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Paper 1
Answer all questions on the OTAS sheet provided. 

1. A mixture of n-hexane (boiling point 69ºC) and n-octane (boiling point 126ºC)
is heated in a fractional apparatus as shown in the diagram. Fractions are
drawn off at the points labelled X, Y and Z.

Compared with the fractions drawn off at Y and Z, the fraction drawn off at X
is likely to have

A the highest boiling point and the highest proportion of n-hexane.
B the highest boiling point and the lowest proportion of n-hexane.
C the lowest boiling point and the highest proportion of n-hexane. 
D the lowest boiling point and the lowest proportion of n-hexane. 

2. The properties of two substances are shown in the table below.

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 

substance
melting point 

( C)
boiling point 

( C)
solubility in 

water
1 8 67 insoluble
2 95 210 soluble

KiasuExamPaper.co



Anglo-Chinese School (Barker Road) 

Preliminary Examination 2017 Secondary 4 Express 
Chemistry (5073) 

Page 3 of 17 

3. A substance is marked on a piece of filter paper at the point marked X, and
placed in a solvent for some time. The resulting chromatogram is obtained.

What is the Rf value of the dot obtained? 

A

B 

C

D

4. A new substance was discovered and a series of experiments were
conducted on it.

Which observation suggests that the substance cannot be an element?

A electrolysis of the molten substance gave two products 
B the substance dissolves in water to give a colourless solution
C the substance has a fixed melting point 
D when heated in air, the substance can form two types of oxides 

5. Which statement about nitrogen atoms is not correct?

A All nitrogen atoms have the same atomic number. 
B All nitrogen atoms have the same chemical properties. 
C All nitrogen atoms have the same electronic configuration. 
D All nitrogen atoms have the same mass number. 

KiasuExamPaper.com
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6. The table below 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 R
C S   
D none of the above 

7. A molecule consists of three types of atoms, 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

KiasuExamPaper.com
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8. The diagram shows part of the structure of a salt, XY.

Which statement is correct? 

A Each Y ion is bonded to five X+ ions.
B Each X atom is bonded to six Y atoms.
C The ratio of X+ to Y is 1 : 1.
D The structure shown is able to conduct electricity. 

9. Sodium carbonate is added to 1.0 mol/dm3 of excess ethanoic acid,
hydrochloric acid and sulfuric acid separately.

Which correctly matches the graph to the acid used in each reaction? 

sulfuric acid hydrochloric acid ethanoic acid

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

KiasuExamPaper.com
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10. Which pair of reactants is best used to prepare the corresponding salt?

reactant 1 reactant 2 salt

A ammonium chloride nitric acid ammonium nitrate
B barium carbonate sulfuric acid barium sulfate
C copper hydrochloric acid copper(II) chloride
D sodium hydroxide sulfuric acid sodium sulfate

11. Which pair of reactants, when mixed, will react as shown in the ionic equation
below?

Pb2+ (aq) + SO4
2- (aq)  PbSO4 (s) 

A lead(II) chloride and sodium sulfate 
B lead(II) nitrate and sulfuric acid 
C lead(II) oxide and sulfuric acid
D lead(II) sulfate and water 

12. Which substance contains the most number of molecules in 1 g?

A O2

B CO
C NO2

D SO2

13. Tin is extracted from its ore cassiterite (which contains SnO2) by reduction by
carbon in a blast furnace according to the equation below.

SnO2 + 2 C  Sn + 2 CO

What is the percentage purity of tin ore if 600g of cassiterite on reduction 
produces 82g of tin? (Mr of SnO2 = 151, Mr of Sn = 119)

A %

B %

C %

D %

KiasuExamPaper.com
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14. When an aqueous salt was warmed with aqueous sodium hydroxide and
aluminium foil, a gas which turned moist red litmus paper blue was evolved. 

Which of the following could not be the aqueous salt? 

A ammonium chloride  
B ammonium nitrate   
C sodium chloride
D sodium nitrate

15. 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 of the following could not be the aqueous salt? 

A aluminium nitrate    
B calcium nitrate     
C lead(II) nitrate
D zinc nitrate

16. A series of tests are carried out on an unknown gas. The table below shows the 
tests and the results obtained.

test result

moist blue litmus paper no change

aqueous bromine no change

lighted splint extinguishes

What could the gas be? 

A ammonia    
B chlorine     
C ethene
D oxygen

KiasuExamPaper.com
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17. The bar chart shows the period of elements from lithium to neon.

Which is the correct label for the y-axis? 

A the atomic number
B the number of electrons involved in bonding
C the number of valence electrons
D the relative atomic mass

18. Astatine can be found in Group VII of the Periodic Table.

Which statement is correct? 

A Astatine can conduct electricity.
B Astatine forms a soluble silver salt.
C Astatine can form both ionic and covalent compounds.
D Astatine occupies 24 dm3 at room temperature and pressure.

19. In which reaction is sulfur dioxide acting as an oxidizing agent?

A SO2 + 2 H2O + Cl2 H2SO4 + 2 HCl
B SO2 + 2 NaOH Na2SO3 + 2 H2O 
C 2 SO2 + O2 2 SO3

D SO2 + H2S  2 H2O + 3 S 
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20. An unknown substance Z is added to aqueous potassium iodide, and there 
was no visible change observed. 

Which statement describing Z is definitely true? 

A Z is a reducing agent.
B Z is an oxidizing agent. 
C Z is not a reducing agent.
D Z is not an oxidizing agent. 

21. The apparatus shown below can be used to investigate the rate of a reaction. 

In which reaction could the rate of reaction be followed using these 
apparatus? 

A AgNO3 + HCl   
B Mg + HCl 
C NaOH + HCl
D NH4NO3 + HCl 

KiasuExamPaper.com
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22. Aqueous hydrogen peroxide decomposes to form water and oxygen gas. Two 
experiments were carried out to measure the rate of production of oxygen from 
aqueous hydrogen peroxide.

experiment reagent used

1 400 cm3 of 0.2 mol/dm3 of hydrogen peroxide

2 100 cm3 of 1.0 mol/dm3 of hydrogen peroxide

Which graph best shows the results obtained? 

23. Which statement about the manufacture of ammonia via the Haber Process is 
not correct? 

A A high pressure will increase the yield of ammonia.
B A high temperature will increase the yield of ammonia. 
C An iron catalyst is used to speed up the rate of reaction.
D It is a redox reaction. 

24. Which of the following is not correct about the type of steel and its use being 
described?

type of steel use
A low carbon steel cutting tools 
B low carbon steel used to make car bodies
C stainless steel cutlery
D stainless steel surgical instruments

KiasuExamPaper.com
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25. The diagram shows an experimental set up used to reduce substance V.
Which of the following pairs could be U and V? 

U V
A copper copper(II) oxide
B copper lead(II) oxide
C lead lead(II) oxide
D magnesium copper(II) oxide

26. Which statement about transition metals is not correct? 

A Transition metals can behave as catalysts. 
B Transition metals have high melting and boiling points.   
C Transition metals can have variable oxidation states.
D Transition metals tend to be coloured.

27. Which correctly matches the air pollutant to its source and effect? 

air pollutant source effect

A carbon monoxide combustion of fuels global warming
B nitrogen dioxide car engines acid rain
C ozone photochemical smog depletes the ozone layer
D sulfur dioxide lightning activity acid rain

  
28. Which statement about hydrogen as a fuel is correct?

A Hydrogen can be obtained by fractional distillation of crude oil. 
B Hydrogen is the main component found in natural gas.   
C Hydrogen is a fuel that is easily transported and stored.
D Hydrogen reacts with oxygen to produce energy and water.

KiasuExamPaper.com
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29. The equation below represents a reversible reaction. 

A + B  C + D 

The energy profile diagram of the reaction shown. 

Which statement is correct? 

A E1 is the enthalpy change of the forward reaction. 
B E2 is the enthalpy change of the backward reaction.
C (E2 – E1) is the activation energy of the backward reaction.
D (E2 – E1) is the activation energy of the forward reaction. 

30. Which pair of statements correctly describes the differences between the 
conduction of electricity by electrolytes and the conduction of electricity by metals
during electrolysis?

conduction by electrolytes conduction by metals

1 the current is due to the 
movement of ions

the current is due to the 
movement of electrons

2 charged particles move towards 
both electrodes

charged particles move in one 
direction only

3 it always results in a chemical 
change

it never results in a chemical 
change

A only 1 is correct
B only 1 and 2 are correct
C only 2 and 3 are correct
D 1, 2 and 3 are correct

KiasuExamPaper.com
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31. In electroplating a chromium bracelet with silver, which combination of anode, 
cathode and electrolyte is most suitable?

anode cathode electrolyte

A bracelet silver chromium(III) nitrate
B bracelet silver silver nitrate
C silver bracelet chromium(III) nitrate
D silver bracelet silver nitrate

32. Two cells were set up as shown below. The arrows show the direction of 
electron flow in the external circuit. 

Which set of metals would cause electron flow in the directions shown? 

metal X metal Y metal Z
A Ag Zn Cu
B Cu Ag Zn
C Zn Ag Cu
D Zn Cu Ag

33. Which correctly matches the crude oil fraction to its use? 

fraction use

A bitumen chemical feedstock
B diesel paving road surfaces
C naphtha fuel for cooking
D paraffin aircraft fuel
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34. Two hydrocarbons have the same percentage by mass of carbon and 
hydrogen. 

Which statement is true for both hydrocarbons? 

A They belong to the same homologous series.
B They have similar chemical properties.
C They have the same empirical formula.
D They have the same molecular formula.

35. In which reaction is water not a product? 

A combustion      
B esterification 
C fermentation 
D neutralization 

36. The structural formula of an organic compound is shown below.  

Which substance(s) can react with this compound? 

I acidified potassium manganate(VII)      
II aqueous bromine  
III sodium carbonate 

A I and II only     
B I and III only  
C II and III only
D I, II and III  
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37. A student investigated the reaction of different vegetable oils with hydrogen. 

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

vegetable oil volume of hydrogen 
remaining (cm3)

P 100

Q 87

R 0

Which vegetable oil(s) is/are unsaturated? 

A P only      
B P and Q
C Q and R 
D R only 

38. The reaction between a carboxylic acid, CxHyCOOH and an alcohol, 
CzH2z+1OH produces an ester. 

How many carbon, hydrogen and oxygen atoms are there in this ester? 

number of carbon 
atoms

number of hydrogen 
atoms

number of oxygen 
atoms

A x + z y + 2z 2
B x + z y + 2z + 1 2
C x + z + 1 y + 2z 2
D x + z + 1 y + 2z + 1 2

39. In the polymerization of ethene to polyethene, there is no change in 

A boiling point.      
B density. 
C empirical formula.
D molecular formula. 
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40. What is the correct structure of nylon? 

A

B

C

D
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Section A 
Answer all questions in the spaces provided. 

The total mark for this section is 50. 

A1. The letters A, B, C, D, E, F and G show the oxides of some elements. 

A K2O 
B CaO 
C Al2O3

D CO
E NO 
F PbO 
G SiO2

Use the letters A, B, C, D, E, F and G to answer the questions below. The letters can 
be used once, more than once, or not at all. 

(a) Which substance(s) is/are neutral oxides? 

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

(b) Which substance can be used to control the pH of soil? 

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

(c) Which substance(s) is/are involved in the Blast Furnace reactions? 

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

(d) Which two substances can be used to convert naphtha into ethene? 

…………………… and ……………………        [1] 

(e) Give the chemical formula for the compound formed from the reaction 
between F and G. 

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

(f) Describe a test you could carry out in the laboratory to distinguish aqueous 
solutions of compounds A and B. 

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

[total = 7 marks]
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A2. Chlorofluorocarbons (CFCs) were widely used in refrigerants and aerosol products 
before the 1990s, until they were phased out by several countries due to their 
negative impact on the environment. 

(a) Describe the negative impact CFCs have on human beings and the 
environment. 

…………………………………………………………………………………………...

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

(b) Applications of CFCs make use of their volatility and low reactivity.  

The table shows the properties of some common CFC refrigerants. 

name of CFC formula of CFC boiling point ( C)

Freon-11 CCl3F 23

Freon-12 CCl2F2 30

Freon-31 CH2ClF 9

(i) “The boiling point of the CFC increases with the size of the molecule.”

Do you agree with this statement? Use the information in the table to 
explain your reasoning. 

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2]

(ii) Freon-13, is composed of 11.5% by mass of carbon, 34% by mass of 
chlorine, and the remainder being fluorine. 

Deduce, by calculation, the molecular formula of Freon-13. 

[3] 

[total = 6 marks]

KiasuExamPaper.com



Anglo-Chinese School (Barker Road) 

Preliminary Examination 2017 Secondary 4 Express 
Chemistry (5073) 

Page 4 of 23 

A3. A catalytic converter is an emissions control device that converts toxic gases and 
pollutants into less harmful gases. 

(a) These days, most cars are installed with catalytic converters that removes 
carbon monoxide and nitrogen dioxide:

2 NO2 + 2 CO  N2 + 2 CO2

(i) Explain, in terms of oxidation states, why this is a redox reaction. 

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2]

(ii) A car company advertises that “catalytic converters are 100% 
environmentally friendly”. 

Do you agree with this statement? Explain your reasoning. 

…………………………………………………………………………………

………………………………………………………………………………[1]

(b) In a typical catalytic converter, a powdered catalyst such as platinum is used 
to speed up the conversion of gases.

Explain, in terms of reacting particles, why the catalyst is powdered.

…………………………………………………………………………………………...

…………………………………………………………………………………………...

………………………………………………………………………………………...[2] 
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(c) The graph shows how the amount of nitrogen dioxide (measured in ppm) and
carbon monoxide (measured in %) vary depending on how much air is 
present in the car engine.

(i) Describe how the amounts of nitrogen dioxide and carbon monoxide 
vary with the amount of air in the car engine. 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2]

(ii) Making use of the redox reaction given in (a), and considering how 
nitrogen dioxide and carbon monoxide are formed in the car engine, 
explain why the amounts of nitrogen dioxide and carbon monoxide 
vary in this way.

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[3]

[total = 10 marks]
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A4. Polymers have several uses, and can be found almost everywhere.  

Some information about two polymers are shown below. 

name of polymer polypropene polyglycine

structural formula

name of monomer propene glycine

average Mr 2000 – 4000 2000 – 5000
….      

(a) Polyglycine is a polyamide, which is made by the condensation polymerization 
of the amino acid monomer, glycine. 

(i) Draw the full structural formula of the monomer, glycine. 

[1] 

(ii) Describe one similarity and one difference between the structures of 
the addition polymer, polypropene, and the condensation polymer, 
polyglycine. 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2] 
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(iii) The condensation polymerization of glycine to produce one molecule of 
polyglycine eliminates 990 g of water.  

Calculate the relative molecular mass of this molecule of polyglycine, 
showing all your working (Mr of glycine is 75).

[2] 

(b) Propene is the monomer used to prepare polypropene, which is widely used to 
make plastics.  

(i) In terms of bonding and structure, explain why propene is a gas but 
polypropene is a solid at room temperature. 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2]

(ii) Explain how aqueous bromine can be used to monitor the conversion 
of propene to polypropene. 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2]

[total = 9 marks] 
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A5. Acid-base titration is often carried out in the laboratory, and the progress of the 
titration can be monitored using a data logger (pH meter).  

The graph below shows the resulting pH curve when 1.0 mol/dm3 of aqueous sodium 
hydroxide is added to 10 cm3 of 2.0 mol/dm3 of dilute hydrochloric acid. 

Fig. 3.1 

The equivalence point is the point where all the hydrogen ions in the acid have 
reacted with the hydroxide ions in the alkali.  

For the neutralization reaction between aqueous sodium hydroxide and dilute 
hydrochloric acid, the equivalence point occurs at a pH value of 7.  

(a) With the aid of an ionic equation, explain why the equivalence point for a 
strong acid-strong base titration occurs at a pH value of 7. 

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

(b) Without a pH meter, the progress of the titration can also be monitored using 
an appropriate indicator, which indicates the end-point of the titration. 
  
Explain why the use of the universal indicator would not be appropriate to 
monitor the progress of the titration. 

…………………………………………………………………………………………...

………………………………………………………………………………………...[1] 
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(c) When a strong alkali is titrated against a weak acid, the equivalence point 
occurs at a pH value above 7.  

The graph below shows the resulting pH curve when 1.0 mol/dm3 of aqueous 
sodium hydroxide is added to 10 cm3 of 2.0 mol/dm3 of dilute ethanoic acid. 

Fig. 3.2 

(i) Write the chemical equation for the reaction between aqueous sodium 
hydroxide and dilute ethanoic acid. State symbols are not required.    

………………………………………………………………………………[1] 

(ii) Explain why, in both titration experiments, the equivalence point occurs 
when 20.0 cm3 of 1.0 mol/dm3 aqueous sodium hydroxide is added.

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2]
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(d) The diagram below shows a set-up used to electrolyse dilute hydrochloric acid. 

(i) Write the half-equations for the reactions occurring at each electrode. 

electrode 1: 

electrode 2: 

[2] 

(ii) The actual volume of gas 2 collected is less than expected. Suggest a 
reason for this. 

…………………………………………………………………………………

………………………………………………………………………………[1] 

(iii) Describe and explain, with the aid of a half-equation, any difference 
you would expect to observe if the electrolyte was changed to 
concentrated hydrochloric acid. 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2] 

[total = 11 marks] 
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A6. The structure of an ester that is commonly found in pineapples is shown below. 

(a) Draw the full structural formulae of the alcohol and carboxylic acid used to 
make this ester. 

full structural formula of alcohol: 

full structural formula of carboxylic acid: 

[2] 

(b) Besides using litmus or universal indicator, describe another test you could 
carry out in the laboratory to distinguish the alcohol from the carboxylic acid. 

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

………………………………………………………………………………………...[2]
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(c) The conversion of the alcohol and carboxylic acid into this ester can be 
monitored using paper chromatography. 

A small sample of the reacting mixture was extracted at three separate time 
intervals and run through the chromatography process. The three 
chromatograms below show the mixture before the reaction (t = 0 hours), 
during the reaction (t = 1 hour) and after a long period of time (t = 5 hours).  

(i) Suggest the identities of the three dots A, B and C on the
chromatogram at t = 1 hour, and explain why there are three dots on 
the chromatogram at this time, compared to t = 0 hours and t = 5 hours.

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………[2] 

(ii) Make a conclusion about dot C based on the results shown in the 
chromatogram.

…………………………………………………………………………………

………………………………………………………………………………[1]

 [total = 7 marks] 
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Section B 

Answer all three questions in the spaces provided. 

The last question is in the form of an either/or and only one of the alternatives should 
be attempted. 

The total mark for this section is 30. 

B7. The formation of a covalent bond involves the sharing of electrons between atoms, 
forming a stable balance between attractive and repulsive forces between the two 
atoms being bonded.  

In a hydrogen molecule, H2, the hydrogen atoms share two electrons via covalent 
bonding. The bond energy is the amount of energy needed to break one mole of a 
covalent bond. The bond energy of a H – H bond is 432 kJ/mol. 

The graph below shows how the bond energy between the two hydrogen atoms 
varies with the distance between their nuclei. 

A positive energy value means that repulsive forces between the atoms’ nuclei are 
dominant. 
A negative energy value means that attractive forces between the atoms’ nuclei are 
dominant. 

The bond length is the average distance between the nuclei of two bonded atoms in 
a molecule where the attractive force is greatest. For a hydrogen molecule, this 
distance is 74 picometres (pm). 

more 
repulsive

forces

more 
attractive 

forces
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The table below shows how the H–H bond compares with the number of bonds, bond 
lengths and bond energies of some elements in Period 2. 

(a) (i) Use the graph to describe how the H–H bond energy changes with the 
distance between the two hydrogen atoms. 

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

………………………………………………………………………………..[3] 

(ii)  With consideration of how the sub-atomic particles are arranged in an 
atom, suggest why the bond energy is lowest at 74 picometres. 

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

………………………………………………………………………………..[2] 

type of bond number of 
bonds

average bond 
energy (kJ/mol)

bond length 
(picometres)

H – H 1 432 74

O – O 1 142 148

O = O 2 494 121

N – N 1 167 145

N = N 2 418

N N 3 942 110

F – F 1 155 142
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(b) (i) Draw dot-and-cross diagrams to show the covalent bonding in 
nitrogen and fluorine, showing all the electrons.

nitrogen molecule: 

fluorine molecule: 

[2] 

(ii) “The greater the number of bonds, the shorter the bond length.”

Do you agree with this statement? Use the information in the table to 
explain your reasoning. 

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

…………………………………………………………………………………..

………………………………………………………………………………..[2] 

(iii) Use the information in the table to predict the length of the N=N bond. 

……………………………………………………………………………….[1] 
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(c)  When nitrogen reacts with oxygen to produce nitrogen monoxide, the reaction 
is endothermic.  

 The bond energy of the N=O bond is 607 kJ/mol, and the enthalpy change of 
reaction is +222 kJ/mol.  

Explain, in terms of bonds broken and formed, why this reaction is 
endothermic. 

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

[total = 12 marks] 
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B8. A metal verifier is an electronic device that can test for precious metals such as gold, 
silver and platinum. The verifier works by measuring the resistivity (how much each 
metal opposes the flow of current) of each metal, which is different for each metal and 
can therefore easily be distinguished. 

The table below shows some information about the resistivity of some common 
materials. The lower the resistivity, the more readily electric current can flow through 
that metal. 

metal resistivity ( m) at 20 C
carbon (diamond) 1.00 1012

carbon (graphite)
gold 2.44 10-8

platinum 1.06 10-7

silver 1.59 10-8

(a) Using their structures, explain the difference in resistivity between diamond 
and the three precious metals.

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

(b) Will graphite’s resistivity be more similar to the metals or diamond? Briefly 
explain your reasoning.
     
…………………………………………………………………………………………...

………………………………………………………………………………………...[1] 
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(c) Precious metals sold commercially often have a purity of about 90-99.9%.

Explain why precious metals are sold commercially in the form of alloys 
instead of the pure metal. 

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

(d) In the table above, the resistivity values are measured at 20 C.

Using kinetic particle theory, describe and explain how you would expect the 
resistivity of the materials to change if the temperature was raised to 40 C.

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

(e) Gold and silver can be extracted from old computers or electronic devices to 
be recycled and sold commercially.

Describe one advantage of recycling precious metals over mining. 

…………………………………………………………………………………………...

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

 [total = 8 marks]
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EITHER 

B9. The table below shows the names and structural formulae of some hydrocarbons. 

number of 
carbon atoms

alkane cycloalkane alkene

4

butane cyclobutane butene

5

pentane cyclopentane pentene

6

hexane cyclohexane hexene

(a) Explain why pentene and cyclopentane are isomers, but pentane and 
cyclopentane are not.

…………………………………………………………………………………………..

…………………………………………………………………………………………..

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

(b) Do pentene and cyclohexane belong to the same homologous series? Explain 
your reasoning.

…………………………………………………………………………………………..

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

(c) A cyclic alkene has the molecular formula of C6H6. Deduce how many carbon-
carbon double bonds C6H6 has, showing your working clearly.

…………………………………………………………………………………………..

………………………………………………………………………………………..[2]
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(d) One mole of cyclobutane undergoes an endothermic reaction with one mole of 
chlorine gas in the presence of UV light.

(i) Write the chemical equation for this reaction, showing all the structural 
formulae of the reactants and products.

[2] 

(ii) How would you expect the rate of reaction to change if cyclobutane 
was reacted with bromine instead? Explain your reasoning. 

…………………………………………………………………………………..

………………………………………………………………………………..[1] 

(iii)  Draw the energy profile diagram for reaction of cyclobutane and 
chlorine, labelling the activation energy and enthalpy change for the 
reaction. 

[2]

[total = 10 marks]
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OR

B9. The reaction between 24 g of magnesium metal and 750 cm3 of 2.00 mol/dm3 sulfuric 
acid at room temperature and pressure can be monitored in the graph shown below.

(a) Write the chemical equation for the reaction. State symbols are not required.

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

(b) Calculate the maximum volume of gas obtained in this reaction at room 
temperature and pressure.

[3] 
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(c) (i) On the same axes, sketch the graph you would obtain if 24 g of zinc 
metal was used instead.    [1]

(ii) Describe one variable you would keep constant to ensure that the
experiment is fair.

…………………………………………………………………………………..

………………………………………………………………………………..[1] 

(d) When calcium metal is reacted instead, the initial production of gas is the
fastest out of the three metals, but the reaction quickly stops.

Explain why this happens.

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

(e) Describe another experiment you could carry out in the laboratory to deduce
the order of reactivity of the three metals calcium, magnesium and zinc.

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

…………………………………………………………………………………………...

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

[total = 10 marks] 
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at
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2
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 c
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 C
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 C
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. C
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 c
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 p
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e 
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 re
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d/

ra
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 d
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 d
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 b
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 C
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 o
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t o
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e 

C
O

pr
es

en
t t

o 
fo

rm
 N

2
an

d 
C

O
2
, h

en
ce

 c
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 p
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 p
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 p
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 o
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l m
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 m
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f m
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 re
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O
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l m
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 b
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 re
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 p

ol
yp

ro
pe

ne
. [

1]
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 c
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ra
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Answer all questions on the answer sheet.

1 Three balloons, P, Q and R, were inflated to the same size with three different gases, 
ammonia, chlorine and nitrogen.

Which is the correct order of the sizes of the balloons, starting with the biggest, after a 
period of 5 hours?

A P, Q, R
B P, R, Q
C Q, R, P
D Q, P, R

2 There were two substances to be separated by paper chromatography, however, only 
one of the substances was separated into different components in the chromatogram.

Why was only one substance separated? 

A The substance not separated is a solid.   
B Both substances have different densities.
C Both substances have different melting point.
D The substance not separated may not be soluble in the solvent used.

3 Frozen unpolluted sea water has a melting point of -2.5 ºC.

What might be the melting point of polluted sea water?

A 0 ºC
B -0.5 ºC
C -1.5 ºC
D -6.5 ºC

ChlorineAmmonia Nitrogen

P Q R
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4 A food dye is suspected to contain components which are harmful to the 
human body. The chromatogram of the food dye is obtained, as shown below. A 
reference table of Rf values of harmful components is provided. 

10

8

6

4

2

Rf values of harmful components
component Rf value

K101 0.8
K110 0.6
K151 0.3
K122 0.1

Identify the harmful components present in the food dye.

A K101, K151   
B K101, K122
C K101, K151, K122
D K101, K110, K151, K122

5 Stearic acid is a solid at room temperature. The cooling curve of stearic acid is shown 
below.

From the graph, we can infer that 

A at time t2, all the stearic acid exists as a solid.
B at the time interval t2 to t3, crystals of stearic acid are formed.
C at the time interval t2 to t3, all the stearic acid exists as a solid.
D at the time interval t1 to t2, heat is absorbed from the surroundings.

70 –

60 –  

50 –  

40 –  

30 – 

20   

solvent front

start line

time /min

temperature / oC

t1      t2              t3    t4
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6 Six elements and their proton numbers are listed below (the letters are not their 
chemical symbols) :

          P = 7;     Q = 9;    R = 11;    S = 13;    T = 14;    U = 19

Which two of these elements would have similar chemical properties?

A P and Q
B Q and U
C P and T
D R and U

7 The electronic structure of the atoms P, Q and R are given below:

P(2,1)  ;   Q(2,6) ;   R(2,7)

What are the formulae of the compounds formed between P and Q and P and R?

P and Q P and R
A PQ PR
B P2Q PR
C PQ P2R
D P2Q PR2

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

If the relative atomic mass of naturally occurring potassium is 39.14, what is their 
relative abundance?

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

9 Which one of the following substances forms crystals with a giant molecular structure?

A water       
B iodine
C graphite    
D sodium chloride          

KiasuExamPaper.com
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10 The bonding in orthophosphoric acid can be represented by the structural formula 
below.

What is the total number of electrons in the covalent bonds for all phosphorus atoms in 
the formula?

A 15
B 24
C 26
D 30

11 Four substances T, U, V and W have the following properties.

substance melting 
point

solubility in 
water electrical conductivity

T low soluble conducts in aqueous state 
only

U high insoluble conducts in solid state

V high insoluble conducts in solid and molten 
states only

W high soluble conducts in molten and 
aqueous states only

What could these four substances be? 

T U V W
A ammonia graphite iron sodium chloride
B sodium chloride iron graphite ammonia
C sodium chloride graphite iron ammonia
D graphite ammonia sodium chloride iron

12 Which of the following chemical equations is balanced?

A C2H2 + 2O2 2CO2 + H2O
B 2NH3 + 5O2 2NO + 3H2O
C Zn + H2SO4 ZnSO4 + SO2 + H2O
D Cu + 4HNO3 Cu(NO3)2 + 2NO2 + 2H2O
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13 A 14 g sample of nitrogen gas contains the same number of atoms as 22.5 g of 
element X. 

What is the relative atomic mass, Ar of X?

A 3.5
B 14
C 22.5
D 45

14 4 dm3 of hydrochloric acid solution with a concentration of 2.0 mol/dm3 was required for 
a titration. 

What is the concentration of hydrogen ions in the solution? 

A 0.25 mol/dm3

B 2.0 mol/dm3

C 4.0 mol/dm3

D 8.0 mol/dm3

15 28 g of a hydrocarbon molecule contains 24 g of carbon. 

What could be the molecular formula of this compound?

A CH4

B C2H3

C C3H6

D C4H7

16 0.35 g of impure iron filings was reacted with hydrochloric acid. 

If the iron filings has a percentage purity of 80%, how much of it was pure iron?

A 0.08 g
B 0.28 g
C 0.35 g
D 0.44 g

17 Ammonia burns in oxygen according to the following equation:
   

4NH3(g) + 3O2 2(g) + 6H2O(l) 

What volume of oxygen will be required for the complete burning of 240 cm3 of 
ammonia?

A 120 cm3

B 150 cm3

C 180 cm3

D 210 cm3
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18 Substance Y was added a little at a time, with stirring to aqueous solution Z.  The 
changes in pH of the mixture are shown in the graph below.

What could Y and Z be?

substance Y substance Z
A zinc oxide ethanoic acid
B calcium oxide ethanoic acid
C aluminium oxide sulfuric acid
D sodium oxide sulfuric acid

19 When zinc reacts with dilute sulfuric acid, a gas is released.

What happen to the zinc and what is the gas released?

zinc gas
A oxidised oxygen
B oxidised hydrogen
C reduced sulfur dioxide
D reduced hydrogen

20 An acid, X was added to a solution Y.  A white precipitate was formed.

What are X and Y?

acid X solution Y
A hydrochloric acid magnesium nitrate
B nitric acid calcium nitrate
C sulfuric acid iron(II) nitrate
D sulfuric acid barium nitrate

pH

amount of substance Y added

H 7HH

3

11
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21 An aqueous solution of chloride is made by the reaction below:

M(OH)2(s)   +  2HCl l2(aq)  +  2H2O(l) 

Which hydroxide cannot be used?

A iron(II) hydroxide
B lead(II) hydroxide
C copper(II) hydroxide
D magnesium hydroxide

22 Which of the following reagents would enable you to distinguish between solutions of 
aluminium sulfate and potassium carbonate?

  I    magnesium
            II   dilute hydrochloric acid

                      III   barium nitrate solution
           IV acidified lead(II) nitrate

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

23 The compound of metal X is a colourless solid. It decomposes when heated to form a 
brown gas and a colourless gas with a yellow solid oxide which turns white when 
cooled.  

What is compound X?

A zinc nitrate
B potassium nitrate
C copper carbonate
D ammonium chloride

24 Samples of polluted air are passed through two reagents, acidified potassium 
manganate(VII) and aqueous potassium iodide.  

Which colour changes will be seen if the polluted air contains sulfur dioxide (a reducing 
agent)?

acidified potassium 
manganate(VII)         

aqueous potassium 
iodide

A purple to colourless brown to colourless
B no change no change
C purple to colourless colourless to brown
D purple to colourless no change
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25 Which reaction is an example of a redox reaction? 

A H+      +   OH-    H2O
B Ag+ +  Cl-        AgCl
C Br2     +  2KI        2KBr + I2

D CuO   +   2HCl CuCl2 +  H2O

26 Element X occurs naturally as the uncombined metal; element Y is obtained by 
chemical reduction of its oxide with carbon; element Z is obtained by electrolysing its 
molten chloride. 

What is the order of reactivity of X, Y and Z?

most reactive least reactive
A X Y Z
B Y X Z
C Z X Y
D Z Y X

27 Solder is an alloy of lead and tin. 

Which property is true of solder and makes it useful for joining metals together?

A It is less dense than its pure metals.
B It is stronger than its constituent metals.
C It has a lower melting point than its pure metals.
D It is less likely to corrode than its constituent metals.

28 A student tries to electroplate an iron ring with nickel. 

Which of the following combinations is correct?

electrolyte anode cathode
A iron(II) sulfate solution iron ring nickel rod
B iron(II) sulfate solution nickel rod iron ring
C nickel(II) sulfate solution iron ring nickel rod
D nickel(II) sulfate solution nickel rod iron ring
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29 The following set-up is a simple cell.

Which are correct?

I mass of copper remains the same
II mass of magnesium decreases
III electrons flow in the direction as shown
IV copper is the anode
V chemical energy is changed into electrical energy

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

30 Which pairs of statements correctly describe the differences between the conduction of 
electricity by metals and during electrolysis?

conduction by metals conduction during electrolysis
I charged particles move in one 

direction only
charged particles move towards 
both electrodes

II it does not result in a chemical 
change it results in a chemical change

III current is due to the movement 
of electrons

current is due to movement of 
oppositely charged ions

A I only
B I and II only
C II and III only
D All are correct
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31 A particular property of the Period of elements from sodium to argon is shown below.

element Na Mg Al Si P S Cl Ar
property 1 2 3 4 3 2 1 0

Which property of these elements is shown?

A valency
B charge on its ion
C number of electron shells
D number of outer electrons

32 In each of the three experiments below, a halogen was added to separate solutions 
containing ions of one of the other two halogens. The table shows the results.

experiment halogen
added

solution of halide
U- V- W-

1 U2 - no reaction reaction occurs
2 V2 reaction occurs - reaction occurs
3 W2 no reaction no reaction -

What were the halogens U, V and W?

U V W
A Br2 Cl2 I2

B Br2 I2 Cl2

C Cl2 Br2 I2

D Cl2 I2 Br2

33 The table below shows some bond energies. Which of the following statements could 
be considered to be consistent with these values?

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.
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34 A student performed two experiments to produce hydrogen. The details are as follows:

Experiment 1
5.0 g of granulated zinc (an excess) and 10 cm3 of 1.0 mol/dm3 hydrochloric acid

Experiment 2
5.0 g of powdered zinc (an excess) and 20 cm3 of 1.0 mol/dm3 hydrochloric acid

The temperature was the same at the start of each experiment. 
Graphs were drawn for the volume of hydrogen produced against time.

Which two graphs best represent the two experiments?

experiment 1 experiment 2
A P Q
B P R
C Q R
D Q P

35 Why is a low temperature not used in the Haber Process?

A The reaction would be too slow.
B The ammonia would condense to a liquid.
C The ammonia would corrode the iron catalyst.
D The percentage of ammonia at equilibrium would be too small.

36 Hexane has the formula C6H14.

Which of the following products is not formed by cracking hexane?

A H2

B C2H4

C C4H10

D C7H16
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37 Carbohydrates can be converted to poly(ethene) in different stages as shown.

                                               X               Y               Z 

Which of the following correctly labels the processes X, Y and Z?

X Y Z
A decomposition dehydration addition polymerisation
B fermentation dehydrogenation condensation polymerisation
C oxidation reduction condensation polymerisation
D fermentation dehydration addition polymerisation

38 The diagram below shows the structure of a substance responsible for the fragrance of 
roses. 

Which of the following statements about this molecule is correct?

A It is a saturated molecule.
B It can be oxidised by acidified potassium manganate(VII).
C It does not decolourise bromine water under any conditions.
D It can undergo condensation polymerisation to form a polyester.

39 A food chemist wants to create the odour of pineapples using the organic compound 
CH3COOCH2CH2CH2CH3. 

Which of the following pairs of reactants, with a suitable catalyst, would produce this 
compound?

A CH3COOH  and  CH3CH2CH2COOH
B CH3CH2OH  and  CH3CH2CH2COOH
C CH3COOH  and  CH3CH2CH2CH2OH
D CH3CH2OH  and  CH3CH2CH2CH2OH
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40 Which diagram represents the structure of Terylene?

End of Paper
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Data Sheet

Colours of Some Common Metal Hydroxides

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 on the question paper.

A1 Sodium nitride (Na3N) is a solid with a melting point above 1000oC.

When sodium nitride is added to excess dilute hydrochloric acid, a violent reaction 
takes place, giving a solution S, which contains two salts.  

Solution S forms a white precipitate when reacted with acidified silver nitrate.
When solution S is boiled with aqueous sodium hydroxide, a gas G is evolved 
which turns damp litmus from red to blue.

(a) Using the information given above, deduce with a reason, whether
sodium nitride is ionic or covalent in nature.

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

(b) Draw a ‘dot and cross’ diagram to show the bonding in sodium nitride.
You are to include all the electrons.

[2]
(c) Write a balanced chemical equation, with state symbols, for the reaction

between sodium nitride and dilute hydrochloric acid.

…………………………………………………………………………………… [1]

(d) Suggest how you would separate and recover the two salts in solution
S.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]
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A2 The table below shows results from a laboratory investigation into the rate of the 
decomposition of aqueous hydrogen peroxide using manganese(IV) oxide catalyst.

expt.
concentration of 

aqueous hydrogen 
peroxide/  mol/dm3

initial 
temperature

/ oC 

physical 
form of the 

catalyst

time taken to 
collect a fixed 

volume of gas/ s

A 0.1 20 powder 200
B 0.1 30 powder 115
C 0.1 40 powder 60
D 0.2 20 powder 100
E 0.3 20 powder 65
F 0.4 20 pellets 130
G 0.4 20 powder 50

(a) Write a balanced chemical equation, with state symbols, for the 
decomposition of aqueous hydrogen peroxide.

…………………………………………………………………………………… [1]

(b) Which experiments (A to G) should be used to draw a graph to compare 
and show the relationship between the concentration of reactant and 
rate of reaction?
Explain briefly the reasons for your choice. 

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [3]

(c) Compare experiments F and G.
Explain, using Kinetic Particle Theory, why the use of catalyst powder 
increases the rate of reaction.  

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]
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(d) State another factor which is investigated in this series of experiments
and explain how it affects the rate of reaction.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

A3 When aqueous sodium thiosulfate, Na2S2O3, and hydrochloric acid are 
mixed, a pale yellow precipitate of sulfur is produced.  

Na2S2O3(aq)  +  2HCl l(aq)  +  H2O(l)  +  SO2(g)

(a) Identify which element is both oxidised and reduced in this reaction.
Show, using oxidation states, how you arrived at your answer.

element: ……………………………………………………………………...

[2]

(b) Construct an ionic equation, with state symbols, for the reaction.

