extreme pH values, this three-dimensional structure of the protein would be 
altered, causing the molecule to denature and lose its function.

With reference to Figure 8.2, suggest why the shape of the molecule would be 
altered at different pH values.

[3]

(c) Name a synthetic polymer with similar linkage to polypeptides.

[1]

(d) You are given two bottles of solution, each containing a different amino acid as 
shown in Figure 8.3. 

amino acid J  amino acid K

Figure 8.3

Describe a simple chemical test to distinguish between these two amino acids, J
and K.

[2]

[Total: 10]

OR
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B9 Many biological molecules are able to undergo redox reaction. An example of such a 
molecule would be glucose.

The Benedict’s solution contains copper(II) sulfate solution and it is often used to test 
for the presence of a reducing sugar. If a reducing sugar is present, a brick-red 
precipitate would be observed in the solution.

The colour of the obtained precipitate gives an idea about the quantity of sugar present 
in the solution, hence the test is semi-quantitative.

(a) Explain what it means by a redox reaction.

[1]

(b) Predict what would happen to the reducing sugar, in terms of transfer of 
hydrogen, when the reducing sugar reacts with the Benedict’s solution.

Explain your prediction.

[2]

(c) Samples of solutions with varying concentrations of glucose have been reacted 
with Benedict’s solution and the results are as given below:

Solution Observation after reaction with 
Benedict’s solution

P Solution remains blue.
Q Orange-red precipitate observed.
R Yellow precipitate observed.
S Blue-green precipitate observed.
T Brick-red precipitate observed.

(i) Place the solutions P, Q, R, S and T in order of their concentration of 
glucose present, starting with the one with the highest concentration.

[1]

(ii) It was later discovered that solution R contains trace amount of impurities 
from fructose, another reducing sugar.
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Suggest the impact of this discovery on your answer in (c)(i).

[2]

(d) A fatty acid consists of a long hydrocarbon chain attached to a carboxyl group.

Polyunsaturated fatty acids can undergo redox reaction through the addition of 
hydrogen.

(i) 1 mole of polyunsaturated fatty acid Y reacts completely with 8 g of 
hydrogen gas to become saturated.

Determine the molecular formula of Y given that each molecule has 16 
carbon atoms.

[2]

(ii) Describe a simple chemical test to differentiate between Y and the product 
of the addition reaction in (i).

[2]

[Total: 10]

 

End of Paper
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Answer Scheme for 4E Chemistry Prelim Paper 2 

6092/2 – Setter: Edwin Kwek 

Minus 1 mark overall for accuracy and units 

A1 a) C / Si;
b) N;
c) K;
d) Si;
e) O;
f) Rb;
g) Fe;

A2 a) sodium chloride is giant ionic structure / has a continuous structure of ions / ions
in lattice;
strong electrostatics of forces between the ions so a lot of energy needed to break
the strong forces;
chlorine is a simple molecule / chlorine has simple covalent structure;
chlorine has weak intermolecular forces between the molecules so small amount of
energy required to separate the molecules;

b) Ions of magnesium oxide have higher charges than those of sodium chloride;
so they form stronger electrostatic forces of attraction which require larger amount of
energy to overcome;

c) Bromine has higher relative molecular mass than chlorine;
so bromine has stronger intermolecular forces between the molecules than chlorine
so more energy is required to separate the molecules;

A3 a(i) Downward trend;
a(ii) The higher the first ionisation energy, the higher the reactivity of the halogen;

b(i) The solution turns from colourless to reddish brown; 
b(ii) Cl2(aq) + 2Do–(aq) 2Cl–(aq) + Do2(s) 
(balanced equation; state symbols;)

A4 a(i) Zn + H2SO4 ZnSO4 + H2
a(ii) Number of moles of Zn = 1/65 = 0.015385 mol
Number of moles of H2SO4 = 50/1000 x 1 = 0.0500 mol;

Zinc is the limiting reactant
Number of moles of H2 = 0.015385 mol;

Volume of H2 = 0.015385 x 24 = 0.369 dm3; 

b) Copper metal/powder/lumps. It speeds up the rate of reaction;
while remains chemically unchanged at the end of the reaction;

c) A catalyst provides an alternative pathway with a lower activation energy;
more particles would have sufficient energy to overcome the activation energy;

d) Longer. Lumps of zinc have less total surface area compared to powdered zinc;
So the frequency of effective collisions decreases and speed of reaction decreases;
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d) Si;
e) O;
f) Rb;
g) Fe;

A2 a) sodium chloride is giant ionic structure / has a continuous strururuuuuctctctctctctuururururureeeeee ofofofofofof iioioioioions / ions
in lattice;
strong electrostatics of forces between the ions so a lot ooooooffffff enenenenenenerererererergygygygygygy needededededededddddd totototototo bbbbbbrererererereaaaaaka
the strong forces;
chlorine is a simple molecule / chlorine has simple covovovovovovvvvvvvvvvvvvaaalalalalalalalalalalallalalalalalalalalalalalalaalalalalaaalalaaaaaallalaaaalaaaalaaaalaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa eneneneneneneneeeneenennennneneneeeeneennnennnenenenenenenennnnnenenennnnnneneneneennnenennnneneenenenenenenneennenennnenneneenenennnneneneenenennenennenenennnnnnnneennnneneeeeeeeeneeeeenneeeeneeeennttttttttttttttttttttttttttttttttttttttttttttt t ttt tttt t tttttt ttttttttttttttt t sssssstststsststsssstssssststsssstsssssttttstssssssstssssssststssttssstststsststtstssssssssssss rrrrrururuuuuurrrrrruurrruuurururuuuccccctc ure;;
chlorine has weak intermolecular forces between ttttttttthheheheheheheheheheheeheeheheheeheheeeeeeeeeeeeeheeeeeeeheeeeeheheeeeeheeeeeeheeeeeeeeeeeeeeeeheeeeeeeeeeheeehheeeeeeeehh   momomomommmmmmmoooomomomomoomomomomommmomomommomomomomoomomomomomomommmmmomommomoooomommomomomooomommmmomomommomommommommmmmommmomomooommmmmmoomomomommmmoooomommmooommmmmommoomomooooommommmmmmoommmmoomommommmoommomommmmmmoommmoooooleleleleleeleleeleleeleleleleleleleleeeeeleeeeleelleeeelellelleleleleelleleleleeellellelelelleeleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeecucccucucucccccucccucucucucccucucuucucucucuucucuucuucuccuccucccuuucucuucucucuucucccucucucucucucuucuucucuucucuccccuucucucucucucucucucccccucuuucuuuuucucucuuuuucuuccuuuuucuuccccucuuccccuucuuccucccccccccccccccccc ellleelelelelelllllellllleeellleeeelleeellleeeelelellleeeeeeeeeeeeeleeeeelleelllleeeeelellllllleesssss ssss sossss smalalalalalalllllll amamamamamamooooouo nt of
energy required to separate the molecules;

b) Ions of magnesium oxide have higher charges than ttttttttttthhhhhhhhhohhhhhhhhh se offffff sosososososoddddidd um cccccchlhlhlhlhlhloooooro ide;
so they form stronger electroststatic forces of attractcc ion which reeeeeqqqqquq iriririririreeee larger amount of
energy to overcome;

c) Bromine has higher relative mmolo ecculara  mass ththanan cchlhlorine;
so bromine has stronger intermoleculu arar forces bebetwtweeeenn the molecules than chlorine
so more energy is required to seepaparaatete thehe mmololo ececululeses;

A3 a(i) Downward trend;
a(ii) The higher the first ionisatatioionn enenerergygy, ththe e hih gher the reactivity of the halogen;

b(i) The solution turns from ccololouourlrless to reddish brown;
b(ii) Cl2(aq)q  + 222DoDo––(a(aq) 2C2Cll–(a(aq)q) + Do2(s)
(balanced eqquauatiion; statata ee sysymbmbolols;)

A4 a(i) Zn + H2SSO4 ZnZnZ SOSO44 ++ HH2
a(ii) Nuumbbere oof momoleles s ofof ZZn = 1/65 = 0.015385 mol
Numbberer ooof f momoleles s ofof HH2SO4 = 50/1000 x 1 = 0.0500 mol;

Zinc is thhe e lilimimititing reactant
Number of f mom les of H2 = 0.015385 mol;

Volume of H2 = 0 015385 x 24 = 0 369 dm3;
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A5 a) When the temperature is too low, the speed of reaction is slow;
When the temperature is too high, the yield of the reaction is low;

b) 2SO2 + O2  2SO3; 

c) The total energy absorbed to break bonds in 2 moles of SO2 and 1 mole of O2 is 
less than the total energy released to form bonds in 2 moles of SO3. 
(energy absorbed to break bonds; energy released to form bonds; correct 
comparison; (minus 1 if reactants and products are not specified))

d) reaction pathway with names of products and reactants; activation energy; 
enthalpy change;

A6 a(i) The concentration of dissolved carbon dioxide remains fairly constant from 1850 
to 1880;
The concentration of dissolved carbon dioxide increases at an increasing rate after 
1880;

a(ii) The higher the concentration of dissolved carbon dioxide, the lower the pH;

b(i) Calcium hydroxide / limewater;
b(ii) Under high concentration of dissolved carbon dioxide, calcium carbonate would 
dissolve to form a colourless solution;
This prevents calcium carbonate from accumulating to form coral reefs;

c(i) C6H12O6 2CO2 + 2C2H5OH;
c(ii) I agree with John.
The amount of carbon dioxide absorbed by plants to make glucose during 
photosynthesis is equal to;
the release of carbon dioxide during fermentation of glucose and combustion of 
ethanol;
However, ethene is obtained by cracking of crude oil, a non-renewable source;
So the carbon dioxide released from the burning of ethanol produced from addition 
of steam to ethene would increase the carbon dioxide in the atmosphere;

B7 a) [H+][CH3COO– ] = 1.75 x 10–5 x 5 = 8.75 x 10–5;
[H+] = 0.0093541 = 0.00935 mol/dm3; 

b) H+ [CH2FCOO-]
[CH2FCOOH]

