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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
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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
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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] 
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(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]



[Turn Over

21

(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---



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





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]

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
overcome these weak intermolecularrrrrrr ffffffffffffffffffffffffffffffffffffffffffffffffffffororororrrororororororooroorrroororoororooooorooroooororoooororooororororororooooooooooooororroroorrororrrrrrorrrorrrrrrcececececeeeeeeceeececeeeeeeceeececececeeecceeeceeeeceeceecceececeeeceeeccceceeeeececececcceeeecececececececeeeececceceececcccececeeececcceeeeecccceceeecececcceceeeeeeeceeeeeceeeeeecceeecececceeeeeeeeeceeeeeeeeeeeessssssssss sss s ssss sss sssssssssss s s sssss ssssssssssssss ssssssssssssssssssssssssss ofofofofofofofffoffoffofoffofofoffofofofofofofofoffffofofofofoofoffofofoofofofofoofofofofoofofofoooffofofofoffofofofoofoofoofofooofooooooooofofooofooooofooffofooofofofoooofffofofooooffffffoffffffoffofffooffffffffoffoooofffooo aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttrarrrarrrarararaarararararararararararararararrrarrararaararaarararararararaarararararaaraarrrraararararararrrrraarrrarrarrrrrrrrrarrrrrrrrrrrrarraaaaaaaaaaaaaccccccctctctctcccccccctccccccctctcttctctcctctctctcttccctcttccctcttttioioioioioionnnnnn
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

Mayflower Secondary School Mighty in Thought & Deed

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]

Mayflower Secondary School Mighty in Thought & Deed

(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]



Mayflower Secondary School Mighty in Thought & Deed

Page 5 of 9 

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]

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]

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]

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
Copper(II) ions accept electrons most readily y y y y y fofofofofofoofofofofoofoooooooooooofoooooooooooooooooooooooooooooooooooooofoooooooooooooooooofoooolllllllllllllllllllllllllllllllllllll owowowowowowwowwwwwwwwwwwowwwwwowwwwowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwowwwwwwwwwwwwwwwwwwwowwwwwwwwwowweeededededededededeeeeeeeeeeeededeeeededeeeeededededeeeededeedeeeeeedededeeeeeeeededeeeededeeddeeeeeeeeeeeeeeeeedddddd bbbbbby
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]

Mayflower Secondary School Mighty in Thoughghghghghghttttt & DeDeDeDeDeDeeeedeee

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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