…………………………………………………………………………………… [1]
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A4 Fig. 4 shows the reaction scheme of an orange metal oxide, A, which undergoes a 
series of reactions.

Fig. 4 
Name the following

(a) metal oxide A, ……………………………………….. [1]

(b) acid B, ……………………………………….. [1]

(c) solution C, ……………………………………….. [1]

(d) precipitate D, ……………………………………….. [1]

(e) gas E. ……………………………………….. [1]

A5 An impure sample of iron(II) sulfate was analysed by titration.

The sample was dissolved in 25.0 cm3 of dilute sulfuric acid and then titrated 
against 0.0400 mol/dm3 potassium manganate(VII) solution. 

19.0 cm3 of potassium manganate(VII) solution was required to reach the 
end-point.

(a) Calculate the number of moles of potassium manganate(VII) used in the 
titration.

number of moles of potassium manganate(VII) = ………..……… mol [1]

(b) One mole of potassium manganate(VII) reacts with six moles of iron(II)
ions.
Calculate the mass, in grams, of iron(II) ions in the sample analysed.

mass of iron(II) ions = ……………….. g [2]

orange metal oxide A

metal oxide A dissolves 
to form a reddish-brown 

solution C.

a reddish-brown 
precipitate D is 

formed.

gas E evolved that 
turns damp red litmus 

paper blue.

add acid B

add excess 
aqueous sodium 

hydroxide

tadd NaOH, aluminium 
foil and warm
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A6 Chlorine, bromine and iodine are elements in Group VII of the Periodic Table.

(a) Describe the trend in colour and physical state at room temperature and
pressure as the atomic number increases.

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

(b) An oxide of chlorine was analysed. A 0.366 g sample was found to
contain 0.224 g of oxygen.
Find the empirical formula of this oxide.

empirical formula of oxide = ……………….. [3]
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A7 A student passed an electric current into three cells containing different solutions 
for 10 minutes, using the apparatus shown.

The student weighed the anode of each cell before and after the experiment and 
worked out the decrease in mass.  The table shows the results of his experiment.

cell decrease in mass / g

P 0.81

Q 2.70

R 0.00

(a) Write the ionic equation for the reaction that occurred at the anode of 
each cell.

(i) cell P ………………………………………………………………….. [1]

(ii) cell Q ………………………………………………………………….. [1]

(iii) cell R ………………………………………………………………….. [1]

(b) Calculate and compare the number of moles of copper and silver lost at 
the respective anodes during the experiment.

[2]
(c) Suggest an explanation for the difference in the number of moles of 

copper and silver lost when the same conditions are used.

……………………………………………………………………………………

…………………………………………………………………………………… [1]

A

Cell P
aqueous 
copper(II) sulfate

Cell Q
aqueous 
silver nitrate

Cell R
aqueous sulfuric 
acid

copper
anode

silver
anode

platinum
anode
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A8 Cyclobutene is a hydrocarbon and has the following structural formula. 

(a) Cyclobutene reacts with hydrogen to form cyclobutane.

(i) Draw the full structure of cyclobutane. 

[1]

(ii) By means of their structural formulae, write an equation to 
represent the reaction between cyclobutene and hydrogen.

[1]

(iii) State the conditions required for the above reaction.

……………………………………………………………………………………

…………………………………………………………………………………… [1]

KiasuExamPaper.com



©BGSS 2017

9

For 
Examiner’s 

Use

(b) The table below gives the bond energies of some chemical bonds.
  

bond bond energy
(kJ/mol)

C - C 350

C  C 600

C - H 410

H - H 440

(i) Calculate the enthalpy change, H, of the reaction between 
cyclobutene and hydrogen.

H = ……………….. [2]

(ii) Using the enthalpy change you have calculated, draw an energy 
profile diagram of the reaction between cyclobutene and 
hydrogen. 
On your diagram, show clearly the activation energy and enthalpy 
change.

[3]
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A9 Dilute ethanoic acid and dilute hydrochloric acid are both colourless acids with 
different strengths. Dilute hydrochloric acid is stronger than dilute ethanoic acid. 

(a) Describe a test that can be used to distinguish between dilute ethanoic
acid and dilute hydrochloric acid.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

(b) Explain why there is a difference in the strength of the acids.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [1]

(c) Name a solid compound that can react with both acids and describe
what would be observed during the reaction.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

End of Section A
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Section B [30 marks]

Answer all THREE questions. The last question is in the form EITHER/OR. 

B10 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

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 ring. 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 a solid catalyst bed. Most ethylbenzene dehydrogenation catalysts are 

KiasuExamPaper.com



©BGSS 2017

12

For 
Examiner’s 

Use

based on iron(III) oxide, promoted by several percent potassium oxide or 
potassium carbonate.
  

Dehydrogenation of ethlybenzene

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 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=CHCO2H 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) Explain why styrene has a low melting point of 30.6 °C.

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(c) What is meant by the term dehydrogenation?

………………………..……………………………………………………………

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

(d) Explain the type of reaction that occurs in the dehydrogenation process. 

………………………..……………………………………………………………

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

(e) Explain why tall distillation towers are necessary for the separation of 
styrene and ethylbenzene.

………………………..……………………………………………………………

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

(f) Draw the repeating unit of polystyrene.

[1]
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(g) State, with a reason, the family of acid that cinnamic acid belongs to.

………………………..……………………………………………………………

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

(h) Write down a balanced chemical equation for the incineration of
polystyrene (2 repeat unit) in modern facilitates.

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

B11 (a) The table shows some information about 2 homologous series of alcohol and
ether.

name of 
alcohol

formula of 
alcohol

number of C 
atoms

formula of 
ether name of ether

ethanol C2H5OH 2 CH3OCH3 methoxymethane
propanol C3H7OH 3 CH3OC2H5 methoxyethane
butanol C4H9OH 4 CH3OC3H7 methoxypropane

pentanol C5H11OH 5

(i) Deduce the name and formula of the ether that contains 5 carbon
atoms.

name: ..………………………..……………………………………………

formula: ………….………………………………………………………… [2]

(ii) Suggest a relationship between alcohols and ethers by comparing
the chemical formulae with the same number of carbon atoms.

………………………………………………………………………………

……………………………………………………………………………… [1]

(iii) Hence, calculate the relative molecular mass of the ether that
contains 20 carbon atoms.

Mr of ether = ……………….. [1]
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(b) Nylon is a polyamide produced by condensation polymerisation.

(i) Draw a repeating unit of nylon.

[1]

(ii) Name a natural polymer that shares the same linkage found in 
nylon.

……………………………………………………………………………… [1]

(iii) Give one difference between addition and condensation 
polymerisation.

………………………………………………………………………………

……………………………………………………………………………… [1]
(c) The diagram represents the structure of poly(chloroethene), PVC.

PVC is non-biodegradable and is often burnt when discarded. When 
PVC is burnt, thick black smoke and a very acidic gas are produced

(i) Name the black particles in the smoke and the very acidic gas.

……………………………………………………………………………… [1]

(ii) Plastic is non-biodegradable. What does this mean?

………………………………………………………………………………

……………………………………………………………………………… [1]

(iii) Name one use of PVC.

………………………………………………………………………………

……………………………………………………………………………… [1]
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Either
B12 The first ionisation energy of elements is the energy required for one mole of 

gaseous atoms to lose one mole of electrons, forming one mole of gaseous ions 
with a charge of 1+.

Li(g)  Li+(g)  +  e first ionisation energy = 520 kJ/mol

The table below shows the ionisation energies of several elements in Group I, II
and 0 of the Periodic Table.

element proton number first ionisation energy / 
kJ/mol 1

lithium 3 520
beryllium 4 900
sodium 11 494

magnesium 12 738
argon 18 1520

potassium 19 418
calcium 20 590
rubidium 37 403
strontium 38 550

(a) Explain why the first ionisation energy of the alkali metals decreases 
down the group.

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(b) Explain how the reactivity of alkali metals is related to the first ionisation 
energy.

………………………..……………………………………………………………

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

(c) Explain why argon has the highest first ionisation energy as compared to 
the other elements such as sodium and magnesium.

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..…………………………………………………………… [2]
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(d) Explain, using the information from the table above, which element,
lithium or beryllium is more reactive.

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(e) Lithium contains two isotopes, lithium-6 and lithium-7.

Explain if the ionisation energy of both the isotopes will be the same.

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(f) Predict the trend in first ionisation energy of Group VII elements going
down the group.

………………………..……………………………………………………………

………………………..…………………………………………………………… [1]
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OR
B12 In the experiment to find how atmospheric pollutants affect the rate at which metals 

corrode, strips of four different metals were left in contact with contaminated moist 
air.

After two weeks, the appearance of the surface of each of the metal strips was as 
shown in the table below.

metal moist air
alone

moist air polluted with

ammonia carbon
monoxide

sulfur
dioxide

aluminium still shiny still shiny still shiny still shiny

copper
small patch 

of green 
solid

coating of blue-
green solid

small patch of 
green solid

coating of a 
black and blue 

solid

iron
coating of 
red-brown 

solid

thin coating of 
red-brown solid

coating of red-
brown solid

thin coating of 
red-brown solid

lead still shiny still shiny still shiny coating of black 
solid

(a) Explain which atmospheric pollutant gave the greatest increase in the 
rate of corrosion.

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(b) Describe how sulfur dioxide and carbon monoxide enter the atmosphere.

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..…………………………………………………………… [2]
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(c) Explain which metal would be most suitable for storing an acidic gas.

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(d) The student repeated the experiments with iron but fixed pieces of 
magnesium ribbon to the iron strips. 
What changes in the observations would you expect?  
Explain your answer.

………………………..……………………………………………………………

………………………..……………………………………………………………

………………………..……………………………………………………………

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

(e) Describe a test for sulfur dioxide and state the observation obtained.

………………………..……………………………………………………………

………………………..……………………………………………………………

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

End of Paper
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Data Sheet

Colours of Some Common Metal Hydroxides

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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BEDOK GREEN SECONDARY SCHOOL
SCIENCE DEPARTMENT

MARKING SCHEME
YEAR (2017) 

SUBJECT: Chemistry
EXAM: Preliminary  
LEVEL: Sec 4 Express

PAPER 1: 40 Marks

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

[1 Mark each]

PAPER 2 
SECTION A: 50 Marks

Qn. 
No.

Scoring Points Marks Max. 
Marks

A1 a) sodium nitride is ionic in nature
as it is a solid with a high melting point

1 m
1 m

7 

b) 1 m Na+

1 m N3-

c) Na3N(s) + 4HCl(aq) 3NaCl(aq) + NH4Cl(aq) 1 m
d) Evaporate the water away first.

Sublime the mixture to obtain NH4Cl.
NaCl will be left behind as the residue.

1 m

1 m

A2 a) 2H2O2(aq) 2H2O(l) + O2(g) 1 m

8 
b) A, D, E and G

These experiments have the same constant variable of initial
temperature and physical form of catalyst.
The only varying variable is the concentration of the aqueous
hydrogen peroxide to investigate the rate of reaction

1 m

1 m

1 m
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2 D 12 D 22 A 32 A
3 D 13 D 23 A 33 C
4 A 14 B 24 D 34 CC
5 B 15 C 25 C 35 AA
6 D 16 B 26 D 3636 D
7 B 17 C 27 C 3737 DD
8 D 18 D 28 D 3833 BB
9 C 19 B 29 CCCC 3933333 CC
10 D 20 D 30 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 4044444444444444444444444444 BB

[1 MaMarrk eacach]h]

PER 2
CTION A: 50 Marks

n. 
o.

Scoringg Pooiinnts Marks Max
Mark

a) sodium nitride is ionic in naturee
as it is a solid with a high melltitingng ppoiointnt

1 m
1 m

7 

b)) 1 m Na+

1 m N3-



c) The powder catalyst has a larger total surface area as compared
to the pellet catalyst
This increase the number of collision and hence the number of
effective collision increases, increasing the rate of reaction.

1 m

1 m
d) Temperature

The higher the temperature, the faster the rate of reaction as
seen in the lesser time taken to collect a fixed volume of gas.

1 m

1 m

A3 a) sulfur
O.S. of S in Na2S2O3 = +2
O.S. of S in S = 0
O.S. of S in SO2 = +4
There is an increase and decrease of OS of S from +2 to +4 and 0
respectively.

1 m

1 m
3 

b) S2O32-(aq) + 2H+(aq) S(s) + H2O(l) + SO2(g) 1 m

A4 a) iron(III) oxide 1 m

5 
b) nitric acid 1 m
c) iron(III) nitrate 1 m
d) iron(III) hydroxide 1 m
e) ammonia 1 m

A5 No of mol of KMnO4 = 19/1000 x 0.0400
   = 0.00076 mol 1 m

3 m
No of mol of iron(II) ions = 6 x 0.00076 

   = 0.00456 mol
Mass of iron(II) ions = 56 x 0.00456

= 0.25536
= 0.255 g

1 m

1 m

A6 a) The colour intensity increases down the group (becomes darker)
The physical state changes from gas liquid solid (mp /bp
increases)

1 m 

1 m

5 

b) Mass of Cl = 0.366 – 0.224  = 0.142 g
No of mol of Cl = 0.142 / 35.5

= 0.004 mol
No of mol of O = 0.224 / 16

= 0.014 mol
Simplest ratio of Cl : O  = 0.004 / 0.004  :  0.014 / 0.004

    =  1  :  3.5
      =  2  : 7

Empirical formula is Cl2O7

1 m

1 m 
1 m

A7 a) Cell P: Cu Cu2+ + 2e-

Cell Q: Ag Ag+ + e-

Cell R: 4OH- 2H2O + O2 + 4e-

1 m
1 m
1 m

6 
b) No of mol of Cu lost = 0.81/64

= 0.127
No of mol of Ag lost = 2.70/108

= 0.025

1 m

1 m
c) The ratio of Ag : Cu  in terms of electrons given off is 2 : 1 so the

the no of moles of silver lost will be twice that of copper. 1 m
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respectively.
b) S2O32-(aq) + 2H+(aq) S(s) + H2O(l) + SO2(g) 111 mm

a) iron(III) oxide 111 mmm

5 
b) nitric acid 111 mm
c) iron(III) nitrate 111 mmm
d) iron(III) hydroxide 111 mmm
e) ammonia 111 mmm

No of mol of KMnO4 = 19/1000 x 0.0400
= 0.00076 mol 111 mmm

3 m
No of mol of iron(II) ions = 6 x 0.00076 

= 0.00456 mol
Mass of iron(II) ions = 56 x 0.00456

= 0.25536
= 0.255 g

1 m

1 m

a) The colour intensity increases down the group (becomes darker)
The physical state changes from gag s liquid solid (mp /bp
increases)

1 m 

1 m

5 

b) Mass of Cl = 0.366 – 0.224  = 0.142 g
No of mol of Cl = 0.142 / 35.5

= 0.004 mol
No of mol of O = 0.224 / 16

= 0.014 mol
Simplest ratio of Cl : O  = 0.004 / 0.004  :  0.014 / 0.004

=  1  :  3.5
= 2 : 7

Empirical formula is Cl2O7

1 m

1 m
1 m



A8 a)i)

a)ii) 1 m

a)iii) 200 C, nickel catalyst 1 m
b)i) H= 600 + 440 – (350 + 410 x 2)

= -130kJ

1 m
1 m

b)ii) 1 m - Ea
1 m - 

H 
1 m – 
reactant 
and
product 
and
shape 
and
axis

A9 a) Add dilute silver nitrate solution
A white precipitate will be obtained with dilute hydrochloric acid
No precipitate with dilute ethanoic acid

1 m

1 m

5 

b) Dilute hydrochloric acid is able to dissociate completely to give
H+ ions whereas ethanoic acid dissociates partially to give the

H+  
     ions. 

1 m

c) metal carbonate / metal oxide
colourless odourless gas will be evolved which give a white
precipitate in lime water / metal oxide dissolves

1 m

1 m
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b)i) H= 600 + 440 – (350 + 410 x 2)
= -130kJ

1 m
1 m

b)ii) 11 mm - Ea
1 mm -

HH
11 mm ––
rereacactatantnt 
aandd
prprododucuct 
anandd
shshapapee 
anandd
axis

a) Add dilute silver nitrate solution
A white precipitate will be obtained wwitthh dilute hhydydrorochchloric acid
No precipitate with dilute ethannoioic c acacidid

1 m

1 m

5 

b) Dilute hydrochloric acid is able toto did sssocociaiatete cocompletely to give
H+ ions whereas ethanoic acid d didissssocociaiatetess papartially to give the

H+

ions. 

1 m

c) metal carboonan te / / mem tal oxoxididee
colourless oododoururlesss ggasas wwillll bbe evolved which give a white
precipitate in lime e wawateterr / / memetal oxide dissolves

1 m

1 m



SECTION B: 30 Marks

Qn. 
No.

Scoring Points Marks Max. 
Marks

B10

a) 

2 m

10

b) It is a covalent substance with weak forces of attraction between
the molecules which requires little energy to break.

1 m
1 m

c) It is the chemical reaction of removing hydrogen from an organic
molecule. 1 m
d) It is an reversible reaction as shown by the “double arrow” in the
chemical equation 1 m
e) They have very close boiling points and fractional distillation
requires liquids to have boiling points that are relatively far apart. 1 m

f)

1 m

g) The carboxylic acid group as it contains the –COOH/ carboxyl
group 1 m
h) C16H16 + 20 O2 16 CO2 + 8 H2O 1 m

B11 a) i) methoxybutane
CH3OC4H9

1 m
1 m

10

a)ii) They are isomers. 1 m
a)iii)  Using the general formula of alcohol: CnH2n+1OH
         RMM = 20(12) + 41(1) + 16 + 1 

= 298 1 m

b)i)
1 m

b)ii) protein 1 m
b)iii) In the making of condensation polymers, there is a loss of
small molecules but there is no loss of any atom in the making of
addition polymers.

Or
The same monomer is used to make additional polymers but for 
condensation polymers, two different monomers are used. 

Or
Addition polymers are formed by adding monomers to the carbon 
carbon-double bond. 
Condensation polymers are formed by monomers that contain two 
different functional groups.

Any 1 –
1 m

6
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a) 

10

b) It is a covalent substance with weak forces of attraction between 
the molecules which requires little energy to break.

1 m
11 mm

c) It is the chemical reaction of removing hydrogen from an organiic c
molecule. 11 m
d) It is an reversible reaction as shown by the “double arroow”w” iin n ththee 
chemical equation 1 mm
e) They have very close boiling points and fractional distttttttttililiillilillililllililllilillillililllllilllililllilililliiiiiiiliillalalalalalalalalalalalaaallaalaallalaaaalallalalalalalaalaalllalalaaalalalaaaaaaaaaaaaaaatitititititititittiiitiiitiiiiiiiiiiiiionoonoooonoonononononononononononoonononnononononnnooooonoononnononononononoonononoonononooononoooooooonoonnon
requires liquids to have boiling points that are relativeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeelylylylylylyylylylylyylylylylylylylylylylylyylyylylylyylylyyylylyyyylyyyyylyyyylylyyyyyyylyyyyyyyyyyyyyyyyyyyyyyyy fafafafafafafafaafafafafafafafafafafafafafafaafaafafafafafaafafafaaafafafafafafafafafaffafafaffafafafffffffafafffaaaafaaaaaaffffaffafaaaaaaafaar rrrrrrrrrrrrrrrr rrrr rrrr rrrrrrrrrrrrrrrrrrrrrrrrrrr apapapapapapapapapapapapapapapapapapapapapapapapapappaapapapapaapaapapapapapapaapapapaapapapapapapaapaapapappppapapapaaapappapapappppapppapappppaapaaaaaaaaapppppppparaaaaaaaaaaaaaaaaaaaa t. 11 mm

f)

11 mm

g) The carboxylic acid group as it contains the –COOHOH// carbox lyl
group 1 m
h) C16H16 + 20 O2 16 CO2 + 8 8 HH22OO 1 m

1 a) i) methoxybutane
CH3OC4H9

1 m
1 m

10

a))ii) They are isomers. 1 m
a)iii)  Using the genenerarall formmulu a a ofof aalclcohol: CnH2n+1OH

RMM = 2020(1(12)2  + 441(1(1)1) + 116 6 ++ 1 
= 2988 1 m

b)i)
1 m

b)ii) protein 1 m
b)iii) In the making of condensation polymers, there is a loss of 
small molecules but there is no loss of any atom in the making of

Any 1 –
1 m

6



c)i) soot/carbon , hydrogen chloride 1 m for 
both

c)ii) Plastic cannot be broken down into simpler molecules by
action of bacteria and oxygen.

1 m

c)iii) Water pipes / water proof plastic sheeting / insulating for
electric cables and wires

Any 1 –
1 m

Either
B12 a)The atomic radii increases going down the group,

resulting in weaker electrostatic forces of attraction between the
nucleus and valence electrons hence lesser energy is needed to
lose/remove the valence electrons

1 m

1 m

10

b) The lower the ionization energy, the easier to form the
corresponding metal ion, resulting in increased reactivity down the
group. 1 m
c) The electronic configuration of argon is very stable (2.8.8),

so to lose one electron, a lot of energy is needed since there is
no intention by argon to lose elecrtron at all.

1 m

1 m
d) lithium is more reactive than beryllium,

the amount of energy needed for lithium to lose its valence
electron to form an ion (520 kJ/mol) is lesser than that of
beryllium (900 kJ/mol)

1 m

1 m
e) the ionization energy of both isotopes will be the same

as both contain the same number of electrons and protons
1 m
1 m

f) the first ionisation energy of Group VII elements decreases down
the group 1 m

OR
B12 a) Sulfur dioxide.

Three out of four metals were corroded by it.
1 m
1 m

10

b) Sulfur dioxide enters the atmosphere from combustion of fossil
fuels which contains sulfur impurities.
Carbon monoxide enters the atmosphere from incomplete
combustion of carbon containing fuels.

1 m

1 m
c) Aluminium.

It is not affected by the gases and moist air.
1 m
1 m

d) The iron remains shiny while a layer of oxide forms on
magnesium.
Magnesium, being more reactive than iron, corrodes in place of
iron in sacrificial protection.

1 m

1 m
e) Dip a piece of filter paper into acidified potassium

manganate(VII) solution.
The purple colour of potassium manganate(VII) solution turns
colourless.

1 m

1 m
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lose/remove the valence electrons 1 m

10

b) The lower the ionization energy, the easier to form the
corresponding metal ion, resulting in increased reactivity down the
group. 1 mmm
c) The electronic configuration of argon is very stable (2.8.8),

so to lose one electron, a lot of energy is needed since thererereee isisis
no intention by argon to lose elecrtron at all.

111 mmm

111 mmm
d) lithium is more reactive than beryllium,

the amount of energy needed for lithium to lose its s vavavavavaavaaavaaavavavavavaavaaaaavavavaavavavaaaaavavaaaaaaavaavavaaaaaaavaaavaaaaaaaaaaaaaaavvaaavaaaaaaaavavaavaaaaaaaaaaavvvvvvvvvvv leleleeleleleleleleleleleeleleleeeleleleleleleeleleleeleleleleleeeleeleeleleeleeeleleleeeelelelelleellllleleelellelleeeeeeeeeeeeeeeeeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeeleencncncnncnncncncncncncncncnncncncncncncncncncncncncncncncncncnncncnccncncncncncncncncncncnccncncncncnnncncncncncncncnnncnccncncccncnccncnnnnnnccnnnccncnnnnnnnccnnnccncnccncnnncccncncnnnncncnnnncnnncnnnnnnnncnncnncnncncnnncccccccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
electron to form an ion (520 kJ/mol) is lesser thahahaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ththththththththththhththththththththththththtthtththththththththtttththththttthtthththththtthththtthththttthththtththththhththhththththhhhhthhthhthtththhhthhhthhhhthhhththhthhhhhhhhththththhhthhhthhhhhhhthhthtthhtthhhtthtthhhhthhthhtthttt atatatatatatataaatatatataatatatatataaaaatatatatatatatataaaatttataaaatatatatatatatatatatatatatatatatatttatatatatatatatatatatatatattatatattataatatataaaatatatatatataaaaaataataataaaaaaataataaaaaaaaaaaaaaaaaataaaattt ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ffffffffffffffffff f
beryllium (900 kJ/mol)

111 mmm

111 mmm
e) the ionization energy of both isotopes will be the sasaaaaammmemmmmmmemmmmmmmmmemmememememeemememmmmmmmmmememememmmmmmmmmmemmmmmmmmmmmememmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmemmmmmmmmmemmmmmmmm

as both contain the same number of electrons and protons
111 mmm
111 mmm

f) the first ionisation energy of Group VII elements decreases dddowowown
the group 1 m

R
2 a) Sulfur dioxide.

Three out of four metals were corroded by it.
1 m
1 m

10

b) Sulfur dioxide enters the atmospheh re from combustion of fossil 
fuels which contains sulfur impurities.
Carbon monoxide enters the atmosphere from incomplete 
combustion of carbon containing fuels.

1 m

1 m
c) Aluminium.

It is not affected by the gases and moist air.
1 m
1 m

d) The iron remains shiny while a layer of oxide forms on
magnesium.
Magnesium, being more reactive than iron, corrodes in place of
iron in sacrificial protection.

1 m

1 m
e) Dip a piece of filter paper into acidified potassium
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1 Camphor is a substance used in skin ointments and a natural sample of it is found to 
contain impurities like iron(III) oxide, iron and sodium chloride.
The effects of these substances with three different types of liquids are shown below.

substance water ethanol dilute nitric acid

camphor no effect dissolves no effect

iron no effect no effect reacts to give a solution

iron(III) oxide no effect no effect reacts to give a solution

sodium chloride dissolves no effect dissolves

Which is the best method to obtain pure camphor?

A Add dilute nitric acid, filter and crystallise.
B Add dilute nitric acid, filter, rinse and dry.
C Add ethanol, filter, rinse and dry.
D Add water, filter, add dilute nitric acid to filtrate and crystallise.

2 The apparatus shown in the diagram is used to compare the rate of diffusion of a gas with 
the rate of diffusion of air.  

A beaker containing the gas was placed over the porous pot. Which gas is formed at Y?

A carbon dioxide
B hydrogen
C oxygen
D sulfur dioxide

Y
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3 A food dye is suspected to contain components which are harmful to the human body. 
The chromatogram of the food dye is obtained, as shown below. A reference table of Rf
values of harmful components is provided.

Identify the harmful components present in the food dye.

A K101, K122
B K101, K151
C K101, K151, K122
D K101, K151, K122, K110

4 Why is the commercial preparation of pure oxygen from air possible?

A Oxygen has a different boiling point from nitrogen.
B Oxygen is denser than nitrogen.
C Oxygen is more soluble in water than nitrogen.
D Oxygen reacts more quickly than nitrogen.

5 The boiling points of some elements are given in the table.

element boiling point (oC)
X - 138
Y - 155
Z - 143

A mixture of X, Y and Z is heated from – 162 oC to – 142 oC. 
Which element(s) would still remain as a liquid at – 142 oC?

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

start line
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6 Which of the following decreases as the solid is being heated to become a liquid?

A the forces of attraction between the molecules
B the reactivity of the molecules
C the shape of the molecules
D the strength of the covalent bonds in the molecules

7 An ion of formula X2- contains 18 electrons. If the relative atomic mass of X is 32, what 
is the composition in the nucleus of the ion?

A 14 protons and 18 electrons
B 16 protons and 16 neutrons
C 16 protons and 18 electrons
D 18 protons and 14 neutrons

8 An element has two isotopes with mass numbers 34 and 35. Its relative atomic mass is 
34.3. What is the relative abundance of the isotope with mass number 34?

A 0.3 B 0.4 C 0.6 D 0.7

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.
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10 The diagram shows the structural formula of the covalent molecule hydrazine, N2H4.

Which statement is true of the number of electrons in the molecule?

total number of electrons 
involved in bonding

total number of electrons not 
involved in bonding

A 5 4
B 5 8
C 10 4
D 10 8

11 What does a solution of hydrogen chloride in ethanol contain?

A ethanol molecules and hydrogen chloride molecules
B ethanol molecules, hydrogen ions and chloride ions
C ethanol ions, hydrogen chloride molecules
D ethanol ions, hydrogen ions and chloride ions

12 Which sample contains the most number of atoms?

A 0.5 mol of C2H6

B 1.0 mol of SO3

C 1.5 mol of CO2

D 3.0 mol of He

13 20 cm3 of oxygen reacts with 20 cm3 of carbon monoxide. What is the volume of gases 
remaining? All volume is measured at room temperature and pressure.

oxygen (cm3) carbon 
monoxide (cm3)

carbon dioxide 
(cm3)

A 0 0 20
B 0 0 40
C 10 0 20
D 10 10 20

KiasuExamPaper.com



6

[Turn over

14 Lead(II) oxide is produced by heating lead(II) carbonate.

PbCO3 PbO + CO2

When 267 g of lead(II) carbonate is heated, 210 g of lead(II) oxide is produced. 
What is the percentage yield of lead(II) oxide?

A 210223 × 100
B 223210 × 100
C 210267 × 100
D 267 × 210223 × 100

15 Arsine (AsH3) is a gas that behaves like ammonia. Which of the following ions are
produced when Arsine dissolves in water?

A AsH+ and H+

B AsH3+ and OH-

C AsH4+ and H+

D AsH4+ and OH-

16 Which pair of reagents is most suitable in preparing the following salts?

salt reagent

A ammonium nitrate aqueous ammonia + nitric acid

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

C magnesium sulfate magnesium nitrate + lithium sulfate

D sodium chloride sodium + dilute hydrochloric acid
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17 During an experiment, 10 cm3 of 1.0 mol/dm3 sodium hydroxide, NaOH, is gradually 
added to 10 cm3 of 2.0 mol/dm3 sulfuric acid, H2SO4, containing methyl orange indicator.

Which change occurs in the mixture?

A A precipitate is formed. 
B Water molecules are formed.
C The concentration of the OH- ions increases.
D The methyl orange changes colour.

18 In the experiment shown below, steam is passed into the combustion tube for some time.

                        magnesium powder          copper(II) oxide
  

gas      
pump

steam  

heat heat

What are the products at X and Y respectively?

A magnesium hydroxide, copper
B magnesium hydroxide, copper(II) hydroxide
C magnesium oxide, copper
D magnesium oxide, copper(II) hydroxide

X Y

sodium hydroxide

sulfuric acid
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19 Which statement about the Periodic Table is correct?

A The colour of the elements becomes darker down Group VII.
B The melting point of the elements increases down Group I.
C The reactivity of the elements increases down Group VII.
D The reactivity of the elements decreases down Group I.

20 What is the use of argon?

A to fill balloons
B to fill light bulbs
C to fill modern airships
D to manufacture advertising lights

21 Which method will not slow down the rusting process of an iron nail?

A electroplate the iron nail with silver metal
B submerge the iron nail in a container completely filled with boiled water
C submerge the iron nail in oil
D weld a piece of copper metal to the iron nail

22 Study the following statements about P, Q, R and S.

Carbonate of S decomposes to form a compound and a gas only.
Only oxides of P and R can be reduced by heating with carbon.
P and Q react with dilute hydrochloric acid but not with cold water.
R does not react with dilute hydrochloric acid nor water.

The order of increasing reactivity of the four metals is most likely to be:

A R < P < Q < S
B R < S < P < Q
C S < Q < P < R
D S < R < P < Q
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23 Different forms of steel contain differing amounts of carbon.

Steel I contains a high proportion of carbon.
Steel II contains a low proportion of carbon.

Which statement is correct?

A I is less strong but less brittle than II.
B I is less strong but more brittle than II.
C I is stronger but less brittle than II.
D I is stronger but more brittle than II.

24 Which pair of reagents can be used to test for the presence of chloride ions in an aqueous 
solution?

A aqueous barium nitrate and nitric acid
B aqueous barium nitrate and sulfuric acid
C aqueous silver nitrate and hydrochloric acid
D aqueous silver nitrate and nitric acid

25 An experiment is set up as shown in the diagram below. Both electrodes P and Q are 
made of graphite.  

Which of the following gives the correct results as electrolysis proceeds?

electrolytes mass of P mass of Q

A aqueous copper(II) sulfate increases remains unchanged

B aqueous copper(II) sulfate remains unchanged increases

C aqueous sodium chloride increases remains unchanged

D aqueous sodium chloride remains unchanged increases
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26 The heat-reflecting shields of some space rockets are gold-plated, using electrolysis. 
Which electrodes and electrolyte would be used to gold-plate the heat shield?

negative electrode ( - ) positive electrode ( + ) electrolyte

A carbon heat shield gold compound

B heat shield gold gold compound

C gold heat shield copper compound

D heat shield carbon copper compound

27 A catalytic converter in a car exhaust system changes pollutants into less harmful 
products. Which change does not occur in a catalytic converter?

A carbon dioxide carbon
B carbon monoxide carbon dioxide
C oxides of nitrogen nitrogen
D unburnt hydrocarbon > carbon dioxide and water

28 Which substances can be used to reduce atmospheric pollution caused by flue gases?

A calcium carbonate and calcium oxide
B ammonium sulfate and calcium carbonate
C calcium oxide and ammonium sulfate
D ammonium carbonate and ammonium sulfate
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29 The following graph shows the change in reactant and product concentrations with time 
during a chemical reaction.

Which equation represents the reaction?

A X Y + Z
B X 2Y + Z
C Z 2X + Y
D Z 2Y + X

30 The reaction of iron(II) carbonate with an excess of dilute hydrochloric acid is
investigated. 
In experiment 1, 100 cm3 of 0.10 mol/dm3 hydrochloric acid and 0.5 g of iron(II) carbonate 
chips are used.

What conditions will produce the curve for experiment 2?

A 100 cm3 of 0.10 mol/dm3 of dilute hydrochloric acid and 1.0 g of iron(II) carbonate 
chips

B 100 cm3 of 0.20 mol/dm3 of dilute hydrochloric acid and 0.5 g of iron(II) carbonate 
chips

C 100 cm3 of 0.20 mol/dm3 of dilute hydrochloric acid and 1.0 g of iron(II) carbonate 
chips

D 200 cm3 of 0.10 mol/dm3 of dilute hydrochloric acid and 0.5 g of iron(II) carbonate 
chips

experiment 2

experiment 1

total volume of CO2/cm3
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31 Which process is endothermic?

A addition of aqueous sodium hydroxide to hydrochloric acid
B combustion of butanol
C oxidation of carbon
D sublimation of iodine crystals

32 What can be deduced from the energy level diagram shown below? 

A Heat energy is released.
B The reactants are less stable than the products.
C The surrounding temperature increases during the reaction.
D The energy change for bond breaking is higher than the energy change for bond 

formation.

33 Crysotile, Mg3Si2O5(OH)4 is an asbestos mineral. 
What is the oxidation state of silicon in the mineral?

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

34 A reducing agent is added separately to four different reagents and the colour changes 
are recorded. 
What is the correct description of the colour change? 

reagent colour change
A aqueous bromine colourless to brown
B acidified potassium dichromate(VI) green to orange
C aqueous potassium iodide colourless to brown
D acidified potassium manganate(VII) purple to colourless

gy g
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35 Which is the correct use of the different fractions in crude oil?

fraction use
A bitumen lubricating machine parts
B kerosene fuel for aircraft
C naphtha pave road
D petrol making chemicals

36 Which substances have the same number of carbon atoms in each molecule?

I ethyl methanoate
II ethanoic acid
III methyl propanoate
IV butanol

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

37 PHB (polyhydroxybutyric acid) is a natural polymer produced by a range of micro-
organisms. The structure of this polymer is shown below. 

Which statements are true about PHB?

1 PHB is a condensation polymer.
2 PHB molecule contains many ester groups.
3 PHB is made from two different types of unsaturated monomers.

A 1 and 2 B 1 and 3 C 2 and 3 D 1, 2 and 3
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38 Arachidonic acid is one of the most abundant polyunsaturated fatty acids in the brain. 
It has a molecular formula of C19H31COOH.
How many C=C double bond(s) is/are present in 1 molecule of arachidonic acid?

A 1 B 2 C 3 D 4

39 The structural formula of Vitamin C is shown below. 

Which of the following substances does not react with Vitamin C?

A aqueous bromine 
B acidified potassium manganate(VII)
C sodium carbonate
D steam

40 What are the uses of sulfuric acid?

I making fertilizers
II sterilising water
III making detergents
IV used in car batteries

A I and II only
B II and III only
C I, III and IV only
D I, II, III and IV
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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 Use the compounds listed below to answer the following questions.

Zn(NO3)2 Fe2O3 Pb(NO3)2

NaI Al2O3 KBr

You may use the compound once, more than once or not at all.

(a) State the compound that reacts with excess aqueous ammonia to produce a white
precipitate.

[1]

(b) State the compound that reacts with aqueous chlorine to form a reddish brown
solution.

[1]

(c) State the metal oxide that can be reduced by hydrogen gas.

[1]

(d) State the compound that reacts with sodium hydroxide to form a salt and water.

[1]

(e) Name 2 aqueous salts that can react to form a yellow precipitate.

[1]

[Total: 5 marks]
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A2 Excess sulfuric acid is added to powdered zinc. The hydrogen evolved is collected and its 
volume measured every 20 seconds. The experiment is repeated at the same 
temperature using the same number of moles of powdered magnesium and aluminium.

The graph below shows the volume of hydrogen produced from each metal against time.

(a) Identify metal B and account for the shape of its graph.

[3]

(b) Identify metals A and C.
[1]

(c) Using the concept of moles, explain why metals A and C form the same volume of
hydrogen but metal B forms a larger volume of hydrogen.

[2]

metal A

metal C

metal B
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(d) On the graph above, sketch the curve obtained when excess sulfuric acid is added 
to powdered calcium of the same mass. 
Label this curve as “Ca” and explain the shape of the curve.

[2]

[Total: 8 marks]

A3 The relative positions of the elements rubidium(Rb), beryllium(Be) and bismuth(Bi) in the 
reactivity series are shown in Table 3.1.

Table 3.1

Position in the reactivity series
Rubidium
Sodium

Magnesium
Beryllium

Zinc
Iron

Hydrogen
Bismuth
Copper

(a) An unknown photo showing specks of silvery deposits with the following caption 
was posted on social media and has gone viral.

“Pure rubidium found on a tiny island in the Pacific Ocean”

Use your chemistry knowledge to discuss the validity of this post.

[1]
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(b) Predict with reasons, the reactions of beryllium with cold water and with steam.

[3]

(c) Suggest a suitable method to extract bismuth from its ore.

[1]

(d) Underground iron pipelines are used in transporting substances such as natural 
gas from place to place. When underground, these iron pipes will rust relatively 
rapidly.

(i) Pieces of magnesium are often attached to underground iron pipes. 
Explain how this helps prevent iron from rusting. 

[2]

(ii) A sample of a compound of iron is analysed. The sample contains 0.547 g of 
potassium, 0.195 g of iron, 0.252 g of carbon and 0.294 g of nitrogen. 
Determine the empirical formula of this compound. 

[2]

[Total: 9 marks]
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A4 The Hydra is a 22-person hydrogen fuelled ship that gets its electricity from a hydrogen 
fuel cell. It converts chemical energy from hydrogen fuel into electricity through a 
chemical reaction with oxygen, using aqueous sodium hydroxide as the electrolyte. 
Fig. 4.1 shows the hydrogen fuel cell. 