; 

c) When the number of carbon atoms increases from methanoic acid to propanoic 
acid increases, Ka decreases;
So the strength of the carboxylic acid decreases;

d) Fluorine is more electronegative;
Fluoroethanoic acid is a stronger acid / has a higher Ka than chloroethanoic acid;

e) 2-fluoropropanoic acid would be a stronger acid;
Comparing 2-chloropropanoic acid and 3-chloropropanoic acid, when the chlorine 
atom is closer to the carboxyl group as in 2-chloropropanoic acid, the Ka would be 
higher;

f) Trichloroethanoic acid has more electronegative chlorine atoms than the other 2; 
so this reduces the electron density of the carboxylate group, allowing the anion 
formed to be more stable and recombined with the hydrogen ion less readily; 
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enthalpy change;
A6 a(i) The concentration of dissolved carbon dioxide remains fairly constant from 1850 

to 1880;
The concentration of dissolved carbon dioxide increases at an incrrrrrreeeeeae singggggg rrrate after 
1880;

a(ii) The higher the concentration of dissolved carbon diooooooxixixixixixidededededede,,, ththththththeeeeee loweeeeeerr r rr r ththththththeeeeee pHpHpHpHpHpH;;;;;

b(i) Calcium hydroxide / limewater;
b(ii) Under high concentration of dissolved carbonnnnn dddddddddddddddddddddddddddddddddddiioioioioioioioiooioioioioioioiooioioioioioiooioioioioioioioioiooooioioioiooioooooioioooooiooooooiooooooioiooooooooiooioiooioiooiooiioooooiooioioooxixixxixxixixixixixixixixxixxxxxixxxxixixixixixiiixiiiixixxxixixxxxxiixixixxxxixixixxixixixixxxxixiixxxxxxxxxxixxixixxxixixxxxxixxxixxxxxxixxxxixxxxixixxxxxxxxxxxxxxxxxxx dedededddddededededddedededededededdededededededdedededededdedddedededdddeddeddededddedededededededddddededededdedddddeeddedddeededdddeededdedededeeddddeddedeeedeeedededdddddddddedddeedededededdddededddddedddeeeeee,,,,,,,,,,,,,,,,,,,,,,, cacacccacacacacacaccacacacaaaacacacaaacacacccaccacacaacacacacacaacacacacacaccccaacacaacaaacaaaaacacacccccaacacacacaccccccaaacacaccacaccccccccccccccccccccccccccccacaacccccacaccacaaaacacaaaaaaaaaaalclclclclcclllllllllllllllllllllllllllciuiuuuuiui m caarbrbrbrbrbrbononononononatatatatatate eeeee would
dissolve to form a colourless solution;
This prevents calcium carbonate from accumulatininnininingggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg ototototototototottototototototototototototottttotttotttootototttotototototttttototoottotottoootoooooootototoooototoootootoottttotttotttottttotottootttttttttttotoootttotootooo ffffffffffffffffffffffffffffffffffffffffffffffffforoororororoorororoooooororororororororoooorooooorororororrororororoooorooorrorrororrororoorrrrorororororrrorrororororrrrrrorororororrooorrorororroooooooooroooooooooooorooooooooooorororoorooororo mmmmmmmmmmmmmmmmmmmmm corarararararal rerererereeefs;

c(i) C6H12O6 2CO2 + 2C2HH55OH;
c(ii) I agree with John.
The amount of carbon dioxide absorbed by plants too mmake gluccccccososososososee during 
photosynthesis is equal to;
the release of carbon dioxide duringg fferrmentatioon n ofof ggluluccose and combustion of 
ethanol;
However, ethene is obtained byb ccrackkining g ofofo ccruuded  oil, a non-renewable source;
So the carbon dioxide releasedd ffroromm ththe e bubub rnrnining of ethanol produced from addition 
of steam to ethene would inccrerer aasee tht e e cacarbrbonn ddioxide in the atmosphere;

B7 a) [H+][CH3COO– ] = 1.75 x 1100––55 x x 5 = 8.75 x 10–5;
[H+] = 0.0093545441 == 0.0 0093935 5 momol/l/dmdm3; 

b) H+ [CH2FCOCOOO-]
[CH22FCOOOH]

;;

c) Whehenn ththe e e nuumbmbere  of carbon atoms increases from methanoic acid to propanoic
acid increreasaseses,, KKa decreases;
So the strenenngtg h of the carboxylic acid decreases;

d) Fluorine is more electronegative;
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B8 a) Magnesium would be extracted by electrolysis; as magnesium is more reactive
than aluminium;

b(i) 4OH-(aq) 2H2O(l) + O2(g) + 4e-; 
b(ii) The oxygen produced during the electrolysis reacts with the aluminium metal to 
form a layer of aluminium oxide;

b(iii) The layer acts as an impermeable layer to prevent the unreacted aluminium 
from reacting with other substances;

b(iv) Aluminium acts as a coat around iron, preventing iron from coming into contact 
with water and oxygen; OR
Aluminium is also more reactive than iron, so it would lose electrons more readily 
than iron, preventing iron from being oxidised;

c(i) Metal X is more reactive than chromium;
c(ii) Chromium(III) ions are discharged/reduced at the cathode (chromium metal); 
This causes the concentration of chromium(III) ions to decrease over time;

B9E a(i) The amino group is able to gain hydrogen ion to act as a base;
the carboxyl group is able to lose hydrogen ion to act as an acid;

a(ii) It is formed when many small molecules link together to form a long-chained 
molecule;
without the loss of a small molecule;

b) At low pH, the polypeptide chain may gain hydrogen ions and become positively
charged;
At high pH, the polypeptide chain may lose hydrogen ions and become negatively
charged;
The change in the charges would affect the electrostatic interactions within the
molecules;

c) Nylon;

d) Add aqueous bromine to a sample of each. Amino acid J will turn red-brown
aqueous bromine colourless; amino acid K will not cause a change in colour in
aqueous bromine;

B9O a) It is a reaction where oxidation and reduction occur simultaneously;

b) The reducing sugar would lose hydrogen atoms;
Since copper(II) ions in Benedict’s solution are reduced to form copper(I) ions, the
reduced sugar would be oxidised;

c(i) T, Q, R, S, P; 
c(ii) R would have a lower than expected amount of glucose present; 
Fructose can also reduce copper(II) ion to copper(I) ions, forming the precipitate;

d(i) Number of moles of H2 = 8/2 = 4 moles;
C15H23COOH;

d(ii) Add aqueous bromine to a sample of each. Y will turn red-brown aqueous 
bromine colourless; the product will not cause a change in colour in aqueous 
bromine;
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1 Which diagram shows the arrangement of particles inside a balloon containing a mixture of 
the gases nitrogen and oxygen?
                                                                                                       key
                                                                                                       nitrogen atom
                                                                                                       

A B C D

2 The conical flask contains compound X which is present in solid, liquid and gaseous 
states.

Which statement is correct?

A A gaseous X molecule has a lower mass than a liquid X molecule.
B Energy is released when X changes from liquid to solid.
C Liquid X is at a higher temperature than solid X.
D Liquid X molecules vibrate about fixed positions.

3 Which diagram represents the arrangement of particles in an alloy?

A B C D
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4 The apparatus shown is used to distil a dilute solution of ethanol (boiling point: 78°C) in 
water. 

Which graph shows a change in concentration of the ethanol in the boiling flask as the 
distillation proceeds?

A B

C D
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5 The graph shows the melting points (m.p.) of mixtures of lead and tin.

The graph shows that any mixture of lead and tin must have a melting point that is 

A above that of tin.
B below that of lead.
C below that of both lead and tin,
D between that of lead and tin.

6 Naturally-occurring bromine has a relative atomic mass of 80 and consists entirely of two 
isotopes of relative isotopic masses 79 and 81.

What can be deduced about the naturally-occurring bromine from this information only?

A Bromine contains the two isotopes in equal proportions.
B Bromine has different oxidation states.
C Bromine isotopes have different number of protons.
D Bromine is radioactive.

7 Which statement about diamond and graphite is correct?

A Both diamond and graphite are used as abrasives.
B Diamond and graphite have different arrangements of carbon atoms.
C The carbon atoms in graphite have a different number of neutrons from those in 

diamond.
D The carbon atoms in both graphite and diamond have four covalent bonds.
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8 The complete combustion of 20 cm3 of a gaseous alkane, Y, requires 130 cm3 of oxygen. 
Both volumes were measured at r.t.p..

What could be the identity of Y? 

A butane C methane
B ethane D propane

9 1.0 mole of Cu3FeS3 and 1.0 mole of O2 are allowed to react according to the equation.

2Cu3FeS3 (s) + 7O2 (g) 6Cu (s) + 2FeO (s) + 6SO2 (g)

Which of the following is true? 

A 0.286 mole of Cu3FeS3 is in excess
B 0.714 mole of Cu3FeS3 is in excess
C 5.0 moles of O2 is in excess
D no reagent is in excess

10 A solution containing lead(II) ions is added to a solution containing iodide ions. A yellow 
precipitate is formed.

What is the equation for the reaction that occurs?

A Pb+ + I I C Pb2+ + I I
B Pb+ + 2I I2 D Pb2+ + 2I I2

11 The diagram shows some of the stages in the manufacture of ammonium sulfate.

From which of the connecting pipes would a major leak result in the highest increase in the 
pH of the rain?

nitrogen 
and

hydrogen
ammonia ammonium 

sulfate

sulfuric acidsulfur and 
oxygen

sulfur 
dioxide and 

oxygen

pipe A pipe D

pipe B pipe C
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12 A colourless solution is known to contain a sodium salt.

Tests were carried out to determine the identity of the anion in the solution.

test observation

dilute hydrochloric acid no reaction
dilute nitric acid followed by aqueous silver nitrate no precipitate
dilute nitric acid followed by aqueous barium nitrate no precipitate

Which anion could the solution contain?

A carbonate B chloride C nitrate D sulfate

13 Which equation represents a redox reaction?

A 4CuO + CH4 2O + CO2

B CuO + H2SO4 4 + H2O
C CuCO3 2

D CuSO4 2 + Na2SO4

14 Disproportionation is a reaction in which the same element is both oxidised and reduced.

Which reaction is not an example of disproportionation?