            Fig. 4.1

The electrode reactions are: 

O2 (g) + 2H2O (l) + 4e 4OH-

H2 (g) + 2OH- (aq) 2e + 2 H2O (l)

(a) Identify which electrode in Fig. 4.1 is an anode, and which is a cathode.

[1]

(b) Describe how electricity is generated in the fuel cell.

[2]
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(c) Give two reasons why aqueous sodium hydroxide is preferred over molten sodium
hydroxide as an electrolyte for the fuel cell.

[2]

(d) The overall equation of the hydrogen fuel cell is as such:

2H2 (g) + O2 (g) 2H2O (l)

(i) Explain, in terms of oxidation states, if the overall reaction is a redox reaction.

[2]

(ii) The generation of electrical energy from fuel cell is similar to the exothermic
reaction that occurs when hydrogen gas reacts with oxygen gas.
Using ideas about bond breaking and bond making, explain why this reaction
generates electrical energy.

[2]

(iii) Hence sketch an energy profile diagram for the generation of electrical energy
from fuel cells.

[2]
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(e) Alternatively, methanol can be used as a fuel to form a methanol fuel cell. Other 
than in terms of energy produced, suggest a possible advantage of using the 
methanol fuel cell over the hydrogen fuel cell.

[1]

[Total: 12 marks]

A5 Fig. 5.1 shows the reactions that lead to the depletion of ozone layer.

Fig. 5.1

(a) Identify an endothermic reaction in Fig. 5.1 and provide evidence to support your 
answer.

[2]

(b) Suggest why a small amount of CFC is sufficient to threaten the depletion of the 
ozone layer.

[2]
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(c) With reference to Fig. 5.1, suggest whether the C – F bond is stronger or weaker 
than the C – Cl bond.

[1] 

Fig. 5.2 shows an impact of ozone depletion.

Fig. 5.2

(d) Explain how ozone depletion causes the impact shown in the cartoon.

[2]

[Total: 7 marks]

“As near as we can tell, 
you fell asleep under a 
hole in the ozone layer”
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A6 An aldehyde is an organic compound containing a formyl functional group. This functional 
group, with the structure – CHO, consists of a carbonyl centre (a carbon double bonded to 
oxygen) bonded to hydrogen.

Table 6.1 shows some properties of aldehydes.

Table 6.1

chemical 
name

chemical 
formula

structural 
formula

boiling 
point/°c

methanal CH2O 

ethanal CH3CHO 20

propanal CH3CH2CHO 50

Due to the high reactivity of aldehyde, it can be oxidised easily to form carboxylic acid as 
shown below.

Possibly because of the high reactivity of the formyl group, aldehydes are not commonly 
found in nature’s building blocks such as amino acids, nucleic acids and lipids. Amino 
acids are monomers that form protein polymers. Proteins have the same linkage as nylon. 
An amino acid contains an amine functional group and a carboxyl functional group. These 
two groups can react to form a condensation polymer.  

R group - generic 
alkyl or side chain
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(a) Use the information above to give two pieces of evidence that suggest that the
aldehydes are a homologous series.

[2]

(b) Deduce the general formula of the aldehydes and hence predict the formula of the
aldehyde that contains 8 carbon atoms.

[2]

(c) Draw the structural formula of butanal.

[1]

(d) When propanal is reacted with potassium manganate (VII), product A is formed.
Product A can also be formed by reactant B via a two-step process.
Reactant B undergoes addition polymerisation to form a polymer.
Name product A and draw the polymer of B, showing 2 repeat units.

Product A: ………………………………. [1]

Polymer B:

[2] 
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Protein is a condensation polymer.  Polymer B is an addition polymer. 
Fig. 6.2 shows a section of a protein structure. 

Fig. 6.2

(e) Draw the amino acid that forms this protein structure.

[1]

[Total: 9 marks]
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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.

B1 Read the information about elements in Group VII of the Periodic Table.

Halogens and its properties

Fluorine, chlorine, bromine, iodine and astatine are elements that are found in Group VII 
of the Periodic Table. They are reactive non-metals which exists as diatomic molecules. 
Some trends that can be observed as we go down Group VII are atomic radius and ionic 
radius. Table 1.1 gives the atomic radii and the ionic radii of halogens. 

Table 1.1

halogen atomic radius/ nm ionic (X ) radius/ nm
F 0.071 0.133
Cl 0.099 0.181
Br 0.114 0.196
I 0.133 0.220

At 0.150 - 

Electron affinity is a measure of the attraction between the incoming electron and the 
nucleus. The first electron affinity is the energy released when 1 mole of gaseous atoms 
each acquire an electron to form 1 mole of gaseous ions. For example, in this reaction,

X(g) + e-  X-(g)

The first electron affinity is the energy released per mole of X when this change occurs. 
By convention, the negative sign shows a release of energy.

Table 1.2 gives the first electron affinities of Group 7 elements. 

Table 1.2 

halogen first electron 
affinity (kJ/mol)

F - 328

Cl - 349

Br - 324

I - 295

At - 270
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Halogens also react with hydrogen to form hydrogen halides. 

H2 + X2   2HX

Table 1.3 gives the bond energies of various H – X bonds. 

Table 1.3

bond bond energy (kJ / mol)
H – F 562
H – Cl 431
H – Br 366
H – I 299

(a) State the general trend observed in the first electron affinities going down Group 
VII.

[1]

(b) Suggest why the atomic size of the atoms increases down the group and hence use 
this knowledge to explain the pattern described in (a).

[2]

(c) Both chlorine and fluorine are gases at room temperature and pressure. 
Using the information in Table 1.1, state and explain which gas is likely to have a 
lower boiling point.

[3]
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(d) Two students discuss the information provided.

Student 1: ‘I think the atomic size of the halogen attached to H is linked to the

Student 2: ) radii.’

Does the information in the data given support the ideas of the students?
Explain your reasoning.

[2]

(e) All hydrogen halides dissolve in water to form acids.
Use Table 1.3 to predict the trend in the acid strength of the hydrogen halides.
Explain your answer.

[2]

[Total: 10 marks]
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B2 A pupil carried out two separate experiments using different electrodes in the laboratory. 

In each experiment, he electrolysed 2.00 dm3 of aqueous silver nitrate containing 2.68 g 
of silver ions. The same amount of current was passed in both experiments and the 
increase in mass of the cathode was weighed every 5 minutes for 50 minutes. 

The diagram below shows the results of the two experiments.

(a) Describe how the mass of silver deposited at the cathode changes with time in each 
experiment.

[2]

(b) Write the half equation for the formation of silver at the cathode for both 
experiments.

[1]

(c) Carbon electrodes were used in experiment 1. Using this knowledge, explain the 
shape of the graph in experiment 1. 

[2]

experiment 1

experiment 2

mass of 
silver 
deposited/g

time/min40          50

2.68
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(d) Write the half equation for the reaction at the anode of experiment 1. 

[1]

(e) Suggest another material for the electrodes used in experiment 2 and explain the 
shape of the graph. 

[2]

(f) A circuit was connected as shown in Fig. 2.1 and a current passed through it for a 
period of time.

Fig. 2.1

Given that 12.8 g of copper and 14.0 g of cerium were deposited at electrodes B and 
D respectively, calculate the charge on a cerium ion.

[2]

[Total: 10 marks]
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B3 EITHER
Nylon and Terylene are condensation polymers.
Fig. 3.1 and Fig. 3.2 show the structures of Nylon and Terylene respectively. 

Fig. 3.1

Fig. 3.2

(a) Compare and contrast the two polymers in terms of the following:
The type of linkage present
The monomers used in each polymer
The side product when the polymer forms

[3]

(b) Both Nylon and Terylene are condensation polymers.
Explain what condensation polymers are.

[1]
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(c) These condensation polymers are non-biodegradable. 
Explain why being non-biodegradable is both an advantage and a disadvantage.

[2]

(d) The combustion of these condensation polymers produce a much larger amount of 
carbon monoxide and soot as compared to the combustion of their respective 
monomers. Explain the phenomena.

[2]

(e) Lactic acid can be made from corn starch. It polymerises to form the polymer, 
poly(lactic acid) (PLA). 
Suggest two advantages that PLA has compared with a polymer made from 
petroleum.

[2]

[Total: 10 marks]
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B3 OR
Many soft drinks bottles are made of thermoplastics, polyethylene terephthalate (PET), 
which is formed from polymerisation of two different monomers and has the following 
structures:

(a) (i) Draw the structural formula of the two monomers that can be polymerised to 
PET.

[2]

(ii) Name the type of polymerisation involved and give the reason for your 
choice.

[1]

(b) Most environmental friendly green bags are made of 100% non-woven 
polypropene which is recyclable but not biodegradable.

(i) Write an equation, showing the structural formula, to illustrate the formation 
of polypropene from its monomer.

[1]

(ii) Name the type of polymerization involved.

[1]

(iii) Suggest why non-woven polypropene is still not considered environmentally 
friendly.

[1]
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(c) Two of the following molecules can form condensation polymers by itself.

molecule A molecule B molecule C

molecule D molecule E molecule F

Identify the two molecules (A, B, C, D, E and/or F) and draw the structure of the 
repeating unit of each polymer in the boxes provided.

molecule that can form a 
condensation polymer by itself: molecule: ________

structure of repeating unit:

molecule that can form a 
condensation polymer by itself: molecule: ________

structure of repeating unit:

[4]

[Total: 10 marks]

End of Paper
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Qn Ans Qn Ans
1 B 21 D
2 B 22 A
3 B 23 D
4 A 24 D
5 A 25 A

6 A 26 B
7 B 27 A
8 D 28 A
9 C 29 B
10 D 30 C

11 A 31 D
12 C 32 D
13 C 33 D
14 A 34 D
15 D 35 B

16 A 36 D
17 B 37 A
18 C 38 D
19 A 39 C
20 B 40 C

KiasuExamPaper.com

A 26 B
B 27 A
D 28 A
C 29 B

0 D 30 C

A 31 D
C 32 D

3 C 33 D
4 A 34 D
5 D 35 B

6 A 36 D
7 B 37 A
8 C 38 D
9 A 39 C
0 B 40 C



A1(a) Pb(NO3)2 / Al2O3 1
(b) KBr 1
(c) Fe2O3 1
(d) Al2O3 1
(e) Lead(II) nitrate and sodium iodide. 1

A2(a) B is aluminium.
Reaction is slow at start, because of the oxide layer reacting with acid.
Reaction is fast when the oxide layer is removed, exposing the aluminium which 
reacts with the acid.

1
1
1 

(b) Metal A – magnesium
Metal C – Zinc

½
½

(c) 2Al + 3H2SO4 Al2(SO4)3 + 3H2
Zn + H2SO4 ZnSO4 + H2
Mg + H2SO4 MgSO4 + H2
For both magnesium and zince, 1 mol of metal produces 1 mol of H2, therefore same 
volume of hydrogen produced. 
For aluminium, 1 mol of metal produces 1.5 mol of H2, therefore higher volume of 
hydrogen produced.

1 

1 

(d)

Graph must show that initial reaction is fast.

Initial reaction is fast as Ca is very reactive. 
However, reaction stops due to the formation of a layer of insoluble calcium sulfate.
This prevents further reaction between calcium and acid, therefore no more 
hydrogen is produced.

1 

1 

A3(a) The photograph is unlikely to show deposits of pure rubidium / hoax.
Rubidium is a highly reactive metal which will react violently when exposed to air /
water 

1

(b) Beryllium is less reactive than magnesium.
It has no reaction with cold water / reacts very much slower than magnesium with
water. 
It will react with steam to form beryllium oxide and hydrogen gas.

1
1

1 

(c) Reduction by carbon / carbon monoxide 1
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2Al + 3H2SO4 Al2(SO4)3 + 3H2
Zn + H2SO4 ZnSO4 + H2
Mg + H2SO4 MgSO4 + H2
For both magnesium and zince, 1 mol of metal produces 1 momomomomomollllll ofofofofofof HHHHHH222222,,,,, thttttt erefefe oroo e sam
volume of hydrogen produced. 
For aluminium, 1 mol of metal produces 1.5 mol of H22222222,,,, ththththththt ererereeeeeeeereeeeerereeererreeerrrreeererrreeeeerrrreeerreereeeee efefefefefefe oooooro e hihihihihihighghghghghgherererererer volume o
hydrogen produced.

Graph must showow tthhat innititiaiall rereacaca tit on is fast.

Initial reactioionn isis ffasast t asas CCa a is very reactive. 
However, reaactctioionnn stopopss due to the formation of a layer of insoluble calcium sulfate
This preventsts ffururthther reaction between calcium and acid, therefore no mor
hydrogen is prodduced.



(d)(i) Magnesium is more reactive than iron. 
It will undergo sacrificial protection/ corrode in its place/ lose electrons to iron. 

1
1

(ii) 2

A4(a) Anode: electrode 1 / on the left
Cathode: electrode 2 / on the right

½
½

(b) Hydrogen gas is oxidised and releases electrons and water. These electrons flow 
from the anode to the cathode.
Oxygen is then reduced to form hydroxide ions. 
The movement of electron flow from hydrogen to oxygen in the cell generates
electricity.

½
½

1 

(c) High temperature is required to maintain sodium hydroxide in the molten state.
Sodium metal deposited at the positive electrode would react with the oxygen
supplied, reducing the efficiency of the fuel cell.

1
1

(d)(i) The overall reaction for the hydrogen fuel cell is a redox reaction. The hydrogen is 
oxidised as the oxidation state of hydrogen increases from 0 in H2 to +1 in H2O while 
oxygen is reduced as the oxidation state of oxygen decreases from 0 in O2 to -2 in 
H2O.

1

1 

(ii) The amount of electrical energy absorbed to break 2 moles of H-H and 1 mole of 
O=O bonds in H2 and O2 is lesser than energy released when the 4 moles of H-O 
bonds in H2O are formed. Thus, it is an exothermic reaction and there is a net amount 
of electrical energy released.

2

(iii) 2

(e) Methanol is a liquid and is not required to be stored under highly pressurized vessels 
unlike hydrogen. Thus it is safer to transport as a fuel.

1

2H2 + 
O2 

2H2O
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) Anode: electrode 1 / on the left
Cathode: electrode 2 / on the right

Hydrogen gas is oxidised and releases electrons aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndndndndndnddndndndndndnddndndndndndndnddnddndndndndndnddndndnddndndndnddnddndndndndnndndnddndnddddndndndndndndndndndnddndndndndndnndnndndnnnddndddddnnddddndndndndnndddndnndnnnddddnnddndnndddddddddddddddddddddddddddnd wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwatatatatatattatatatttatatattatatattatatattatttatatatatattatattaattatattataataaatattatatatataaaaattaataaaatatataaaatataataaaaaatataaaaatattataaaaatataatataattatattataatttaatatatatataattaaattaatatatttaaaatttaaattttatttttaaaattatataaaaaattererrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee . Thesesee elelecectrons flow
from the anode to the cathode.
Oxygen is then reduced to form hydroxide ions. 
The movement of electron flow from hydrogen to ooxygennnn innnn theeee cccceeeell generate
electricity.

High temperature is required to maintain sodium hhydydroxide in the molten state.
Sodium metal deposited at the posiitit vev  electtrorodede wwould react with the oxyge
supplied, reducing the efficiency ofof tthehe ffueu l cecellll.

The overall reaction for the hydrorogegen n fufuelel ccelelll is a redox reaction. The hydrogen i
oxidised as the oxidation state ofof hhydydror gegen n increases from 0 in H2 to +1 in H2O whil
oxygygen is reduced asas tthehe oxidadatitionon sstate of oxygen decreases from 0 in O2 to -2 i
H2O.

The amount of ele ectrtricicalal eenenergy absorbed to break 2 moles of H-H and 1 mole o
O=O bonds inin HH22 anandd OO2 2 isis lesser than energy released when the 4 moles of H-O
bonds in H2O O araree foformrmed. Thus, it is an exothermic reaction and there is a net amoun
of electrical ennerergygy released.



A5(a) Step 2. This is where the Cl atom breaks away from the compound as UV radiation is 
absorbed in order to break the C – Cl bond.

2

(b) At the end of the reaction to convert ozone to oxygen, chlorine atom is regenerated
and can be used again to convert more ozone to oxygen to repeat the depletion 
process. 

1
1 

(c) C – F bond is stronger. 
(As UV rays is only able to break C – Cl bond but not C – F bond.)

1

(d) Ozone layer absorbs harmful UV rays from the sun. 
If ozone layer is depleted, the earth will be exposed to harmful UV rays which can 
cause skin cancer in human.

1
1 

A6
(a) 

As the number of carbon atom increases/As the molecules get larger, the boiling point 
increases.  
They share the same general formula. OR
The consecutive members of the group differ by –CH2 OR
They have the same functional group.

1
1 

(b) CnH2n+1 CHO        where n = 0 for first member /    CnH2nO  where n= 1

CH3CH2CH2 CH2CH2CH2CH2CHO       OR    C7H15CHO   OR    C8H16O

1

1
(c) 1

(d) Product A: Propanoic acid  [1]

Polymer B:

1

2 

(ii) 2
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As the number of carbon atom increases/As the molecules get larggerer, tht e boiling poin
increases.  
They share the same general formula. OR
The consecutive members of the group differ by –CH2 OR
They have the same functional group.
CnH2n+1 CHO        where n = 0 for first member /    CnH2nnO O O O O wwwwwwwwwwhehehehehhhhhhhhh rrrre n==== 1111

CH3CH2CH2 CH2CH2CH2CH2CHO    OR    C7H1515CCCHCHCHCHCHCHCHHHCHCHCHCHCHCHCHHCHCHHCHCHCHHCHCHCHCHCHHHCHHHHCHCHCHHCHCHCHCHCHCHCHHCHHCHCHCHCHHHHCHHCHCHCHCHHHHHCHHCHCHHCHCHCHCHHCHHCHCHCHHCHHCHHHHHHHHCCCHHHCHCCHHHHCHCCHHCHHHHCCCHCHHHHCCHHCCHHHHCHHCHCHCHHCCCHHCCCCCCCCCCHHHHC OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  OROROROROOROROROROROROROOROROROROROROROOORORORORORORORROROROROROROROROROROORORORORORORORORROROOROROROROROROROROROROROOROOROROROOOORRRRORORORROROOROROORRORRRORRROROOROORORRORORORORRROROROORORORORORROORORORORORROROOROOROOOORRRRRORORORORRROOOOORROROORRROOOORRROOORRRROOOORORROROORORORRRORROOOO    CCCC8H166OO

Product A: Propanoic acid  [1]

Polymer B:



B1(a) Decreases down the group.
(b) Atomic radius increases as the number of electron shells increases down the 

group. 
As the electron shells increase, the distance between the nucleus and the incoming 
electron increases.  
Therefore, the electrostatic forces of attraction between the nucleus and the 
incoming electron decreases, thus the amount of energy released decreases when 
the atom takes in an electron.

1

1 

1 

(c) Fluorine has lower boiling point. 
Fluorine molecules are smaller in size than that of chlorine/ lower relative molecular 
mass than that of chlorine 
The intermolecular forces of attraction between fluorine molecules are weaker than 
that of chlorine. Less energy is needed to overcome the weaker intermolecular forces 
of attraction.

1
1

1 

(d) Student 1 is supported. The smaller the halogen, the stronger the H – X bond.
Student 2 is not supported as HX is a covalent compound and there are no halogen 
ions in HX. Therefore, the ionic radii is not relevant to the strength of the H – X bond.

1

1 

(e) Acid strength increases down the group. 
The smaller the bond energy, the easier it is for the acid to ionize to form H+ ions. 

1
1 

B2
(a) 

Expt 1- mass of cathode increases until 2.68g and stops increasing thereafter. 
Expt 2- mass of cathode kept increasing even after 2.68g. 

2

(b) Ag+(aq) + e- Ag (s) 1

(c) Ag ions present in the solution discharges at the cathode. At the anode, hydroxide 
ions are discharged and no new Ag ions are released into the solution. Hence, 
once all the Ag ions in the solution are discharged, no more Ag can be formed.  

2

(d) 4OH- (aq) 2H2O (l) + O2 (g) + 4e- 1

(e) Silver electrodes are used in experiment 2. The silver anode dissolves into the solution, 
replenishing the silver ions that have been discharged at the cathode, hence the 
increasing mass of silver deposited.

2

(f) No of moles of Cu = 12.8g ÷ 64 = 0.2 mol
No of moles of Cerium = 14.0g ÷  140 = 0.1mol
Amt of electrons to discharge Cu= 0.2 x 2 = 0.4 mole
Charge of Cerium =  +4
OR
No of moles of Cu = 12.8g ÷ 64 = 0.2 mol
No of moles of Cerium = 14.0g ÷  140 = 0.1mol
Amt of electrons to discharge Cu= 0.2 x 1 = 0.2 mole
Charge of Cerium =  +2

1

1 
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Silver electrodedeess arara ee ususedd iinn eexperiment 2. The silver anode dissolves into the solution
replenishing tthehe ssili veer r ioions that have

Ag+(aq) + e

that of chlorine. Less energy is needed to overcome the weaker intermolecular force
of attraction.

Student 1 is supported. The smaller the halogen, the stronger ththththththe e HHHHHH –––––– X bond.
Student 2 is not supported as HX is a covalent compound aaaaaandndndndndnd ttttttheheheheheherererererere are no haloge
ions in HX. Therefore, the ionic radii is not relevant to theeeeee ststststststrerererererengngngngngngtttttht  of f ththththththe eee e e HHHHHH ––––– X bond

Acid strength increases down the group. 
The smaller the bond energy, the easier it is for ththhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeee ee eeeeeeeeeeee e e eeee eeeeeeeeeeeeeeeeeeeeeeeeeeeee acacacaacacacccacacacacacacacacacacacacacacaccacacacacacacacacccacacaaccacacacaaacacacacccacacaaccacaccaacacacacacaacacacacccaaaaaaaccaaaacaccacaaacaacccaaaacccaaaaacacaacccaaacacaaaaacccaaacccacacacccaaacccaaaaaaa idididdididididddidididididdiidddddddddiddddddddididdididdidididdidididdddidididddidddddiddiddiddiddidiiddiididiididiiidiiddddddddddddddddddddddddddd tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttoooooooooo o o o ooooo ooooooooooo ooooooooooooooooooooooooooooooooooooooooooooooo ooooooooo ioioiiioioioioioiioioioioioioiiioioioiioioiiioioiiiioiioiiiioiiiiiioioioiooiioiiioiiioioioooioooooonnnininininn ze to fffffforororrmmmmmm H+ ions.

Expt 1- mass of cathode increases until 2.68g and stss ops increasisissss ngngngngngng thereafter. 
Expt 2- mass of cathode kept increasing even after 2.668g8g. 

- Ag (s)

Ag ions present in the solution disccharggeses aaat tt ththe e cathode. At the anode, hydroxid
ions are discharged and no neww AAgg ioioonsns aareree released into the solution. Hence
once all the Ag ions in the solution aarere ddischchaarged, no more Ag can be formed.  

4OH- (aq) 2H2OO (l(l)) + O22 (g(g) ) ++ 4e4e-

been discharged at the cathode, hence th
increasing mass s ofof ssililvever deposited.

No of moles of Cu = 12.8g ÷ 64 = 0.2 mol
No of moles of Cerium = 14 0g ÷ 140 = 0 1mol



B3 Either
(a) The linkage present in nylon is amide linkage. The one in terylene is ester linkage.

Nylon is made up of dicarboxylic acid monomers and diamine monomers while terylene 
is made up of dicarboxylic acid monomers and diols monomers
The side products from formation of both polymers are water molecules.

1
1
1 

(b) Condensation polymers are macromolecule made from combining many monomers,
with an elimination of a small molecule like water.

1

(c) Being non-biodegradable will allow the polymer to be durable and resistant to corrosion. 
However, being non-biodegradable will also create more landfills when the polymer is 
disposed off and thus, causing land pollution.

1
1

(d) The polymer has much higher carbon content than its monomers thus are less 
flammable and would undergo incomplete combustion with oxygen to form carbon 
monomers and soot. In contrast, its monomers have lower carbon content and is more 
flammable and undergoes complete combustion to form carbon dioxide.

1
1

(e) It is biodegradable and thus does not take up landfill space and reduce land pollution.
It is carbon neutral as the same amount of carbon dioxide that is used to grow the corn 
plant is released upon decomposition/combustion of PLA.

1

1

B3 OR
(a)(i) 1

1 

(ii) Condensation polymerisation as a small molecule of water is eliminated when 2 
monomers polymerised.

1

(b)(i) 1

(ii) Addition polymerisation 1

(iii) Since is not biodegradable, it remains as a waste material in the environment and 
takes up landfill space.
Or when burnt, it produces carbon dioxide and other harmful pollutants

1
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monomers and soot. In contrast, its monomers have lower carbon content and is mor
flammable and undergoes complete combustion to form carbon dioxidede.
It is biodegradable and thus does not take up landfill space and reduucce lanand pollution.
It is carbon neutral as the same amount of carbon dioxide that is usseded ttoo ggrow the cor
plant is released upon decomposition/combustion of PLA.

OR

Condensation ppolymmererissatioonn asas aa ssmall molecule of water is eliminated when 
monomers polymymererisi ed.



(c) molecule that can form a
condensation polymer by
itself:

A 

structure of repeating 
unit:

molecule that can form a 
condensation polymer by 
itself:

E

structure of repeating 
unit:

4
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condensation polymer by 
itself:

E

structure of repeating
unit:
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   BBSS 2017 O Prelim/ Sec 4E/Chem 5073 P1 

Applying Past Knowledge to New Situation  2 

1 Hydrogen chloride, HCl, is very soluble in water, whereas chlorine, Cl2, is only slightly 
soluble in water. Both gases can be dried using concentrated sulfuric acid. 

  Which diagram represents the correct method of obtaining dry chlorine from damp 
  chlorine containing a small amount of hydrogen chloride? 

2     A liquid is required to dry a piece of wet copper foil. The liquid must have two properties.

1 able to evaporate quickly in air, and
2 miscible in water

Which one of the liquids below would be most suitable for this purpose?

boiling point / C solubility in water
A 36 insoluble
B 56 very soluble
C 98 very soluble
D 290 insoluble

concentrated
sulfuric acid

B

C D

A

concentrated
sulfuric acid

concentrated
sulfuric acid concentrated

sulfuric acid

damp Cl2
and HCl

damp Cl2
and HCl

damp Cl2
and HCl

damp Cl2
and HCl

waterwater

water
water
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3 Two experiments, experiment 1 and 2, are set up to demonstrate the diffusion of gases.  

What would happen to the water levels at P and Q in both experiments? 

Experiment 1 Experiment 2
A P is higher than Q P and Q remain the same
B P is higher than Q Q is higher than P
C P and Q remain the same P and Q remain the same
D P and Q remain the same P is higher than Q

4 A paper chromatogram of two compounds A and B is shown in the diagram below:

Which statement regarding the paper chromatogram must be correct?

A Compound A has a lower Rf value than compound B.
B Compound A is less soluble in the solvent than compound B.

C The Rf value of A is  .
D The solvent level is placed above the starting line.
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5 Two reactions were allowed to take place as shown by the equations below :

Equation I: AgNO3(aq) + KCl(aq) AgCl(s)  + KNO3(aq)

Equation II : Pb(NO3)2(aq) + 2NaOH(aq) Pb(OH)2(s) + 2NaNO3(aq)

The products shown in both equations I and II were mixed together. 
Which of the following method is the best separation to obtain a sample of silver 
chloride from the mixture?  

   
A Add aqueous ammonia to the mixture, filter to obtain the residue of silver 

chloride.
B Add excess dilute sulfuric acid to the mixture and filter the residue to obtain  

silver chloride.
C Decant off the aqueous layer and heat the residue to obtain the silver chloride.
D Filter the mixture and add excess dilute nitric acid to the residue. Filter to obtain 

the silver chloride.

6 A solid mixture contains an ionic salt, X, and a covalent organic compound, Y. 
Two students suggest methods of separating the mixture as shown.  

method 1

method 2

Which methods of separation are likely to work?

method 1 method 2
A
B X
C X
D X X

shake with
water

shake with 
ethanol

X and Y

X and Y
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7 Cl -35 and Cl - 37 are two isotopes of chlorine. 

Which statements are correct?    

  1 Both isotopes have the same mass number.
2   Both isotopes have the same electronic configuration.
3   Both isotopes have the same physical properties.
4   Both isotopes have the same chemical properties.

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

8 Carbon disulfide is a simple covalent compound used in manufacturing polymers and     
  fibres. 

A student made the following statements:

Carbon disulfide has a low boiling point.
Carbon disulfide has good electrical conductivity when molten.
Carbon disulfide is very soluble in water.
Carbon disulfide is a crystalline solid at room temperature. 

  How many statement(s) is/are correct about the compound?

A 1                           B 2                                 C 3                               D 4

9 What is the total number of shared pair electrons in a propene molecule?  

A 8                           B 9                                 C 10                              D 11

10    Which one of the following sets of solid elements includes a giant metallic structure, a 
macromolecular structure and a simple molecular structure?    

A Al Mg Si
B Al Si S
C C Si Sn
D Si P S

11 Bones contain a complex mixture of calcium salts, proteins and other material. When 
a piece of bone is strongly heated in a current of air, the only residue is calcium oxide.  
From a sample of 50.0 g of bone, 14.0 g of calcium oxide was obtained. 

What is the percentage by mass of calcium in the bone?   

A 10.0%                   B 14.0%                        C 20.0%                       D 28.0%
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12 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

13 5.0 cm3 of gaseous hydrocarbon reacted with excess oxygen to form 30.0 cm3 of carbon      
dioxide and 15.0 cm3 of water vapour.   

What is the formula of the hydrocarbon?  

A CH4                        B C2H4                           C C3H6                           D C6H6

14 An aqueous solution of sulfuric acid has a concentration of 1.0 mol / dm3 

Different volumes of the acid are added to different volumes of aqueous sodium 
hydroxide.

The diagram shows an apparatus used to separate hexane (boiling point, 70oC) and

  What is the concentration of the aqueous sodium hydroxide?  

A 0.6 mol / dm3

B 0.75 mol / dm3

C 1.5 mol / dm3

D 3.0 mol / dm3

15 A student writes down four statements about two gases, hydrogen chloride and carbon              
monoxide.

One mole of each gas has the same mass.
One mole of each gas occupies the same volume at room temperature and 
pressure.
One mole of each gas has the same number of atoms.
One mole of each gas has the same number of molecules. 

How many of these statements is/are correct?    

A 1                             B 2                                  C 3                                 D 4
  

ThThThThThThThThThThThThThThThThThThThThheeeeeeeeeeeeeeeeeeeee didididdididdidididdddidididdidididiagagagagagagagagagagagagagagagagagagagagagrarararararararrarararararararrarararam mmmmmm mmmmmmm m mmmm mm shshshshshshshshshshshshshshshshshshshshshowowowwowowowowowowowowowoowoowooowows an appppppppppppppppppparararararararararararrarrarararararararataaaaaa us used to sepaaaaaaaaaaaaaaaaarate hexaneeeeeeeeeeeeeeeeeeeee (b(((((((((((((((((( oilinggggggggggggg point, 70oC) and

volume of H2SO4 /cm3

volume of NaOH / cm3

KiasuExamPaper.com



  BBSS 2017 O Prelim/ Sec 4E/Chem 5073 P1 

Applying Past Knowledge to New Situation  7 

16 Which substance has exactly the same number of atoms as 1 g of hydrogen gas?   

A 1 g of helium gas at r.t.p
B 24 dm3 of oxygen gas at r.t.p
C 127 g of solid iodine
D 12000 cm3 of neon gas

17 Astatine is at the bottom of Group VII in the Periodic Table.

Which row describes the properties of astatine?

colour state reaction with aqueous sodium iodide
A black liquid iodine displaced
B black solid no reaction
C black solid iodine displaced
D brown liquid no reaction

18 Which method is used to prepare copper(II) chloride?   

A adding copper to dilute hydrochoric acid at room temperature

B precipitating the salt by adding copper(II) carbonate  to aqueous ammonium 
chloride

C titrating copper(II) hydroxide with dilute hydrochoric acid
D warming copper(II) oxide with dilute hydrochloric acid

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

Which of the following combinations would produce the given results?   

anion(s) in N reagents (M and acid) added
A CO32- add aqueous silver nitrate, followed by dilute nitric acid
B Cl - , CO32- add aqueous barium chloride, followed by dilute hydrochloric acid
C SO42-, CO32- add aqueous silver nitrate, followed by dilute hydrochloric acid
D SO42-, CO32- add aqueous barium chloride, followed by dilute hydrochloric acid
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20 When sodium hydroxide solution is added to a solution containing potassium chloride  
and copper(II) nitrate, which of the following ions will decrease most in concentration?  

A Cu2+                           B K+                      C NO3-                            D Cl -          

 
21 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

22 A new indicator has just been produced in the laboratory. It changes colour  
  according to the table below:

pH colour
0 - 3 red

3.5 - 5 green
5 - 14 purple

Which of the following substances can be distinguished using the new indicator? 

A aqueous ammonia and potassium hydroxide
B aqueous hydrogen chloride and carbon dioxide
C aqueous sodium nitrate and sodium hydroxide
D water and aqueous sodium chloride
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23 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                                                                                       

 P  Q 

strength 

 P  Q 

strength 

 P  Q 

brittleness 

 P  Q 

brittleness 

 P  Q 

amount 
of carbon 

strength 

 P  Q 

strength 

 P  Q 

brittleness 

 P  Q 

brittleness 

 P  Q 
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24 An experiment is set up as shown.

A student recorded these inferences.

1  Hydrogen is a reducing agent.
2  Hydrogen gains oxygen to form water.
3   Copper(II) oxide loses oxygen to form copper metal.
4  Copper(II) oxide gains hydrogen and is reduced.

Which of these inferences are correct?

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

25   The experiment shown in the diagram was set up. 
Which tube shows the highest increase in water level after a month? 

26 Which equation does not represent a redox reaction?     

A CuSO4 + Zn  Cu + ZnSO4

B 2H2 +  O2    2H2O
C H2S  +  Cl2 2HCl + S
D NH3   +  HCl NH4Cl
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27 The equation below shows the reaction of iron(III) sulfate with potassium iodide.

 Fe2(SO4)3 +    2KI     2FeSO4 +      I2 +    product X

Which statement about the reaction is not correct?  

A At the end of the reaction, the solution appears brown.
B Formula of product X is K2SO4.
C Iodine is reduced in the reaction.
D The oxidation state of iron decreases from +3 to +2.

28 In the Haber process, nitrogen and hydrogen react to form ammonia. 

What is the source of hydrogen?   

A air
B limestone
C crude oil
D sulfuric acid

29   In which process is energy released?    

A dissolving ammonium nitrate in water
B electrolysis of water
C forming a chlorine molecule from two chlorine atoms
D photosynthesis

30   Which of the following can be deduced from the equation below?    

2H2O2 2O(l) + O2 -ve

A Addition of a catalyst speeds up the reaction.
B Heat is taken in during the reaction.
C The volume of oxygen produced from 200 cm3 of aqueous hydrogen 

peroxide is 100 cm3.
D When completely decomposed, 17g of hydrogen peroxide forms 9g of water 

and 8g of oxygen.

31 If the pressure on the reactants in a gaseous reaction is decreased, which of the 
  following is true?

concentration rate of reaction
A decreases increases
B decreases decreases
C increases increases
D no effect decreases
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32 Two experiments on the reaction between zinc and sulfuric acid are carried out and their                    
  results are given in the graph below.

 

 

 

If 10 g of zinc granules reacts with 0.50 dm3 of 1 mol/dm3 sulfuric acid to produce  
graph X, which of the following could give rise to graph Y?

A 5 g zinc granules in 0.500 dm3 of 1 mol/dm3 sulfuric acid
B 5 g zinc granules in 0.500 dm3 of 2 mol/dm3 sulfuric acid
C 10 g zinc granules in 0.250 dm3 of 2 mol/dm3 sulfuric acid
D 10 g zinc granules in 0.125 dm3 of 2 mol/dm3 sulfuric acid

33 Which set-up would produce the greatest reading on the voltmeter? 

A

DC

B

X 

Y 

time 

volume of 
hydrogen gas
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34 In an experiment, rods of copper and zinc are dipped into dilute sulfuric acid with their     
top ends touching.

Hydrogen bubbles collect around the copper rod.

Which statement about the experiment is correct?   

A Copper reacts with the acid.
B Electrons flow from zinc to copper.
C The zinc becomes coated with copper.
D The copper becomes smaller.

35 The following three solutions were electrolyzed using inert electrodes. 

solution 1 concentrated sodium chloride
solution 2  dilute sulfuric acid
solution 3    silver nitrate

Which of the solution(s) produce oxygen gas at the anode?

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

36 Which statement applies to all three of the compounds ethane, ethene and ethanol?  

A One mole of each compound contains the same number of hydrogen atoms.
B One molecule of each compound contains the same number of carbon 

atoms.
C They are obtained from crude oil. 
D They are all liquids at room temperature.

37    Which of these acids is polyunsaturated?     

A linolenic acid;     CH3(CH2CH=CH)3 (CH2)7CO2H
B oleic acid;           CH3(CH2)7CH=CH(CH2)7 CO2H
C palmitic acid;      CH3(CH2)14CO2H
D stearic acid;        CH3(CH2)16CO2H
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38 Liquid limonene may be extracted from oranges. The structure of limonene is shown 
below.

How many moles of hydrogen gas would react completely with one mole of limonene to 
make it saturated?    

A 1          B 2             C 3            D 4

39 Four structural formulae are shown below.

P Q

R  S  

Which of the formulae represent the same compound?   

A P, Q and R
B P, Q and S
C Q and R
D Q and S

H

C HH

C
CC

CC
C

C
CC

H

H

H

H

HHH

H

H

H

H
H

H H
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40 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.

End of Paper 1 
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Section A [50 marks]
Answer all questions in this section in the spaces provided.

A1   The diagram below shows a simplified version of the Periodic Table.

Use the information below to place the elements in their correct position in the Periodic 
Table above. (The letters do not represent the chemical symbols of the elements.)

(a) P has an electronic configuration of 2, 2.

(b) Q has only two electrons.

(c) R is a non-metal that forms a strong acid with Group VII elements.

(d) S forms an ion, S3-, with an electronic configuration of 2, 8, 8.

[Total: 4]

transition metals
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A2 Elements W, X, Y and Z are all in the same period but in different groups of the Periodic 
Table. 
W reacts with oxygen to form W2O, a strongly basic oxide.
X reacts with oxygen to form XO2, an acidic oxide and a gas at room temperature.
The oxide of Y is Y2O3, which can react with both an acid and a base. 
Z produces an ion Z-. 

Use the information given to answer the following questions:

(a) Place X, Y, W and Z to their respective groups in the Periodic Table.

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

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

(b) Write the formulae for the sulfate and hydride of W.

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

(c) What type of bonding is present in the oxide XO2? Give a reason for your answer.

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

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

(d)  Write the formula for the compound formed between Y and Z.

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

(e) Write the equation for the reaction that occurs when element W reacts with 
oxygen. Include state symbols.

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

          [Total: 8] 
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A3 Until 1985 chemists believed that there were only two allotropes of carbon. In 1985 a 
third allotrope, buckminsterfullerene, was identified. The diagram shows the structure  
of  a molecule of buckminsterfullerene. Each circle represents one carbon atom.

The molecule has 60 carbon atoms covalently bonded together, to give a structure with 
a shape similar to a modern football. 

(a) Name the other two allotropes of carbon.

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

(b) (i) Suggest the formula of buckminsterfullerene.

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

(ii) Calculate the number of moles of buckminsterfullerene in 3600 g of the
substance.

 [2] 

(iii) Suggest, in terms of structure and bonding, why buckminsterfullerene might be
expected to vapourise at a much lower temperature than the other allotropes of
carbon named in (a) (ii).

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

…………………………………………………………………………………………… 

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

[Total: 7] 
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A4 An investigation was carried out into the energy changes that occur when different
metals were added to copper(II) sulfate solution. 3 cm3 of copper(II) sulfate solution 
was added to each of six test tubes and the temperature of each solution was taken.
An equal mass of metal was added to each test tube, the contents stirred and the
temperature of the mixtures noted after one minute.

metal added initial temperature of 
copper(II) sulfate 

solution / C

temperature of mixture 
after 1 min / C 

temperature rise / C

magnesium ribbon 20.0 29.0

magnesium powder 20.5 56.0

zinc granules 19.0 25.0

zinc powder 21.0 41.0

iron granules 18.5 20.0

iron powder 19.5 34.5

(a) Complete the table by writing down the temperature rise for each metal added.   [1]

(b) What common observation, apart from temperature changes, would be made when 
each metal is added to copper(II) sulfate solution?

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

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

  (c) State three conclusions that you can draw from all the results to these experiments. 
Explain how you arrived at each conclusion. 

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

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

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

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

…………………………………………………………………………………………….[6] 
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  (d) (i) Draw an energy profile diagram for any of the reactions that occurred between 
each metal and copper(II) sulfate solution.

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

               [3]

(ii) Each of the reaction was repeated in the presence of a catalyst. 
What effect does the catalyst have on the activation energy and the enthalpy 
change?   

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

…………………………………………………………………………………………..[1] 
       
           [Total: 12] 

        

,
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A5 A student buys and tests some tablets that contain aspirin,             -COOH.
He performs a titration experiment using a crushed tablet and 0.10 mol/dm3 of aqueous 
sodium hydroxide to determine the mass of aspirin contains in one tablet.

His results show that the volume of aqueous sodium hydroxide needed for 
neutralisation is 16.70 cm3. The relative molecular mass of aspirin is 180.  

(a) With the help of an equation for the reaction between aspirin and aqueous sodium
hydroxide, determine the mass of aspirin  contains in one tablet. Show all working.

[3]

(b) Some tablets that contain aspirin also contain citric acid.
The student does another titration using one of these tablets.

Explain why the mass of aspirin you calculate from his titration results is incorrect.

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

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

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

        [Total: 5] 

KiasuExamPaper.com



  BBSS 2017 O Prelim/ Sec 4E/Chem 5073 P2

Applying Past Knowledge to New Situation  8 

A6 Potassium chromate is soluble in water, forming a yellow solution. When aqueous 
silver nitrate is added to aqueous potassium chromate, a red precipitate of silver 
chromate is formed.

(a) (i) Name another compound that reacts with aqueous silver nitrate to form a yellow
precipitate.

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

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

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

(b) An experiment was carried out in which various volumes of aqueous silver nitrate
were added to the same volume of aqueous potassium chromate. The mixtures
were stirred and allowed to stand. The results are shown below.

Identify the appearance of A, B and C in the diagrams. 

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

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

    [Total: 5] 

volume of silver nitrate added 

  0  1cm3 2cm3   3cm3 4cm3 5cm3 

A 

B 

C 
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A7 When compound A (C2H6O), an alcohol, was heated with acidified potassium 
manganate (VII), an organic compound B was formed. When a mixture of A and B was 
heated in the presence of a catalyst, a sweet smelling liquid C (C4H8O2) was obtained. 

(a)  Describe the observation when compound A is heated with acidified potassium  
manganate (VII).   

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

(b) (i) Draw the structural equation for the reaction that occurs between A and B.  
Identify compound A, B and C and write their respective names next to their 
structural formula in the equation.

                                                                                                                                                [3]

(ii) State the conditions required for the reaction in (b) (i). 

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

(c) Compound A can be used as a car fuel.
In some countries it is produced from the sugars in sugar cane.

(i)  Name the process used to produce compound A from sugar.

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

(ii)  Suggest why most of the compound A is not produced by the process named in 
(c) (i).   

…………………………………………………………………………………………..[1] 
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(iii) An environmentalist makes a comment about using compound A as a fuel.

 Do you agree with the comment? Explain your reasoning.

 …………………………………………………………………………………………… 

 …………………………………………………………………………………………… 

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

[Total:9] 

End of Section A

Compound A as a fuel is ‘carbon neutral’ because using it does not add to 
the amount of carbon dioxide in the atmosphere.
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Section B [30 marks]
Answer all three questions from this section.

The last question is in the form of either/or and only one of the alternatives should be attempted.

B8 There are a range of atmospheric pollution problems currently threatening the Earth’s 
general environment. The increased use of fossil fuels has a negative effect on the 
health of the environment in terms of air and water pollution.
Of all the fossil fuels, coal is the least expensive for its energy content. However, 
burning coal in electric power plants is a major source of carbon dioxide emissions. It 
also releases substantial amounts of methane. The U.S. Environmental Protection 
Agency’s Clean Power Plan, as well as the low cost of natural gas, is leading older coal     
plants to close and reducing interest in new coal plants. Alternative sources of energy 
used as fuels are thus constantly sought after to meet the increasing demands of 
human activities.

Figure A below shows the changes in the type of fuel used between 1990 and 2002.

Figure A
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Air pollution is caused by solid particles and poisonous gases in the air. These 
substances are called air pollutants, which include carbon monoxide and unburnt 
hydrocarbons. 
Figure B shows the relationship between the air : fuel ratio and the production of air 
pollutants by the vehicle engines.

Figure B

(a) Using information provided, give two main changes in the type of fuel used over 12
years from 1990 to 2002. Suggest an explanation for these changes.

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

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

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

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

…………………………………………………………………………………………………[3]
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(b) Using the information from Figure B, describe and explain the trend for the carbon 
monoxide curve.

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

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

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

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

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

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

(c)  Estimate the optimum air : fuel ratio to minimise pollution by carbon monoxide and
unburnt hydrocarbons.

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

(d) (i) Name another air pollutant not mentioned in the graphs which is also produced by
the vehicle engines.  

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

(ii) Name the device fitted in cars which is used to remove both the emissions of 
carbon monoxide and the pollutant you named in (d) (i) from the car engine.

  Write an equation for this reaction.      

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

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

[Total: 10] 
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B9 A student carries out a series of experiments. In each experiment, he electrolyses 
aqueous copper(II) sulfate solution using the apparatus shown.

He uses the same concentration of aqueous copper(II) sulfate each time, but changes    
the current he passes through the solution. He runs each electrolysis for 10 minutes.
The student weighs the negative electrode before and after each experiment and works     
out the mass of copper deposited.

The table shows the results of his experiments.

    

experiment time / mins current / Amps mass of copper deposited / g
1 10 1.0 0.21
2 10 2.0 0.40
3 10 3.0 0.58
4 10 4.0 0.81

aqueous copper(II) sulfate
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(a) Use data from the table to plot a graph to show the relationship between current and
mass of copper deposited.
Draw a straight line of best fit, taking into account all of your plotted points.           [3]
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     (b)  Describe the relationship that your graph shows.

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

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

(c) The student carries out another experiment. He passes an electric current of 6.0 A  
through a solution of copper(II) sulfate for 5 minutes.

Use your graph and the information above to predict the mass of copper that would      
form in the experiment. 

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

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

(d)  At the end of the electrolysis, the student removes a sample of the electrolyte and
puts it in a test tube. He then adds aqueous ammonia dropwise to the sample until 
there is no more further change. Describe and explain what the student sees.

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

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

(e) The student carries out another electrolysis using aqueous silver nitrate and silver    
electrodes. His results are shown in the table.

electrolyte time / mins current / Amps mass of silver deposited / g
aqueous silver nitrate 10 4.0 2.7

          (i)  Write an ionic half equation for the reaction that happens at the cathode.

………………………………………………………………………………………………[1] 
  
         (ii)  Carry out calculations to compare the difference in the number of moles of copper 

and the number of moles of silver that are formed when a current of 4.0 A is used 
for 10 minutes. Suggest an explanation for the difference in the number of moles 
of each metal formed. 

            [2] 

           [Total: 10] 
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EITHER

B10 In the early 1970s, a polymer known as Kevlar was invented by Stephanie Kwolek, an  
American chemist. Kevlar fibre is used for making bulletproof vests, army helmets and
‘puncture-proof’ tyres. Kevlar fibre is also used in the protective clothing worn by      
firefighters.

Kevlar is made by condensation polymerisation from two different monomers –  
1,4-benzenedicarboxylic acid and 1,4-diaminobenzene.

The structural formulae of these monomers are shown below.   

  
1,4-benzenedicarboxylic acid                               1,4-diaminobenzene

(a) (i) Draw the structural formula of the organic compound formed when 
1,4 benzenedicarboxylic acid is reacted with an excess of sodium carbonate. 

                             

                                              
                                                                                                                                              [1]

(ii)  Write the formula of the gas produced in reaction (a) (i) and describe a simple   
laboratory test to confirm the identity of the gas produced.

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

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

(b)  Explain what is meant by condensation polymerisation.

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

…………………………………………………………………………………………….[1] 
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(c) (i) Draw the structural formula of one repeat unit of Kevlar.                                              

     
    

                         [1]

(ii) Suggest two possible gases produced on the combustion of Kevlar. 

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

(d)  Suggest the name of a synthetic polymer that has the same functional group as 
Kevlar. Give a reason for your choice.

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

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

(e) Sea fishing nets used to be made from natural fibres. Many nets are now made 
from synthetic fibres. Suggest one advantage, other than strength, and one  
disadvantage of using synthetic fibres named in (d) rather than natural fibres to 
make sea fishing nets. 

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

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

                                         [Total: 10] 
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OR

B10   Superglue is a very strong adhesive used to fasten materials, such as wood, together. 
  The active ingredient in superglue is methyl cyanopropenoate, commonly known as 

methyl cyanoacrylate. The structure of methyl cyanopropenoate is shown below.

methyl cyanopropenoate

Superglue polymerises when exposed to moisture in the air. This causes the glue to 
set.

(a) Draw the structural formulae of the two functional groups present in methyl
cyanopropenoate. Name the two functional groups.

  [2]

(b) What type of polymerisation does methyl cyanopropenoate undergo when it
forms superglue?

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

(c) Draw the structural formula of the polymer formed, showing two repeat units.

[1]

(d) Other than superglue, suggest another name for the polymer formed in (c).

……………………………………………………………………………………………...[1] 
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(e)  Name two possible gases that are produced when the polymer formed in (c) is burnt 
in excess oxygen.

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

(f)  (i)  A sample of methyl cyanopropenoate is shaken with bromine water.
Describe what you would observe. 

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

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

(ii)  What type of reaction has occurred in (f) (i)? 

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

(iii) Write the formula of the organic product formed in (f) (i).
Hence calculate the mass of one mole of the organic product formed 

                                                                                                                                              [2]
       [Total: 10]

            
       

- End of Paper 2 –  
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Bukit Batok Secondary School
Sec 4 Express 2017
Chemistry 5073

PRELIMINARY EXAMINATIONS – ANSWERS

Paper 1 : Multiple Choice Questions

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

5 D By filtration, lead(II) hydroxide and silver chloride are obtained as residue.
To remove lead(II) hydroxide, add excess nitric acid. Neutralisation takes place 
between lead(II) hydroxide and nitric acid to form lead(II) nitrate solution. Silver 
chloride remains as precipitate. By filtration, silver chloride is obtained as residue.

11 C Mass of Ca in CaO = (Ar of Ca / Mr of CaO) x mass of CaO =(40 / 56)x14 =10g   
% by mass of Ca = (10/50) x 100 =20.0 %.

12 C No of moles of ZnCO3 = 1.25/125 = 0.01 mol
2HCl + ZnCO3 ZnCl2 + CO2 + H2O 
No of moles of HCl = 2 x no of moles of ZnCO3 = 2 x 0.01 = 0.02
Vol of HCl = mol / conc = 0.02 / 1.0 = 0.02 dm3 = 20 cm3

13 D CxHy +       O2 2 +     3H2O
5 cm3                                 30 cm3 15 cm3

From the equation, the hydrocarbon has 6 carbon atoms and 6 hydrogen atoms.
15 C Only statement 1 is wrong as mass of one mole of HCl is 36.5 g and one mole of 

CO is 28 g. 
16 C No of moles of H2 = ½ = 0.5 mol

One molecule of H2 has 2 atoms.
No of moles of I2 = 127/254 = 0.5 mol. = no. of moles of hydrogen gas.
Each molecule of I2 also has 2 atoms. Hence iodine has the same no. of atoms as 
hydrogen.

19 D Barium chloride reacts with sulfate ions and carbonate ions to form insoluble 
barium sulfate and insoluble barium carbonate. This causes the mass of ppt to 
increase. When an acid is added, it reacts with barium carbonate but not barium 
sulfate. Hence the mass of ppt decreases with the removal of insoluble barium 
carbonate.

20 A Copper(II) nitrate reacts with sodium hydroxide to form insoluble copper(II) 
hydroxide, thus decreasing the concentration of copper(II) ions.

21 A S is an acid as it has a pH less than 7. The metal oxide is insoluble as it does not 
increase the pH after neutralisation has taken place. If it is soluble, by adding 
excess of it, pH should show > 7.

24 B H2 2O
25 D Rusting of iron uses up oxygen in the test tube. Water enters the tube to occupy 

the space left vacant  by O2.
26 D Neutralisation is not a redox reaction as there is no change in oxidation state of all 

the elements in the reactants.
28 C One source of H2 is from the cracking of alkane which is obtained from the 

fractional distillation of crude oil.   
31 B A decrease in pressure causes a decrease in the no of particles per unit volume 

which corresponds to a decrease in conc. This reduces the frequency of effective 
collision between the reactants, hence the decrease in rate of rxn.
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D By filtration, lead(II) hydroxide and silver chloride are obtained aaaaaassssss residue.
To remove lead(II) hydroxide, add excess nitric acid. Neutrtrtrtrtrtraaalalaalisatatatatatatioiiiii n takes pla
between lead(II) hydroxide and nitric acid to form lead(II)) ninininininitrtrtrtrtt atattttte e e e e e solution. Si
chloride remains as precipitate. By filtration, silver chloridddddde e e ee e isisisisisis oooooobtbtbtbtbtbtaaaaiaiained as residu

C Mass of Ca in CaO = (Ar of Ca / Mr of CaO) x mass ooooooff f f f f CaCaCaCaCaCaOO O O O O =====(= 400 ////// 5555556)6)6)6)6)6)x1x1x1x1x1x144444 4 =10g 
% by mass of Ca = (10/50) x 100 =20.0 %.

C No of moles of ZnCO3 = 1.25/125 = 0.01 mol
2HCl + ZnCO3 ZnCl2 + CO2 + H2O
No of moles of HCl = 2 x no of moles of ZnCOCOCOCOCOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO333333333333333333333333333 ================================================================ 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 00000000000000.00000000000.000000000000000000000000000000000000.0000000000000.00000000.0.00.0.00.0.00.0.0.0.0.0 000000101010000000000000  = 000000 00000.0222222
Vol of HCl = mol / conc = 0.02 / 1.0 = 0.02 dm3 = 202020202020202020202022020202020202020200000020202022020222202202202000200202020202202220220022022222200202000200002022000020202202200022000020000000002202000000000 ccccccccccccccm3

D CxHy +    O2 2 +   3H2OO
5 cm3                 30 cm3 15 cm33

From the equation, the hydrocarbon has 6 carbooonnn ata oms anananananandddddd 6 hydrogen atoms
C Only statement 1 is wrong as mmass s ofof one mmololee ofof HHCl is 36.5 g and one mole o

CO is 28 g. 
C No of moles s of H2 = ½ = 0.5 momoll

One molecule of H2 has 2 atomms.s.
No of moles of I2 = 127/254 == 0.0.5 55 momoll. == no.oo  of moles of hydrogen gas.
Each molecule of I2 alalso hasas 22 aatot ms. Hence iodine has the same no. of atoms
hydrogen.

D Barium chlororididee reacactsts wwitithhh sulfate ions and carbonate ions to form insolu
barium sulfate aandnd iinsnsololububu le barium carbonate. This causes the mass of pp
increasese. WhWhWhenen aann acacidid is added, it reacts with barium carbonate but not bar
sulfate. HHenencecec  thehe mmass of ppt decreases with the removal of insoluble bar
carbonate.

A Copper(II) nititrate reacts with sodium hydroxide to form insoluble copper(II) 
hydroxide, thus decreasing the concentration of copper(II) ions.
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32 B No. of moles of zinc = 10/65 = 0.154 mol.
No. of moles of sulfuric acid = 0.5 mol.
Zn  +   H2SO4 2 +    ZnSO4
Mole ratio of Zn : H2SO4 = 1:1 
Hence zinc is the limiting reactant.
To produce half the volume of gas, mass of zinc is reduced by half. 
As Y is faster than X, concentration of acid in Y is higher than X

33 A The further apart the metals in the reactivity series, the greater the voltmeter 
reading. As glucose solution is not an electrolyte, D is not an option.

34 B In a simple cell, electrons flow from a more reactive metal (Zn) to a less reactive 
metal (Cu). As zinc loses electrons to form zinc ions, it becomes smaller.

37 A Polyunsaturated means the cpd consists of many C=C bonds.
Oleic acid consists of only one C=C bond. Stearic acid & palmitic acid do not have 
any C=C bond.

Paper 2

Section A ( 50 marks)
A1 4

Total 4
A2a X – Group VI, Y – Group III, W – Group I, Z – Group VII 

– – - – 0m]    
[reject X – Gp IV as carbon is in different period from Y, W and Z]             

2

b W2SO4 and WH [reject HW]
[both answer must be correct to score 1m]

1

c covalent bonding  [1]
As XO2 forms an acidic oxide, X must be a non-metal. Covalent bond is formed 
between non-metallic elements. Or Covalent compound has a low boiling point 
as it exists as a gas at room temperature. [1]

2

d YZ3 1
e 4W (s)  +   O2 2O (s) 

[1m for balanced equation; 1m for correct state symbols]   
2

Total 8
A3a diamond and graphite   [both answers must be correct to score1 m] 1

b i C60 1
ii Mr = 12 x60 = 720 [1]

no. of moles of bunkminsterfullerene = mass/Mr 
= 3600/720 
= 5 mol [1] [allow e.c.f. from b i]

2

iii Diamond and graphite are both giant molecular structure  whereas 
buckminsterfullerene has a simple molecular structure. [1]

3

P

QR

S
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any C=C bond.
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ction A ( 50 marks)

Total
a XX – Group VI,, Y –– GrGrouo p IIIII,I, WW –– GrG oup I, Z – Group VII

– – - –– 0m0m]]    
[reject X – Gp IV asas ccararbobon n isis in different period from Y, W and Z]

b W2SO4 anndd WHWH [r[rejejecect t HWHW]
[both answwere mmusu t t bebe correct to score 1m]

c covalent bonondidingng [1]
As XO2 formss ana  acidic oxide, X must be a non-metal. Covalent bond is formed
between non-metallic elements. Or Covalent compound has a low boiling point
as it exists as a gas at room temperature [1]

P

QQR
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More energy is required to break the strong covalent bonds between the 
carbon atoms throughout the giant structure [1] than overcoming the weak 
intermolecular forces of attraction between the simple buckminsterfullerene 
molecules. [1]

Total 7
A4 a 9.0, 35.5, 6.0, 20.0, 1.5, 15.0   [1]    [All answers must be to 1 d.p.]  1

b A pinkish brown solid would be seen / would form on each metal. 
[Reject: Blue solution turns colourless as iron(II) sulfate solution is pale green]

1

c Any three of the following:
(i) All the three metals are more reactive than copper, [1]. They all displace
copper from copper(II) sulfate solution as shown by the temperature rise in
each reaction. [1]
(ii) The reactions are exothermic [1] as there is an increase in temperature for
each reaction. [1]
(iii) Powdering the metals produces a faster reaction. [1] The temperature
increases during the first minute is greater for each powdered metal. [1]
(iv) The reactivity of the metals in order of increasing reactivity is : iron < zinc <
magnesium. [1]
The temperature rise is greatest for magnesium and least for iron. [1]

6

d i

1m for correct Ea
1m for correct 
1m for correct shape of graph and labelling of formulae of reactants and 
products.
Note: Formulae of reactants and products depend on the reaction of 
metal used.

3

d ii Activation energy decreases and enthalpy change is unchanged. 
[both answers must be correct to score 1 m]

1

  Total 12
A5 a  

equation :    -COOH  +  NaOH    -COONa +  H2O [1]

No. of mole of NaOH  = conc x vol
= 0.10 x 0.0167 
= 0.00167 mol

From the equation, 1 mole of sodium hydroxide reacts with 1 mole  of aspirin.
No. of mole of aspirin  =  0.00167 mol [1]

3
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each reaction. [1]
(iii) Powdering the metals produces a faster reaction. [1] Thehehehehehe temperature
increases during the first minute is greater for each powdered mmmmmmetalalalalalal..... [1]
(iv) The reactivity of the metals in order of increasing reactivity y yyyy isisisisisis : iriririririrooooono  < zinc <
magnesium. [1]
The temperature rise is greatest for magnesium and leaeaeaeaeaeastststststst fffffforororororor iiiiirron. [[[[[[1]1]1]1]1]1]

d i

1mmm ffforor ccoro rerectct EEa
1m fforor ccororrerect 
1m forr ccorrect shape of graph and labelling of formulae of reactants and 
products.
Note: Formulae of reactants and products depend on the reaction of
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Mass of aspirin =  mol x Mr
= 0.00167 x 180  
= 0.3006 g
= 0.301 g (3 s.f.) [1]

          [accept  301 mg]
b Citric acid also reacts with aqueous sodium hydroxide.  The volume of aqueous 

sodium hydroxide used is higher than expected. [1] Hence the calculated mass 
of aspirin would be higher than the actual mass. [1]

2

           Total 5
A6ai Potassium iodide / sodium iodide 1

aii Ag+ (aq)  +  I – 1
b A – yellow solution [potassium chromate solution]

B – red  precipitate [silver chromate precipitate] 
C –colourless solution        [silver nitrate colourless]

3

          Total 5
A7a Purple potassium manganate(VII) is decolourised / turns colourless. 1

bi Compound A is ethanol, B is ethanoic acid and C is ethyl ethanoate. [2]
– – – 0m]

Structural equation -1m
[minus 1m if no label of A, B or C for each compound but correct naming of 
each structural compound]

3

bii Add concentrated sulfuric acid as a catalyst and heat the mixture. 1
ci Fermentation 1
cii The process is very slow. / The yield is very low. 1

ciii The amount of carbon dioxide emitted during the combustion of ethanol [1] is 
balanced by the taking in of carbon dioxide by sugar cane during 
photosynthesis [1]. As there is no net gain in carbon dioxide, the 
environmentalist is correct.

2

             Total 9
Section B (30 marks)
B8a In 1990, solid fuel like coal was the most common type of fuel used because 

usage of coal dropped by 2 times (67% in 1990 to 32% in 2002) [1]
In 2002, usage of gaseous fuel increased because usage increased by 39% 
(1% in 1990 and 40% in 2002) [1]
Reason:Burning of coal produces more carbon dioxide and methane than 
gas fuels. These are greenhouse gases which can contribute to global 
warming.

3

b High concentration of carbon monoxide at air : fuel ratio of 12:1 due to low 
level of oxygen present, leading to higher tendency of incomplete 
combustion.[1]
Concentration of carbon monoxide decreased sharply from air : fuel ratio of
12:1 to 14:1  and decreased gradually after air fuel ratio of 14.1. [1]

3
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C –colourless solution [silver nitrate colourless]
Total

a Purple potassium manganate(VII) is decolourised / turns colouurleless.
Compound A is ethanol, B is ethanoic acid and C is ethyl ethanonoatate.e. [2]

– – – 0m]

Structural equation -1m
[minus 1m if no label of A, B or CC fforor eeacachh cocompm ound but correct naming of 
each structural compound]
AdA d concentratedd susulffuru ic acicidd asas a catalyst and heat the mixture.
Fermentationn
The process isis vvere y slslowow. / / ThThee yield is very low. 
The amount of caarbrbonon ddioioxixide emitted during the combustion of ethanol [1] is 
balanced bby y ththe e tatakikingn  in of carbon dioxide by sugar cane during 
photosynththesesisis [[1]1]. As there is no net gain in carbon dioxide, the 
environmentatalilistst iis s correct.

Total
ction B (30 marks)
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As air content increased to 24:1, greater amount of oxygen is available for 
complete combustion, thus decreasing the concentration of carbon 
monoxide. [1]

c 15:1 (accept range between 14: 1 to 16: 1) 1
di Oxides of nitrogen / nitrogen dioxide / nitrogen monoxide [1] 1
dii Use of catalytic converter [1]

2NO    +    2CO      N2 +     2CO2 [1]
2

              Total 10
B9a Correct axes labelled with units [1]

Correct plotting of all points [1]
Draw best-fit line through origin [1]

3

b Mass of copper formed increases proportionally to the increase in current. 1
c Student extrapolates the graph to show a mass of 1.2g obtained when a 

current of 6.0 A is used. 
In 10 mins, 1.2 g of copper is produced. 
In 5 mins, 0.6 g of copper is produced. [1]

1

d A blue precipitate is formed which dissolves in excess aqueous ammonia to 
form a dark blue solution. [1]
There is no change in the electrolyte. / There is copper(II) ions present in the 
solution.  [1]

2

ei Ag+(aq)   +    e- Ag (s) 1
eii no. of moles of copper = 0.81 / 64 = 0.0127 mol (3 s.f.)  

no. of moles of silver = 2.7 / 108 = 0.0250 mol 
[1 m for both correct moles of copper and silver]
Cu2+(aq)  +   2e-         Cu(s)
From the calculation, no. of moles of copper is about half that of the no. of 
moles of silver. Each copper(II) ion needs two electrons to form a copper atom 
whereas each silver ion needs one electron to form a silver atom. [1]
[explanation – 1m]

2

             Total 10

EITHER 
B10ai

1

aii CO2 [1]
Bubble the gas through limewater. White precipitate formed indicates the 
presence of carbon dioxide gas. [1]

2

b Condensation polymerisation is a process whereby monomers with different 
functional  groups are joined together to form a large molecule with the removal 
of small molecules such as water.

1

ci 1

cii Any two of the following: [both gases must be correct to score 1m] 
carbon dioxide, carbon monoxide, nitrogen dioxide, water vapour

1

d Nylon. [1] 2

KiasuExamPaper.com

Student extrapolates the graph to show a mass of 1.2g obtained when a
current of 6.0 A is used. 
In 10 mins, 1.2 g of copper is produced. 
In 5 mins, 0.6 g of copper is produced. [1]
A blue precipitate is formed which dissolves in excess aaququeoeousus aammonia to
form a dark blue solution. [1]
There is no change in the electrolyte. / There is coppperer(I(II)I) ioons prpresesenent t iin the 
solution.  [1]
Ag+(aq)   +    e- Ag (s)

i no. of moles of copper = 0.81 / 64 = 0.0127 momomomomooooooooooooooooooooooooooooooooooooooooooooooooooooolllllllllllllllllllllllllllllll (3(3(3(3((3(3(3(3(3(3(3(3(3(33333(3(3(3(3((3((3(3(3(3333(3(3(3(3(33(33(3(((((33(33(3(3(3(3(3(333(3(3(3(3((3(3333(33(3333(3(33(3(33(3(3(3333(3(333(33(3(3(3(333(3(33(3333(3(333((3(33(3((33((33(333((3(33(3(3(( sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss f.f.f.fffffff.ffffffff.fff.fff.ff.fffff.ffffff.f.f.f.fffff.f.ffff.f.fffffffffffffff.fffff.ffffffffff.fff.f.ffff.ff.f.ffffffffffffffff ).).).).).).)).).).)))).).).).).).).)))))))))).).))))))).))))).).))))).)).))))).).).))))).))))).)).)))).)))))))).).).)..).).).).))))))))))))))))
no. of moles of silver = 2.7 / 108 = 0.0250 mol
[1 m for both correct moles of copper and silver]
Cu2+(aq)  +   2e-         Cu(s)
From the calculation, no. of moles of copper is aba out haalflf tthat of the no. of 
moles of silver. Each copper(II)) ion needs two eleectctrons to form a copper atom
whereas each silver ion needs one eeleectc ron too fforormm a a silver atom. [1]
[explanation – 1m]

Total

HER
0ai

aii CO2 [1]
Bubble thee ggasas tthrrououghg  limewater. White precipitate formed indicates the
presence of f cacarbrbonon dioxide gas. [1]

b Condensationn polymerisation is a process whereby monomers with different 
functional  groups are joined together to form a large molecule with the removal 
of small molecules such as water
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Both nylon and Kevlar contains amide linkages. [1]
e Advantage: It is durable / light / waterproof [1]

Disadvantage: Any one of the following  [1]
It is non-biodegradable as It cannot be decomposed naturally by the bacteria in 
the soil. /
It can remain buried in landfills for a long period of time which means more 
lands are needed for landfill sites. /
It can cause water pollution as it may clog up rivers and drains which might 
become breeding ground for mosquitoes / when thrown into sea, it can 
endanger marine animals. /
It can cause air pollution when burnt as it produces toxic gas like carbon 
monoxide.

2

           Total 10
OR
B10a

carbon-carbon double bond                  ester

2

b Addition polymerisation 1
c 1

d Poly(methyl cyanopropenoate) 1
e Any two of the following gases:

Carbon dioxide, water vapour, nitrogen dioxide
[both gases must be correct to score 1m]

1

f i Reddish brown aqueous bromine turns colourless. 1
f ii Addition reaction / addition of bromine / bromination 1
f iii CH2BrCBrCNCOOCH3 [1]

Mass of one mole = (12 x 5) + 5 + (80 x 2) + 14 + (16 x 2)
         = 271 g [1]

2

            Total 10

The End
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Total

0a

carbon-carbon double bond                  ester
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1 The sun-lit side of planet Venus has a temperature of 355 ºC. The night side of the same planet 
has a temperature of -130 ºC.

Which substance exists on one side of planet Venus as a liquid and the other side as a gas?

melting point/ ºC boiling point/ ºC
A -210 -196
B -183 -87
C 44 280
D 328 1744

2 The apparatus shown in the diagram was used to compare the rate of diffusion between a gas and
air. 

A beaker containing the gas was placed over the porous pot. 

Which gas would cause bubbles to be observed in the beaker of water?

A carbon dioxide
B hydrogen
C oxygen
D sulfur dioxide

gas

air

porous pot

water
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3 Aqueous hydrogen peroxide decomposes readily to form oxygen in the presence of 
manganese(IV) oxide as a catalyst. This reaction was used to produce and collect oxygen as 
shown in the diagram. 

Which substance could have contaminated the first few test tubes of collected gas?

A chlorine
B hydrogen peroxide
C manganese(IV) oxide
D nitrogen

4 An organic solvent (hexane) and aqueous sodium chloride were accidentally mixed together. 

Which methods of separation are needed to obtain pure samples of hexane and solid sodium 
chloride?

A filtration followed by crystallisation
B fractional distillation followed by evaporation to dryness
C simple distillation followed by crystallisation
D using a separating funnel followed by evaporation to dryness

5 Which is the best method of obtaining pure water from ink?

A chromatography
B distillation
C filtration
D freezing

aqueous 
hydrogen 
peroxide

manganese(IV) oxide water

oxygen
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6 A gaseous mixture is made up of nitrogen, oxygen and chlorine.

Which diagram could show a pure sample of this mixture? 

A B

C D

7 An ion, L2-, has 18 neutrons and 18 electrons.

What does its nucleus contain?

A 16 protons and 16 neutrons
B 16 protons and 18 neutrons
C 18 protons and 16 neutrons
D 20 protons and 18 neutrons

8 The table shows the isotopic composition of iron.

isotope percentage abundance/ %
54Fe 5.8
56Fe 91.6
57Fe 2.2
58Fe 0.4

What is the relative atomic mass of iron?

A 55.9
B 56.0
C 56.1
D 56.2

9 Talc is a mineral and has the formula Mg3Si4O10(OH)2.

What is the charge of the Si4O10 ion?

A -2
B -4
C +1
D +2
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10 The table shows the number of protons, neutrons and electrons in particles S, T, U and V.

particle proton neutron electron
S 17 20 17
T 17 18 18
U 20 20 18
V 20 21 20

Which pair of particles would combine to form an ionic compound?

A S and T
B S and U
C T and U
D T and V

11 Element X has n protons and forms ions with a charge of -2. Element Y has (n+1) protons.

Which compound is formed when element X reacts with element Y?

A a covalent compound XY2
B a covalent compound X2Y
C an ionic compound XY2
D an ionic compound X2Y

12 Metals have positive ions in a ‘sea of electrons’.

Which metal atom contributes the least number of electrons to this ‘sea of electrons’?

A aluminium
B magnesium
C sodium
D zinc

13 Given they all have the same mass of 1 g, which substance has the smallest number of atoms?

A argon
B hydrogen
C iodine
D lead

14 Aerials in portable radios are made of a mixture of the oxides of calcium and iron known as 
‘ferrite’. It contains 18.5% calcium and 51.9% iron by mass. 

Which is the empirical formula of ‘ferrite’?

A CaFe2O
B CaFe2O4
C Ca2FeO2
D Ca4Fe2O
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15 In a combustion reaction, 4 cm3 of methane burned completely in 10 cm3 of oxygen according to 
the equation:

CH4(g) + 2O2(g) CO2(g) + 2H2O(g)

What is the final volume of gas left behind at room temperature and pressure?

A 4 cm3

B 6 cm3

C 12 cm3

D 14 cm3

16 Which statement about an alkaline solution is correct?

A It contains equal number of hydrogen and hydroxide ions.
B It contains more hydrogen ions than hydroxide ions.
C It contains more hydroxide ions than hydrogen ions.
D It contains only hydroxide ions.

17 In an experiment, five students each titrated 25.0 cm3 of aqueous sodium hydroxide with dilute 
hydrochloric acid, using the same indicator.

The volume of hydrochloric acid used by each student is shown in the table.

student I II III IV V
volume of dilute 

hydrochloric acid/ cm3 19.4 19.5 19.4 19.5 21.0

Which statement explains the anomalous result obtained by student V? 

A The burette was washed out with hydrochloric acid.
B The conical flask was washed out with aqueous sodium hydroxide.
C The pipette was washed out with aqueous sodium hydroxide.
D Too much indicator was added to the conical flask.

18 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

19 Which is not a redox reaction?

A CH4 + 2O2 CO2 + 2H2O
B Cu2+ + Zn Cu + Zn2+

C CuO + H2SO4 CuSO4 + H2O
D Zn + H2SO4 ZnSO4 + H2
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20 Peroxodisulfuric acid, H2S2O8, reacts with potassium iodide, KI, according to the equation:

H2S2O8(aq) + 2KI(aq)  K2SO4(aq) + H2SO4(aq) + I2(aq)

What does the reaction show about the nature of peroxodisulfuric acid?

A It is acidic.
B It is basic.
C It is an oxidising agent.
D It is a reducing agent.

21 Water is formed when hydrogen is passed over the oxides of P and Q, but not when hydrogen is 
passed over the oxide of R. Furthermore, Q reduces the oxide of P.

Which is the order of reactivity for metals P, Q and R in increasing order?

A P, Q, R
B Q, P, R 
C R, P, Q
D R, Q, P 

22 Iron pipes corrode rapidly when exposed to seawater.

Which metal, when attached to the iron pipes, would not offer protection against corrosion?

A aluminium
B magnesium 
C platinum
D zinc

23 Different types of steel differ in how much carbon they contain. 

What are the properties of a high carbon steel?

A soft and brittle
B soft and easily shaped
C strong and brittle
D strong and easily shaped

24 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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25 The diagram shows a simple cell. 

What happens when current flows through the circuit?

A Copper dissolves to form copper(II) ions.
B Electrons flow from the copper electrode to the zinc electrode.
C Hydrogen gas is liberated at the zinc electrode.
D Zinc dissolves to form zinc ions.

26 Which property cannot be predicted from the position of an element in the Periodic Table?

A the acidic or basic nature of its oxide
B the formula of its oxide
C the metallic or non-metallic character
D the number of isotopes it has

27 Excess bromine is shaken with a mixture of sodium chloride and sodium iodide solutions.

Which substances will the final mixture contain?

A bromine, iodine, sodium bromide
B bromine, iodine, sodium bromide, sodium chloride
C bromine, iodine, sodium bromide, sodium iodide
D Iodine, sodium bromide, sodium chloride

zinc electrode copper electrode

aqueous 
sodium 
sulfate
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28 The diagram represents the distribution of kinetic energy of reactant particles at two different 
temperatures. 

Given that the areas under the two curves are equal, which statement about the reaction is 
correct? 

A At T1, the activation energy is lower than at T2.
B At T1, the enthalpy change of the reaction is higher than at T2.
C At T2, a greater number of particles have sufficient energy to react.
D At T2, the reaction takes a longer time to complete.

29 Two substances, X and Y, react to produce substance Z. The enthalpy change for the reaction is 
-120 kJ/mol, while the activation energy is +200 kJ/mol.

What is the activation energy for the decomposition of substance Z to substances X and Y?

A +80 kJ/mol 
B +120 kJ/mol
C +200 kJ/mol
D +320 kJ/mol

30 Some sodium carbonate pellets were added to an excess of sulfuric acid at room temperature. 
The volume of carbon dioxide produced was measured over a period of time. Graph Y shows the 
results obtained.

Which change could have produced graph Z? 

A Acid of half the original concentration was used.
B A lower temperature was used instead.
C Half the mass of sodium carbonate pellets was used.
D Powdered sodium carbonate of the same mass was used.

number of 
particles

Key
······ temperature 1 (T1)
------ temperature 2 (T2)
EA activation energy

EA

kinetic energy

100

volume of carbon 
dioxide/ cm3 50

0
time/ s

graph Z

graph Y

KiasuExamPaper.com



CHIJ Katong Convent Prelim Exams 2017 Chemistry 5073 (With SPA) Sec 4E

10 [Turn over

31 Which change would increase the speed of reaction between 1 mole of two gases?

A a decrease in surface area of the catalyst
B a decrease in temperature
C a decrease in the size of the reaction flask
D a decrease in the pressure of the gases

32 In the Haber process, nitrogen and hydrogen react to form ammonia. 

Which is the main source of hydrogen?