A 2CuCl l2 + Cu

B Cl2 l + NaOCl + H2O

C 2H2O2 2O + O2

D 2Pb(NO3)2 2 + O2

15 What is the function of silica, SiO2, in the equation shown below?

CaO + SiO2 3

A a basic oxide C an acidic oxide
B a reducing agent D an oxidising agent

16 Which statement is true for both aluminium and iron?

A Both are transition metals.
B Both form amphoteric oxides.
C The manufacture of both metals involves the reduction of the metal ions.
D They are both normally manufactured by electrolysis.
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17 Which oxide is most readily reduced to the metal by heating in a stream of hydrogen?

A calcium oxide C sodium oxide
B iron(III) oxide D zinc oxide

18 The diagram compares the amount of carbon in two steels, P and Q.

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

A 

B 

C 

D 
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19 The element chromium liberates hydrogen from dilute hydrochloric acid although it does 
not react with cold water. 

When a piece of chromium is placed in lead(II) nitrate solution, crystals of lead appear.

What is the order of decreasing reactivity on the three metals, lead, calcium and 
chromium?

A calcium, chromium, lead
B calcium, lead, chromium
C chromium, calcium, lead
D lead, chromium, calcium

20 Aluminium is often used to make caps for bottles. When thrown away and buried in the 
soil, the caps do not corrode.

Which of the following explains the observation above?

A Aluminium does not react with acids.
B Aluminium does not react with alkalis.
C Aluminium is alloyed with other metals.
D Aluminium is protected by a layer of oxide.

21 Which arrangement is used to electroplate copper onto a steel key?

electrolyte anode
(positive electrode)

cathode 
(negative electrode)

A aqueous copper(II) sulfate piece of pure copper steel key

B aqueous copper(II) sulfate steel key piece of pure copper

C aqueous sulfuric acid piece of pure copper steel key

D aqueous sulfuric acid steel key piece of pure copper

22 In an electrolysis experiment, the same amount of charge deposited 54.0g of silver and  
8.5g of vanadium.

What is the charge on the vanadium ion?

A 1+ B 2+ C 3+ D 4+
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23 A simple cell can be made using two different metals as the electrodes and an aqueous 
solution as the electrolyte.

Which statements about simple cells are correct?

1 A greater voltage is produced using magnesium and silver than using magnesium 
and copper.

2 The electrolyte is an aqueous solution that contains both positive and negative ions.
3 The more reactive metal will lose electrons more readily than the less reactive metal.

A 1, 2 and 3 B 1 and 3 only C 1 only D 2 and 3 only

24 Lithium and rubidium are both in Group I of the Periodic Table.

Which statement is correct?

A Lithium atoms and rubidium atoms have the same number of electrons in their outer 
shell.

B Lithium atoms are larger than rubidium ions.
C Lithium ions and rubidium ions have the same number of electrons in their outer shell.
D Rubidium ions are larger than rubidium atoms.

25 Which statement about both the Group I and Group VII elements is correct?

A They conduct electricity when molten.
B They form covalent compounds when bonded to non-metals.
C They exists as diatomic molecules.
D When Group I elements combine with Group VII elements, ionic compounds form.

26 The table compares the strengths of the bonds for the reactions of X2 + Y2 .

Which reaction will be most exothermic?

bond in X2 bond in Y2 bond in XY

A strong strong strong

B strong strong weak

C weak weak strong

D weak weak weak
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27 It has been suggested that the cars of the future could be powered by fuel cells. One type 
of fuel cell uses the chemical reaction between oxygen and hydrogen to produce 
electricity.

What would be a disadvantage of using this type of fuel cell to power a car?

A A car cannot be powered by electricity.
B The hydrogen tank might split in an accident, leading to an explosion.
C The product of the reaction between oxygen and hydrogen is toxic.
D The oxygen would need to be obtained from air.

28 Nitrogen dioxide, NO2, is a dark brown gas that decomposes at equilibrium, as shown.

2NO2 (g) 2NO (g) + O2 (g)
                                             dark brown             colourless      

The diagram shows a glass flask containing a mixture of the three gases.
The mixture is pale brown.

More oxygen is formed in the flask.

What colour change is seen in the flask? 

A There is no change.
B It turns colourless.
C It becomes darker brown.
D It becomes paler brown.

29 In the Haber process, nitrogen and hydrogen react to form ammonia.

N2 (g) + 3H2 (g) 2NH3

Which factor increases both the speed of reaction and the amount of ammonia produced?

A addition of a catalyst
B decreasing the temperature
C increasing the pressure
D increasing the temperature
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30 A sample of clean, dry air is passed over hot copper until all the oxygen in the air reacts 
with the copper.

The volume of air decreases by 30 cm3.

What was the initial volume of the sample of air? 

A 60 cm3 B 100 cm3 C 150 cm3 D 300 cm3

31 Why are catalytic converters fitted to car exhausts?

A to decrease the amount of carbon dioxide emitted
B to decrease the amount of nitrogen oxides emitted
C to improve energy conservation
D to reduce global warming

32 Dry air is a mixture of gases of which 99% is nitrogen and oxygen.

What is the main constituent of the remaining 1%?

A argon C hydrogen
B helium D water vapour

33 The diagram shows ethanol burning in a sealed jar.

The mass of one gas in the jar does not change. 

Which gas is this?

A carbon dioxide C oxygen

B nitrogen D water vapour
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34 The diagram shows the fractional distillation of crude oil.

Which statement is correct?

A Each fraction consists of a single compound.
B Fraction P has the highest boiling point.
C The highest temperature is at the top of the column.
D The naphtha fraction is used as feedstock for the chemical industry.

35 Which property of a liquid ester can be used to check its purity before use as a food 
flavouring?

A boiling point C smell
B colour D solubility in water

36 Which compound is the most viscous and the least flammable?

A C6H14 B C8H18 C C10H22 D C12H26

37 How many of the following structures show an unsaturated hydrocarbon molecule?

A 1 B 2 C 3 D 4
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38 This is the structural of propan-1-ol.

Which of the following is an isomer of propan-1-ol?

A C

B D

39 The diagram shows a section of a polymer.

Which alkene is used to make this polymer?

A CH3 2

B CH3CH2 2

C CH3CH2 2

D CH3 3
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40 The diagram shows the partial structures of two different polymers.

Which chemical symbols should replace W, X, Y and Z? 

W X Y Z 

A C N H O 

B N H O C 

C O C H N 

D O C N H 

END OF PAPER
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Section A

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

A1 Fig. 1.1 shows part of the Periodic Table.

Fig. 1.1

Answer the following questions using only the elements shown in Fig. 1.1.
Each element can be used once, more than once or not at all.

Write the symbol for

(a) an element which is used as a gas in balloons, …………………….. [1]

(b) an element which forms an ion of type X , …………………….. [1]

(c) an element which is a catalyst for the production of 
ammonia, …………………….. [1]

(d) two elements which combine to form a compound that
causes acid rain, .……… and …...…. [1]

(e) an element which forms ions in aqueous solution which 
gives a white precipitate on reaction with acidified silver 
nitrate. …………………….. [1]

[Total: 5]
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A2 Chlorophyll is a green pigment found in green leaves. ‘Old’ chlorophyll can decompose 
into phaeophytin, a grey pigment molecule.

A student carried out a chromatography to compare the extracts of spinach leaves 
obtained from two different sources.

Fig. 2.1 shows the results on the chromatogram.

Fig. 2.1

(a) Using the information in Fig. 2.1, describe the result obtained for the extract from 
frozen spinach.

……………………..………….…………………………………………………………

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

(b) Calculate the Rf value of chlorophyll in the experiment.

Rf value of chlorophyll ……………………. [1]

(c) The student concluded that the spinach bought from the market is fresher than the 
frozen spinach bought from the supermarket.
Using the information in Fig. 2.1, explain his reasoning.

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

[Total: 3]
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A3 (a) Silicon has three naturally occurring isotopes.
Complete Table 3.1 for two of these isotopes.

Table 3.1

isotope 28Si 30Si

atomic number 14

number of neutrons 14

nucleon number

[2]

(b) Silicon(IV) chloride is a simple molecular compound and exists as a liquid at room 
temperature.

(i) Suggest two physical properties of silicon(IV) chloride, other than solubility.

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

(ii) Draw a diagram to show the arrangement of electrons in a molecule of 
silicon(IV) chloride. You only need to show outer shell electrons.

[2]

www.KiasuExamPaper.com 
460



5 

[Turn over

(c) Silicon(IV) chloride reacts with water to form silicon(IV) oxide and an acidic product.

Fig. 3.2 shows part of the structure of silicon(IV) oxide.

Fig. 3.2

(i) Construct an equation, including state symbols, for the reaction between 
silicon(IV) chloride with water.

……………………………………………………………………………………. [2]

(ii) A student claims that the physical properties of silicon(IV) oxide is similar to 
that of silicon(IV) chloride. 

Explain, in terms of structure and bonding, why the student’s claim is wrong. 

…………………………………………………………………………………….

…………………………………………………………………………………….

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

[Total: 10]
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A4 Methane, ethane and propane are all gases at room temperature.

(a) State one possible environmental consequence of the presence of methane in the 
atmosphere.

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

(b) Ethane reacts with chlorine in the presence of ultraviolet light to give a number of 
different compounds.
A 1.00g sample of one of these compounds contains 0.040g of hydrogen, 0.242g of 
carbon and 0.718g of chlorine.

(i) Calculate the empirical formula of this compound.

empirical formula ……………………. [2]

(ii) The relative molecular mass of the compound is 99.
Deduce the molecular formula of the compound.

……………………………………………………………………………………. [1]

(c) (i) Explain why propane diffuses faster at 100°C than at 60°C.

…………………………………………………………………………………….

……………………………………………………………………………………. [1]

(ii) Explain why diffusion could be used to separate a mixture of methane and 
propane.

…………………………………………………………………………………….

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

[Total: 7]
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A5 Lead is widely used to make lead-acid car batteries.