A air
B crude oil
C ethanoic acid
D ethanol

33 Biodiesel, made from vegetable oil, can be used as a fuel for vehicles. Even though carbon 
dioxide is released when biodiesel is combusted, scientists still claim that biodiesel is a carbon 
neutral fuel.

Which is the basis for this claim?

A Biodiesel is not a carbon compound.
B Biodiesel produces less carbon dioxide when it burns.
C Plants release carbon dioxide during respiration.
D Plants take up carbon dioxide during photosynthesis.

34 Which gas will not be removed from the exhaust gas of a petrol powered car by its catalytic 
converter?

A carbon dioxide
B carbon monoxide
C nitrogen dioxide
D unburnt hydrocarbons
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35 Crude oil can be separated into different fractions using fractional distillation. The positions at 
which fractions X and Y are collected are shown in the diagram.

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

A The temperature increases up the column.
B X condenses at a lower temperature than Y.
C X has a higher boiling point than Y.
D X has longer chain molecules than Y.

36 A molecule of C17H36 undergoes catalytic cracking. The products of the reaction are one butane 
molecule, one propene molecule and some ethene molecules. 

How many ethene molecules are produced during the reaction?

A 3
B 5
C 6
D 8

37 Adrenic acid is a naturally occurring polyunsaturated fatty acid with a molecular formula of
C22H36O2. It is one of the most abundant fatty acids in the early human brain. 

What is the number of carbon-carbon double covalent bonds present in one molecule of the acid?

A 4
B 5
C 6
D 8

Y

X

crude oil
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38 The diagram shows the structural formula of chloromaleic acid. 

Which statement about chloromaleic acid is correct? 

A It can undergo a substitution reaction with halogens.
B It decolourises bromine solution in the absence of sunlight.
C It will react with magnesium to produce a gas that relights a glowing splint.
D It will turn red litmus paper blue.

39 Alcohol X, was fully oxidised to organic compound Y. Reaction of Y with calcium carbonate 
produced a salt with the chemical formula (C2H5CO2)2Ca. 

Which alcohol is used?

A C2H5OH 
B C2H5CH2OH
C C2H5CH2CH2OH
D C2H5CH(OH)CH2C2H5

40 The diagrams show four monomers. 

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

A 1
B 2
C 3
D 4
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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 The head of a match stick contains potassium chlorate and antimony sulfide.

(a) Antimony sulfide are added to matches to help them burn more vigorously. Part of its chain 
structure is shown in Fig. 1.1.

Fig. 1.1

With reference to its structure and bonding, explain why antimony sulfide has a high melting 
point.

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

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

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

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

(b) When a match is struck on the side of the box, the friction produces enough heat to light the 
match. The equation for the reaction is:

5KClO3 + 6P  5KCl + 3P2O5

(i) Explain, in terms of oxidation state, why potassium chlorate is the oxidising agent in the 
reaction.

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

……………………………………………………………………………………..……………….[1] 
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1 (b) (ii) One of the products, phosphorus(V) oxide, P2O5, absorbs moisture from the air to form
metaphosphoric acid, HPO3. On addition of more water, phosphoric acid, H3PO4, is 
formed.

Predict and explain the electrical conductivity of the acids formed.  

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

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

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

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

(iii) Show by calculation, which of these acids, HPO3 or H3PO4, contains the greater
percentage of phosphorus by mass.

[2]

[Total: 7]

2 Tartaric acid is an organic acid extracted from grape juice. Its structure is shown in Fig. 2.1.

Fig. 2.1

(a) Tartaric acid is an example of a weak acid.

Explain what is meant by a weak acid.

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

……………………………………………………………………………………………………….....…[1] 
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2 (b) Describe a simple test to show that tartaric acid is a weak acid.

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

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

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

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

(c) A solution of tartaric acid was titrated with 0.100 mol/dm3 potassium hydroxide. Potassium 
tartrate and water are the products obtained.

C2H2(OH)2(CO2H)2 + 2KOH  C2H2(OH)2(CO2K)2 + 2H2O 

(i) 6.00 cm3 of aqueous potassium hydroxide was required to neutralise 20.0 cm3 of tartaric 
acid.

Calculate the concentration, in mol/dm3, of the tartaric acid solution. 

  [2]

(ii) Describe how a dry solid sample of the salt produced could be obtained from the products 
of the reaction.

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

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

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

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

[Total: 7]
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3 Titanium (melting point of 1688 °C) can be extracted from its ore, rutile. Fig. 3.1 shows how titanium 
metal is extracted from rutile.

Fig. 3.1

(a) Using the information provided, arrange carbon, magnesium and titanium in increasing order of 
reactivity.

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

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

(b) Describe an example of recycling in the extraction of titanium.

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

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

(c) Explain why an atmosphere of argon must be used in reactor 2.

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

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

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

……………………………………………………………………………………………………….....…[2] 
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3 (d) Fig. 3.2 shows how the mass of titanium metal produced changes with different mass of pure
and impure rutile.

Fig. 3.2

(i) State the mass of titanium that can be obtained from 200 kg of pure rutile.

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

impure rutilepure rutile

mass of 
titanium 
metal/ kg

mass of rutile/ kg

KiasuExamPaper.com



CHIJ Katong Convent Prelim Exams 2017 Chemistry 5073 (With SPA) Sec 4E

7 [Turn over

3 (d) (ii) Calculate the percentage purity of rutile in the impure ore for the same mass of titanium 
obtained.

[1]

(e) Describe how the titanium produced in reactor 2 can be separated from magnesium chloride.

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

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

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

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

[Total: 8]

4 Heat packs are commonly used by walkers and climbers as hand or body warmers. One of the 
ingredients found in heat packs is powdered iron. 

All the ingredients are contained in a plastic bag. When the bag is opened, air enters the pack and it 
slowly heats up and remains at a temperature of about 40 °C for several hours. The equation
represents the chemical reaction taking place in the heat pack.

4Fe + 3O2 + 5H2O 2Fe2O3.5H2O

(a) Identify the substance that is oxidised during the reaction. Explain your answer in terms of 
electrons transfer.

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

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

(b) Sketch a labelled energy profile diagram for the reaction taking place in the heat pack,
indicating clearly the reactants, products, activation energy (Ea), and enthalpy change

[2]
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4 (c) In certain brands of the heat pack, a carbon catalyst is added to it.

Explain, in terms of the collision theory, why is the carbon catalyst added to the heat pack.

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

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

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

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

[Total: 7]

5 Some metal carbonates, when heated, decompose to produce carbon dioxide. Fig. 5.1 shows the 
results from an investigation on the rate of decomposition of four metal carbonates. 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.

  

Fig. 5.1

(a) Explain why very little carbon dioxide was collected at the start of each experiment.

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

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

0 1 2 3 4 5

100

80

60

40

20

CuCO3

MgCO3

Li2CO3

CaCO3

time/ min

volume of carbon 
dioxide/ cm3
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5 (b) Using Fig. 5.1, explain why the decomposition of metal carbonates was not complete at the end 
of the investigation.

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

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

(c) Using only information from Fig. 5.1, state and explain which metal carbonate decomposed at 
the fastest rate.

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

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

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

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

(d) Describe and explain how the volume of carbon dioxide will change with time if sodium 
carbonate was used for the experiment.

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

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

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

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

[Total: 6]

6 The amount of carbon monoxide present in air can be detected and measured by the reaction with a 
white crystalline solid called iodine pentoxide, I2O5. The chemical equation for the reaction is given 
as:

5CO(g) + I2O5(s)  I2(s) + 5CO2(g) 

(a) Describe a change that can be observed for the reaction.

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

(b) State a source of carbon monoxide and explain how it is produced.

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

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

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

……………………………………………………………………………………………………….....…[2] 
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6 (c) Explain why it is important to have a reliable chemical test for carbon monoxide.

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

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

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

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

[Total: 5]
7 (a) 2,2,4-trimethylpentane, also known as isooctane, is an isomer of octane C8H18.

The structures of isooctane and octane are shown in Fig. 7.1.

isooctane octane

Fig. 7.1

The enthalpy changes of combustion and boiling points for isooctane and octane are given in 
the Table 7.1.

Table 7.1

hydrocarbon enthalpy change of 
combustion/ kJ mol-1 boiling point/ C 

isooctane - 5460 99.3
octane - 5460 126.1

(i) Write a balanced equation for the complete combustion of isooctane.

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

(ii) Suggest why the enthalpy change of combustion for isooctane and octane are the same.

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

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

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

……………………………………………………………………………………..……………….[2]
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7 (a) (iii) Suggest why the boiling points for isooctane and octane are different.

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

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

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

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

(b) Spider silk is composed of polyamide chains mainly made from amino acids. Fig. 7.2 shows the 
structural formula of the three main amino acids, glycine, alanine and serine, found in spider 
silk.

Fig. 7.2 

(i) Assuming spider silk is made from repetitive sequences of –glycine–alanine–serine–,
draw the structural formula of the repeat unit of the polyamide chain.

[2]

(ii) The Mr of each polyamide chain is about 600 000. 

Assuming the polyamide chain is made from equal amounts of the above three amino 
acids, calculate the average number of amino acids monomers in each polyamide chain.

[3]

[Total: 10]
  

glycine alanine serine
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Name:_____________________________ (          )                                  Class: _________

Section B [30 marks]
Answer three questions.

Question 10 is in the form of an Either/Or question. Only one part should be answered.
Write your answers in the spaces provided.

8 Dilute aqueous sodium chloride forms hydrogen and oxygen during electrolysis. Fig. 8.1 shows an 
electrolytic cell used for the process.

Fig. 8.1

(a) Write ionic equations for the reactions at the cathode and anode.

cathode: ……………………………………………………………………………………………………

anode: …………………………………………………………………………………………….……[2] 

(b) The gases are collected and their volumes are measured. In theory, the ratio of hydrogen and 
oxygen should be 2:1.

Oxygen is more soluble than hydrogen in water. This changes the ratio of gases that are 
collected.

(i) Using the transfer of electrons, explain why the theoretical ratio of hydrogen to oxygen is 
2:1.

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

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

oxygen

anode
cathode

hydrogen
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8 (b) (ii) Explain how and why the solubility of oxygen affects the ratio of hydrogen to oxygen that
is collected.

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

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

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

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

(iii) The deviation from the expected ratio is more obvious at the start of electrolysis, but
becomes less noticeable after the electrolysis has been running for some time.

Suggest a reason why this happens.

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

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

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

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

(c) Describe and explain the changes to the concentration of sodium chloride during the
electrolysis.

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

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

(d) The same apparatus can be used to electrolyse concentrated aqueous sodium chloride.

State one difference between the products obtained from the electrolysis of concentrated and
dilute aqueous sodium chloride.

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

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

(e) Suggest why inert electrodes are used for the electrolysis.

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

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

[Total: 10]
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9 The first ionisation energy of elements is the energy required to remove one mole of electrons from 
one mole of gaseous atoms to form one mole of gaseous ions with a charge of +1.

This can be represented by the equation: 

Na(g) Na+(g) + e   H = +494 kJ/mol

The second ionisation energy of elements is the energy required to remove one mole of electrons 
from one mole of gaseous ions with a charge of +1 to form one mole of gaseous ions with a charge of 
+2.

This can be represented by the equation: 

Na+(g)  Na2+(g) + e   H = +4562 kJ/mol

Hence, the energy required to remove 2 moles of electrons from 1 mole of gaseous sodium atoms is 
494 + 4562 = 5056 kJ/mol. 

Table 9.1 shows the first and second ionisation energy for Group I elements, while Table 9.2 shows 
the first and second ionisation energy for Group II elements. 

Table 9.1

element first ionisation energy/ 
kJ mol-1

second ionisation energy/
kJ mol-1

lithium 520 7298
sodium 496 4562

potassium 419 3052
rubidium 403 2633
caesium 376 2234

Table 9.2

element first ionisation energy/ 
kJ mol-1

second ionisation energy/
kJ mol-1

beryllium 900 1757
magnesium 737 1451

calcium 590 1145
strontium 550 1064
barium 503 965
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9 (a) Describe and explain the trend in ionisation energy down Group I and II.

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

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

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

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

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

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

(b) (i) Write the electronic configurations for sodium and magnesium atoms.

Na: ….…………….…….…….……………………………….…….…………..….…......…….….. 

Mg: ..………….…….…….……………………………….…….…………..….…......….….…...[1]

(ii) Using your answer in (b)(i), suggest why the difference between the first and second
ionisation energy is significantly higher for sodium than magnesium.

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

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

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

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

(c) Write a balanced equation, including state symbols, for the third ionisation energy of sodium.

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

(d) Calculate the energy required for 12 g of magnesium atoms to form Mg2+ ions.

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

[Total: 10]
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10 Either

Ammonia can be manufactured using the Haber process. The percentage yield of ammonia using 
different temperatures and pressures are shown in the Table 10.1. 

Table 10.1

pressure/
atm

ammonia yield/ % 

100 oC 200 oC 300 oC 400 oC 500 oC 
10 88.2 50.7 14.7 3.9 1.2
25 91.7 63.6 27.4 8.7 2.9
50 94.5 74.0 39.5 15.3 5.6

100 96.7 81.7 52.5 25.2 10.6
200 98.4 89.0 66.7 38.8 18.3
400 99.4 94.6 79.7 55.4 31.9

1000 99.9 98.3 92.6 79.8 57.5

(a) Describe how the percentage yield of ammonia is affected by

(i) increasing temperature,

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

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

(ii) decreasing pressure.

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

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

(b) (i) With reference to the information provided, state the optimum conditions for the Haber 
process.

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

(ii) Explain why the conditions stated in (b)(i) are not used commercially.

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

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

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

………………………………………………….…………………………………..………………[2] 
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10 (c) The ammonia manufactured in Haber Process can be used to prepare nitric acid in another 
reaction called the Ostwald Process. This process converts ammonia into nitric acid in a three-
step reaction.

Step 1: 4NH3 (g) + 5O2 (g) 4NO (g) + 6H2O (g)        = -905 kJ/mol

Step 2: 2NO (g) + O2 (g) 2NO2 (g)                            = -114 kJ/mol

Step 3: 3NO2 (g) + H2 3 (aq) + NO (g)     = -117 kJ/mol

(i) Explain why the products of the Ostwald Process are not wasted.

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

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

(ii) It is possible to monitor the progress of the Ostwald Process by measuring pH changes 
during the process.

State and explain the changes in pH before the start of step 1 and at the end of step 2.

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

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

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

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

(iii) Calculate the maximum mass of nitric acid which can be made from 840 dm3 of ammonia 
at room temperature and pressure.

[2]

[Total: 10]
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10 OR

Perfumes usually contain three classes of compounds called top notes, middle notes and end notes.

(a) Top notes consist of small, light molecules that evaporate quickly. An example of a top note is
styrallyl acetate as shown in Fig. 10.1.

Fig. 10.1

(i) With reference to its structure, explain why the compound is likely to have a pleasant
smell.

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

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

(ii) Draw the structural formulae of the two compounds that are needed to form styrallyl
acetate.

…………………………………………………………………………………….…..….....…..…[2]
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10 (b) Middle notes vapourise less readily than the top notes. A typical middle note is 2-phenylethanol. 
The structure of 2-phenylethanol is as shown in Fig. 10.2.

Fig. 10.2

Describe a chemical test to distinguish between styrallyl acetate and 2-phenylethanol.

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

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

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

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

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

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

(c) End notes of a perfume are responsible for the long lasting odour which stays with the user. The
structural formula of a typical end note is as shown in Fig. 10.3.

Fig. 10.3

(i) Explain why the end note is an unsaturated compound.

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

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

(ii) Draw the structural formula of the product formed when the end note undergoes
hydrogenation.

……………………………………………………………………………………..………….…[1]
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10 (c) (iii) Iodine value is a measure of how unsaturated a compound is. It is the mass, in grams, of 
iodine that reacts with 100 g of the compound.

Calculate the iodine value for the end note.

…………………………………………………………………………………….…..…......….…[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 Preliminary 2017 answer scheme 

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

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

Section A (50 marks)

Qn no Answer Marks/
Remarks

1(a) Giant molecular structure with strong covalent bonds between antimony and 
sulfur atoms;
A lot of energy needed to overcome the strong forces of attraction;

[1]

[1]

1(b)(i) Oxidation state of phosphorus increased from 0 in phosphorus to +5 in 
phosphorus(V) oxide;

[1]

1(b)(ii) Electrical conductors/ can conduct electricity;
They have mobile ions in the aqueous state/ when dissolved in water to serve as 
charge carriers;
A: poor/low electrical conductivity
A: if only mention mobile H+ ions
R: mobile electrons

[1]
[1]

1(b)(iii) % P in HPO3
= 31/80 x 100%
= 38.75% OR 38.8% (3 sf);

% P in H3PO4
= 31/98 x 100%
= 31.63% OR 31.6% (3 sf);
Note: no working no mark
R: fractions

[1]

[1]

2(a) An acid which dissociates/ionises partially in water to produce H+ ions; [1]

2(b) Add a few drops of universal indicator to a sample of the acid;
Green universal indicator/colourless solution will turn orange/yellow;
A: use a pH meter to measure pH of tartaric acid, methyl orange (1m)
R: red

[1]
[1] 

2(c)(i) No. of mole of KOH
= 0.100 x (6/1000)
= 0.0006 mol;

No. of mole of tartaric acid
= 0.0006/2
= 0.0003 mol

Conc. of tartaric acid
= 0.0003 x (1000/20)
= 0.015 mol/dm3;

[1]

[1]
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Answer
Giant molecular structure with strong covalent bonds betweennn aaantntntimony and 
sulfur atoms;
A lot of energy needed to overcome the strong forces of attraccctititiononon;;;

Oxidation state of phosphorus increased from 0 innn ppphohohospspsphoruruusss tototo +++5 in 
phosphorus(V) oxide;

Electrical conductors/ can conduct electricity;
They have mobile ions in the aqueous state/ whhhhenenenenenennnnnenennnnnnnnnnnnnnnnnnnnnnnn dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddisisisisisisisiisisisisisisisisisissisisisisisisisisisiisisisisisisisisisssissississsssissisisisisisssiissisisiiisissssssssssssssssssssssssssssosososososoososoooosososooososooososososoooososssooososoooosossooososososossososooososossoooososososososooososossossoososossosooosoososoooossssosooossssooosssooooooossssooooooooosoooosoossooosooosoooooooooollvllllvlvlvvlvlvlvlvllvllvlvlvlvlvvlvvlllvllllllllvlvlvvlvvvlvvvvvvlvveeeeeeeedeeeeeeeeee  innn waww ter r r tototo ssserve as 
charge carriers;
A: poor/low electrical conductivity
A: if only mention mobile H+ ions
R: mobile electrons

% P in HPO3
= 31/80 x 100%
= 38.75% OR 38.8% (3 sf);

% P in H3PO4
= 31/98 x 100%
= 31.63% OR 31.6% (3 sf);
Note: no working no mark
R: fractions

An acid which dissociates/ionises partially in water to produce H+ ions;



2(c)(ii) Heat the salt solution obtained to saturation;
Cool and allow crystallisation to take place;
Filter to obtain the crystals;
Wash with distilled water, dry between pieces of filter paper;

[1] for 2
points in
logical
sequence

3(a) Titanium, carbon, magnesium; [1]

3(b) The magnesium chloride produced in reactor 2 is collected and electrolysed to 
produce magnesium metal which is then used to react with titanium chloride 
again;

OR

Chlorine produced by electrolysis is used to react with rutile to produce titanium 
chloride in reactor 1;

[1]

3(c) Argon is used to provide an unreactive/ inert atmosphere;
To prevent the oxidation of/ reaction of oxygen with magnesium/ titanium/
titanium chloride;
A: ensure that titanium chloride only reacts with magnesium in reactor 2

[1]

[1]

3(d)(i) 500 kg; [1]

3(d)(i) % purity
= 200/300 x 100%;
= 66.7% (3 sf)

[1]

3(e) Wash the mixture with water to dissolve the soluble magnesium chloride;
Filter the mixture to obtain titanium as the residue and aqueous magnesium 
chloride as the filtrate;
R: filtration

[1]

[1]

4(a) Iron/Fe;
Each Fe atom loses 3 electrons to form Fe3+ ions/Fe2O3; 
A: loses electrons to form Fe3+

[1]
[1]

4(b)

R: -

[1] for exo
energy
profile
diagram
[1] for all
correct
labels

unlabelled
/incorrect 
axes -1m

4(c) Catalyst allows the pack to heat up faster;
More colliding particles possess energy equal to or greater than activation 
energy;
Frequency of effective collisions increases, speed of reaction increases;
R: more effective collisions, number of effective collisions increases

[1]

[1]
[1]
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Argon is used to provide an unreactive/ inert atmosphere;
To prevent the oxidation of/ reaction of oxygen with magneeesisisiumumum/ titanium/
titanium chloride;
A: ensure that titanium chloride only reacts with magnesium in reaeaeactctctororor 22

500 kg;

% purity
= 200/300 x 100%;
= 66.7% (3 sf)

Wash the mixture with water to dissolve the soluble magnesiuuumm m ccchloriiiddde;
Filter the mixture to obtain titanium as the residue and aqueouus s s mmmagnesium
chloride as the filtrate;
R: filtration

Iron/Fe;
Each Fe atom loses 3 electrons to foorm Fe3+ ions/Fe2O3;
A: loses electrons to form Fe3+



5(a) Energy was still being absorbed to overcome the activation energy/ most 
reactant particles have insufficient activation energy to undergo decomposition;
A: little or not enough energy for decomposition

[1]

5(b) Volume of carbon dioxide has not reached a constant/ is still increasing at the 
end of 5 minutes;
A: CO2 was still being produced

[1]

5(c) Copper(II) carbonate/ CuCO3;
Highest volume of carbon dioxide produced per unit time;
A: copper carbonate
A: most carbon dioxide produced throughout the experiment

[1]
[1]

5(d) No carbon dioxide will be collected as time pass;
Sodium carbonate is stable to heat/ does not decompose upon heating;
R: less/little carbon dioxide, no change in volume of carbon dioxide, volume of 
carbon dioxide collected will be a horizontal/straight line
R: very hard/hard to decompose sodium carbonate, sodium is heat stable

[1]
[1]

6(a) White solid turns purplish-black/black/purple;
A: solid turns purplish-black/black/purple
R: a black solid is formed

[1]

6(b) Incomplete combustion of fossil fuels;
When there is insufficient oxygen;
A: alkanes, alkenes, carbon containing substances/fuels, carbon
R: air for oxygen

[1]
[1]

6(c) Carbon monoxide is a colourless and odourless gas;
Can cause death at high levels within minutes/ breathing difficulties/ binds to 
haemoglobin to form carboxyhaemoglobin;

[1]

[1]

7(a)(i) 2C8H18 + 25O2 16CO2 + 18H2O; [1]

7(a)(ii) The number of C-H and C-C bonds broken, as well as the number of C=O and 
O-H bonds formed are the same for both hydrocarbons;
Same amount of energy taken in/absorbed and given out/released;
R: same number of bonds/same bonds are broken and formed

[1]

[1]

7(a)(iii) Less intermolecular forces of attraction between isooctane molecules;
Less energy needed to overcome the intermolecular forces;
R: weaker intermolecular forces of attraction

[1]
[1]

7(b)(i)

[1]: 2 proper amide linkages
[1]: consists of 1 glycine, 1 alanine, 1 serine

if polymer 
-1m

7(b)(ii) Mr of repeat unit = 215;
Number of repeat units = 600 000/215; 
Number of amino acids = 2790.7 x 3
= 8372.1  
= 8372; 
R: 8373

[1]
[1]

[1]
allow ECF
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carbon dioxide collected will be a horizontal/straight line
R: very hard/hard to decompose sodium carbonate, sodium is heaatt ststable

White solid turns purplish-black/black/purple;
A: solid turns purplish-black/black/purple
R: a black solid is formed

Incomplete combustion of fossil fuels;
When there is insufficient oxygen;
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R: air for oxygen

Carbon monoxide is a colourless and odourless gag s;
Can cause death at high levels within minutes/ brbreae thing didifffficulties/ binds to 
haemoglobin to form carboxyhaeemom gllobobin;

2C8H18 + 25O2 16CO2 + 18H22OO;;

The e number of C-HH anandd C-C bobondnds s broken, as well as the number of C=O and 
O-H bonds formmed aarere the ssamamee fofor r both hydrocarbons;
Same amount ofof eenen rggy y tatakeken n inin/absorbed and given out/released;
R: same number of bobondnds/s/sasamem  bonds are broken and formed

Less intermomolelecuculalar foforces of attraction between isooctane molecules;
Less energy neneedededed to overcome the intermolecular forces;
R: weaker intermmolecular forces of attraction



Section B (30 marks)

Qn no Answer Marks/
Remarks

8(a) cathode: 2H+(aq) + 2e- H2(g);
anode: 4OH-(aq)  O2(g) + 2H2O(l) + 4e-;
A: if all state symbols missing
R: wrong state symbol(s), partial state symbols

[1]
[1]

8(b)(i) For every mole of water electrolysed, 4 mole of electrons are transferred from 
hydroxide ions to hydrogen ions to form 2 mole of hydrogen gas and 1 mole of 
oxygen gas; [1]

8(b)(ii) The hydrogen to oxygen ratio increases/ oxygen to hydrogen ratio decreases;
Less oxygen collected/ more oxygen dissolves in solution compared to hydrogen;

[1]
[1]

8(b)(iii) Solution becomes saturated with oxygen;
Oxygen no longer dissolves in solution and is collected as gas;
A: oxygen cannot dissolve into the solution anymore

[1]
[1]

8(c) Concentration of sodium chloride increases as water is being used up;
A: water is being removed from solution, OH- and H+ ions are removed/used 
up/discharged from the solution

[1]

8(d) Chlorine gas produced at the anode for concentrated sodium chloride compared 
to oxygen gas and water for dilute sodium chloride;
A: chloride gas produced at anode instead of oxygen gas, aqueous NaOH 
produced in the electrolysis of concentrated NaCl but not for dilute NaCl

[1]

8(e) To prevent the electrodes from reacting with the electrolytes or the products 
formed/ prevent the electrodes from dissolving into the solution;
A: prevent reaction with solution/ions of solution, so they do not take part in 
reactions
A: if students assume electrolysis of conc. NaCl then accept prevention of 
reaction with chlorine only (R: chloride)

[1]

9(a) Ionisation energy decreases down Group I and II;
Down the group, electron to be removed/valence electron is found further away 
from the nucleus; 
Less energy is needed to overcome electrostatic forces of attraction between 
nucleus and electron to be removed/ electrostatic forces of attraction between 
nucleus and electron is weakened; 
A: forces of attraction
R: bonds for forces of attraction, break for overcome, less electrostatic forces of 
attraction, electrostatic forces of attraction decreases, nucleon for nucleus, 
neutron for nucleus

[1]

[1]

[1]

9(b)(i) Sodium: 2,8,1;      Magnesium: 2,8,2; [1]

9(b)(ii) The two electrons to be removed for sodium are third and second electron shells;
Those of magnesium are from the third electron shell; 

OR

Removing the second electron will disrupt the stable electronic configuration of 
sodium ion
Removing the second electron will give magnesium ion the stable electronic 
configuration; 

[1]
[1]

[1]

[1]
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Solution becomes saturated with oxygen;
Oxygen no longer dissolves in solution and is collected as gas;
A: oxygen cannot dissolve into the solution anymore

Concentration of sodium chloride increases as water is beieieingngng uuussesed upupup;;;
A: water is being removed from solution, OH- and HHH++ ioioionsnsns aaare rremememovovovededed/used 
up/discharged from the solution

Chlorine gas produced at the anode for concenenenennntrtrrtrttrtrtrtrtrtrtrtrtrrtrtrtrtrrrrrtrrtrtrrrtrtrtrtrtrrrtrtrtrtrttrrtrtttttrrtrtttrttttttttttttttttttttrtrtrtttrttttrtrtrtrtrtttttrtrrtrrtrtrtrr taatatataatatatatatattaatatatatatataatatatatttatttatataaatttttataatatatatatattatatatatatataatttttatatatatttatattattatatatttatattatatttatatatatttttaatttatatatatatataaaatataaaatataaaaaaaaaattaaaaaaaaaaataaatededdeddedededededededededededededededededededededdeddedededededededededededededededdeddedededededededededddeddedededededdeddedededeededededededdedddededeedededeedeeddeeeeddeedededeeeeeeeeeededeeeedddedddddeedeeeededeeeddddddddddddededdddd sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssododdododododdoddodododododododooddodododododododododdoddodododododododdodododododododooododododdododododooodododododododdddododododddododddodododddododdddododooodododododddodododddododdodddoddooddoododddodododoododoooodooddoooooddddoodddoddooodddoooooddoddddddiuiuiiiiiiuiiuuiuiuiuiuiuiuuiuiiuiiuiuiuiuuiuiuuiuiuiiuiuiuiuiuiiuiuuuuiuuiuuiuuuiuiuuiiiiiuiiiuuuuuuuuuuuuuuuummmmmm m m mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm chchchlololoririridedede cccooompared
to oxygen gas and water for dilute sodium chloridede;;;;;;;;;;;;;;;;;;;;;;;;
A: chloride gas produced at anode instead of oxygen gagagass,s, aquuueoeoeous NaOH
produced in the electrolysis of concentrated NaCll but not for dddiluluute NaCl

To prevent the electrodes from reacting with the electrolytes or the products 
formed/ prevent the electrodes from dissolving into the solution;
A: prevent reaction with solution/ions of solution, so they do not take part in 
reactions
A: if students assume electrolysis of conc. NaCl then accept prevention of 
reaction with chlorine only (R: chloride)

Ionisation energy decreases down Group I and II;
Down the group, electron to be removed/valence electron is found further away 
from the nucleus;
Less energy is needed to overcome electrostatic forces of attraction between
nucleus and electron to be removed/ electrostatic forces of attraction between 
nucleus and electron is weakened;
A: forces of attraction
R: bonds for forces of attraction, break for overcome, less electrostatic forces of 



OR

More energy needed to remove second electron from sodium once 
stable/full/octet configuration is attained;
Less energy needed to remove second electron of magnesium as it will achieve 
the stable/full/octet configuration;

[1]

[1]

9(c) Na2+(g) Na3+(g) + e-;
R: missing/wrong state symbol(s)

[1]

9(d) Number of moles in 12 g of Mg = 12/24 = 0.5 mol
Energy required to remove 2 electrons from 1 mol of Mg = 737 + 1451 = 2188 kJ;
Energy required to form 12 g of Mg2+ ions = 2188 x 0.5 = 1094 kJ;
R: wrong unit

[1]
[1]
[1]

10Either
(a)(i) Percentage yield of ammonia drops as temperature increases; [1]
(a)(ii) Percentage yield of ammonia decreases as pressure decreases; [1]

(b)(i) 100 oC, 1000 atm; [1]

(b)(ii) Extremely high pressure of 1000 atm is operationally dangerous/ may cause 
explosion of the reaction vessel/ incurs high maintenance cost;
Speed of reaction is too slow at 100 oC;
A: costly to maintain pressure at 1000 atm and 100 oC(1m)

[1]
[1]

(c)(i) Nitrogen monoxide produced in step 3 can be used for step 2;
R: water produced in step 1 can be used for step 3
R: products from each step can be used for the next step
R: products can be reused for other steps

[1]

(c)(ii) pH is above 7 before the start of step 1 while pH is below 7 at the end of step 2;
Ammonia gas present at the start is alkaline while nitrogen dioxide produced at 
the end is acidic; 

[1]

[1]

(c)(iii) No. of moles of ammonia
= 840/24
= 35 mol;

No. of moles of nitric acid 
= 35 x (2/3)
= 23.33 mol

Mass of nitric acid
= 23.33 x (1+14+16x3) 
= 1470 g;

[1]

[1]
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Percentage yield of ammonia drops as temperature increases;
Percentage yield of ammonia decreases as pressure decreasess;;

100 oC, 1000 atm;
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Speed of reaction is too slow at 100 oC;
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Nitrogen monoxide produced in step 3 can be usede  for step 2;2;2;
R: water produced in step 1 can be used for step 3
R: products from each step can be used for the next step
R: products can be reused for other steps

pH is above 7 before the start of step 1 while pH is below 7 at the end of step 2;
Ammonia gas present at the start is alkaline while nitrogen dioxide produced at 
the end is acidic;

No. of moles of ammonia
= 840/24
= 35 mol;

No. of moles of nitric acid 
= 35 x (2/3)
= 23.33 mol
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(ai) It has the ester functional group;

A: ester linkage
[1]

(aii)
[1] 

[1]

(b) Add acidified potassium manganate(VII) to both solutions;
If purple solution turns colourless, the sample is middle note/2-phenylethanol; 
If purple solution remains purple, the sample is top note/styrallyl acetate;  
OR 
Add acidified potassium dichromate(VI) solution to each sample, if the solution 
turned from orange to green, the sample is middle note or if the solution 
remained orange, the sample is top note. 

[1]
[1]
[1]

(ci) It has a carbon-carbon double bond; [1]

(cii) [1]

(ciii) 1 mol of end note reacts with 1 mol of iodine. 
No. of mole of end note 
= 100/250  
= 0.4 mol;

No of mole of iodine = 0.4 mol

Mass of iodine 
=0.4 x 2 x 127 
=101.6 g; 
R: missing unit

[1]

[1]

KiasuExamPaper.com

Add acidified potassium manganate(VII) to both solutions;
If purple solution turns colourless, the sample is middle note/2-phphenyletethanol; 
If purple solution remains purple, the sample is top note/styrallllylyl aacecetatatte;  
OR 
Add acidified potassium dichromate(VI) solution to each h sasampmplele, if thehe ssololututioion
turned from orange to green, the sample is middle note oooooooooooooooooooooooooooooooooooooooooooooooooooooor r ifififififififffififffffffffffffffffffffffffffffff ttttttttttttttttttttttttttttttthehh  solution
remained orange, the sample is top note. 

It has a carbon-carbon double bond;

1 mom l of end note rer acactsts with 11 momoll of iodine. 
No. of mole of eendn nnotote e
= 100/250
= 0.4 mol;

No of mole oof f iiododini ee == 0.0 4 mol

Mass of iodine 
=0.4 x 2 x 127 

101 6



KiasuExamPaper.com



This document consists of 20 printed pages. 

[Turn over

Name: _______________________________ (  ) Class:___________ 

CHIJ ST. NICHOLAS GIRLS’ SCHOOL 
Secondary 4 
Preliminary Examination (40 Marks) 
______________________________________________________________________ 
CHEMISTRY (SPA) 5073  

 29 August 2017 

1 hour 
______________________________________________________________________ 

READ THESE INSTRUCTIONS FIRST

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

There are forty questions in this paper. 
Answer all questions. 
For each question there are four possible answers A, B, C and D. 
Choose the correct answer and record the corresponding letter using a soft pencil on 
the OAS sheet. 
Amendments may be done using a soft eraser. 

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

A copy of the Periodic Table is provided on page 2. 
The total number of marks for this paper is 40. 

Marks 
Total (40)

______________________________________________________________________ 

KiasuExamPaper.com



2

KiasuExamPaper.com



3

1 The diagram shows apparatus used to separate ethanol (boiling point, 78 oC) 
and propanol (boiling point, 98 oC).

Which graph best shows the change in concentration of the ethanol in the round-
bottomed flask as the distillation proceeds from room temperature?

B

concentration 
of ethanol

C

concentration 
of ethanol

D

concentration
of ethanol

mixture of 
ethanol and 
propanol

A

concentration 
of ethanol

time

time

time

time
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2 A drug substance has an Rf value of 0.375 using water as the solvent. 

What would be the position of this drug substance in the chromatogram shown 
below?

3 The apparatus below consists of a porous pot containing butane which is 
surrounded by air in a beaker.  

Over a period of time, which one of the following series of changes of water level 
at X will be observed? 

A falls and remains at a lower level
B rises and remains at higher level
C falls then rises and returns to X
D rises then falls and returns to X

air

X

beaker
porous pot

A

B

C

D

solvent front (water 
as solvent)

sample of drug 
substance

start line

butane
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4 The diagram below shows an apparatus in which ammonium bromide is formed 
by the reaction between ammonia gas and hydrogen bromide gas. The chemical 
equation is shown below.

NH3 + HBr → NH4Br

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

5 The boiling points of some elements are given below.

element boiling point / oC
X -137
Y -152
Z -141

A mixture of elements X, Y and Z is heated gradually from -159 oC to -139 oC. 
Which of the element(s) would still remain as a liquid at -139 oC?

A Element X only
B Elements X and Y only
C Elements Y and Z only
D Elements X, Y and Z

6 What is the atomic structure of X2+ ion if it has atomic number 13 and mass 
number 27?

Number of protons Number of neutrons Number of electrons
A 11 27 13
B 13 14 11
C 13 14 15
D 13 27 13

A B C D

midpoint

concentrated 
aqueous 
ammonia

concentrated 
hydrobromic 
acid
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7 An element X which has 2 different isotopes, X-11 and X-12, exists as diatomic 
molecules, X2. The relative molecular mass of X2 is 22.48.

What is the relative abundance of X-11?

A 24.0% B 38.0%
C 48.0% D 76.0%

8 The following diagram shows structure of diamond and white phosphorus. Both 
structures show atoms bonded in a tetrahedral arrangement. However, diamond 
has a high melting point of 4723 oC while white phosphorus has a low melting 
point of 280 oC.

Which of the option explains the difference in the melting point of diamond and 
white phosphorus?

    Diamond   White phosphorus

A Both diamond and white phosphorus have covalent bonds between 
atoms.

B Diamond has covalent bonds in between carbon atoms in a vast network, 
whereas white phosphorus has Van der Waals’ forces between 
phosphorus atoms in a vast network.

C Diamond has covalent bonds in between carbon atoms in a vast network, 
whereas white phosphorus has Van der Waals’ forces between the 
discrete molecules.

D Diamond has ionic bonds in between carbon atoms in an ionic lattice, 
whereas white phosphorus has Van der Waals’ forces between 
phosphorus atoms in a vast network.
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9 The reaction between magnesium and dilute nitric acid is as shown below:

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

From the equation, it can be deduced that

A 1 g of magnesium reacts with 2 g of nitric acid in a complete reaction.
B 6 g of magnesium reacts with 31.5 g of nitric acid in a complete reaction.
C 24 dm3 of magnesium reacts with 48 dm3 of nitric acid in a complete 

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

reaction.

10 In a titration, it was found that 8 cm3 of 0.5 mol/dm3 of acid X needed 20 cm3 of 
0.4 mol/dm3 of potassium hydroxide solution for complete reaction. 

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

A HCl
B H2SO4

C H3PO4

D CH3COOH

11 Which experiment does not show a redox reaction?

Experiment Observations
A aqueous chlorine added to 

sodium iodide solution
brown solution observed

B copper solid dipped into a beaker 
of silver nitrate solution

grey solid formed on copper and 
a blue solution observed

C aqueous hydrogen peroxide
added to a mixture of potassium 
manganate(VII) and dilute sulfuric 
acid

mixture changed from purple to 
colourless

D aqueous barium nitrate added to 
copper(II) sulfate solution

white precipitate formed in blue 
solution
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12 Transition metals are well known for having several stable oxidation states and 
manganese has more than any other. In its compounds, manganese exhibits 
oxidation states from +2 to +7. 