Lead can be extracted from cerrusite, PbCO3, in a two-stage process.
Stage 1           PbCO3 2

(a) Explain if the reaction from stage 1 is exothermic or endothermic. 

……………………..………….…………………………………………………………

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

(b) Explain why the gas from stage 2 must be removed for the safety of the workers.

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

(c) In the laboratory, two experiments were set up using lead metal, as shown in  
Fig. 5.1.
Both experiments were conducted at room temperature of 25°C.

Fig. 5.1

For each experiment, describe what you would observe and how you would test any 
gas(es) evolved, if any. Write an equation for any one of the reactions in Fig. 5.1. 

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

[Total: 7]

lead metal lead metal

dilute 
sulfuric  
acid

aqueous 
copper(II)
sulfate
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A6 Molten zinc chloride can be electrolysed using the apparatus as shown in Fig. 6.1.

Fig. 6.1

(a) Explain why zinc chloride conducts electricity when molten, but not when solid. 

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

(b) Predict the products of this electrolysis at

the anode, ……..………….….……………………………………………………… [1]

the cathode. ………..…………...…………………………………………………… [1]

(c) When a dilute aqueous solution of zinc chloride is electrolysed, hydroxide ions are 
converted to oxygen at the anode.
Write the ionic equation for the reaction that happens at the anode.

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

(d) Describe a positive test for zinc ions. 

test ………………...………….…………………………………………………………

observations ………..………….……………………………………………………….

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

molten zinc chloride
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(e) Solid zinc chloride absorbs ammonia to form tetra-ammine zinc chloride, 
[Zn(NH3)4]Cl2. 

ZnCl2 + 4NH3 [Zn(NH3)4]Cl2

Calculate the maximum yield, in grams, of tetra-ammine zinc chloride formed when  
3.4g of zinc chloride reacts with excess ammonia.

[2]

[Total: 9]
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A7 This question is about the large scale production of ethanol.

(a) Ethanol can be made by reacting ethene with steam in the presence of a catalyst.
C2H4 (g) + H2O (g)  C2H5OH (g)

Fig. 7.1 shows how the percentage yield of ethanol changes as the pressure is 
changed at three different temperatures.

Fig. 7.1

Fig. 7.2 shows how the rate of reaction changes as the temperature changes at 
three different pressures.

Fig. 7.2
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In one process for the reaction of ethene with steam, the conditions are:

300°C
65 atmospheres
a catalyst

Use the information in Fig. 7.1 and 7.2, and relevant chemistry knowledge, justify 
why the above three conditions are used. 

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….………………………………………………………… [6]

(b) Other than the reaction of ethene with steam, ethanol can also be manufactured on 
a large scale by the fermentation of sugar.

Compare these two processes of making ethanol, in terms of

the rate of reaction, 
concentration of the ethanol produced, 
the use of finite resources. 

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

[Total: 9]
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Section B 

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

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

B8 Fats and oils are triglycerides formed from the condensation reaction of propane-1,2,3-triol 
with long chain carboxylic acids (fatty acids). Each triglyceride is formed from three fatty 
acids.

Fig. 8.1 shows the structural formula of a triglyceride likely to be found in peanut oil.

Fig. 8.1

A triglyceride is considered a fat if it is a solid at 25°C, whereas it is considered an oil if it 
is a liquid at 25°C. These differences in melting points reflect the differences in the degree 
of unsaturation and molar mass of the constituent fatty acids.

One method for checking the unsaturation level in fatty acids is to determine the iodine 
number. Iodine number is the number of grams of iodine consumed by 100 g of fat or oil. 
A higher iodine value indicates a higher degree of unsaturation.

Table 8.2 shows average figures for the percentage fatty acid composition of some 
common fats and oils.

Table 8.2

source of fat or 
oil

% saturated 
fatty acids 

(total)

%
monounsaturated 

fatty acid, oleic 
acid

(C17H33COOH)

% polyunsaturated fatty acids

linoleic acid
(C17H31COOH)

linolenic acid
(C17H29COOH)

beef fat 59 38 3 —

coconut oil 90 8 2 —

corn oil 25 26 47 2 

cotton seed oil 22 35 43 —

olive oil 15 78 7 —

soybean oil 14 28 50 8 
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The polyunsaturated/saturated (P/S) index of a fat or oil is the ratio of polyunsaturated fat 
to saturated fat. It is sometimes used to compare the relative health benefits of different 
fats and oils in the diet.

The above passage is modified from https://2012books.lardbucket.org/books/introduction-to-chemistry-
general-organic-and-biological/s20-lipids.html.

(a) (i) State the chemical linkage which is observed in Fig. 8.1.

……………………………………………………………………………………. [1]

(ii) Identify the by-product formed for the reaction of propane-1,2,3-triol with three 
long chain carboxylic acids (fatty acids). 

……………………………………………………………………………………. [1]

(iii) Draw the structural formulae of two reactants that are used to produce the 
triglyceride, as seen in Fig. 8.1. 

reactant 1: propane-1,2,3-triol

reactant 2: one of the carboxylic acids

[2]

(b) Using the information in Table 8.2, deduce and explain which fat or oil has the 
lowest iodine number.

……………………..………….…………………………………………………………

……………………..………….………………………………………………………… [2]
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(c) Although cotton seed oil and corn oil have similar iodine numbers, the melting point 
of cotton seed oil is higher than that of corn oil.
Suggest an explanation, in terms of the structure and bonding, in these two oils.

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

(d) Linoleic acid is a polyunsaturated fatty acid with molecular formula of C17H31COOH.
How many double bonds between carbon atoms are present in one molecule of 
linoleic acid? Explain your reasoning. 

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

(e) A P/S value of greater than 1 is considered beneficial for health.
Calculate the P/S index of coconut oil and soybean oil, giving your answers to 3 
significant figures.
Hence, determine which oil, coconut oil or soybean oil, is more beneficial for health.

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

[Total: 13]
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B9 (a) A series of experiments was carried out to compare the rate of reaction of acid with 
magnesium under different conditions.

Excess magnesium and 25.0 cm3 of acid were used. The conditions for each 
experiment are shown in Table 9.1. 

Table 9.1

experiment particle size of 
magnesium 

concentration and type 
of acid used

A 

B 

C 

D

lumps

lumps

lumps

powder

0.1 mol/dm3 HCl

0.2 mol/dm3 HCl

0.1 mol/dm3 CH3COOH

0.2 mol/dm3 HCl

The gas evolved was collected and its total volume was measured every 30 seconds 
for 10 minutes. The results obtained for experiment A and B were plotted in Fig. 9.2. 

Fig. 9.2

(i) Sketch on Fig. 9.2 the curve that you would expect for experiment C,
assuming that the reaction ended at the tenth minute. Label this curve as 
‘Experiment C’. 

[1]

Experiment A

Experiment B
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(ii) Explain, in terms of collisions between reacting particles, why there is a 
difference in the initial rate of reaction between experiments B and D. 

…………………………………………………………………………………….

…………………………………………………………………………………….

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

(b) The acids from experiments A and C are used in titration experiments with 
potassium hydroxide.

In experiment A-2, 0.1 mol/dm3 of potassium hydroxide was added from a burette to 
24.0 cm3 of dilute hydrochloric acid. A pH probe attached to a computer measured 
the pH during the titration experiment. 
Fig. 9.3 shows the results.

Fig. 9.3

In experiment C-2, 0.1 mol/dm3 of potassium hydroxide was added from a burette to 
24.0 cm3 of dilute ethanoic acid.

A-2

volume of KOH / cm3

pH
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(i) Using the graph in Fig. 9.3, state the pH value of hydrochloric acid used in 
experiment A-2. 

……………………………………………………………………………………. [1]

(ii) The pH value of the ethanoic acid used in experiment C-2 is 4. On the 
same axes on Fig. 9.3, sketch the curve you would expect for this 
experiment. Label this curve as ‘C-2’. [1]

(iii) The acids used in experiment A-2 and C-2 have the same concentration. 
Explain why they have different pH values.

…………………………………………………………………………………….

…………………………………………………………………………………….

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

[Total: 7]
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EITHER

B10 This question is about the chemistry of chlorine and some of its compounds.

(a) Describe, with the aid of an ionic equation, the reaction of chlorine with aqueous 
potassium bromide. Explain why this reaction involves the reduction of chlorine.

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

(b) Describe a way to prepare a dry, pure sample of silver chloride, AgCl, from silver 
metal. 
Use the following information to help you

silver does not react with dilute hydrochloric acid,
silver reacts with hot concentrated nitric acid to form silver nitrate,
all nitrates are soluble in water,
silver chloride is insoluble in water.

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….………………………………………………………… [4]
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(c) The ozone layer in the atmosphere contains ozone, O3.
The ozone absorbs ultraviolet light and breaks down to form oxygen.

2O3                                  3O2

The ultraviolet light provides the activation energy for the reaction.

Fig. 10.1 shows the energy profile diagram for the above reaction.

Fig. 10.1

(i) Chlorine atoms, pollutants in the ozone layer, catalyse the reaction that 
breaks down ozone and increase its rate.
Sketch the energy profile of the catalysed reaction in Fig. 10.1. [1]

(ii) Explain, in terms of energy and particle collisions, how a catalyst increases the 
rate of reaction.

…………………………………………………………………………………….

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

[Total: 10]

ultraviolet light

2O3

3O2

Ea

en
er

gy

reaction progress
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OR

B10 (a) Some metal carbonates, when heated, decompose to produce carbon dioxide. 

Fig. 10.2 shows the results from an investigation on the rate of decomposition of four 
metal carbonates. 

Fig. 10.2 

In each experiment, 1.00 g of metal carbonate was heated to the same temperature 
using flame of the same intensity. The volume of carbon dioxide produced was 
measured at every minute interval.

(i) Suggest why very little carbon dioxide was collected at the start of each 
experiment.

…………………………………………………………………………………….

……………………………………………………………………………………. [1]

(ii) Using the information in Fig. 10.2, explain why the decomposition of metal 
carbonates were not completed at the end of the investigation.

…………………………………………………………………………………….