The common oxidation states are +2, +4, and +7, while the less common
oxidation states are +3, +5, and +6. 

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

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

B KMnO4, NaMnO4, Mn(SO4)2, Mn(SO4)3, Mn(NO3)2, Mn(NO3)2.4H2O
C MnO, MnO2, MnF, NaMnO4, Mn(SO4)3, MnCl2
D KMnO4, MnO2, MnF3, Mn2(CO3)5, Mn(SO4)3, Mn(NO3)2.4H2O

13 In a reaction between copper(II) oxide and carbon monoxide, which of the 
following is the reducing agent?

A CuO
B CO
C Cu
D CO2

14 In a chemical analysis, excess silver nitrate solution is added to dilute 
hydrochloric acid. The reaction mixture is then filtered. 

What are the ions present in the filtrate after filtration?

A H+ and NO3
- only

B Ag+, Cl- and NO3
- only

C Ag+ and NO3
- only

D H+, Ag+ and NO3
- only

15 Which of the following substances would not produce copper(II) nitrate crystals 
with dilute nitric acid?

A copper(II) hydroxide B copper(II) sulfate
C copper(II) carbonate D copper(II) oxide
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16 Which one of the options below matches the correct salt preparation methods 
used to prepare the salts?

titration precipitation adding excess base to 
acid

A ammonium nitrate lead(II) sulfate sodium chloride
B calcium carbonate lead(II) chloride magnesium chloride
C copper(II) sulfate lead(II) nitrate lead(II) nitrate
D potassium ethanoate lead(II) bromide zinc sulfate

17 Which statement correctly describes the changes in the elements from left to 
right across a period of the Periodic Table?

A The size of atoms increases.
B The number of electron shells increases.
C The number of valence electrons increases.
D The elements changes from non-metallic to metallic.

18 Each of the halogens, X2, Y2 and Z2 was added to separate solutions containing 
ions of one of the other two halogens.
The table shows the results.

halogen added NaX solution NaY solution NaZ solution
X2 ̶ Y2 displaced No visible reaction
Y2 No visible reaction ̶ No visible reaction
Z2 X2 displaced Y2 displaced ̶

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

A Y, X, Z B Y, Z, X
C X, Y, Z D Z, X, Y
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19 The chemical equation below shows the reaction between element X and cold 
water. The element X has an atomic number of 55.

2X + 2H2O → 2XOH + H2

Which statement about element X is correct?

A It displaces metallic potassium from aqueous potassium chloride.
B It is produced during the electrolysis of XCl(aq).
C It forms a carbonate that is readily decomposed by heat.
D Its reactivity with cold water is the same as potassium.

20 Astatine (At) is a member of the halogen family. It has a proton number greater 
than the other halogens. It is expected that astatine  

A has the lowest melting point. 
B is a coloured liquid at room temperature. 
C is the halogen with the weakest oxidising power. 
D is the most reactive halogen.

21 The diagram shows the structure of bronze. 

Why is bronze harder than pure copper?

A The tin atoms form strong covalent bonds with the copper atoms.
B The tin atoms prevent layers of copper atoms from sliding past one another 

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

among the copper atoms.
D Tin atoms have more electrons than the copper atoms.

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

A decomposition of hydrogen peroxide
B decomposition of copper(II) carbonate
C decomposition of silver carbonate
D reaction between hydrochloric acid and sodium carbonate

23 The diagram below shows two metal strips, iron and lead, placed in a beaker 
containing a mixture of cations.

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

A Na+, Ca2+, Al3+, K+

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

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

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

24 When a current was passed through acidified aqueous copper(II) sulfate, there 
was simultaneous liberation, at the cathode, of x mol of copper and y dm3 of 
hydrogen (measured at room temperature and pressure).

How many moles of electrons passed through the solution?

A +  
B +  
C 2 +  
D 2 +  

lead

mixture of cations

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

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

1. Bubbles of colourless gas are formed around the zinc electrode.
2. The aqueous iron(II) nitrate fades from green to colourless.
3. The iron electrode decreases in size.

A 2 only
B 1 and 3 only
C 1, 2 and 3
D None of the above

26 In the diagram below, each cell contains an aqueous solution of a single salt and 
all four electrodes are graphite. Electrodes R and Y increase in mass during the 
electrolysis but no gas is given off at R and Y.

If an increase in mass of R is greater than the increase in mass of Y in the same 
time, which of the following statements is necessarily true?

A The anions of the solutions in cells 1 and 2 are different.
B The cations of the solutions in cells 1 and 2 are different.
C The current flowing in cell 1 is greater than the current flowing in cell 2.
D The solution in cell 1 is more concentrated than the solution in cell 2.

Q R X Y

Cell 1 Cell 2

zinciron

aqueous iron(II) nitrate
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27 Dilute sodium chloride was electrolysed using inert electrodes. After some time, 
the remaining electrolyte was then added in excess to an unknown colourless 
solution.

The graph of mass of precipitate formed against volume of electrolyte added was 
plotted. Which of the following shows the correct graph and the possible identity 
of the cation in the unknown colourless solution?

Graph Possible cation in 
unknown solution

A

          

Zn2+

B

Ag+

C

Al3+

D

Cu2+

volume of electrolyte added / cm3

volume of electrolyte added / cm3

volume of electrolyte added / cm3

mass of 
precipitate 
formed / g

mass of 
precipitate 
formed / g

mass of 
precipitate 
formed / g

mass of 
precipitate 
formed / g

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

Y + Z → 2X

What is the enthalpy change for the decomposition of 4 moles of X to substances
Y and Z?

A +40 kJ
B - 40 kJ
C +80 kJ
D - 80 kJ

29 Which of the following processes are endothermic?

1 F2 → 2F
2 combustion of ethane
3 obtaining lime (CaO) from limestone (CaCO3)
4 reacting hydrogen with oxygen

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

Y + Z

Energy

2X

100 kJ60 kJ

progress of reaction
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30 Nonane is a hydrocarbon with molecular formula, C9H20.
One of the reactions of nonane is shown by the equation below.

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

Which of the following statements about the reaction is correct? 

A It is a substitution reaction. 
B The enthalpy change of combustion is 114 kJ per mole of nonane. 
C The products possess more energy than the reactants.
D The total energy change in bond formation is more than that in bond 

breaking.

31 In an experiment, magnesium powder is added to dilute hydrochloric acid at 
room temperature. When the temperature of the same reaction was increased to 
50 oC, the speed of the reaction increased. 

This is because an increase in temperature

A results in the particles to possess more kinetic energy which in turn 
increases the frequency of collision between the particles.

B lowers the activation energy of the reaction which in turn increases the 
frequency of effective collisions.

C produces chemical energy which causes the particles to move faster which 
in turn increases the frequency of collision between the particles.

D causes magnesium to expand resulting in larger surface area to volume 
ratio which in turn increases the frequency of collision between the 
particles.
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32 Curve I shows the total volume of hydrogen gas produced after 1.0 g of zinc 
strips were added to 25 cm3 of 1.0 mol/ dm3 hydrochloric acid. 

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

A second experiment was conducted using 5.0 g of zinc powder with 25 cm3 of 
1.0 mol/ dm3 hydrochloric acid.
Which of the curves, A, B, C or D, would be obtained for the second experiment?

33 Potassium chlorate, KClO3, undergoes thermal decomposition as shown in the 
chemical equation below:

2KClO3 (s) → 2KCl (s) + 3O2 (g)

A student would like to investigate the factors affecting the rate of thermal 
decomposition of potassium chlorate, KClO3, in the presence of manganese(IV) 
oxide as catalyst. The student performs the investigation as follows:

Experiment 1 Experiment 2
25 cm3 of 0.50 mol/dm3 of KClO3 and 
powdered manganese(IV) oxide

50 cm3 of 0.50 mol/dm3 of KClO3 and 
lump manganese(IV) oxide

What would be the effect on the rate and on the final volume of O2 released in 
experiment 2 compared to experiment 1?

Rate of reaction Volume of O2 released
A Decrease Unchanged
B Decrease Increase
C Increase Unchanged
D Increase Increase

vo
lu

m
e 

of
 H

2

pr
od

uc
ed

/ c
m

3 A
B

C D
curve I

time / s
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34 The diagram below shows the setup of manufacturing ammonia using the Haber 
Process.

Which of the following statements is true?

A P dissolves in water to form an alkaline solution.
B Q is a compound consisting of two elements.
C R is a compound of a transition metal.
D X is obtained from the distillation of air.

Compressor
Re-circulation
Pump

C
on

de
ns

er

Reaction
chamber

N2 X

R

Q

P
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35 A sample of dry air trapped in a syringe is slowly passed over excess heated iron
filings in a tube until there is no further decreased in volume.

The original volume of dry air is 150 cm3. When the tube is cooled to room 
temperature, what is the expected volume left in the syringe?

A 30 cm3

B 45 cm3

C 80 cm3

D 120 cm3

36 Which atmospheric pollutants, emitted by internal combustion engines, may react 
together in the presence of palladium catalyst to convert them into more 
environmentally-friendly products?

A carbon monoxide and unburnt hydrocarbons
B carbon monoxide and nitrogen dioxide
C nitrogen dioxide and sulfur dioxide
D sulfur dioxide and unburnt hydrocarbons

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

A fuel for jet engines and cooking
B fuel for car engines and heating
C for making waxes and road surfaces
D feedstock for petrochemicals and fuel for cooking

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

A B

C D

39 Which substance is formed when butan-1-ol, C4H9OH, is oxidised by aqueous 
acidified potassium manganate(VII), KMnO4?

A C4H10

B C3H7CO2K
C C3H7CO2H
D C4H9CO2H
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40 The diagram below shows the structure of a part of polymer X.

Which is the monomer that makes up polymer X?

A B

C D

~~End of Paper~~
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Answers
1 The diagram shows apparatus used to separate ethanol (boiling point, 78 oC) 

and propanol (boiling point, 98 oC).

Which graph best shows the change in concentration of the ethanol in the round-
bottomed flask as the distillation proceeds from room temperature?

B

concentration 
of ethanol

C

concentration 
of ethanol

D

concentration 
of ethanol

mixture of 
ethanol and 
propanol

A

concentration 
of ethanol

time

time

time

time
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Section A 
Answer all the questions in this section in the space provided. 

The total mark for this section is 50. 

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

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

propanol sodium iodide methyl ethanoate 

silicon dioxide carbon monoxide water 

bromine hydrogen peroxide lead(II) sulfate

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

bonds?

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

[1]

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

fractional distillation?

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

[1]

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

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

[1]

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

chloride?

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

[1]

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

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

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

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

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

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

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

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

[3]

[Total: 8 marks]

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

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

hydrochloric acid. 

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

hydrochloric acid to produce 36 cm3 of hydrogen. 

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

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

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

magnesium and dilute hydrochloric acid.

……………………………………………………………………………………………

[2]

(iii) Show, by calculation, that the relative atomic mass of magnesium is 24.0 [2]
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(b) Magnesium reacts with oxygen in the air to form magnesium oxide. 

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

when 12 kg of magnesium burns in excess air.

[2]

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

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

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

red litmus paper blue.  

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

magnesium compound.

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

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

air.

……………………………………………………………………………………………

[1]

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

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

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

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

are shown in the table below.

melting point / °C conducts electricity in molten state

aluminium fluoride 1290 Yes

fluorine - 220 No

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

transmission. 

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

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

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

[2]

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

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

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

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

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

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

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

need to show the outer shell electrons.

[2]

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

of aluminium fluoride and fluorine. 

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

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

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

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

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

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

[3]

[Total: 10 marks]

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

ammonia. 

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

aluminium or zinc ions.

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

Do you agree with this student? Explain your answer. 

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

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

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

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

Step 1: 
Several salt solutions of the same volume and same concentration were prepared.

Step 2:
To each of the salt solutions, a known volume of aqueous ammonia was added and 

the mass of any resulting precipitate was measured.

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

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

……………………………………………………………………………………………

[1]

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

when x cm3 of aqueous ammonia was added. 

……………………………………………………………………………………………

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

to the salt solution.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

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

potassium carbonate. 

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

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

further change was observed.

[1]

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

C3H4 + 4O2 3CO2 + 2H2O

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

for one mole of gaseous propyne in the gas cylinder. 

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

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

weighed before and after the experiment. 

The following data was recorded by the student.

Mass of propyne before combustion / g 4.60

Mass of propyne after combustion / g 2.16

Mass of water in beaker / g 750

Initial temperature of water / °C 28.0

Highest temperature of water / °C 48.5

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

calculate the heat absorbed by the water. 

[2]
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(b) Calculate the number of moles of propyne burnt in this experiment. [1]

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

propyne in kJ/mol.

[1]

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

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

calculated in (c).

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

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

[1]

(e) Sketch the energy level diagram of the combustion of propyne. [3]

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

+3. 

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

using thallium(I) sulfate solution. 

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

thallium(I) sulfate solution.

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

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

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

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

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

[3]

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

hydroxide. 

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

sulfate and left to stand.

(i) Describe your observations for this chemical reaction.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

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

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

[Total: 7 marks]
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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 The Pollutant Standards Index (PSI) is an air quality indicator. It is based on five 

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

nitrogen dioxide. 

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

concentrations for each of the five pollutants.

i
PSI value 

(Pi)
Concentration (Ci)

PM10
(μg/m3)

SO2

(μg/m3)
CO

(mg/m3)
O3

(μg/m3)
NO2

(μg/m3)
1 50 50 80 5.0 118 -

2 100 150 365 10.0 157 -

3 200 350 800 17.0 235 1130

4 300 420 1600 34.0 785 2260

5 400 500 2100 46.0 980 3000

6 500 600 2620 57.5 1180 3750
Table 1: Overall PSI and the corresponding concentrations for each of the five pollutants.

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

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

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

values.

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

pollutant can be calculated as follows:

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

where Ci+1 > concentration of pollutant > Ci
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In Singapore, the 24-hour PSI is used by the National Environment Agency (NEA) to 

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

shown in the table:

24-hr PSI Healthy Persons Elderly, Pregnant 
women, Children

Persons with chronic 
lung disease, heart 

disease, stroke
< 100 Normal activities

101 - 200 Reduced 

prolonged or 

strenuous outdoor 

physical exertion.

Reduced prolonged 

or strenuous outdoor 

physical exertion.

Avoid prolonged or 

strenuous outdoor 

physical exertion.

201 - 300 Minimise 

prolonged or 

strenuous outdoor

physical exertion.

Minimise all outdoor 

activities. Avoid outdoor 

activities.

> 301 Minimise all 

outdoor activities

Avoid outdoor 

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

Sources:

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

index-(psi).pdf

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

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

avoid outdoor activities.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

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

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

……………………………………………………………………………………………

[1]

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

sample of air. State all your observations. 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

(iv) Desulfurisation can reduce the concentration of sulfur dioxide in air. Write two
chemical equations to show the reactions that occur in the desulfurisation 

process.

……………………………………………………………………………………………

……………………………………………………………………………………………

[2]

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

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

respectively. Determine the overall PSI and explain your answer.

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

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

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

……………………………………………………………………………………………

[1]

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

anaerobic metabolism. It has the following structure:

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

react with aqueous sodium hydroxide.

[1]

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

hydroxypropanoic acid and propanoic acid.

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

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

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

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

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

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

[2]

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

hydroxypropanoic acid and propanoic acid.

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

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

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

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

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

and decomposable packaging materials.

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

……………………………………………………………………………………………

[1]

(ii) Draw 3 repeating units of PLA. [2]

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

……………………………………………………………………………………………

[1]

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

………………………………………………………………………………………………

………………………………………………………………………………………………

[1]

[Total: 10 marks] 
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EITHER

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

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

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

copper can be plated on a steel spoon.

[2]

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

…………………………………………………………………………………………………

…………………………………………………………………………………………………

[2]

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

One example would be the extraction of aluminium from bauxite. 

The diagram below shows an electrolysis tank used industrially to produce 

aluminium from aluminium oxide.

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

……………………………………………………………………………………………

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

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

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

aluminium oxide.

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

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

being electrolysed.

[1]

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

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

(i) dilute rubidium chloride solution was electrolysed,

……………………………………………………………………………………………

[1]

(ii) molten rubidium chloride solution was electrolysed.

……………………………………………………………………………………………

[1]

[Total: 10 marks]
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OR
B9 The table below shows the displayed formulae of organic compounds from three 

homologous series: alkenes, cycloalkanes and cycloalkenes. 

homologous series name displayed formula
alkenes butene

cycloalkanes cyclobutane

cycloalkenes cyclobutene

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

cyclobutene.

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

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

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

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

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

cracking ensures that the supply meets demand. 

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

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

[2]

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

(i) State the conditions for this addition reaction.

……………………………………………………………………………………………

[1]

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

reaction.

[3]

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

it reacts with propanoic acid.

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

C4H8 + 6O2 4CO2 + 4H2O

2C4H6 + 11O2 8CO2 + 6H2O

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

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

[1]

[Total: 10 marks]

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

3 The apparatus below consists of a porous pot containing butane which is 
surrounded by air in a beaker. 

Over a period of time, which one of the following series of changes of water level 
at X will be observed? 

A falls and remains at a lower level 
B rises and remains at higher level 
C falls then rises and returns to X
D rises then falls and returns to X

air

X

beaker
porous pot
butane

A

B

C

D
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3 The apparatus below consists of a poporor us pott cconontatainining butane which is
surrounded by air in a beaker. 

O i d f ti hi h f th f ll i i f h f t l l

air

X

beaker
porous pot
butane

A

B

C
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4 The diagram below shows an apparatus in which ammonium bromide is formed 
by the reaction between ammonia gas and hydrogen bromide gas. The chemical 
equation is shown below. 

NH3 + HBr → NH4Br

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

5 The boiling points of some elements are given below. 

element boiling point / oC
X -137
Y -152
Z -141

A mixture of elements X, Y and Z is heated gradually from -159 oC to -139 oC. 
Which of the substance(s) would still remain as a liquid at -139 oC? 

A Element X
B Elements X and Y
C Elements Y and Z
D Elements X, Y and Z 

6 What is the atomic structure of X2+ ion if it has atomic number 13 and mass 
number 27? 

Number of protons Number of neutrons Number of electrons
A 11 27 13
B 13 14 11
C 13 14 15
D 13 27 13

A B C D

midpoint

concentrated 
aqueous 
ammonia 

concentrated 
hydrobromic 
acid 
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5 The boiling points of some elements are given below.ww  

element boiling point / oC
X -137
Y -15522
Z -1414411

A mixture of elements X, YY aandnd ZZ iiss heheatatededd gradually from -159 oC to -139 oC. 
Which of the substance(s) wowoululldd sts ill remain as a liquid at -139 oC? 

AAAAAAAAAAAAAAAAAAAAAAAAA EEEEEEEEEEEEEEEEEEEEEEEElelelelelelelelleleeeeleleleleleeeleeeememmmmmmmmmmmmmmmmmmmmmmmmmmm ntntntntntntnttntntntntnttntntntntntnttntn  X
B Elements s XX aandnd YY
C EElelemementnts s YY aandnd Z
D EEElelememeentn s s XX, YY and Z 

6 What is the atomic structure of X2+ ion if it has atomic number 13 and mass 
number 27? 

A B C D

midpoint

concentrated 
aqueous 
ammmonia

nnnnnnntrtrtrtrtrtrtrataa eddddddd cococococococonceee
bbbbbbbrororororororomimimimimimimiccccccchyhyhyhyhyhyhydrobbbbb

aaaaaaca id 
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7 An element X which has 2 different isotopes, X-11 and X-12, exists as diatomic 
molecules, X2. The relative molecular mass of X2 is 22.48. 

What is the relative abundance of X-11? 

A 24.0% B 38.0% 
C 48.0% D 76.0% 

8 The following diagram shows structure of diamond and white phosphorus. Both 
structures show atoms bonded in a tetrahedral fashion, however white 
phosphorus has a low melting point of 280 oC while diamond has a high melting 
point of 4723 oC. 

Which of the option explains the difference in the melting point of diamond and 
white phosphorus? 

  Diamond  White phosphorus 

A Both diamond and white phosphorus has covalent bonds between atoms. 
B Diamond has covalent bonds in between carbon atoms in a vast network, 

whereas white phosphorus has Van der Waals’ forces between 
phosphorus atoms in a vast network. 

C Diamond has covalent bonds in between carbon atoms in a vast network, 
whereas white phosphorus has Van der Waals’ forces between the 
discrete molecules. 

D Diamond has ionic bonds in between carbon atoms in an ionic lattice, 
whereas white phosphorus has Van der Waals’ forces between 
phosphorus atoms in a vast network. 
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8 The following diagram shows structure of diamond and white ppppppphohohohohohohospspspspspspsphorus. Both
structures show atoms bonded in a tetrahedral fashion,,,,,, howwwwwwweeeeevee er white 
phosphorus has a low melting point of 280 oC while diamonddd hahahahahahahasssssss aaaaaaa hhhhhhih gh melting
point of 4723 oC.

Which of the option explains the difference in the mmmmmmmeleleleleleleelleleleeleeeelleleleellelleleleellellllllelelelllleellellllelleeeeeeellleeellleeeeeellleeeeeeltitttiititiittttttttttttttttttttttttttttttttttttttt ngngngngngngngngngngngnggngngngnggggngnggngggnggngnggggngngggggggggngggggggggggggggggggggggggggngggggggngggggggnggggggggggggggggggggggggggggggggggggggggg ppppppppppppppppppppppppppppppppppppppppppppppoioooooo nt oofffff ff dididididididiamamamamamamamond and 
white phosphorus? 

  Diamondd WhW ite phosphorus 

A Both diamond and whhitite e phphososphphororusus hhas covalent bonds between atoms. 
B Diamond has covalentt bobondnds inin between carbon atoms in a vast network, 

whereas s whwhiite phphososphphp ororus has Van der Waals’ forces between 
phososphphoorus aatotomsms inn a a vav st network.

C Diamond hhhhhhhhhhhhhhhhhhhhhasasasasasasasasasasasasasasasaasasasasasasasasasassa ccccccccccccccccccccccccovovovovovovovovoovovovovoovovovvvvovvvvoo alaalalalaalalalalalalalalalalalalaalaalalaaaalaaa eneeeeeeeeeeeeeeeeeeeeeee t bonds in between carbon atoms in a vast network, 
whwhwhwhwhwhwhwhwhwhwhwhwhwwhwhwhwhwhwhwwhwwwwhwhherererererererrererererererererererererererreeeere eaeaaeaeaeaeaaeaeaaeaeaaeaeaeaeaeaeaaeaaaaeeaaaaas ssss s sssss ssssss ssss whwhwhwhwhwhwhwhwwhwhwhwwhwhwhwhwwhwwhwwwwhww ittittititttiiitiititittitttttttte eeee eeee eeeee eee ee eeee phosphorus has Van der Waals’ forces between the 
ddddidididdddddiddddiddddddddddd scscscscscscscscscscscscscscscscscscscscscsssccscrererererererereerrererererererererererererereeeeeetetettetettttttettttetttetettettt mmmmmmmmmmmmmmmmmmmoloololoololoooloolooololoooo eeeeeeeeeeceee ules.

D Diaamomoondnd has ionic bonds in between carbon atoms in an ionic lattice, 
wherreas white phosphorus has Van der Waals’ forces between 
phosphorus atoms in a vast network.
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9 The reaction between magnesium and dilute nitric acid is as shown below: 

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

From the equation, it can be deduced that 

A 1 g of magnesium reacts with 2 g of nitric acid in a complete reaction.
B 6 g of magnesium reacts with 31.5 g of nitric acid in a complete reaction.
C 24 dm3 of magnesium reacts with 48 dm3 of nitric acid in a complete 

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

reaction.

10 In a titration, it was found that 8 cm3 of 0.5 mol/dm3 of acid X needed 20 cm3 of 
0.4 mol/dm3 of potassium hydroxide solution for complete reaction. 

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

A HCl 
B H2SO4

C H3PO4

D CH3COOH 

11 Which experiment does not show a redox reaction? 

Experiment Observations
A aqueous chlorine solution added 

to sodium iodide solution 
brown solution observed

B copper solid dipped into a beaker 
of silver nitrate solution 

grey solid formed on copper and 
a blue solution observed 

C aqueous hydrogen peroxide was 
added to a mixture of potassium 
manganate(VII) and dilute sulfuric 
acid 

mixture changed from purple to 
colourless 

D aqueous barium nitrate added to 
copper(II) sulfate solution 

white precipitate formed in blue 
solution 
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B 6 g of magnesium reacts with 31.5 g of nitric acid in a complete reaction.
C 24 dm3 of magnesium reacts with 48 dm3 of nitric aciddddddd ininininininin a complete 

reaction.
D 1 mol of magnesium reacts with 0.5 mol of nitric aaciciciciciciciddddddd ininininninin aaaaaaa complete

reaction.

10 In a titration, it was found that 8 cm3 of 0.5 mol/dm3 oooooofffff ff acacacacacacacaaaaaaaaaaaaaaaaacaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacaaaaaaacaaaaaaaaaaccaaaaaaaaaaacaaaaaaaaaaaaaaaaaaaaaaaaaaccaacaaaa ididididididdiddddddddddddddddddddddddddddddddddddddddddddddddddddddddd XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX nnnnnnneedeeeeeeeddddddd 20202020202020 cccccccm3 of 
0.4 mol/dm3 of potassium hydroxide solution for cccccccoooomomomomomommmmmommmmomommommmmmmmomommmmmmmmmmmmmmmomomommmmomomommmmmmmmmmmomomomomommmmomommmmmmmmommmmmmmmmmmmmmmmmmmmmmmmmmomomommmmmmmmmmomomoommmmommommmooommomooooommoommmmo plplpplplplplpplplplplplplplpplplplplplplplppplplplplpplpllplplplpplpllplplplpllplplplppllplplppplplpplpppplplppplpppplplppppplplppplpppplppppplpppppppppplppplpppppplppppppplppppppppppppppppppppppppppplpppppppllpllllllpllplllllllppppppppppppp eteteeettteteeteteetetetetetetteeteteeeeetettetteteteteteetetteteteteeteteeteeeetetttetetetettetetetettetetetettettetetetetetttetetetteteteetetettteteeetteteettetettttteettteteeeetetteteteteteeeeeteeeeteeeteeeeeteeeeeteeeeeteeeteeeeeeetttttteeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeee eee eee eeeeeeee eeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee rerererrrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrerrrrrrrerrrerrrrrrrrrrrerrrerrrrrrrrerrerrererererrrrerereereeeaaaaacaa tion. 

Which of the following is the molecular formula ofofofofoffffffffffffffffffffffffffffffffffffffffffff aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaciciciciciciciciccicicicicicciciccicicciciccccicciccicicicciiciciiciciicicicicciiccciiiiiicicccciiccciccccccciicicciccccicccccicicccciccciccccccccciiccccccicccccccccciiccccccc ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX?????????? ??????????????

A HCl 
B H2SO4

C H3PO4

D CH3COOH 

11 Which experiment does not shhowow a rrededoxoxo rreaeaactc ion? 

ExExpeperimentnt Observations
A aqueoousu ccchlhloro ine sosos lulutitionon aadded 

to soddiuium m iodidede ssololututioioon n
brown solution observed

B copper soliidd didid ppppeded iiintn o a beaker 
ofof ssililvevev r r ninitrtratatee sosolul tion 

grey solid formed on copper and 
a blue solution observed 

C aquuueoeousus hhydydrogen peroxide was 
addeedd totot  a mixture of potassium 
manganate(VII) and dilute sulfuric 
acid

mixture changed from purple to
colourless 
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12 Transition metals are well known for having several stable oxidation states and 
manganese has more than any other. In its compounds, manganese exhibits 
oxidation states from +2 to +7. 

The common oxidation states are +2, +4, and +7, while the less common 
oxidation states are +3, +5, and +6 states. 

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

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

B KMnO4, NaMnO4, Mn(SO4)2, Mn(SO4)3, Mn(NO3)2, Mn(NO3)2.4H2O 
C MnO, MnO2, MnF, NaMnO4, Mn(SO4)3, MnCl2
D KMnO4, MnO2, MnF3, Mn2(CO3)5, Mn(SO4)3, Mn(NO3)2.4H2O 

13 In a reaction between copper(II) oxide and carbon monoxide, which of the 
following is the reducing agent? 

A CuO 
B CO 
C Cu 
D CO2

14 In a chemical analysis, excess silver nitrate solution is added to dilute 
hydrochloric acid. The reaction mixture is then filtered. 

What are the ions present in the filtrate after filtration? 

A H+ and NO3
-

B Ag+, Cl- and NO3
-

C Ag+ and NO3
-

D H+, Ag+ and NO3
- 

15 Which of the following substances would not produce copper(II) nitrate crystals 
with dilute nitric acid? 

A copper(II) hydroxide B copper(II) sulfate
C copper(II) carbonate D copper(II) oxide 
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Which of the following contains manganese in all six oxidation states?

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

B KMnO4, NaMnO4, Mn(SO4)2, Mn(SO4)3, Mn(NO3)2, Mn(N(N((((( OOOOOOO3333333)))))))2222222 4.4.4.4.4.4.4HHHHHHH2O
C MnO, MnO2, MnF, NaMnO4, Mn(SO4)3, MnCl2ll
D KMnO4, MnO2, MnF3, Mn2(CO3)5, Mn(SO4)3, Mnnnnnnnnnnnnnnnnnnnnn(N(N(N(N(N(N(N(N(N(N(N(N(N(N((N(N(NN(N(N(NNNOOOOOOOOOOOOOOOOOOOOO33333333333333333333))))))))))))))))))22.4.4.4.4.4.4.4.4.4.4.44.44.4.4.44444H2O O OOO O

13 In a reaction between copper(II) oxide and cccccccaarararararararararararrrrararrarararrrrrarrrarrarrrrrrrrrrrrrrrrrrrrarrrrrarrarrrrrrrrrrrrrrrrrrarrrrrrrrrrrrrrrarrrrrraara bobobobobobooboooboboboboboboboobobobobobobobobbobobooboboboboboboboboboboboboboboboboboboboobobobobobbooboboboboboboboboboboboboobbobbbbobboobobbbobbbobbbobobobooboboobobbbbobbobobbbbobobobbooobobobbbboooobboooooooooooobooooooooooooooooooooooooooooooobooooooooboooobbonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn mmomomomomommmmomomomomommmomooomomommmommmmomomomooommmmmommmomommoomoommmmmmmmomomomommmmmmmmmmomomommmmmmmmoomommmmmmmomomomommmmmoomomommmomomooomommomommommmommooommommmmmmmoooommmmmmooomoomoooommomoomomooommmmmmmmooooooommmmmmmmoomooomoommmmmooommmmmommmoooommmmmmoommmmmmmoommmmmmmmmommmomoonononononononoxide, whwhwhwhwhwhwhicicicicicicichhhhhhh of the 
following is the reducing agent? 

A CuO 
B CO
C Cu 
D CO2

14 In a cheemim cal analysis, exxcecessss silvever r ninitrtrt atatee solution is added to dilute 
hydrochloric acid. The reactionn mim xtturure e isiss tttheheenn filtered. 

What are the iono ss prprese ent inin tthehe ffiltrate after filtration? 

A H+ aandnd NNO33
-

B Ag+, Cl- aandndd NNOO33
--

C AAgg++ aandnd NNOO33
--

D HHHHHHHHHHHHHHHHHHHHHHHH+++++++++++++++++++++, AgAgAgAgAgAgAgAgAgAgAgAgAgAgAgAgAgAgAgAgAAAgAgAgAgAggAgAA + aaaaaaaaaaaaaaaaaaaaaaaaaaandnnndndndndndndndnndndndnnnnnnnnnnn  NO3
-

15 Which of the following substances would not produce copper(II) nitrate crystals
with dilute nitric acid? 



27 

16 Which one of the options below matches the correct salt preparation methods 
used to prepare the salts? 

titration precipitation adding excess base 
to acid 

A ammonium nitrate lead(II) sulfate sodium chloride
B calcium carbonate lead(II) chloride magnesium chloride
C copper(II) sulfate lead(II) nitrate lead(II) nitrate
D potassium ethanoate lead(II) bromide zinc sulfate

17 Which statement correctly describes the changes in the elements from left to 
right across a period of the Periodic Table? 

A The size of atoms increases. 
B The number of electron shells increases. 
C The number of valence electrons increases. 
D The elements changes from non-metallic to metallic. 

18 Each of the halogens, X2, Y2 and Z2 was added to separate solutions containing 
ions of one of the other two halogens. 
The table shows the results. 

halogen added NaX solution NaY solution NaZ solution
X2 ̶ Y2 displaced No visible reaction
Y2 No visible reaction ̶ No visible reaction
Z2 X2 displaced Y2 displaced ̶

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

A Y, X, Z B Y, Z, X 
C X, Y, Z D Z, X, Y 
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C copper(II) sulfate lead(II) nitrate lead(II) nitrate
D potassium ethanoate lead(II) bromide zincccccccccccccccccccccc ssssssssssssssssssssssululuulululululululuuluulululuuululfaffffffffffffff te

17 Which statement correctly describes the changes in the eeeeeeelelelelelelelememememememementntntntntntntsssssss ffffffrom left to 
right across a period of the Periodic Table? 

A The size of atoms increases.
B The number of electron shells increases. 
C The number of valence electronsssssssssssssssssssss incnccccncccccccccccccccccccreeeeeeeeeeeeeeeeeeeeeeeeeasasaaaaasaasasasasasasssssaaassssssassssasssssssassssssssaaasssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssassaaasaaaaasasassasssassssssesesesesesssessesssesessesesessssesesessssesesessssssesesssssesessesssesesseseesssseseesseseeeeeeesesseseeeeeeeseeeeeeeeeeseseeeeeseeseeeeeesesseeeeseeeeesseeeeeeeeseeeeseeeeeeeseeesseeeeeeeeseeseeeeeessseeeeeesseeeeesseeeeeeesessssseeeessssssssssssssss. . .
D The elements changes from non-metallic ttoooooooooooooooooooooooooo memememememmmmmemmmmmmemememeemememmmmmemmmemmeeemememememmmmmmmmememmemememeeememmememmmeemememmmmemmemmemememmmmemmememememememememmmmmmemememmmmmeeeemememeeememememmmmememmmmmemmmeemmmmmmeeeemmmmmmmemmmmmmmmmeeeeemmmmemeeeeemeeeeeemeeemmeeeeeemmeeeeemetttttttatttttttttattttttttattttttttttttttttatattttttatttttttttatatttttttatatttttatatatattttttaatatatatatataatttaat lllllllllllllllllll ic. 

18 Each of the halogens, X2, Y2 and Z2 was addeddd to separateeeeeee sssssssoooooloo utions containing
ions of one of the other two halogens. 
The table shows the results. 

halogen added NaX sosolulutitiono NaNaYY solution NaZ solution
X2 ̶̶ YY2 displaced No visible reaction
Y2 No visibbblele rreaeae ctioionn ̶ No visible reaction
Z2 X22 didispspplalacec d Y2 displaced ̶

Which of thehe ffollowiwingngg sshohowsws the order of increasing reactivity of elements X, Y
and Z? 

A YYYYYYYYYYYYYYYYYYYY, XXXXXXXXXXXXXXXXXXXXXXXXXXXXX,,,,,,,,, ZZZZZZZZZZZZZZ B Y, Z, X 
C X, YY,, ZZ D Z, X, Y 
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19 The chemical equation below shows the reaction between element X and cold 
water. The element X has an atomic number of 55. 

2X + 2H2O → 2XOH + H2

Which statement about element X is correct? 

A It displaces metallic potassium from aqueous potassium chloride. 
B It is produced during the electrolysis of XCl(aq). 
C It forms a carbonate that is readily decomposed by heat. 
D Its reactivity with cold water is the same as potassium. 

20 Astatine (At) is a member of the halogen family. It has a proton number greater 
than the other halogens. It is expected that astatine 

A has the lowest melting point. 
B is a coloured liquid at room temperature. 
C is the halogen with the weakest oxidizing power. 
D is the most reactive halogen. 

21 The diagram shows the structure of bronze. 

Why is bronze harder than pure copper? 

A The tin atoms form strong covalent bonds with the copper atoms 
B The tin atoms prevent layers of copper atoms from sliding past one another 

easily. 
C The tin atoms prevent the sea of delocalized electrons from moving freely 

among the copper atoms. 
D Tin atoms have more electrons than the copper atoms. 

copper
tin
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A It displaces metallic potassium from aqueous potassium chloride.
B It is produced during the electrolysis of XCl(aq). 
C It forms a carbonate that is readily decomposed by heat.
D Its reactivity with cold water is the same as potassium. 

20 Astatine (At) is a member of the halogen family. It haaaaaasssssss aaaaaaa prprprprprprprotototototototooooonoo  numumumumumumumbebebebebebeber r r rr r r grgrgrgrgrgrgreeater 
than the other halogens. It is expected that astatine 

A has the lowest melting point. 
B is a coloured liquid at room temperature. 
C is the halogen with the weaaaaaaaaaaaaaaaaaaakekekekekekekekekekekekekekekekekekekkk ssststststststsssstsssssstsssts  oxidizizizizizizizzzizizizizizizizzizizizingngngngngngnggngngngngngngngngngngngngn ppower. 
D is the most reactive halogen. 

21 The diagram shows the structtururee ofoff bror nze. 

Why is bronze hahardrderer tthahaannn pure copper? 

A TTheheh ttininn atotomsm  form strong covalent bonds with the copper atoms 
B Theee tttttttttttttttttttttttininnininininininininininininnninnnnnnnn aaaaaaaaaaaaaaaaaaaaaaaaaatottttttttttttttttttttt ms prevent layers of copper atoms from sliding past one another 

easily. 
C The tin atoms prevent the sea of delocalized electrons from moving freely 

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

A decomposition of hydrogen peroxide 
B decomposition of copper(II) carbonate 
C decomposition of silver carbonate 
D reaction between hydrochloric acid and sodium carbonate 

23 The diagram below shows two metal strips, iron and lead, placed in a beaker 
containing a mixture of cations. 

Which of the following mixture of cations would cause the two metal strips to 
remain unchanged? 

A Na+, Ca2+, Al3+, K+

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

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

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

24 When a current was passed through acidified aqueous copper(II) sulfate, there 
was simultaneous liberation, at the cathode, of x mol of copper and y dm3 of 
hydrogen (measured at room temperature and pressure). 

How many moles of electrons passed through the solution? 

A +  
B +  
C 2 +  
D 2 +  

lead

mixture of cations

iron
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23 The diagram below shows two metal strips, iron and lead, placed in a beaker 
containing a mixture of cations. 

Which of the following mixture of cations would cause the e eeeee twtwtwtwtwtwtwo mememememememetatatatatatatal strips to 
remain unchanged? 

A Na+, Ca2+,,,,,,,,,,,,, AAAAAAAAl3+ll , KKKKKKKKKKKK++++++++++++++++++++

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

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

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

2422  When a currentn wwasas passesedd ththrorough acidified aqueous copper(II) sulfate, there
was simulttananeoousus libereratata ioion,n aat t t ththe cathode, of x mol of copper and x y dmy 3 of 
hydrogen ((memeeasa urreded aat t roroomomm temperature and pressure). 

How mamanynyy mmmololeses oof f elelectrons passed through the solution? 

A +
B +

leeeeeeadadadadadadad

mmmmmmmmmimimmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm xxxxtttxtxx uuuuuuru e ofoffffff cccccccatatatatatatatioioioioioioionsnnnnnn

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

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

4. Bubbles of colourless gas are formed around the zinc electrode.
5. The aqueous iron(II) nitrate fades from green to colourless.
6. The iron electrode decreases in size.

A 2 only 
B 1 and 3 only 
C 1, 2 and 3 
D None of the above 

26 In the diagram below, each cell contains an aqueous solution of a single salt and 
all four electrodes are graphite. Electrodes R and Y increase in mass during the 
electrolysis but no gas is given off at R and Y.

If an increase in mass of R is greater than the increase in mass of Y in the same 
time, which of the following statements is necessarily true? 

A The anions of the solutions in cells 1 and 2 are different. 
B The cations of the solutions in cells 1 and 2 are different. 
C The current flowing in cell 1 is greater than the current flowing in cell 2. 
D The solution in cell 1 is more concentrated than the solution in cell 2. 

Q R X Y

Cell 1 Cell 2

zinciron

aqueous iron(II) nitrate
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Which of the following observation(s) would be seen? 

4. Bubbles of colourless gas are formed around the zinnnnnnnc c c c cc c elelelelelelelececececececectrtrtrtrtrtrtroooodoo e.
5. The aqueous iron(II) nitrate fades from green to cololololoooourururururururuu leleleleleleleeeeeeeeeeeeeeessssssss..
6. The iron electrode decreases in size.

A 2 only 
B 1 and 3 only 
C 1, 2 and 3
D None of the above 

26 In the diagram below, each cell contntaiins an aqaqueueououss soss lution of a single salt and
all four electrodes are graphite. ElElececctrtroddeses RRR aandnd Y Y increase in mass during the
electrolysis but no gas is given off att RR ananndd Y.Y.

If i i f R i t th th i i f Y i th

Q R X Y

CellCell 11 Cell Cell 22

aqueous iron(II) nitrate
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27 Dilute sodium chloride was electrolysed using inert electrodes. After some time, 
the remaining electrolyte was then added in excess to an unknown colourless 
solution. 

The graph of mass of precipitate formed against volume of electrolyte added was 
plotted. Which of the following shows the correct graph and the possible identity 
of the cation in the unknown colourless solution? 

Graph Possible cation in 
unknown solution 

A

   

Zn2+

B

 
  

Ag+

C

 
  

Al3+

D

 
   

Cu2+

volume of electrolyte added / cm3

volume of electrolyte added / cm3

volume of electrolyte added / cm3

mass of 
precipitate 
formed / g

mass of 
precipitate 
formed / g

mass of 
precipitate 
formed / g

mass of 
precipitate 
formed / g

volume of electrolyte added / cm3
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Graph Possibleleleeeee cccccccataaaaaa ion in 
unknowowowowowowown sooooooolllullll tion 

A

 

ZnZnZnZnZnZnZn2+++

B Ag++++++++++++++++++++

C Al3+

D Cu2+

vovovvovovovovovovovovovovovovovvovovoolumememememememmemememememememememmemmmmmmm ooooooooooooooooooof f fff ffffff ff ffffffff ellllllllllllllllllececececececececececececececccececececececece trtrtrtrttttrtrttrttttrttttrttt ololololololololollolollololololloololoooooooo ytyyy e adadadadadadadadadadadadadadaddadadadadaadaddadaaddedededededededeedededededededededededeeededeeddd dddddddddddddddddddddddddd / / / / // / ///////////////// cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmmcmcmcmm3

voolulumem  of electrolyte added / cm3

mass of 
precipitate
formed / g

mass of
precipitate
formed / ggg

mass of f
preccipipititatee
formmeded // g

mass of 
precipitate 

volume of electrolyte added / / / cmcmcmcmcmcmcmcmmcmcmcmcmcmcmcmmmmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmmcmmmmcmcmcmcmccmcmcmmcmmcmmmcmcmcmcmcmcmmmmmcmcmcmcmcmcmmcmcmcmcmcmcmccmmmcmccmcmcmmccccmmmmcmcmmmccmcmmcmccmccmcmcccmmmmcmcmccmcmcmmmmmcmmmccmccmmmmmmmcmmmmccmmmmcmcccccccmmmmmmcmcmmmmcmmccmmmmcmm33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
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28 The diagram below represents the energy profile diagram for the following 
reaction: 

Y + Z → 2X

What is the enthalpy change for the decomposition of 4 moles of X to substances 
Y and Z? 

A +40 kJ
B - 40 kJ
C +80 kJ
D - 80 kJ

29 Which of the following processes are endothermic? 

1  F2 → 2F
2 combustion of ethane 
3 obtaining lime (CaO) from limestone (CaCO3) 
4 reacting hydrogen with oxygen 

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

Y + Z

Energy 

2X

100 kJ60 kJ

progress of reaction
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What is the enthalpy change for the decomposition of 4 mmmmmmolololololololeseseseseseses oooooooff XXXXXXX ttttttto oo ooo o subssssssstatatatatatatances 
Y and Z?

A +40 kJ
B - 40 kJ
C +80 kJ
D - 80 kJ

29 Which of the following processes are endothermic??

1 F2 → 2F
2  combustion of etthahanene 
3 obtaining lime (CaCaO)O)) ffrorom m lilimemem ststs one (CaCO3) 
4 reacting hydrogggenen wwitithh oxoxygygenen 

A 1 anndd 2 
B B BBBBBBBBBBBBBBBBB 11 anananananananananananananaanananananananannnnnnddddddddddddddddddddddddd 333333333333333333333333333
C  2 and 4 
D  3 3 anana dd 44

Y ZZ

22XX progress offfff ff rrrerrrr actitiiiiiioooooono
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30 Nonane is a hydrocarbon with molecular formula, C9H20. 
One of the reactions of nonane is shown by the equation below. 

C9H20 → C5H12 + C4H8    ∆H = +114 kJ 

Which of the following statements about the reaction is correct? 

A It is a substitution reaction.  
B The change in enthalpy of combustion is 114 kJ per mole of nonane. 
C The products possess more energy than the reactants. 
D The total energy change in bond formation is more than that in bond 

breaking. 

31 In an experiment, magnesium powder is added to dilute hydrochloric acid at 
room temperature. When the temperature of the same reaction was increased to 
50 oC, the speed of the reaction increased.  

This is because an increase in temperature 

A results in the particles to possess more kinetic energy which in turn 
increases the frequency of collision between the particles. 

B lowers the activation energy of the reaction which in turn increases the 
frequency of effective collisions. 

C produces chemical energy which causes the particles to move faster which 
in turn increases the frequency of collision between the particles. 

D causes magnesium to expand resulting in larger surface area to volume 
ratio which in turn increases the frequency of collision between the 
particles. 
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A It is a substitution reaction. 
B The change in enthalpy of combustion is 114 kJ per mole oof f f f f f f nonononononononannn ne. 
C The products possess more energy than the reactants. 
D The total energy change in bond formation is more than ththhhhhhatatatatatatat iiiiiiinnnnnnn bobobobobobobond 

breaking. 

31 In an experiment, magnesium powder is added tooooooo ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddililililililililllututututututtututututututututtuttttttttuttuttutttttttttttttttttttttttttuttttttuuttttttttttutttttttttttttteeeeeeee eeeeeeeeeeeeeeeeeeeeee e e eeeeeeee eeeeeee eee eeeeeeeeeeeeee e eeeeeee e eeeeeeeeeeeeeee eeeeee eee eeeeeeeee hhhhhyhh droccccccchlhlhlhlhlhlhlorororororororicicicicicicic acid at 
room temperature. When the temperature of the sssasasasasasasasasasasaaaasasasaasaaasasaasaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaasaaasaasaaaaaaaaaaaaaaaaaaaaaaaasaaaasaamemememememememememmmemememmememememememememememememeememememmemememememememeememememememememmemememmmememememeemememememememmemmemmmemeeeememememmmmeemememememmmeemmemememememmemeemmmemeememmememmmmemmmemmmmmmemmmeememmmmmemmmeeeemmmmemeeemmmmmeemmemmeeeeemmmeemmeeeemeeeeemeemmmmmeeeeeee rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreaeaeaeaeaeeeaeaeaeaaeaeaeaeaaaaeaeaeeeaeaaaeaeaeaaaeeeeaeaaaaeaeaeaaeaaeeeeeaaeaeaeaeeaeeaeeeeeeaeaeaeaeaeeeeeeeeaaaeaeeeeeaeaeaeaeaeaeeeaeeaaeaeaeeeaeaaeaaaeaeeaeaeaeaeeaeaeeaaaeeaeaeeeeeeaaaaeaeeaeaeaeaaaeaaeaaaaeaeaaeaaaaaaeeeaeeeeeaaaaaaaaaeeeeeeeaaaaaaaaaeeaaaaaaeaeaaaeeeaaaaaeeeeaaaeeeeeaaaeeeaaaaaaeaeeeee ctctttctttccccccccccccccccc ioooooon waaaaaaasssssss ininininininincrcrcrcrcrcrcreaeeeeee sed to 
50 oC, the speed of the reaction increased. 

This is because an increase in temperature 

A results in the paaaaaaaaaaaaaaaaaartr iccccccccccccccccccccccccles toooooooooo pppppppppppppppppppososososososososososososososossossosssssseeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssss mmmmmmmmmmmmmmmmmmmmoroooooooooooooooo e kikkikikkkkkkkikkikkikkkkkkkkkkkk netic enenenenenenenenenenennenenenenenenenenennererererererererererererereererererererereee gy which in turn 
increases the frequeueueueueueueueuuueueueuueueueuueueeeency y yy y y y y yy y y yyyyyyyyy ofofofofofofoffofofofofofooofofofofooooo cccccccccccccolooolooloooolooolooooooloooooooo lisisssssssssssssssssssss on bbbbbbbbbbbbbetweweeweeeweweeweweeweweweweeweeeeeenenenenenenenenennnnennenneneneneneneneeeneenn tttttttttttttthhehhhhhhhhhhhhhhhhhhhhhhh  particles.

B lowers the activation enenn rggy y ofof thee reaeactcttioionn whwww ich in turn increases the 
frequeu ncy of effective colollilisisionons.

C produces chemical energrgy y whwhicichh cacac ususu esese  the particles to move faster which 
in turn increases the frreqeqe ueuencncy y ofof ccololliisisioon between the particles.

D causes mam gngnessium toto eexpxpand resulting in larger surface area to volume 
ratio whiccchh in ttururu nn inincrcreaeae sses the frequency of collision between the 
particcleles.s. 
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32 Curve I shows the total volume of hydrogen gas produced after 1.0 g of zinc 
strips were added to 25 cm3 of 1.0 mol/ dm3 hydrochloric acid. 

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

A second experiment was conducted using 5.0 g of zinc powder with 25 cm3 of 
1.0 mol/ dm3 hydrochloric acid. 

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

33 Potassium chlorate, KClO3, undergoes thermal decomposition as shown in the 
chemical equation below: 

2KClO3(s) → 2KCl(s) + 3O2(g) 

A student would like to investigate the factors affecting the rate of thermal 
decomposition of potassium chlorate, KClO3, in the presence of manganese(IV) 
oxide as catalyst. The student performs the investigation as follows: 

Experiment 1 Experiment 2
25 cm3 of 0.50 mol/dm3 of KClO3 and 
powdered manganese(IV) oxide 

50 cm3 of 0.50 mol/dm3 of KClO3 and 
lump manganese(IV) oxide 

What would be the effect on the rate and on the final volume of O2 released in 
experiment 2 compared to experiment 1? 

Rate of reaction Volume of O2 released
A Decrease Unchanged
B Decrease Increase
C Increase Unchanged
D Increase Increase

vo
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m
e 
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2

pr
od
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m

3 A
B

C D
curve I

time / s
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The equation for this reaction is: Zn (s) + 2HCl (aq) l  ZnCl2ll  (aqqqqqqq))))))) + HHHHH2222222 ((g) 

A second experiment was conducted using 5.0 g of zinc c c c c c c popopopopopopowdwdwdwdwdwdwder wwwwwwwititititititith 2555 cccccccm3 of 
1.0 mol/ dm3 hydrochloric acid. 

Which of the curves, A, B, C or D, would be obtaineeeeeeedddddddddddddddddddddd foooofoofofofofofofofofofofoofofoffoofofooofoofoffofofofooffooooofofofoooofofofofoofofofofofoooofofooofofoooofofofofofofofofoofffffofofooofofoooofffooofofooooffffooofofoooofoffoofofofofofffffffofffoofoffofoofoooooofffooooooooooooooooooooooooooooooooooooorrrrrr r rrr r rr r rrrrrrrrrrrrrrrrrrrrrrrr thththththththththhththththhththhhhhhththhhhhthththhhththhththththhhhthththththhhhththththhthththththhhthththththththhhthththhhhhhhthhhhthththhthhththhththhththththththththththtthhhttthtthhtthhhhhttttttttttttttttthhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee sssssses condndndndndndnd expxperiment? 

33 Potassium chlorate, KClOll 3, undergoes thermal deeeeeeccccococococooooooooooooccocooooooooooooooommposiiitiii iiioioioi nnnnnn as ssssssshohohohohohohown in the 
chemical equation below: 

2KClO3(s) → 2KCl(s) + 3O3O3 2(g) 

A student would like to inveeststigigatattee thhee fafactctc ororss affecting the rate of thermal
decomposition of potassium chlhloratte,e, KKCCCllOO33,, in the presence of manganese(IV) 
oxide as catalyst. The studeentnt ppererfoformrmss ththe e ininvestigation as follows: 

Exxxpeperirimem ntnt 11 Experiment 2
25 cm3 of 0.5500 mol/dmm33 ofof KKCCllOO3 and
powdered mangaganenesesee(I(IV)V)) ooxide 

50 cm3 of 0.50 mol/dm3 of KClO3 and
lump manganese(IV) oxide 

What wwwououo ldld bbbe ththee efe fect on the rate and on the final volume of O2 released in 
experimeentnt 222 ccomo pared to experiment 1? 

Rate of reaction Volume of O2 released

vo pr
o

time / s
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34 The diagram below shows the setup of manufacturing ammonia using the Haber 
Process. 

Which of the following statements is true? 

A P dissolves in water to form an alkaline solution. 
B Q is a compound consisting of two elements. 
C R is a compound of a transition metal. 
D X is obtained from the distillation of air. 

Compressor
Re-circulation
Pump 

C
on

de
ns

er
 

Reaction
chamber 

N2 X

R

Q

P
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Which of the following statements is true? 

A P dissolves in water rrrrrrrrr r rrrrrr tototototototototototototototototototooto formmm mmmmmmmmmmmmmmmmmmmm anananaanaanaanananananaanananananananan aaaaaaaaaaaaaaaaaaaaaaalkllllllllll aline soooosoosoosoosooooooooooooolution. 
B Q is a compound consisting of two elements.  
C R is a compound of a tranansis tionoo mmetal.
D X is obtained from the diistillatitionn of air. 

Compressor
ReReReReReReRe-------cccccicc rculatio
PPPPPPPump 
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35 A sample of dry air trapped in a syringe is slowly passed over excess heated iron 
filings in a tube until there is no further decreased in volume. 

The original volume of dry air is 150 cm3. When the tube is cooled to room 
temperature, what is the expected volume left in the syringe? 

A 30 cm3

B 45 cm3

C 80 cm3

D 120 cm3

36 Which atmospheric pollutants, emitted by internal combustion engines, may react 
together in the presence of palladium catalyst to convert them into more 
environmentally-friendly products? 

A carbon monoxide and unburnt hydrocarbons 
B carbon monoxide and nitrogen dioxide 

 C nitrogen dioxide and sulfur dioxide 
D sulfur dioxide and unburnt hydrocarbons 

dry air iron filings
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The original volume of dry air is 150 cm3. When theheheheheheheee tttttttuubububuuuuuuubuuuuububbbbuubbbbbubbbubbbbbeeeeeee is cooooooooooooooleleleleleleleddddddd tototototototo room 
temperature, what is the expected volume left in theheheheheheheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssyryryryryrryryryryrryryrryryrryryryryyyrrrrryryrrryrryryryryryrryryryryrryryryyyyrrryryryryryyryryryryyyrryryyyyyyyyyyryyryryryryyyyyrrrryyyyyyryyyyryyyyyyryryyyyyryyryyyryyryyryyyryyryryyyyryryryyyryyrryyrryyrryyryryrrryryryrrrrryrrrryrryrryrryrrryyyyyyy innninniinininninininininininnninininiiiniinininnininiininininniniiiinininininnnnnninininininnnnininininininnininnnnnnnnnnnnnnnnnnininnninnnninininnnnnnnnnnninininiiiiniinniiiiiiiinnnnnnnnnnnnggeggeggegegegegegeggeggegegegeggeggggggegegggggggegggegggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg ????????? ??????????

A 30 cm3

B 45 cm3

C 80 cm3

D 120 cm3

36 Which atmospheric pollutants, emitttet dd by interernanal l cocombmm ustion engines, may react
together in the presence of papallladada iuum m cacaatatalylystst to convert them into more 
environmentally-friendly produucts? 

A carbon monoxide and ununnbuburnt t hyhydrocarbons 
B BBBBBBBBBBBBBBBBBBBB cacacacacacacacacaccaccacaccacccaaacaarbon mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmonnnnnnnnnnnnnnnnnnnnnnnnoxooxoxoooxoooooooooooooo ide e eee e e anaanannannanananaanananananananannannaaaaana dddddddddddddddddddddd ninininininininnininnininininininininniniiin trtrtrtrtrtrtrtrtrttrtrtrtrtrtrtrtrtrtrtrtrrtrtrogogogogogooogogogogogogogogogogogoogogoggogogogen dioxide 
C nitrogogenn dioxiidede aandnd sssululfufur dioxide
D sulfur dioxixidede aandnd uuunnburnt hydrocarbons

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

A fuel for jet engines and cooking 
B fuel for car engines and heating 
C for making waxes and road surfaces 
D feedstock for petrochemicals and fuel for cooking 

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

A B

C    D

39 Which substance is formed when butan-1-ol, C4H9OH, is oxidised by aqueous 
acidified potassium manganate(VII), KMnO4? 

A  C4H10

B  C3H7CO2K 
C  C3H7CO2H 
D  C4H9CO2H 
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38 Which of the following structure formulae is not isomer of each other? 

A B

C   D

39 Which subsb tance is formed whwhenn bbutanan-1-1-o-ol,l, CC44HH9OH, is oxidised by aqueous 
acidified potassium manganatte(e(VII)),, KMKMnOnO44? ? ?

A C4H10

B  C3H7COO222K K
CCCCCCCCCCCCCCCCCCCCCCCCC  CCCCCCCCCCCCCCCCCCCCCCCCCC333333333333HHHHHHHHHHHHHHHHHHHHHH77777777777777777777COOOOOOOOOOCOOOOOOOOOOOOOOOOOOO2H 
D  C4H9CO22HH



38 

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

Which is the monomer that makes up polymer X? 

A B 

C D

~~End of Paper~~ 
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p p y

A B 

C DDDDDDDDDDDDDDD

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

1 A 21 B
2 B 22 C
3 C 23 A
4 D 24 C
5 A 25 A
6 B 26 B
7 D 27 B
8 C 28 C
9 B 29 B
10 B 30 C
11 D 31 A
12 D 32 B
13 B 33 B
14 D 34 A
15 B 35 D
16 D 36 B
17 C 37 A
18 A 38 D
19 A 39 C
20 C 40 D
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6 B 26 B
7 D 27 B
8 C 28 CCCCCCC
9 B 29 BBBBBBB
10 B 30 CCCCCCC
11 D 31 AAAAAAA
12 D 32 BBBBBBB
13 B 3333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333 BBBBBBB
14 D 3434334343434434343343434343434343433443434343434333333344343443434343433434343434343443443434343334344343443434343434343433434434443434343343433334434343334434343433443443434343334444443433444344343434444343434334344333334333333343433334333333344333434333333343433334333443333343443434444333344334333444433344334344334344444444444444 AAAAAAA
15 B 35353535355553533535353555353535353535355553535353353353553353535333353353555333333333333535335353533535333535353353335353333335355333335355535333555355533533355555353555353355555353353355535353535335553353355333555533355533355555335555555555535555555555555555555 DDDDDDD
16 D 36 BBBBBBB
17 C 37 A
18 A 38383 D
19 A 3939 C
20 C 4040 D



2017 S4 Prelim Paper II Solutions 

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

(b) Propanol, methyl ethanoate

Bromine, Methyl Ethanoate

Bromine, Propanol

[1]

(c) Methyl ethanoate [1]

(d) Water [1]

(e) Bromine and sodium iodide

Hydrogen peroxide and sodium iodide

[1]

(f) Silicon dioxide

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

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

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

point is very high.

[3]

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

of a carbon-12 atom.

[1]

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

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

No of moles of Mg = 0.0015 mol

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

[2]
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c) Methyl ethanoate

d) Water

e) Bromine and sodium iodide

Hydrogen peroxide and sodium iodide

f) Silicon dioxide

It has a giant molecular ssstrtrtrtrtrtrtrtrtrtrtrtrtrtttrtrtrttttttttttttttt ucucucucuccucuccucucucucuccucucucuucuuuuuuuu tut reeeeeeeeeeeeeeeeeeeeeee / giaaaaaaaaaaaaaaaaaaaaantntnnnnnnnnnnnnnnnnnnn ccccccccccccccccccccccccccccccconooo vavaavavavaaavavavavaaavavaaavavavavavavavaaavav leeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeent ssssstrttttttttt ucture/c/c/c/c/c/c/c/c/cc/c/c/c/c/c/c/cccc/comomomomomomomommomomomomomoomoomoompound

Si and O atoms are eeeeeeeeeeeeeeeee bondedededededededededededededededededededededeededeeeededdddd by yyyyyyyyyyyy yyyyyyy yyyyyyyyy ststttststtsttsttstststststsssststsststststssssssss rorororoorororororoooroorororororrororororororr ngnngnnnngnnngnnnnnnnnnnnnnnnngnnnnng ccccccccccccccccccccccccccccccccovalllllllllllllent t tt tt boboboboboboboboboboboboboboboobobobobobobobobobobobobobobobondndndndndndndndndnddndndndndndndndnnddndndndndnddnndndndnnndnddnnnnnnnnds sssssssssssssssssssssssssss in a vast/giant network.

A lot of energy issssssssssssssssssssssssssssssss rrrrrrrrrrrrrrrrrrrrrrrrrrrreqeeeqeqeqeeqeqeqeqeeqeqeqeqeqeqeqeqeqeqeeeqquiuiuuuiuiuuiuuiuuiuiuiuiuiuuiuuuuuiiiiiirererrrererrrrrrrrrrrrerrrrer d toototototootooootoooooootooototoooooooototoootott ooooooooooooooooooooooooooooooooooveveveeveveveveveeveeveveveveveveveveveeveveveevvvercrrrcrcrcrcrrrrrrrcrrrrrrrrrrrrrrr omomomomooomomoomoomomoooooooooooooooooooo e thththhhthhththhhhthththththhththththththhhthhtthtttttt e eeeeeeeeeeeeeeeeeeeeeeeeeeeee ststststtststststtssssssstsststtssssssssssssss rorororrorororrrrororrororrrororororororrororrrrororrorooooooongngngngngngngngnngngngngngnngngngngngngngnnngnngngnnnnnn  covalent bonds hence boiling

point is vvvvvvvereererererererererererrererererrrrrrrrrrrrry yyyyyyyyyyyyyyyy hihhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh gh.

A2(a) (i) AvAAAAAAAAAAAAAAAAAAAAAAAAAA erage mamamamamamamamamamamamamamaaaaaammamamammmammmmmmm ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss oooooooooooooooooof ononnnnnnnnnnnnnnnne e e eeeeee e eeee eeeeeeeeeeeeee eeeeeee atatatatatatatatataatatataatatatatatatatatatattattttttattataaatata omomomomomomommomomomomomommomomomooommmomomomomomomomomomoomomomomoo of the element compared with 1/12 of the mass

ofofoffofoffofofofofofofofoofofofofofofofofofofofofofooo aaaaaaaaaaaaaaaaaaaaaaaaa cccccccccccccccccccccccccccccccaraaaaaa bobobobobobobobobobobobobobobbbobobbobbooboboooboooooooooooooooon-1222 aaaaaaaaaaaaaaaaaaaaaaaaaatottotootototototoooooooooooootoootoooooooooooooooommmmmmmmmmmmmmmmmmmmmmmmmmmmm.

(ii) MggMgggggMggggggggggggggggMggggggggggggggggg ((((((((((((((((((((((((((((((((((s)s)s)s)s)s)s)s)s)s)s)s)s)s)sss))))))))))))))) +++++++++++++++++++++++++++++++++ 2222222222222222HCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCCCHCHCCCCHCCCCHCHCCClllllllllllllllllllllllll (a(((((((((((((((((((((((((((( q) MgCl2ll (aq) + H2 (g) 

(iii) No of moles of H2 = 36 / 1000 ÷ 24 = 0.0015 mol
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(b) 2Mg + O2 2MgO

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

No of theoretical moles of magnesium oxide formed = 500 mol

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

[2]

(c) (i) Ammonia gas 

X + 6H2O 3Mg(OH)2 + 2NH3

Hence, the compound is Mg3N2

[2]

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

A3
(a)

Aluminium has a giant metallic structure.

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

mobile to conduct electricity.

[2]

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

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

kinetic energy which causes them to vibrate faster.

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

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

disorderly/random manner but closely arranged.

[3]

(c)
[2]
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) ( ) g

X + 6H2O 3Mg(OH)2 + 2NH3

Hence, the compound is Mg3N2

(ii) Magnesium reacts with nitrogen present in the aiririririririririrriririrrirrirrrr.....

A3
a)

Aluminium has a giant metallic structuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuurer .

The metallic cations are surrounnnnnnnnnununnnnnnnnuunununnunnuuunuunnu dededededdededdededdededdedededeeeeeeeeeeeeeeed bybbybybybybybybybybybybybybybybybybybybybybbbbbbbb aaaaaaaaaaaaaaaa sea oooooooooooooooooooooooooooooooof dddddeddddddddddddddddddddddddddddddd localised eeeeeleleleeleeellelellllelecccccccccccccccctttttrtttttttttt ons tttthththththhththhttttt at are free /

mobile to conduct electricityyyyyyyyyyyyyyyyy....

b) At -240 °C, the flffflflffflfffffflflllllflllffllllllluoooooooooooooooooooooooooririrrriririrrirririririririrrrrrrinennnnnnnnnnnnnnnnnnnnnnnn mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmololllollolollllllllllleceeeeeceeeeeeeeeeeeeeeeeeeeeeeeeeeee ulllllllesssssssssssssssssssssssssssss areeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee clcccccclclccclcclclclclclclclclclclcccccccc osossososososososossssossosososososossossossosoosossooooseleeleleeleeleleeleleeeeleleeleeeeeleeeeleeelly yyyyyyyyyyyyyyy and orderly/regularly arranged

(vibratinggggggggggggggggggggggg aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaabooooooooooooooooooooooooooooututututuuuuuuuuuuu tttttttttttttttttttheirrrrrrrrrrrrrrrrrrrrrrrrr fixxixxiixxxixiixixxxiixxxxxxxxededededdedededededededddededededededededededddddedededddedeeee ppppppppppososososososososososososososoosooooosoosooooooossssssittititittitititttititttittttitttitittttttittioioiioioioioiiioioioioioooioioioioioioioiioioooooooooon.nnnnnnnnnnnnnnnnnnnnnnn  AsAsAsAsAsAsAsAsAsAsAsAsAAsAAAsAsAsAsAsAsAAAsAsAAsAsAsAsAsAssAsAsss tttttttttttttttttttttememememememememmemmemememmememmmememememmmmemememmmemmeemmmpepepepepepepepepepepepepepepepeepepepepepepepeppepepepeppepepeepp rarrrrrrrrrrrrrrrrrr ture increases, the molecules gain

kineeeeeetic enenenneeeenneeneeneeneee ereeeeeeeeeeeeeeeeeee gy whhhwhhhwhwhwhhwhwhhwhwhhwhhwhwhhhhhhhhhhhhicichhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh caaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaausssssssssssssssssssssssssssses themmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm tototototototototootoototototototototoototttototoootototootttoo vvvvvvvvvvvvvvvvvvvvvvvvvvibrarararararrarararararararararaaraaraaaraaaaaaaaaaaatetetetetetetetetetetteteteteteeeteeeteteteteeeeetetttttt faster.

At ------------------2222222222222222222222222222222222222220 0 00 000000000 00000000000 °CCCCCCCCCCCCCCCCCCCCCCCCCC, thththtththttttthtttthththththtthththhhhhhhhhe fluooooooooooooooooooooooooooooooooooooriinennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  molololololololololoololllolololoooloooooooooooooooooo eceececececececececececececececececececcecececcecececceccececceculululululululuulullulululuulullulllluluu esesesesessessesesesesessesesesesesesesesesesessesseseessesesesesesses aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaare able to overcome the forces of attraction to

move outuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu  off fffffffffffffffffffff thhhhthhhthththhthththththhhthththhhthtthtthththththttheir fififififififififiififiifffifififffififfffffffff xexexexxexexexexexeexexexexexexxexexexxxxexexxeexxxxxeeedddddddddddddddddddddddddddddddd ppopopopopoppoppopopopppoppoppopopopppppppoppppp sissisisisisisisissisissississsssssssssssssssss tion, to slide and roll over each other in a

disorderlylylylyylyylylyyylylyyylyyyyyyyyyyyyyyyyy/r/r/rrrr/r/ ananaaaaaaanaaaaaanaaaaaaaaaaaanaanaaaaaandododododododododoodoodododododododoodododododoododododododododoododododdodoood mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm mamamamamamamamamamamamamamammamammmmammmmmmmmmmmm nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnererererererererrerererereeererrrerrereerereeeerr bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbut closely arranged.

c)
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(d) Aluminium fluoride has a giant ionic structure.

Strong electrostatic forces of attraction/strong ionic bonds between oppositely

charged ions.

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

Fluorine has a simple covalent / molecular structure.

Weak intermolecular forces of attraction / VDW between discrete molecules

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

Aluminium fluroide has high mp while fluorine has low mp. 

[3]

A4
(a)

Disagree.

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

[1]

(b) (i) Zn2+ [1]

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

(iii) A white precipitate is formed

dissolves in excess aqueous ammonia 

to form a colourless solution

[2]

(c) [1]
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Aluminium fluroide has high mp while fluorine has low mp.

A4
a)

Disagree.

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

b) (i) Zn2+

(ii) Zn2+ (aq) + 2OH- (aq) ZnZnZnnZnnnZnZnZnZZnZnZnZnnZnZ (O(((O(O(O((O(O((O(OOOOO((( H)H)H)H)H)H)H)H)HH)HHHH)H)H)HHHHHH)HHH)H)HHHH)H)H)H)H)H)))2 (s((s((s(s(s((s(s(((s(((s(s(((s(s(s(s(s((s( )

(iii) A white precipppppppppppppppppppppitititittittitititititittitttttttttittiii ataaaaaaaaaaaaaaaaaaaa e is fffffffffforororororooorororororororoororoororooooorrorrrrrmememememememememememeememeemememeeemememememememeemmemmem ddddddddddddddddddddddddddddddd

dissolves in eeexcxxcxxxcxcxxxcxxxxxxxxxxxxxxxxxxxx eseseseseseeeseseeseseseseseseseseseseeeseseseseseseeeeeess aqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaqaaqaaqaaqaqqqqqueouooooooooooooooooooooooooooooooooo s sssssssssssssssssssssssss amamamamamamammammmmamamammamamammammaammaaamaa mommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm niiiiia aaaa aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

to fororrooororrororrororoororrroorooooooororoo mmmmmmmmmmmmmmmmmmmm a ccccocccccccccccccccccccccccccccc loururururruururururuuruurrrurrleeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssss sssssssssssssssssssssssssssssolooolololololoololooloolololooloololoooooloolollutuuuuuuuuuuuuuuuuuuuuuu iooiooioiiooioiooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnn

c)
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A5
(a) Temperature change = 48.5 - 28.0 = 20.5

Heat absorbed = 4.18 x 750 x (20.5)

    = 64267.5 J 

    = 64.3 KJ     

[2]

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

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

[1]

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

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

(0.5m). 

[1]

(e) [3]
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b) Mass of propyne burnt = 4.60 – 2.16 = 2.44 g

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

c) Enthalpy change = 64.3 ÷ 0.0610 = - 1054 kJ/mol

d) Heat is lost to the surrounding (0.5m), hence the heat rrrelelelelelelelelelelelelelelleleeellllellelleaeeaeaeaeaeaaaaaeaeaeaaaaeaeaaaeaeaeaeaeeaeeaeaeaaaeaeaeeaeaeaeaeaeeaeaeaeaeeeaeaaeeeeaeaeaeeaeaeeaeaeeeeaeaeaeeaeaeeeeeeaaaaaeeaaaeaeeaaaeaaaaaaeeaaaaeeaaaaaaasssssseseseseseeeseesesesesesessesesesesseseeseesseseseesesseseseeeseeeseeseeseeeeeseseseseeeseeeeeeeeeeeseeseeeeeeeessseeesssssssss ddddddddddddddddddddddddddddddddddddddddddddddddddddddd isisisisisissisisisisisisisisssisis lowerereeeeeeereeeeeeeeeee tttttttttttthahahahahhahahahahahahahahahahahahahahan expected

(0.5m). 

e)
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A6
(a) Add aqueous sodium chloride (or any identified Group I chloride / ammomium

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

of thallium(I) chloride.

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

Wash the residue with plenty of distilled water.

Dry the residue in between sheets of filter paper.

[3]

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

Upon standing, dirty green precipitate turns reddish brown.

[2]

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

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

[2]

Section B

B7
(a)

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

● NO2 and SO2 will cause respiratory problems

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

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

to transport oxygen around the body, eventually leading to death

[3]

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

● Volcanic activities

[1]

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

paper with acidified aqueous potassium manganate (VII)

Purple acidified aqueous potassium manganate (VII) turns colourless /

decolourises

[2]

KiasuExamPaper.com

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

Upon standing, dirty green precipitate turns reddish brown.

(ii) Fe(OH)2 an insoluble base is formed as the dirty grrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnn prprprprprprprppprprpprpprprpprprprppprprprrrpprrprprrrrrrrprprprrrprrrprprppprprprprprpprprpppppppprpprpppppppppppppppppppppppp ecececececececececececececcececeeceeeeeeeeee ipitatttttttttttttttttteeeeee eeeeeeeeee

Fe(OH)2 will oxidised (0.5m) upon stannnnnnnnnnnndidddddddddddddddddd ng tooooo fofofofofofofofofofofofofofofofofofofofofofofofofofofofoofooofooooooooooooofoooofooooooooooooooooooooooooooooff rmrmrmrmrmrmrmrmrrmrmrmrmrmrmrmrmrmrmrmrmrrmrmrmrmrmrmrmrmmrmrmrmrrrmmrmrrmrrmrmrmrmrrrmrmrmrmmrmmmrmrrrmmrmmmmrmrrmrmmrmmmrmrmrmmmmmmmmmrmmrrmrmmmmmmmmmmmmmmmmmmmmmmmmmmmmmrmrmmmmrmmrmrrmmmm  FeFeFeFeFeeFFFeFeFeFeFeFeFeFeFeFeFeFeFeFeFFeFeFeFeFeFeFeFeFeFeFFeFeFFeFeFeFeFeFeFeFeFFFeFeFeFeFeFeFFeFeFFeFeFeFeFeeFFFeFeFeeFeFFeFeFFeeFeFeFeeeeeeeeeeFeeeeeeeeFeeFeeeFeeeeFFeFFeeFeeee(O(O(O(O(O(O(O(O(O(O(O(OO(O(O(O(O(OO(O(O(OOO(O(O(O(O(O(OO(O(O(OO(O(O(O(O(OO(O(O(OOO(O(O(O((O(OO(OOOO(O(O(O(OOO(OO(OO(O(O(O(O((O(O(O(OO(O(((OOOO(OO(O(O(O(O(OOO(O((OOOOO(OOOO(OOO(O(O(OOOOOOO(((OOOO(OOOOOOO(OOOOOH)H)H)H)H)H)H)H)H)H)H)H)H)H)H)H)H))HH)HHH)HH)HHH 33333333333333333.