……………………………………………………………………………………. [1]
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(iii) Using only the information in Fig. 10.2, state and explain which metal 
carbonate decomposed at the fastest rate.

…………………………………………………………………………………….

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

(iv) Describe and explain how the volume of carbon dioxide will change with time if 
sodium carbonate was used for the experiment.

…………………………………………………………………………………….

……………………………………………………………………………………. [2]

(b) Two samples of a copper ore have been discovered. They contain different amounts 
of copper(II) carbonate but no other carbonate.

When excess dilute acid is mixed with the powdered ore, a gas is produced. The
volume of gas evolved is a measure of the amount of copper(II) carbonate in the 
ore.

Outline an experiment that compares the amounts of copper(II) carbonate in the two 
different ores. You may include a diagram if it helps you to answer the question.

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

……………………..………….…………………………………………………………

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

[Total: 10]

END OF PAPER
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SECONDARY FOUR CHEMISTRY PRELIM EXAM MARKING SCHEME

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

PAPER 2 [80 marks]
Section A [50 marks]

A1 (a) He [1] (b) N/P/As [1] (c) Fe [1] (d) S and O/ N and O/ C and O [1]

(e) Cl [1]

[Overall of 1 m will be deducted if candidates never follow the instruction to write 
chemical symbol.]

A2 (a) The extract from frozen spinach contains xanthophyll, chlorophyll, phaeophytin and a
/ one unknown spot / substance. [1]

(b) Rf = = 0.500 (3 sig. fig.) [1]

(c) The frozen spinach contains the ‘old’ chlorophyll, phaeophytin, [1] indicating that it is
no longer fresh. or The spinach bought from the market does not contain the ‘old’
chlorophyll, phaeophytin.

A3 (a) [1 m for every 2 correct answers; max. of 2 m]

isotope 28Si 30Si

atomic number 14 14

number of neutrons 14 16

nucleon number 28 30

(b) (i) 1 m for any correct answer; max. of 2 m:
- low melting point and boiling point
- poor electrical conductor / cannot conduct electricity / good insulator

www.KiasuExamPaper.com

A C A A D C B D C C 
31 32 33 34 35 36 37 38 39393939393 40
B A B D A D A B BBBBBBBBBBBBBBBB D

PAPER 2 [80 marks]
Section A [50 marks]

A1 (a) He [1] (b) N/P/As [1] (c) Fe [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[[[[[ ]]]]]]]]]]]]]]]]]] (dddddddd))))))))))))))))))))))))))))))))))))))))))))))) SSSSSSSSSSSSSSS SSSSSSS SSSSSSSSSSSSSSSSSSSSSS SSSSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS ananananananananananananananananananananananaaanananananaaanaananananaaaaaaaanannaaaananananaaaaannaanaaaaananananannnanannaanannnnanaannnannnnnnnnnannnnnnnnnnanaaa dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd O/O/O/O/O/OO/O/O/O/O//O/O/OO/O/O/OO/O/O/O/OOO/O/O/OOO/O/O/O/OOO/O/OOO/O/O/OO/OOO/O/OO/O/O/O/O/O/OOOOO/O/O/O/OO/O//O//O/O/O/OOOO//O/O/O/O/OOOOO/O/OOO/O/OOO//O/O//O/O/O/O/OOO/O/O/OOOO///OOOOOOO/O//OO/OOOOO/O//OO//OOO// NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN aaaaaaaaaaaaaaaaaaaaandndndndndnd OOOOOO////// CCCCCC anananananandddddd OOOOOO [1]

(e) Cl [1]

[Overall of 1 m will be deductctctctctctctctctctctctctctctctctctctcttc edededededededededeeddededdedddede iiiiiiiiiiiif ffffffffffffffffff caacacaacaaaaaaacaaacacacacaacc ndndndndndnddnddndndndndnddndndndnddndn idiiidididiiidiiidiiiiidiii ates nnnnnnnnnnnnnnnnnnnnevvvvvvvvvvvvvvvvvver follow thhhhhhhhhhhhhhhheeeee eeeeeeeee inininininininiinininininininininstruction to write 
chemical symbol.]

A2 (a) The extract from frozen spinach contn aiains xanthohophphylylll, chccc lorophyll, phaeophytin and a
/ one unknown spot / substancee. [1[1[1[1[1[1[1[1[11[11[1[1[1[11[1[1[1[ ]]]]]]]]]]]]]

(b) Rf = = 0.500 (3 sig. fig.) [1[1[1[[1[1[1[1[1[[1[[[[1[1[1[ ]]]]]]]]

(c) The frozen spinach contains ththe e ‘o‘old’ chchlolorophhyll, phaeophytin, [1] indicating that it is
no longer fressh. orororrororororrroor ThT e spspininacachh bought from the market does not contain the ‘old’
chlorophylylll,, phaeaea opo hytitinn..

A3 (a) [1 mmmmmmmmmmmmmmmmmm fffffffffffffffffffffforororororororororororororororrororroo eeeeeeeeeeeeeeeeeeeeeeveveveeeeeeveeeeeeeeeryryryryryryryryryryryryryryryryryyryyyy 2222222222222 cccccccccccccccccccccccororoorororororororororoororororororooo rerererererrerereererrrererrrr ct answers; max. of 2 m]

isissototope 28Si 30Si

atomic number 14 14
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(ii)

(c) (i) SiCl4 (l) + 2H2O (l) SiO2 (s) + 4HCl (aq)
[1 m for all correct chemical formulae and balanced equation; 1 m for all 
correct state symbols]

(ii) 1 m for mentioning SiO2 having a three-dimensional giant molecular structure
(whereas SiCl4 has a simple molecular structure)
1 m for any following description related to bonding:
- each silicon atom is covalently bonded to 4 oxygen atoms and each oxygen

atom is covalently bonded to 2 silicon atoms
- the strong covalent bonds in silicon(IV) oxide are difficult to overcome and

hence, has a high melting point, unlike silicon(IV) chloride which has weak
van der Waals forces of attraction / weak intermolecular forces of attraction
between the molecules that is easy to overcome and hence, has a low
melting point

A4 (a) Methane traps heat, causing global warming. [1]

(b) (i) C H Cl

Mass / g 0.242 0.04 0.718

Ar 12 1 35.5

No. of 
moles

0.24212 = 0.02016 0.041 = 0.04 0.71835.5 = 0.02022 [1]
or
[1]Ratio 0.020160.02016 = 1 0.040.2016 2 0.020220.02016 1

Empirical formula = CH2Cl [1]
(ii) Mr of CH2Cl = 12 + 1 + 1 + 35.5 = 49.5

n = . = 2
Hence, molecular formula = (CH2Cl)2 = C2H4Cl2 [1]

(c) (i) At higher temperature of 100°C, the propane molecules have more kinetic
energy [1] and hence move faster, as compared to a lower temperature of 
60°C.

(ii) Molecules/particles have different (relative molecular) masses, such that
methane has a Mr of 16 whereas propane has a Mr of 44. [1]
Methane (molecules) move or diffuse faster / propane (molecules) move or
diffuse slowest [1]

SiCl

Cl

Cl

Cl

×
×

×
×

×
×

×
×

×
×

×
×

× ×

× ×

× ×

× ×

× ×

× ×

[1 m for showing 1 Si atom with 4 Cl
atoms; 
1 m for showing correct number of 
electrons, including the sharing of 
electrons]
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(ii)

(c) (i) SiCl4 (l) + 2H2O (l) SiO2 (s) + 4HCCll (a(aq)
[1 mmmmmmmmmmmmmmmmmmmmmm for alllllllllllllllllll cccccccccccccccccccccorororrorororororororororororrorororoo rerrrrereeerererrreerrrrerrr ct chchchchccchchcchcchcchccchcchchhemeeeeeeeeeeee ical fororororrororororororororororororoooro mumuumumumumumumumumumuumumumumumumummmmm lalalalalalalalalalalalalalalalalalaaaalalaae ee e ee ee e eee eeeeeeee and balanced equation; 1 m f
cococococoococoooooooooooooorrrrrrrrrrrrrrrreccccccct tttttttttttttttttt stsssssssssssssss ate sysysysysysysysysysysysysysysysysysyysyysymbmmmmmmmmmmmmmm ololololololololollolllolololoooo s]s]s]s]s]sssss]ss]s]s]s]s]sss]]]]

(ii)i 1 mmmmmmmmmmmmmmmmmmmmm for mentioniingng SSiO22 hahavivingng aa three-dimensional giant molecular stru
(whereas SiCl4 hahas s a a sisimpmplele mmololecular structure)
1111111111111111111 m fofffffffffff r rrrrrrrrrrrrrrrrrrrrr any folllllllllllllllllllllllllllllllllllllllllllowowowowowowowowowowowowowoowowowowwowowowwwwininininininininnninnnininnniinnninininnggg g dedededededededededededededededededeedededescscscscscscsscscscscscscscscscscscsss riptttttion related to bonding:
- eaachch silicconon aatotom m isi  covalently bonded to 4 oxygen atoms and each ox

atatom is s cocovavalelentntlyly bonded to 2 silicon atoms
- the e ststrorongng ccovovalent bonds in silicon(IV) oxide are difficult to overcom

hehencnce,e, hhasas a high melting point, unlike silicon(IV) chloride which has
vavan n deder r Waals forces of attraction / weak intermolecular forces of attr
bebetwtween the molecules that is easy to overcome and hence, has 
mem lting point

A4 (a) Methane traps heat, causing global warming. [1]

SiCl

Cl

Cl

Cl

×
×

×
×

×
×

×
×

×
×××××××××××××××××

×
×

×××××××××××××××× ××××××××××××

×× ××

× ×

× ×

×××××××××××××× ××××××××××××××

× ×

[1 m for shooooooooooowiwiwiwiwiwiwiwiwiwiwingngngngngngngngngngng 11111111111 Si atom with
atoms; 
1 m for shshshshshshshshshshshowowowowowowowowowowowinininininininininininggggggggggg correct numb
electrononononononononononons,s,s,s,s,s,s,s,s,s,s, iiiiiiiiinc uluuuulululululuudididididididddididing tttttttttthehehhhhhhhhh  shari
eleccccccccccctrtrtrtrtrtrtrtrtrtrtrononononononononononons]s]s]s]s]s]s]s]s]s]s]
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A5 (a) Endothermic [1], because heat is taken in during decomposition [1] to break down 
the lead(II) carbonate into smaller compounds.

(b) Carbon monoxide is a toxic (poisonous) gas/pollutant.
or carbon monoxide combines with haemoglobin in our red blood cells to form a
stable carboxyhaemoglobin, which deprives our body of oxygen.
Reject: CO is an air pollutant / causes death / breathing difficulty as no scientific
explanation was given.

(c) Reaction of lead metal with aqueous copper(II) sulfate:

NOTE: Lead is a more reactive metal than copper and hence able to displace
copper from copper(II) sulfate.
Observation: blue copper(II) sulfate fades (turns colourless) / Reddish-brown (pink)

deposits seen. [1]
Equation: Pb + CuSO4 4 + Cu [2]
Reaction of lead metal with dilute sulfuric acid:
NOTE: Lead(II) sulfate is an insoluble salt, which prevents further reaction of
lead with dilute sulfuric acid. Hence, reaction will not go to completion and that
lead will appear as if it is unreactive with the acid. No effervescence will be
seen as the reaction is way too slow.
Observation: no visible (observable) change or white deposits on lead metal [1]

Reject: Effervescence (bubbles) seen. / Hydrogen gas evolved, which 
extinguishes the lighted splint with a ‘pop’ sound. 

Equation: Pb + H2SO4 4 + H2 [2] (but reaction will NOT go to completion) 

A6 (a) When molten, the strong electrostatic forces of attraction between the oppositely 
charged ions, Zn2+ and Cl , are overcome. or In solid state, the oppositely-charged 
ions are held together by the strong electrostatic forces of attraction and can only 
vibrate about in fixed position. [1]
In molten state, the ions can slide around / move / are mobile to carry the charges 
across to conduct electricity. [1] or There are free moving (mobile) ions in molten 
state.
(Reject: any phrase on ‘electrons’ / ‘sea of delocalised ions’)

(b) at anode: Chlorine gas evolved. (2Cl (l l2 (g) + 2e ) [1]

at cathode: Zinc metal deposited on the cathode. (Zn2+(l) + 2e ) [1]

(c) 4OH 2O(l) + O2(g) + 4e [1]

(d) Test: add aqeuous sodium hydroxide (aqueous ammonia) dropwise, followed by in
excess [1]
Observations: White precipitate, soluble in excess giving a colourless solution [1]

(e) Mr of ZnCl2 = 65 + 35.5 + 35.5 =136

No. of moles of ZnCl2 = . = 0.025 mol. [1]

No. of moles of [Zn(NH3)4]Cl2 = 0.025 mol.

Mr of [Zn(NH3)4]Cl2 = 65 + 4(14 + 3) + (35.5 × 2) = 204

Mass of [Zn(NH3)4]Cl2 = 0.025 × 204 = 5.10 g (3 sig. fig.) [1]
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copper from copper(r II(( ) sulfate.II

Observation: blue copper(II) sulfate fades (turns colourless) / Reddisi h-brown (pink)
deposits seen. [1]

Equation: Pb + CuSO4 4 + Cu [2]
Reaction of lead metal with dilute sulfuric acid:
NOTE: Lead(II(( ) sulfate is an insoluble salt, which prprprprprprprprprprpreveveveveveveveveveveveeeneneneneneneee tststststststststststs furthhhhhhhhhhhereererererererererr rrrrrrrrrrrrreaeaeaeaeaeaeaeaeaeaeae ctctctctctctctctctctccc iiiiiioii n ofII
lead with dilute sulfuric acid. Hence, reaction will nnnnnnnnnnnnototototototototototototottotototototototttottttttottotototttttotttoottttotototottottotototototttotottttttooooototototottottoooottottoootooooootooooo ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggoooooo ooooooo ooooooo ooooo oooooooo ooooooo oooooooooooooooooo oooooo oooooooooo ooooooooooooooooooooooo tototototototototototototottttttttttotttttotottototottttttottttotottottottoootoooootoo cccccccccomplplplplplplplplplpllletetettttettttioioioioioioioioiioonnnnnnn nn and that
lead will appear as if it is unreactive with theeeeeeeee aaaaaacacacacacacacacacccaccaaccacacacacacacaccaccacccccaacaccacacaaaacacccacacaccccacaccacacaccacacaccaccacacccccccccaaccccaacaaaaaaacaaaaaaaaaaaaacacaacididididddidiididididididididididdididididididididididididididididdididiidididdididididiididdididdididididddddididddddidddddidddidididdididdddddddidddiddidddddiddddididdddiiiiiiididiiididididiiiiddiiiddidddd..................................... NoNoNNoNoNoNNNoNoNoNoNoNoNoNoNoNoooooooNoNoNoNoNNoNoNoNNooNoNNNNNoooNNoNoNNNNNoNoNoNoNoNoNoNoNNooNoNoNoNoNooNNoNooooNoNoNoooNNNoNoooNNNoNNoNoooNoNooNNNNoNoNooNNoNoNNoNoNoNooNoNNoNoNoNNNoooNNoNNNooNNNNNNooooooNNoooNNNoNoNooNNNNNNooooNoNoooooNNoNoNNooooNooNoNooNNoo eeeeeeeeeeeffffffffff erveeeeeeeeeeescscscscscscscscscsss enenenenenenenenenenencecececcccccc  will be
seen as the reaction is way too slow.
Observation: no visible (observable) change oooroooooooooooooo whwhwhwhhwhhhhhhhhhhhhhhhhhhhhhhhhhhhhititttittittitittititittitittitttitttitttttttttitttttttttttttitttttttttttttttttitttttttitiiiiiiititiiiitiittititttitiiiti eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee dedededededededededededeedededededeededededededededededeedeededededededeededededededeededededededeedeededededededeedededededededededededededeeedeedededeeedeedededddededeedddedededdedededddddddedddeeeededdddeeededdeedddd pppppopopopppppppppppppppopoppppppppopopoppppppppppopopoppppppopopopppppopopopppppopoppppopoppppp sssssissss ts oooooon   leeeeead mmmmmmetetetetetetalalalalalal [1]

Reject: Effervescencncncncncncncncncncncnccccce (b(b(b(b(((((b(b((b((b(((( ubblessssssssssssssssss) )))))))))))))) sesesesesesesesesesssssessseen. / Hydrogggggggggggggggeeneneneneneneneeneneneen gggggggggggggggas eeeeeeeeeeeeeeeevovovovovovovovovovoovov lved, which
extinguishesssssssssssss ttttttttttttttthehhhhhhhhhhhhh  ligggggggghthhhhhhhhhhhhhhhhh edededededededededededeededededede sssssssssssssplppppppppppppppppp int withththhhhththhhthhthhhhh aaaaaaaaaaaaaaaa ‘pop’ sound..... ...

Equation: Pb + H2SO4 4 + H2 [2[2[2[2[2[2[2[2[2[2[[2[[[[[[ ]]]]]]]]]]]]]]]]]]] (but reacctitionon will NOTOTOTOTOTOT gggggo to completion) 

A6 (a) When molten, the strong ele tctrostataticic ffororo ceces s of attraction between the oppositely 
charged ions, Zn2+ and Cl ,, arare e ovovo erercocomeme. oooooooooroooooooooo In solid state, the oppositely-charged
ions are held together by theheh  sttrorongg eelelectctrooststs atic forces of attraction and can only 
vibrate about in fixed positioonn.. [1[1[1[1[1[1[1[1[11[11[1[1[1[1[1[1[1[1[1[[ ]]]]]]]]]]]]]]]]]]]]]]
In molten n ststate,e ttheh ioonsns cacann slslidide e around / move / are mobile to carry the charges 
across to o cocondnduct elelecectrtricicitty.y.y  [1] or There are gfree moving ( )(mobile) ions in molten
state.
(Rejejejejejejejejejejejejejejejejeectctctctctctctctctctctctctctctctcttc ::::::::::::::: anaananananananaaananananaaa y y y y y yy yy y y yy yy yyyyyy phphphphphphphphphphpphphphphhhphphraaaaaaaaaaaaaaaaseseseseseseseseseseseseeseseseseseee oooooooooooooooooooonnnnn ‘electrons’ / ‘sea of delocalised ions’)

(b) at anodeded :: ChC loloririnen gas evolved. (2Cl (l l2 (g) + 2e ) [1]

at cathode:e:: Zinc metal deposited on the cathode. (Zn2+(l) + 2e ) [1]

(c) 4OH 2O(l) + O2(g) + 4e [1]
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A7 (a) Temperature:

A lower (higher) temperature gives a higher (lower) yield
or A higher (lower) temperature gives a higher (lower) rate [1]
Pressure:

A higher pressure gives a higher yield (increase in yield gets less as pressure 
increases)
or A higher pressure gives a higher rate (increase in rate increases as pressure 
increases) [1]
Catalyst: using a catalyst speeds up the reaction [1]
Compromised conditions:

A higher pressure gives a higher rate and thereby a higher yield but increases costs 
and/or risk [1]
A lower temperature gives a higher yield but a lower rate resulting in lower 
economical production of ethanol. [1]
Catalyst makes reaction faster so a lower temperature can be used. [1]

(b) Formation of ethanol is faster for reaction of ethene with steam / faster reaction
between ethene and steam (slower for fermentation) [1]
Concentration of ethanol is higher for reaction of ethene with steam (lower for
fermentation) [1]
Non-renewable resource such as crude oil is used to produce ethene needed for the
reaction of ethene with steam while renewable resources such as sugar cane plants
are used to extract sugar for fermentation [1]

Section B [30 marks]

B8 (a) (i) Ester linkage [1] (ii) Water / H2O [1]

(iii) Structural formula of propane-1,2,3-triol:

[1]
Structural formula of one of the carboxylic acids:

/ /

[1]
(b) Coconut oil [1], as the percentage of unsaturation adds up to (8% + 2% =) 10% [1],

which is the lowest.
(c) NOTE: Since cotton seed molecules and corn oil molecules have similar iodine

numbers, their melting points is not dependent on the degree of unsaturation.
Cotton seed oil (molecules) have higher molar mass / relative molecular mass than
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Compromised conditions:

A higher pressure gives a higher rate and thereby a higher yield bubutt inincrcreases costs 
and/or risk [1]
AA lower g g y gtemperature gives a higher yield but a lower rratatee reresusultlting in r lower
economical production of ethanol. [1]
Catalyst makes reaction faster so a lower temperature caaaannnnnn bebebebebbebeeeee uuuussssed. [11111111111]]]]]]]]]]]

(b) Formation of ethanol is faster for reaction of ethhhheenenenenenenenenenennnnnnnennnnnennnnnnnnnnnnnnnnnnnennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnennennnnnnnnnneeee eeeeeeeeee e eeeeeeeeee eeeeeeeeeeeeeeeeeeee eeeeeeeeeee eeeeeeeeeeeeeee eeeeeee eeeeeeee wiwiwiwiwiwiwwwiwiwiwiwiwiwiwiwiwwiwwiwiwiwwwiwiwwiwwwwwwiwwiwiwiwwwiwiwwwwwiwwiwiwiwiwiwwiwwiwwiwwwwiwwwiwiwwiwiwwiwwwwiiwwwiiwiwwwwiwiwiwwwiwiwiwwwiwwwwwwwwwwwwwwiwwwwwwwwwwwiwwwwwwwwwwwwwwww thththththththththtttthththhththththtthththttththhthththththtththtthtthththhthtththhhhhthhhhhhthhhhthhhththththhhhththhhhhhthhthhththhhhhthhhhhhththhhhhhhhhthhhhhttthhhhthttttthhhthhtthth sststtsttteeeeam // fafaststere  reaction
between ethene and steam (slower for fermentaaaatitiiiooononononnonnnonononononnonooonoonononnonnnononoooonoononononnnnononnnnnonononononononoonnonnononnoonnonononnnnnonononnnnnnoonooooononnooonooooonoooonoonoooooooooooooooooonnoonnnnonnonnnn)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[[1[1[1[1[[[1[1[[[1[1[1[1[[[[1[[[[1[1[1[1[1[1[1[1[[11]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]
Concentration of ethanol is higher for reactioionnnnnn ofofofofofofooffofofofofofofoofofofofofoffofoffoofofofofofofofofofofofofofoofofofofofofoofofooofoofoofofofooofooooofooofoooooofofoooooooooooooooooofoooffoffffoofffooofoffffffooffofffffooofooofofooooo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeththtththtththththththththtthttthtthththththttttthttthththtttthhthththttttthtthththhttttththhthtththththththhtththhthththttthtthtththhththhttttththhthttthththhththhhththhhthhhhthhthhhhhhhthhhhhhhththhhththhthhhhhhhttthhththttttttttththttththt eeeneneneneneneneneneeneneneneneneneeneeeeneneeeeeeeeeeeeee e wwwwithththth steaamm (l(lower for
fermentation) [1]
Non-renewable resource such as crude oil is useed to producee eththene needed for the
reaction of ethene with steam while renewable resources su sugar cane plantsrenewable resources suchch aass sugar cane plants
are used to extract sugar for fermentation [1[[[[ ]]]]]]]]]]]]]]]]

Section B [30 marks]

B8 (a) (i) Ester linkage [1[[1[1[1[1[1[1[1[1[1[1[1[1[1[111[111] (ii)) Water / H2O [1]

(iii) Structuralal forormum la oof f prpropopananee-1,2,3-triol:

[1]
Structural formula of one of the carboxylic acids:
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corn oil (molecules) [1]. More energy is needed to overcome the stronger 
intermolecular forces / Van der Waals’ forces of attraction between the molecules. 
[1] or Corn oil (molecules) have lower molar mass / relative molecular mass than
cotton seed oil (molecules).  Lesser energy is needed to overcome the lesser
intermolecular forces / Van der Waals’ forces of attraction between the molecules.
Reject: the phrase ‘bonds’ in replacement of ‘forces’, ‘break’ in replacement of 
‘overcome’, and ‘atoms’ in replacement of ‘molecules’

(d) Since general formula of carboxylic acid is CnH2n+1COOH, a saturated fatty acid with
18 carbon atoms should have a molecular formula of C17H35COOH. [1]
Since a decrease in 2 hydrogen atoms indicates the present of one carbon-carbon
double bond in each molecule, each molecule of linoleic acid (C17H31COOH) will
contain two carbon-carbon double bonds. [1]

(e) P/S of coconut oil = = 0.0222 (3 sig. fig.) [1]

P/S of soybean oil = = 4.14 (3 sig. fig.) [1]

Soybean oil [1] is more beneficial for health than coconut oil.

B9 (a) (i) [1 m for correct curve drawn, such than shallower gradient and same 
volume of gas collected as compared to Experiment A]

(ii) Powdered magnesium was used in Experiment D, indicating that more surface
area is exposed for more collisions [1] to occur. Hence, initial rate of reaction
is higher [1] than that of Experiment B.
or Magesium lumps was used in Experiment B, indicating that lesser surface
area is exposed for lesser collisions to occur. Hence, initial rate of reaction is
lower than that of Experiment D.
Reject:  1) rate of reaction between Experiment B and D is different as this is a

sweeping statement, which shows the lack of scientific content. 
2) discuss about the concentration of acid.

(b) (i) pH 1.1 [1]
Reject: pH is 1 as this shows that students did not read off from the graph 
properly.

(ii) [1 m for similar curve to A-2, except for an initial pH value of 4 (same
volume of KOH used & same height at the end of the reaction)]

(iii) In experiment A, hydrochloric acid, a strong acid, ionises/dissociates
completely to produce a lot of hydrogen ions, while in experiment C, ethanoic
acid, a weak acid, ionises/dissociates partially to produce little hydrogen ions.
[1]
1 m for linking pH value to concentration of hydrogen ions, with any one
of the following:
- Ethanoic acid has a lower concentration of hydrogen ions and therefore has

a higher pH value.
- Hydrochloric acid has a higher concentration of hydrogen ions and therefore

has a lower pH value.
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double bond in each molecule, each molecule of linoleic acid (C17H31COOH) will
contain two carbon-carbon double bonds. [1]

(e) P/S of coconut oil = = 0.0222 (3 sig. fig.) [1]

P/S of soybean oil = = 4.14 (3 sig. fig.) [1]

Soybean oil [1] is more beneficial for health than coconutututtutt ooooooilililililil.

B9 (a) (i) [1 m for correct curve drrrrrrrrrrrrrawaaaaaaa n, susususuusuusuusuuuuuuuuuuuuuchhhhhhhhhhhhhhhhhhhhhh thahahahahahhhaahahahaaahahhahaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn shshshshshshshshshsshshshshshshhhshhhshshshhshhhshshshshhshshshshhshshhshhshshhshshshshhhhhhhshshshshhhsshhhshhhhshshhshhhhshhshhhshsshshsssshhssssssshshhssshhsshsssshhhsssshhshsshhhhshhhhsshhsssshshshaaaaaaaaaaaaaalaaalalaaalalalalallalaaaalallalalalalaaalalaaaaaallalalaalalalaalaaaaaaaaaalaaaaaaaaaaaalaaaaaaalaaalaaaaaaaaaaaaaalaalallala llololololololololoweeeeeeeeeeeeeeeeerrrr rrrrr rrrrrrrrr grgrgrgrgrgrgrgrgrgrgrgrgrrgrgrrgradieeeeeeeeeeeeeentntntntntntntntntntntntntntntntntntnt aaaaaaaaaaaaaaand same
volume of gas collected asasaaaaasasaaaaaaasasaaaa ccccccccccccccccccccomoo pareeeeeeeeeeeeeeeeeeedd totototototototototottotottotototototttoto Expereriment t AAAAAAAAAAAAAAAAA]]]]AA

(ii) Powdered magnesium was used in Experimemm nt D, indicacacacacacatingngngngngng that more surface
area is exposed for more collisions [1[[[[[[[[[[[[[[[ ]]]]]]]]]]]]]]]] to occurur. Hence,e,e,e,e,e, iiiiiinnnnnnitial rate of reaction
is higher [1] than that of Experiment B.
or Magesium lumps was useded iinn Experirimementnt BB,, indicating that lesser surface
area is exposed for lesserer ccolollilisis onnss toto ooccccurur. Hence, initial rate of reaction is
lower than that of Experimimeent DD..
Rejejejejejejejejejejejejejejejejeeeect:t:t:t:t:t:t:t:t:t:t:t:t:t:t:t:t:   1) rarrrrrrrrrr teteteteteteteeteteteteteteteteeete of reacacacccccccccccctitititititititititititiititititititt ononononononononononononononononooo bbbbbbbbbbbbbbbetetetetetetetetetetetetetetetetetetwewewewewewewewewewewewewewewewweeeneneneeeneneneeeeeeneneneeee EEEEEEEEEEEEEEEEEEExpxpxpxpxpxpxpxpxpxpxppxpxpxpxpxpxpxxx ereeeeeeeeeeeeeeee iment B and D is different as this is a

swsssssssssssssssss eeeeeeeeeeeeeeeeeee ping sssstatatatatatatatatatatatatatatatattat teteteteteteteteteteteteteteteteteteemememememememmmememmemmemmemm ntttttttttttttttt, whwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhw ich shows the lack of scientific content. 
2)2222222222222222 dididididididididididddddddddd sscssssssssssssss uss sssss s ss sssssssss abababababababababababababababababbbabououououououououououououououoouoouo t tttttttttttttttttt ththththththththththtthththththtththeeee eeeeeeeeeeeeee concentration of acid.

(b) (i) pH 11.1. [1[1[1[1[1[1[[1[1[1[1[1[1[1[1[[1[[11[[ ]
ReRRRRRRRRRR jejeeeeeeeeej ct: pHpHpHpHpHpHpHpHpHpHpHpHpHHpHpHpHpp iiiiiiiiiiiis ss ss s sssss ss ssss 11111111111111 asasasasasasasasasasasassasasasasss this shows that students did not read off from the graph
prprprprprprprprprprrprprprprprpprpp opopopopopopopopopopopopopopopopopo ererererererrrererrrerrrrrlylylylylylylylylyylylyylylylylyyyy........

(ii) [1[1[1[1[1[1[1[1[[1[1[1[1[1[11[1[11[111 mmmmmmmmmmmmmmmmmmmmm forororororororororororrororororrorrroroo sssssssssssssssssssssimilar curve to A-2, except for an initial pH value of 4 (same
volululululululululululuululululullulluuumememememememememmememmmemememememememem  of KOH used & same height at the end of the reaction)]

(iii) In experiment A, hydrochloric acid, a strong acid, ionises/dissociates
completely to produce a lot of hydrogen ions, while in experiment C, ethanoic
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EITHER
B10 (a) Chlorine is more reactive than bromine, and hence displaces bromine from 

potassium bromide (its salt solution). [1]
Cl2 (g) + 2Br l (aq) + Br2 (aq) [1]
NOTE: Ionic equation should come with state symbols. 
Reject: chemical equation
Chlorine is reduced due to a decrease in its oxidation state from . [1]
or chlorine is reduced due to a gain in electrons. 

(b) Step:
1) Add excess silver metal to the hot concentrated nitric acid to form aqueous

silver nitrate. [1]
2) Filter to collect the aqueous silver nitrate as filtrate / to remove the unreacted

silver as residue. [1]
3) Add aqueous silver nitrate to sodium chloride (or any soluble chloride salt) to

produce the white precipitate of silver chloride. [1]
4) Filter to collect the silver chloride as the residue. [1]
5) (optional) Wash the residue with deionised water and dry between filter

papers.
(c) (i) [1 m for showing a lower Ea but with same height for energy level of

reactants and products]
(ii) The catalyst provides a lower activation energy, whereby more colliding

particles possess energy equal to or greater than the activation energy. [1]
The number of effective collisions increases, leading to higher rate of formation
of product particles. [1]

www.KiasuExamPaper.com

Seng Kang Secondary School Secondary Four Express Chemistry
Department of Science Preliminary Examination 2018 Marking Schem

EITHER
B10 (a) Chlorine is more reactive than bromine, and hence displaaaaaacecececececes brbrbrbrbrbromine from 

potassium bromide (its salt solution). [1]
Cl2 (g) + 2Br l (aq) + Br2 (aq) [1]
NOTE: Ionic equation should come with state symbbbbbbbbbbbololololololololollllooooooooooooooooolooooooooooooooooooooooolloooooooollllooooooo sss.s.s.s.s.s.s.s.s..s.....  
Reject: chemical equation
Chlorine is reduced due to a decrease in its oxxxxxxxidddiddddddddddddddddddidddddddddddddddddddddddddddddddidddddddddddddddddddddddddddididddddddiddddddddddddddddddddddddddddatatatttttttatattttttttatatttatatttatatatatattatatattttaaattataataatatatatatatatatatattaatatatatatataaaataaatataaaataaaatatataaaaaaataaataataaaataatatattaatatataatataaaataaatatataaaataaatttaaatataaattaaaaattttttttatttttioioioioiooioioooioooooioioioioioioooiooioioioooiooioioioooooioioioooooioioioiooooioioiooioioiiiooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnnnnnnnn nnnnnnnnnn sststststststsststttststtstststststsststtststststsssttststsststtttsttststttsttstststttttststststttstststtsttststssssttstssststststsststtssssssssstsssssssstssssttsttssttttstttatatatatatatatattatatatatatattatatatatatatatatattatattatttatatatatatatatattatatatatatatatattatatatatttttatatattaattatatatatatttatattatatataatttttataaatttaaaaaattatataaaatatataaaatatatttaataatttttaattteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ffffrfrfrfrffffffrfrrfrfrfrfrfrfrfrrfrfrfrfrfrrfrfrfrff omomomoomomomommooomo  ..... [1[1[1[1[1[1[1[1[11[1[1[1[1[1[1[1[[ ]]]]]]]]]]]]]]]
or chlorine is reduced due to a gain in electrons. 

(b) Step:
1) Add excessexcess silver metal to the hot concentrtrata ed nitriiic ccc cc acacacacacacid to form aqueous

silver nitrate. [1]]]]]]]]]]]]]]]]]
2) Filter to collect the aqueu ous s siilvl er nitraatete aass fifiltltrarr te / to remove the unreacted

silver as residue. [1[[[[[[[[[[[[[[[[ ]]]]]]]]]]]]]]]]]]
3) Add aqueous silver nittraatete too ssododdiuium m chchloride (or any soluble chloride salt) to

produce the white prrececipipitittatate e ofof ssililvever r r chc loride. [1]
4) Filter tto coc lll ecct the sisilvlverer cchloride as the residue. [1]
5) (ooptptioionaal)l)l) Washsh tthehe rresesididue with deionised water and dry between filter

paapepersrs.
(c) (i) [1[[[[[[[[[[[[[[[[[[ mmmmmmmmmmmmmmmmmmmmm for rrrrrrrrrrrrrrrr shshshshhshshshshshshshshshshshhshhhshshowowowowowowowowowowowowowowowowowowowowwowwoowwinnnnnnnnnnnnnnnnnnnnnggggggggggggggggggggg a lower Ea but with same height for energy level of

rerererererererererererereeerererererrr acacacacacacacacacacaaacacacaaaaaaa tataaaataaaaaataataaaaaaaaaantntntntntnntntntntntntntntntntntnntts sssssssssssssss ananananananananananananaanananaananaandddddddddddddddddddd prpppp oducts]
(ii) ThThT e e cacatatalylyst provides a lower activation energy, whereby more colliding

partrticiclelees possess energy equal to or greater than the activation energy. [1]
The number of effective collisions increases, leading to higher rate of formation
of product particles. [1]
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OR
B10 (a) (i) Energy was still being absorbed to overcome the activation energy / most 

reactant particles have insufficient activation energy to undergo decomposition.
[1]
Accept: little or not enough energy for decomposition
Reject: ‘break’ in replacement of ‘overcome’

(ii) Volume of carbon dioxide has not reached a constant / is still increasing at the
end of 5 minutes. [1]
Accept: CO2 was still being produced

(iii) Copper(II) carbonate/ CuCO3 [1]
Highest volume of carbon dioxide produced per unit time / most carbon dioxide
produced throughout the experiment. [1]

(iv) No carbon dioxide will be collected as time pass / volume of carbon dioxide
remains zero / volume of carbon dioxide collected will be a horizontal / straight
line. [1]
Sodium carbonate is stable to heat / does not decompose upon heating / very
hard / hard to decompose sodium carbonate / sodium carbonate is thermally
stable. [1]

(b) NOTE: ‘Outline’ means you need to describe how the experiment works, what
measurement(s) to take and state the expected conclusion from the
experiment.
Step:

1) Measure 5.0g (or any reasonable mass) of one of the copper ore using an
electronic balance and transfer into a conical flask. [1]

2) Measure 25.0cm3 of 0.1 mol/dm3 dilute hydrochloric acid (or any appropriate
acid) using a pipette (or use a measuring cylinder/burette to measure volume
of any other acid). [1]

3) Set up the apparatus as shown.

4) Record the final volume of carbon dioxide gas produced.
5) Repeat step 1 to 4 for the other copper ore.

Conclusion: The ore that gives out more gas contains more copper(II) carbonate. [1]

retort stand

[1]
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Highest volume of carbon dioxide produced per unit time / most carbon dioxide
produced throughout the experiment. [1]

(iv) No carbon dioxide will be collected as time pass / volumee ooff cacarbr on dioxide
remains zero / volume of carbon dioxide collected will be a hhoro izononttal / straight
line. [1]
Sodium carbonate is stable to heat / does not decomompoposese uponn heheatatiningg / / very
hard / hard to decompose sodium carbonate / soodidiumum ccaarbonaatete isis tthehermally
stable. [1]

(b) NOTE: ‘Outline’ means you need to dededededeeedededededeededeedeeeescssssssss ribe hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhowowowowowowowowowowowowowowowowowowowowowwowowowowowowowowwwwwowowowowwowwwwowowowowowwoowowwwowwowwoowowwwwwwooow ttttttttttttttttttttttttttttttttttttttttthehehehehehehehehehehehehehehehehehehehhehehehehehehehehehehehehhehehehehehheheeheheeheeheheheeeeehehheeeeeehehee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeexxxxpxpxpxpxpxpxpxpxxpxpxpxpxpxxxxpxxxxxxxxxxxxxxxxxxxxxxxxxxxxx eeeerereee imenttttttt wowowowowowoworkrkrkrkrkrkrkr s, what
measurement(s) to take and statetetetetetetetetetetetettetetetete ttttttttttttttttheeheheeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeexpxpxpxpxpxpxpxpxpxxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxpxppxpxpxpxppxpxpxxpxpxpxpxpxppxpxxpxpxpxppxpxpxpxxppppececececececececececececececcececececececeececececececeeccececececeeeceecececcceeeecccceeeeeeeeeeeccece tetettetetetetetetteteteteteteteteteteteteteteteteteteteteteteteeetettttttttttttetttteeteeeeeeeeet dd dd dddd dd dd dd d ddddd ddd d d ddd dd d d dddd ddd dddd dddddddddd dddddd cccccccooooooooocccccoccooncncncncncncncnclulululululululuusisisisisisisionononononononon fffffffrororororororor m thett
experiment.
Step:

1) Measure 5.0g 5.0g ( y )(or any reasonable mass)) of one of thhee cocopper ore using an
electronic balance and transfer into a conicalal fflalask. [1]

2) Measure 25.0cm3 of 0.11 mol/l/dmm3 dilutee hhydydrorochchloric acid (or any appropriate
acid) using a pipette (oor r ususe e a a measasururiningg cycylilindder/burette to measure volume
off any other acid). [1[1[[1[1[[1[1[1[[1[[1[[111]]]]]]]]]]

3) Set up the apparatus asas sshohownwn..

standretort
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