Section B

B7
(a)

(i) ● Higher concentraaaaaaaaaaaaatitttittttittititittititttttttttttion offff fffff ffff SOSOSOSOOSOOSOSOSOSOSOSOOSOSOOSOSOSSOSOSOOSOSOSOSOSOSSOO22222222222222222222222, COCOOCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOOCOCCOCOCOCOCOCOCOCOCOCOCOOCOCOCCC aaaaaaaaaaaaaaaaaandddndndndndndndnddnddndndddndndndddddndnddndnnn NNNNNNNNNNNNNNNNNNNOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO22222222222222222222222

● NO2 anddddddddd SOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO2 wiwiwiwiwiwiwiwiwiwiwiwiwiwwwwiwiwiwwwwwwwwwwwwwwww ll cauuuuuuuuuuuuuseseseseseeseseseseseseseseseseseseseseesesessesesesseseesssesesee resesesesesesesesesesssssesessessessssessesssssssese pipipipipipipipipipipippipippppppipirarrarararrrarrrrrrrrrrrrrrrrrrrrrrr toryryryryyryryyyryryryryryryyryyyyyryyyyryyyyryyyyryryr ppppppppppppppppppppppppppppprororororoorooroororororororororoooororoorooorooroooblblblbbbblblblblbblbblblbblbbbbbbblblbbbblblblblbblbbbblb ememememememememmememememmmememmmemmmmmemmeemeememeemsssssssssss

● COOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOO wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwill cooooooooooooooooooooooooooooooooooombmbmbmbbmbbmbbmbbbmbbmbbmbmbmbbbbbbinininininninnnnnninnnnnnnnninnininininnnne eeeeeeeeeeee wiwiwwwwwwwwwwwwwwwwwwwwww ththhhththththththththththtththththtththtththhhhhhhhhhhh hhaemooooooooglgllgllglglglglglglglglglglglglglgglglglglgggggggggggg oboobobobobbobbbobobobobbobobbobobobobobobbbbobobboboobobooboboooobininininininnnininninininnnnininninnninininninninininiii iiiiiiiiiiiiiiin nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn rerrrrrrrrrrrrrrrrrrrrrrr d blood cells to form a very stable

compmpmpmppppmpmpmppmpppppppppppppppppppppppouuuuuuuuuuuuuuuuuuuuuuuuuuuuundn , caaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarboxyhhhhhhhhhhhhhhaeaeaeaeaeaeaeaeaeaeaaeaeaeaeaeaaeaeaeaeaeaeaeaeaeaaeaeaaeeeaaeaeaeaeaeeaea momomomomomomomomommomomomomomooooooooooglglggllglglglglglgglgggglglglggglgglgglglgg obobobobobbobooboboboboboboboboboboboboboboboboboboobobobbobboboobboboo inininininnninininininininnninninninnininininnninnnnni aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndnddndndndndnddndndndndndndndndndndndndndndndndnddddddddddd it reduces the red blood cells’ ability 

to transsssssssssssssssssssssssssspopopopopoopopopopopoppppppppppppppppppp rtrtrrrrtrtrtrrtrtrrrrrrrtrtrtrrrrrrrrrrr oooooooooooooooooooooooooooooooooxyxxyxyxyxxyyxyyxxyxyxxxyxyxxxyxyxyxxxxxxxxxxxxxxx gennnnnnnnnnnnnnnnnnnn ararararararararararaarrrarraarararararraraarararaaaaaaaaa ouououououoooououououououououououououuououououuouuouuououoououooououuundnnnnndndndndnnnnnnndnndndnnnnnnnnnnnnnnd the body, eventually leading to death

(ii) ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● CoCCCCCCCCCCCCCCCCCCCCCCCCCCC mbmmmm ustiititiitiiiititiititititiiitittttttt onononononoonnonnononoononnonononononnnnnnnnnnono /b/b/b/b/b/b/b/b/b/b/bb//b/b/b/b/b/bb/bb/b/b/b/b/b/b/b/b//b/bbb//b/bb/bb/ ururuuuuuuruuuuuuuuuuuruuruuuuuuuu nininininininiinininiiniinninininininininininiininnn ngnnnnnnnnnnnnnnnnnnnnnnnn  of fossil fuels/coal in power stations / factories

● VoVoVVoVoVoVoVoVVoVoVoVoVVoVoVoVoVoVoVoVoVoVoVoVoVoVVoVooVoVooVoVVVVVVolclcllllllllllllllccanananananananananananananananananannanananannanannananananananaaanannnic aaaaaaaaaaaaaaaactctctctctctctcctctctctctctctcctctctcccccctctccctctctctc iviviviviivivivivivivivivivvvivivvivvvivvivvvvvivvvviiii ities

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

paper with acidified aqueous potassium manganate (VII)
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(iv) SO2 + CaCO3  CaSO3 + CO2

2CaSO3 + O2 2CaSO4

OR

SO2 + H2O H2SO3

H2SO3 + CaCO3 3 + H2O + CO2

OR

SO2 + H2O + O2 H2SO4

H2SO4 + CaCO3 4 + H2O + CO2

[2]

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

pollutant values, the overall PSI is 190.

[2]

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

B8
(a)

[1]

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

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

will extinguish a lighted splint with a pop sound.

OR

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

acids.

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

will produce a white precipitate in limewater.

[2]
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SO2 + H2O + O2 H2SO4

H2SO4 + CaCO3 4 + H2O + CO2

(b) (i) Since the overall PSI is the maximum value out of ttttttttttttttttheheheheheheheheheheheheheeheheheheheh 55555555555555555555 ccccccccccccccccccccccaaaaaalaaaaaaaaaaaaa culaaaaateteteteteteteteteteteteeteteteeteted dddddddddddddddddd PSPSPSPSPSPSPSPSPSPSPSPSPSPSPSPSPSPSSSPPSIIIIIIIIIIIIIIII

pollutant values, the overall PSI is 190.

(ii) Advise the child to reduce playing ououououououououououououuouuouououououoouoooouooooooo tdtdtdtdttdtdtdtdtdtdttdtdtdttdttdtttdtdtdtdttdtddtddddddoor r rr r r rrr rrr r rr rrrrr fofofofofoffofofofofofoofofofofoofofofooofoooooofoooooooooooooofoooooooofooooooofoooofofoooooooooooooooooofofofofooof rrrrrr r r rrrrrrrrrrrrrrrrrrrrrrrrrrrrr r r rrr r r tototototototototototototototototototototototototototototototototototootototototototototototototototooototototototttttototottottttottooototoottooootootoottootoootootttoootooooottt ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo lolololololololoololololoololololoololoolololololoololololololoololololooolololololoolloolololooloollolollooololooooooloolloooooolooooooooooooooooloooooololllongngngngngngngngngngngngngngngngngngngngngngngngngnggngngngngngngnngngngngngnnngngnggngngngngnggngngngngngngggnggngngngngngngnggngnggngngnggnnngggnngngggngngggggnngggnggggggggggggggg 

B8
(a)

(b) AdAddAdAdAdAdAdAdAdAdAdAdAdAdAdAddAdAdAdAdAdAAddAAdAAAdAdAdAdAdAAAA dddd ZnZZZZZZZZZZZZZZZZZZZZZZZZ ((((((((((((((((other mmmmmmmmmmmmmmmmmmmmmmmmmmmmmetttetettetetttettettettetttetetetetete alaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa s sssssssssssss ss sssss sss sss s ss noonononononononononooooononoonoooonooooooooot accececeeeceeeecececececececeececeeccceecececececececccccc ptptptptptpptptptptptptptptptptptptptptptptptppttptptptptpppppptppp ededededededdedededededdddedddededededededdededededdededdeddeddddeed) to an aqueous solution of the acids.

Boooooooooooooooooooooooooooooothhththththhthhthhhhtttt rrrrrrrrrrrrrrrrrrrreaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactcccctcctccccccctcccccctcccc ionsnsnnsnsnsnsnsnnsnsnnsnsnsnsnsnsnsnsnsnssssssss wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwillllllllllll prpppppppppppppppppppp oducucucucuccucucucucucuccuccucucucuucuucuuuuuuuuu eeeeeeeeeeeeeeeeeeeeeeeee efefefefefefefeffefefeffefefefefeffefeffefefefefffeefefeefeefee fefefefefefefefefefefefefefffeffffffefefffeffffffffffervrvrvrvrvrvrvrvrvrvvrvrvrvrrvrvrvrvrrvrvrvrvrvrvrvvrvrvrvrvrrvrvrvvvvrvvveeeeseeeeeeeeeeeeeee cence of a colourless and odourless gas that 

will exexexexexexexexexexexexexexexexeexxeexxxexxxxxxxxxxxxxtingngngnngnngnnngngnngnngnnngngngnngnngngnnngngnggguish a lighghghghhghghghghghghghghghghghghgghghgghggghghgggggggggg tetetetetteteteteteteetteteeteteeteeetteeteeteteteteteeteteeeeeedddddddddddddddddddddddddddddddddddddddd spspsspspspspspspspspspspspspsppspspsppspsppspspspsppppppsspppspppliililillililillilililiilililiiliilililililiiilinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnt ttttttttttttttt with a pop sound.

OR

Add aqueouoououououoououoououououooouououououoouuouuuuuuuuuuuusssssssssssssssssssssssssssssssssssss sooooooooooooooooooooooooooooooooodididdddddididididddididididdiddidididddddiddddddididididdd umuuuuuuuuuuuuuuuuuuuuuuuuu  carbonate (or any identified aqueous carbonate) to the

acids. 

Both reactions will produce effervescence of a colourless and odourless gas which
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(c) Add aqueous acidified potassium manganate (VII) to both solutions and warm.

Hydroxypropanoic acid will decolourise purple potassium manganate (VII) solution

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

[2]

(d) (i) Condensation polymerisation [1]

(ii) [2]

(iii) ester [1]

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

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

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

[1]

EITHER
B9
(a) Diagram of electrolysis set up with copper as the anode, spoon as the cathode 

immersed in electrolyte

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

[2]

(b) Zinc is more reactive than iron

Zinc loses electrons more easily than iron.

Zinc corrodes in place of iron.

[2]

(c) (i) 2O2- O2 + 4e

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

temperature to from oxides of carbon.

[1]

(iii) 2Al2O3 4Al + 3O2 [1]

KiasuExamPaper.com

(iii) ester

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

There is loss of water / loss of H and O atatatatattatattatttttttttttttttttommomomomomommommomomomomomomomomommomommomomommomsssssssssssss dududududududududduuuuuudududuuduuduuuduuuuduuuuuuuduuuuuduuuudududuuuduuuuuuuduuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuririririiiririrrririiririrririrririririrriririririririirirrrrririririrririrrirrrrriririririrrrrrrrrririririrrrrrrirrririrrririrrriririrririirriiriririiirirrrrrrir ngngngngngngngngngngnngngngngngngngngngngngngngnngngngnnggggnggngngggggggggnggngggngngngngngngngnggngnggnggngnggnngnnnngngngngggnnggggggggggggggggggggggg tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttheheeeehehheheehehhehehehehhhehhehhhehehehehehehehehhehehehhehehehehhhehehhhhehehehhhehehehehehhehhehehhhehhehhheheheheheheheheehehheeeeheeheeheeheehehehhhehhhhheeeehhee ppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppoololololoolololllolololymymymyyymyymmymymmymymymymymymmy ererererereerererererereereereereee issisisississisisisssisisis tatattttataatatatatattatataatatioiooioioioioooooioioioioioioooonnnnnnnnnnnnnnnnnnnn prprprprprprprprprprprprpprprppprpppp ocess,

resulting in a decrease in the nummmmmmmmmmmmmmmmmmmmbebebeebebebebebbebebebebebbebebebbbebebebebbbbbb r r rr rrrrrrr rrrrrr rrr rrrrrrrrr rr of O aaaaaaaaandndndndndndndnnnnnnnnnnnnnnnnnnnnnnnn HHHHHHHHHHHHHHHHHHHHHHHHH atomsms.

EITHER
B9
(a) Diagram offffffffffffffffff eeeeeeeeeeeeeeeeeeeeeeeeeelectroooooooooooooooooooooooooooolyyyyyyyyyyyyyyyyyyyyyyyyyyysisisisisiisisisisisiisisisisssssssss ssssss sssssssssssssssss seeeeeeeeeet ttttttttttttttttttttt upupupupupupupupupupupupupupuppppupuppupuppppuppu wwwwwwwwwwwwwwwwwwwwwwwwwwittttttitttititititititititttittithhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh copppppppppppppppppppppppppppppppppppppppppereerereeeeeereerereeeeerrr aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasssssssssssssssssssssssssss thttththttthttttthttthththththtththhthhhheeeeeee e anode, spoon as the cathode 

immerseseseseseseseseseseseseseeseseseseseseseseesessssesesesesssss ddddddddddddddd innnnnnnnnnnnnnnnn eelelelleeeleleeleeeeeeeeeeeeeeeeeeeeeeectroooooooooooooooooooooooooooooolyteeeeeeeeeeeeeeeeeeeeeeeeeee

Idedededdededededededeededdedddededdededdeededdededddededdentifffffffffffffffffffffffffffieedddddddddddddddddd electrtrtrrrtrtrrtrrrrrrrrrrrrrrrrrrroyoyoyoyoooooooooooooooooooo ttetettetetetetetetetetetetttetettttttetetteeeeee (((((((((((((((((((((((((((((((((e.e.gggg.ggggggggggggggggggggggggggggg  aq CuCuCuCuuCuCuuCuCuCuuuCuCuCuuCuCuCuuCuCuuuCuCCCuCCCuCCuCCCuSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSOSSOOSOSOSOOSOSSSOSOSSOSOSOOOO4 / CuCCCCCCCuCCCCCCCCCCCCCCCCuCuuuu(N((((((((((((((((( O3)2)

(b) Zinccccccccc iiiiiiiiiiiiiis mommmmmmmmmmmmmmmmmmmmmmmmmmmmmmm re reaaactivvvvveeeeeeeeeeeeeeeeeeeeeeeeeeeeee ththhthhthththththththththththhhththththhthththhtttthhthhthhhhananananananananaaanananananaaanananannnnnnnnnnnnnan iiiiiiiiiiiiiiiiiiiirorororooororoorororooroorooororoororoorororooooooor n

Zinc losessesesesesesesesesesesessesssesesesseeseseseeeeeeeeees sssssssssssssssssssssssssss elelelelelleleleleleleleleleleleeleeleleeleeeleleleeleeeeeleeeeeee eceeceeececeeceeeeeeceeeeeeeeceeceeeceeecceccee trtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrttrtrttrtrtttttrtrtrtronoooonoononooonoonnoonoonooononnnnooo s ssssssssssssssssssssssssss momomomommomommmommomomommommmmomomomommommmomommomomomoooreerereerrerererererreerrererrrrrrrrrrrrrr  easily than iron.

Zinc corroddodododododododododododododododododododdodododddoddddddddddeseseseseseseseseseseseseseseseseseseseseeseseseseseseseseseseesessssssss iiiiiiiiiiin plplplplplpplpplplplplpplppplplplppplpplpppplplppppplpppppp acaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa e of iron.

(c) (i) 2O2- O2 + 4e
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(iv) no. of moles of Al2O3 = 1020 ÷ 102 = 10 mol

no. of moles of Al = 20 mol

mass of Al = 20 x 27 = 540 g

[1]

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

4OH- O2 + 2H2O +4e-

(ii) Molten rubidium chloride was electrolysed.

2Cl- Cl2 + 2e-

OR

B9
(a)

Aqueous bromine / bromine water 

Reddish brown aqueous bromine will decolourise spontaneously when added to 

cyclobutene.

Remain reddish brown / no visible change in cyclobutane.

[2]

(b) Large alkanes are low in demand

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

[0.5m] which are higher in demand.

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

[2]

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

(ii) Draw all the possible products of the addition reaction mentioned in (c)(i). [3]

KiasuExamPaper.com

OR

B9
(a)

Aqueous bromine / bromine water 

Reddish brown aqueous bromine will decolourise spontaaneneneneneneneneneneneneneneneneneneneneneououououououououououououououououuououuouusssslslslslslssslslslsssssss yyyyyyyyyyyyyyyyyyyyy whenenennennnnnnnnnnnnnnnn aaaaaaaaaaaaaaaaaaaddddddddddddddddddddddddddddddddddddddddddededeededededededededededededededededdeded to 

cyclobutene.

Remain reddish brown / no visible changeeeeeeeeeeeeeeeeeeeeee ininninininninnnininnninninnninnninininiinnnnnnnn cyclololololololooolololoolololooloolobbbbbbububububububububububbbubububububububbbububububububbubububububububububububuubububuubububububububuububbububuububububbbbbbubbbbubububbubbububbbbubbuubbbubbuuuuubbuuuubuuuubbuuuuuuutatatatatataataataatatatatatatatatatatatatatatatataatatataatatatatataatatatatatatatatatatataaatataaatataaaaatatataaaatatataatataaaattattttataataattaaaaataaataaataaataaaaaaanenenenenenenennnneneneneneneneneneneneneneneneneneneneneneneneneneneneeneneneneneneneneeneeeneeeneeeeeeeeeeeeeeeneeeeeeeneeeeeeeeennnee.............

(b) Large alkanes are low in demannnnnnnnnnnnannnnndddddddddddddd

Cracking of large chain alalallalallalallalalallalalaaalllaaaaaaaa kakakakakakakakakaaaaaaaaaaaaaaaaaaaaaaaaaaanessssssssssssss resuuuuuuuuuuuuuuuuuuuuuuultlllllllllllllllll s in smmmsmsmmmsmsmmsmsmmmsmmmsmmmsmmmmmmsssss alaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ler alkanessssssssssssssssss ////////////// /// sssshsss ort chained alkan

[0.5m] which are highggggg er in dededeeddededdededededdededededededdededededdedeedeeeeeeemandndndndnddndndndndndnddnddnddndndnddndnddndddnn .

This helps to matchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh thhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhe eeeeeeeeee hihihihhihihihhihhhihhihihhihihhhhhhhiiiighgghggghgghghggggghggghggghgggggggg er dddddddddddddddddddddddddddddddddememememememememememememeememememeememeeeemememememememmmmmmmmmanananananananannannanannannnananannannanannnanananaaaaaaa dddddd anaaaaaaaaaaaaaaa d lolooooooooololooolololooolololoolollollll wewewewewewewewewewewewewewewewewewewewewweweweweewweweweweweeweweeweeer rrrr susususususussusususususussususususussuussusususususuuuuussss pppppppppppppppppppppppppppppppp ly for smaller chained alkanes

(c) (i) Phhhhhhhhhhhhhhhhhhhhhhhhhhhhosoooosoooooooooooooooooooooooo phororoorororororororororororooroororrrorrrrrrrrrrricicicic(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V(V((V(V(V(V(VVVVVV) acaaaaaaaaaaaaaaaaaaaaaaaaaaaaa iddiididididiiiidiididididiidididiidiiiididddddddd, 350°C,C,C,C,C,CC,C,C,C,C,C,C,CC,C,C,CC,C,CCC,C,CC,C,C,CCCCCCCC,CCCC,CCC 666666666666666666666555555555555555555555555555555555 atataataatatatatataataaaatatatttttattataataataaa mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

(ii) Draw all tthehe posssisiblblee prprododucu ts of the addition reaction mentioned in (c)(i).
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(iii) Using a product from (c)(ii), draw the structure of the product formed when it

reacts with propanoic acid.

[1]

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

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

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

[1]
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1 The diagram below shows the distillation of a mixture of two liquids A and B. 

The liquid A has a boiling point of 80°C and the liquid B has a boiling point of 110°C.

Which statement about the experiment is correct?

A The boiling chips are added to increase the rate of reaction.

B The liquid left in the flask contains more A than B.

C The thermometer records a constant temperature as each liquid is collected.

D The vapour at point X always contains more B than A.

2 The solubilities of three solids in water and tetrachloromethane are given in the table
below. 

solid solubility in water solubility in
tetrachloromethane

sand nil nil

sodium chloride good nil

sulfur nil good

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

A Add tetrachloromethane and stir; then filter.

B Add tetrachloromethane and stir; then filter, then add the residue to water and stir; 
and then filter this mixture and collect the residue.

C Add water and stir; then filter; then evaporate the filtrate to dryness.

D Add water and stir; then filter; then add tetrachloromethane to the filtrate and stir; then 
evaporate the solvent.

X

boiling 
chips



3

Setter: Mr Bryan Lim 7023/2017/Preliminary Examination/5073/01 [Turn over

3 When a few drops of nitric acid and aqueous barium nitrate were added to a solution of 
substance C, a white precipitate was seen. When aqueous sodium hydroxide was added 
to solution of substance C, a white precipitate that was insoluble in excess sodium 
hydroxide was seen. 

What could C be?

A aluminium carbonate

B calcium sulfate

C lead(II) sulfate

D zinc chloride

4 An experiment was carried out on three gases, D, E and F, which have relative molecular 
masses of 17, 28 and 71 (not necessarily in the correct order).

gas effect on damp litmus paper
D no effect on blue and red litmus paper
E turns damp blue litmus paper red, then white
F turns damp red litmus paper blue

Which row correctly shows the order of the rates of diffusion of the three gases?

slowest fastest

A D E F 

B E D F

C E F D

D F D E

5 Manganese sulfide, MnS is a pink solid that contains  Mn25
55

P
2+ and  S16

32
P
2 ions.   

How many more protons, neutrons and electrons are there in the  Mn25
55

P
2+ ion as compared 

to the  S16
32

P
2 ion?

protons neutrons electrons
A 9 14 5 

B 9 14 9 

C 9 23 9 

D 11 23 9 
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6 Which statements correctly describe the properties of the compound copper(II) sulfide, 
CuS, and mixtures of copper and sulfur?

compound copper(II) sulfide mixtures of copper and sulfur
1 copper and sulfur react when 

heated to form copper(II) sulfide
copper and sulfur mix together 

without any heat energy 
absorbed or released

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

the ratio of copper to sulfur in 
mixtures can vary

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

the mixtures do not have the 
same properties as copper and 

sulfur

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

7 Which compound contains both ionic and covalent bonds?

A ammonia

B ethyl ethanoate

C potassium nitrate

D sodium chloride

8 The diagram below shows part of the structure of silicon carbide.

Which row correctly shows the properties of silicon carbide?

electrical conductivity when heated strongly in oxygen
A good burns, giving a solid residue only

B good burns, leaving no solid residue

C poor burns, giving a solid residue only

D poor burns, giving a solid residue and a colourless gas

KiasuExamPaper.com
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9 Aluminium carbonate is an unstable compound, which decomposes readily to aluminium 
hydroxide and carbon dioxide.

Al2(CO3)3 (s) + 3H2O (l) 2Al(OH)3 (s) + 3CO2 (g) 

What is the percentage purity of a sample of impure aluminium carbonate if 351 g of the
sample produces 36 dm3 of carbon dioxide? 

(Mr of Al2(CO3)3 = 234, Mr of CO2 = 44)  

A 13.6% 

B 33.3% 

C 54.5% 

D 100.0% 

10 Which of the information below is required to determine the empirical formula and
molecular formula of a compound?  

1 density of the compound 
2 percentage composition of the compound
3 relative molecular mass of the compound

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

11 Which substance has the highest percentage by mass of nitrogen? 

A CO(NH2)2 Mr = 60

B NH4NO3      Mr = 80

C (NH4)2SO4        Mr = 132

D (NH4)3PO4        Mr = 149

12 The diagram shows the results of an electrolysis experiment using graphite electrodes.
Tubes A and B were filled with water at the start of the experiment.

Which could be substance X? 

A aqueous silver nitrate
B concentrated sodium chloride solution
C deionised water graphite 

electrodes

X

A B
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D dilute sulfuric acid
13 In an experiment, rods of copper and zinc are dipped into dilute sulfuric acid, with their top 

ends touching. 

Hydrogen bubbles collect around the copper rod.

Which statement about the experiment is correct? 

A Copper reacts with the acid.

B Electrons flow from zinc to copper.

C The zinc becomes coated with copper.

D The zinc is less reactive than copper.

14 Which reaction profile shows the fastest exothermic reaction?

A B

energy

energy

energy

reaction pathway reaction pathway
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15 Which statement describes what happens when hydrogen and oxygen are used in a fuel 
cell?

A Hydrogen is reduced. 
B Electricity is generated directly.
C Hydrogen is burned to form steam.
D Hydrogen and oxygen react to produce hydrogen peroxide. 

16 A student performs two reactions.

 Reaction 1: 10 g of magnesium ribbon with excess 2.0 mol/dm3 dilute hydrochloric acid 
 Reaction 2:  5 g of magnesium powder with excess 2.0 mol/dm3 dilute hydrochloric acid 

In both experiments, the volume of hydrogen produced, V, is measured against time, t. 

Which set of graphs correctly shows the results obtained for the two experiments? 

C D

energy

reaction pathway reaction pathway

KiasuExamPaper.com
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17 Which apparatus should the student use for the two experiments in Q16?

P    an electronic balance 
Q    a stopwatch 
R    a measuring cylinder 
S    a gas syringe

A P, Q and R            B P, Q and S            C Q, R and S            D P, Q, R and S   
18 Which reaction does not involve either oxidation or reduction?

A CH4(g) + 2O2 2(g) + 2H2O(g)

B Cu2+ 2+(aq)

C CuO(s) + H2SO4 4(aq) + H2O(l)

D Zn(s) + H2SO4 4(aq) + H2(g) 

19 Which statement correctly describes an acidic solution?

A It contains hydrogen ions only. 
B It contains more hydrogen ions than hydroxide ions.
C It turns blue cobalt chloride paper pink.
D It turns universal indicator blue.

20 Solid R is gradually added to aqueous solution S. 

The changes in pH are shown on the graph below.  

14

  7 

0 

pH
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What are substances R and S? 

substance R substance S

A insoluble non-metal oxide sodium hydroxide

B soluble metal oxide aqueous ammonia

C soluble non-metal oxide aqueous ammonia

D soluble non-metal oxide sodium hydroxide

21 Ammonia may be obtained from ammonium chloride by heating with 

A aqueous barium hydroxide.

B aqueous calcium chloride.

C dilute hydrochloric acid.

D water.

22 The diagram below shows apparatus used to measure the volume of hydrogen given off 
when an excess of dilute hydrochloric acid is added to powdered metal. The volume of 
gas is measured at room temperature and pressure.

mass of solid R (g)

KiasuExamPaper.com
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The experiment is carried out three times, using the same mass of powder each time but 
with different powders:

pure calcium
pure magnesium
a mixture of calcium and magnesium

Which powder gives the greatest volume of hydrogen and which the least volume?

greatest volume of H2 least volume of H2

A pure calcium pure magnesium

B pure calcium the mixture of calcium and magnesium

C pure magnesium pure calcium

D pure magnesium the mixture of calcium and magnesium

23 To reduce atmospheric pollution, the waste gases from a coal-burning power station are 
‘scrubbed’ by passing them through a calcium compound. 

Which calcium compound cannot be used?

A calcium carbonate
B calcium hydroxide
C calcium oxide
D calcium sulfate

24 Which element is likely to be sodium?

KiasuExamPaper.com
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melting point in oC electrical conductivity density in g / cm3

A 98 good 0.97
B 113 poor 2.07
C 1083 good 8.92
D 1535 good 7.86

25 The following report appeared in a newspaper. 

Drums of bromine broke open after a vehicle crash on the motorway. Traffic was 
diverted as purple gaseous bromine drifted over the road (it is denser than air), 
causing irritation to drivers’ eyes. Firemen sprayed water over the scene of the 
accident, dissolving the bromine and washing it away. 

What is wrong with the report?

A Bromine does not dissolve in water.
B Bromine does not vaporise easily.
C Bromine is less dense than air.
D Bromine is not purple in colour.

26 Which oxide is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B     MgO C P4O10                  D SO2

27 The exhaust systems of most cars are fitted with catalytic converters that contain 
transition metals as catalysts to decrease the emission of atmospheric pollutants. 
Platinum and palladium are the two most common elements used. They are found below 
nickel in the Periodic Table. 

Which properties are nickel, palladium and platinum likely to have in common?

1 variable oxidation states

2 high melting points

3 high density

A 1 only B 1 and 2                  C 2 and 3                  D 1, 2, and 3
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28 Which statement correctly describes the elements in Group 0 of the Periodic Table?

A All of their atoms have eight electrons in the outer shell.
B They are colourful gases.
C They are inert and unreactive.
D They exist as diatomic molecules.

29 Some metals can be obtained by the reduction of their oxides with hydrogen.

Which line of the table is correct?

aluminium silver copper sodium
A X X can be obtained by 

reduction of oxide with 
hydrogen   B X X

C X X X cannot be obtained by 
reduction of oxide with 
hydrogenD X X

30 In the extraction of iron, the role of carbon monoxide is

A a catalyst.

B a reducing agent.

C an oxidising agent.

D to remove impurities.

31 Oxygen was prepared from hydrogen peroxide and collected as shown in the diagram.

2H2O2 2O(l) + O2(g) 

KiasuExamPaper.com
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The first few tubes of gas were rejected because the gas was contaminated by

A hydrogen. 

B hydrogen peroxide. 

C nitrogen. 

D water vapour. 

32 The diagram shows the apparatus used for the fractional distillation of petroleum.

Which statement about the fractional distillation of petroleum is correct?

A At each level, only one compound is collected.

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

C The molecules collected at the bottom of the column are the least flammable.

D The molecules reaching the top of the column have the highest viscosity.
33 Linoleic acid, C17H31COOH, is the main fatty acid found in vegetable oils such as soybean 

oil and corn oil.

Which statement about linoleic acid is correct?

aqueous hydrogen 
peroxide

oxygen

water

MnO2

heated crude oil
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A It burns in air with a non-smoky flame.

B It is polyunsaturated as it contains many double bonds between carbon and hydrogen 
atoms.

C It forms a solid compound on hydrogenation.

D It produces margarine when it reacts with steam in the presence of nickel catalyst.

34 How many different alkenes have the molecular formula C5H10?

A 2                    B 3 C 4                    D 5 

35 The reaction between the hydrocarbon CxH6 and hydrogen chloride can be represented 
by the equation below.

CxH6 (g)     +     HCl (g)     CxH7Cl (g) 

Which statement about the above reaction is true?

A It is a substitution reaction.

B UV light is required for the reaction to take place.

C The molecular formula of the hydrocarbon is C2H6.

D The molecular formula of the hydrocarbon is C3H6. 

36 An aqueous solution of a compound of formula, C2H4O2, reacts with sodium carbonate 
liberating carbon dioxide.

What is the structural formula of the compound?

37 The following reaction scheme is carried out for the synthesis of a compound Z.

propene
+

steam

A B

C D

KiasuExamPaper.com
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catalyst  acidified KMnO4

Which row correctly identifies compounds X, Y and Z?

X Y Z

A propanol butanoic acid propyl butanoate

B propane propanol propanoic acid

C propanoic acid propanol propyl propanoate

D propanol propanoic acid propyl propanoate

38 Ethanoic acid containing a radioactive hydrogen atom (3H) was reacted with ethanol that 
contains a radioactive oxygen atom (18O) in the presence of concentrated sulfuric acid and 
heat.

H C

H

H

C

O

O 3H H C

H

H

C

H

H

18O H

Which row correctly shows where the radioactive atoms will be found in the products?

3H 18O

A ester ester

B ester water

C water ester

D water water

39 A polymer X is hydrolysed and the two products are 

compound X compound Y

compound Z

+
concentrated H2SO4, heat
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What can be deduced about X? 

A It is held by weak van der Waals forces of attraction.

B It is made by addition polymerisation.

C It is made by condensation polymerisation. 

D It is Terylene. 

40 In an artificial hip joint, bone cement is used to attach the poly(ethene) cup for the joint to 
the pelvic girdle.

Bone cement is formed by the polymerisation of 2-methylpropenoate and the process is 
highly exothermic.

CH2 C

CH3

COOCH3

2-methylpropenoate

Which statements correctly describe this polymerisation?

I The repeat unit of the polymer is 

CH2 C

CH3

COOCH3

II The formation of the cement occurs by addition polymerisation.

III The amount of energy released during bond making is less than the amount of 
energy absorbed during bond breaking. 

A I and II only

B I and III only

C II and III only

D I, II and III

2-methylpropenoate
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SECTION A

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

A1 The Periodic Table shows trends down each group and across each period.

(a) Which trends are only true down a group, which trends are only true across a period,
which trends are true for both, and which trends are not true for both?

Put a tick ( ) in one box in each row.

trend
only true 
down a 
group

only true 
across a
period

true for 
both

not true for 
both

The mass number increases.

The atomic radius increases.

The melting point increases.

There is a change in the 
character of the oxides from 
basic to amphoteric to acidic.

[2]

(b) Group I and Group VII show different trends in their properties.

Group I Group VII
Li F 

Na Cl

K Br

Rb I 

(i) Explain the trend in reactivity down each group.

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

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

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

…………………………………………………………………………………………….. [3]
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(ii) Hydrogen is not placed in any group of the Periodic Table though it shares some
similar properties with the elements in Group I and the elements in Group VII.

Give reasons to explain why hydrogen can be placed in either Group I or Group
VII of the Periodic Table.

Group I ………………………………………………………………………………………

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

Group VII …………………………………………………………………………………… 

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

(c) Persulfate ions, S2O82 oxidise iodide ions according to the following equation.

S2O82 (aq) + 2I 42 (aq) + I2(aq)

The reaction occurs very slowly at room temperature, so a catalyst of Fe2+ ions is used.

The reaction involving the Fe2+ catalyst takes place in two steps:

2Fe2+ (aq) + S2O82  (aq) 3+ (aq) + 2SO42 (aq)

2Fe3+ (aq) + 2I 2+ (aq) + I2(aq)

(i) With reference to the collision of particles, suggest why the reaction between
persulfate ions and iodide ions is very slow at room temperature.

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

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

(ii) Using the above equations, explain how the Fe2+ ion displays one of the
characteristics of a catalyst.

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

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

(iii) Using information from the above equations, suggest the property of transition
metals that allow Fe2+ to act as a catalyst in this reaction.

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

…………………………………………………………………………………………….. [1]
[Total: 10] 
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A2 (a) Iron is probably the most widely used and most important metal in the world today.
One problem with using iron is that it rusts.

The diagram below shows an experiment carried out to investigate different rust 
prevention methods. An iron nail is placed in each of the four test tubes, A, B, C, and D. 
A ferroxyl indicator is used to indicate when rusting has taken place. When the colour of 
the ferroxyl indicator changes from yellow to blue, this indicates that rusting has taken 
place.

test tube A B C D 

observation indicator turns   
blue

indicator       
remains yellow 

indicator      
remains yellow

(i) Explain the observations seen in test tubes A, B and C.

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

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

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

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

(ii) In test tube D, a piece of zinc metal is attached to the iron nail.

Suggest with a reason, the observation that would be made in the test tube after
some time.

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

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

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

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

oil
boiled 
water

calcium
chloride

zinc 



Setter: Mr Bryan Lim         7023/2017/PreliminaryExamination/5073/02 [Turn over

5

(b) Iron alloys are widely used in the industry.

(i) Using a named example of an iron alloy, explain what is meant by the term alloy.

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

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

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

(ii) Using your example named in (i), state and explain one advantage of the alloy over
the pure metal(s).

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

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

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

[Total: 10]

A3 Figure 1 shows the composition of elements in the Earth’s crust.
Table 1 shows the year of discovery and cost per tonne of some metals.

          Table 1
Figure 1: Elemental composition of the 

Earth’s crust by mass
Metal Year of 

discovery
Cost per 

tonne / S$
aluminium 1827 2,500

copper 4200 BC 10,000
gold 6000 BC 50,000,000
iron 1500 BC 5,500
lead 3500 BC 2,500

sodium 1807 3,500
tin 1750 BC 25,000

zinc 1400 2,400



Setter: Mr Bryan Lim         7023/2017/PreliminaryExamination/5073/02

6

(a) Most metals are commonly found as ores. Using the information in Figure 1, which
element is most likely to be found combined with metals?

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

(b) Using the information in Figure 1, suggest the most common compound found in the
Earth’s crust.

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

(c) Using your knowledge of the reactivity series, suggest the relationship between the year
of discovery of the metals and the reactivity of the metals in Table 1.

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

(d) Using the information in Figure 1, suggest why it is costly to produce copper and tin.

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

(e) Which metals found in Table 1 were most likely isolated and discovered by electrolysis?
Give a reason for your answer.

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

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

(f) Suggest with a reason, why aluminium is discovered later than sodium despite sodium
being more reactive than aluminium.

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

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

[Total: 7]
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A4 PotashCorp is the world’s largest producer of fertilisers, most of which are made from salts.

(a) The company reacts acids with other compounds to make the salts.

The table below shows the names of some salts used in fertilisers.

Salts can be prepared by either of the following methods:
(i) titration
(ii) reaction of acid with excess metal, base or metal carbonate
(iii) precipitation

Complete the table by filling in the missing information.

name of salt formula of 
salt

name of acid 
used to make 

salt

name of other 
compound used 

to make salt

method of 
preparation  
(i), (ii) or (iii)

potassium 
nitrate

calcium 
phosphate

(insoluble in 
water)

ammonium 
chloride

[6] 

(b) Using your answers in (a), describe briefly how a pure dry sample of potassium nitrate
can be obtained.

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

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

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

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

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

………………………………………………………………………………………………….. [4]
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(c)

(d) 

State one physical property of potassium nitrate. 

Explain this property in terms of the structure and bonding of potassium nitrate.

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

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

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

Each bag of fertiliser has a label which gives the N : P : K ratio.

The N : P : K ratio shows the ratio by mass of nitrogen, phosphorus and potassium in the 
fertiliser, and is always quoted as whole numbers. 

Determine the N : P :  K ratio for each of the salts in the table below.

name of salt N : P : K ratio
potassium nitrate

calcium phosphate

ammonium chloride

[2] 

[Total: 12] 

A5 (a) Ketones are a homologous series of organic compounds.

The table shows the names, formulae and boiling points of some ketones.

name structural formula boiling point / oC

2-propanone 56

2-butanone 80

3-pentanone

3-hexanone 123

(i) Deduce the general formula and functional group of the ketone homologous series

general formula …..……………………   functional group …..…………………… [2]
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(ii) Predict the boiling point of 3-pentanone.

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

(iii) Using the information above, deduce the significance of the number “3” in the
name “3-hexanone”.

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

(iv) 2-propanone, propanal (an aldehyde) and 2-propanol are all compounds of
carbon, hydrogen and oxygen.

    propanal                                     2-propanol

State with reasons, which of these three compounds are isomers of each other.

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

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

(b) Ketones can be made by the oxidation of some alcohols.
For example, 2-propanone can be formed from the oxidation of 2-propanol.

(i) State a suitable oxidising agent that can be used for the oxidation of 2-propanol to
2-propanone, and the observation that would be made during this reaction.

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

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

(ii) Write an equation for the oxidation of 2-propanol to 2-propanone.
Show the organic compounds as displayed formulae.

[1]

[Total: 9]
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SECTION B (30 marks)

Answer all three questions from this section.

The last question is in the form of an either/or and only one of the alternatives should be
attempted.

B6 Chemical Kinetics

Chemical kinetics is the study of the rate (or speed) of reactions and the factors that affect
them. 

In general, when the concentration of a reactant increases, the rate of the reaction 
increases. However, the rate of the reaction may not always be directly proportional to the 
concentration of each of the reactants in the reaction.

The rate of a reaction can be defined as the rate of increase in concentration of a product 
with time or the rate of decrease in concentration of a reactant with time.

Rate Law

The rate law or rate equation provides information on how the rate of a reaction depends 
on the concentration of all the reactants.

Consider the reaction:  a A  + b B products

where a and b are the stoichiometric coefficients and A and B are the reactants. 

The rate equation or rate law can be expressed as: 

Rate = k [A]m [B]n 

where k is a constant of proportionality in the rate equation.
m is the order of reaction with respect to reactant A
n is order of reaction with respect to reactant B

Order of reaction

The order of reaction with respect to a given reactant is defined as the power to which the 
concentration of that reactant is raised to in the rate equation.

A reaction is said to be zero order with respect to a particular reactant, e.g. A, if the rate of 
reaction does not depend on the concentration of A.  

rate [A]0 where [A] represents the concentration of A

Hence, rate = k [A]0 = k where k is the proportionality constant
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A reaction is said to be first order with respect to a particular reactant, e.g. B, if the rate of 
reaction is directly proportional to the concentration of B.  

rate [B]1 where [B] represents the concentration of B

Hence, rate = k [B]1 = k [B]         where k is the proportionality constant

A reaction is said to be second order with respect to a particular reactant, e.g. C, if the rate 
of reaction is directly proportional to the square of the concentration of C.  

rate [C]2                 where [C] represents the concentration of C

Hence, rate = k [C]2 = k [C]2 where k is the proportionality constant

Overall Order of a Reaction

The overall order of a reaction is the sum of the orders of reaction of all the reactants.

For example, if the rate equation for a reaction is   

Rate = k [A]m [B]n 

The overall order of the reaction is (m + n). 

Hydrolysis of halogenoalkanes

Halogenoalkanes can react with aqueous sodium hydroxide upon warming to produce 
alcohols and the respective hydrogen halides. This is known as a hydrolysis reaction.

For example, CH3Br (aq) + NaOH (aq) CH3OH (aq) + HBr (aq)

The results of an investigation into the kinetics of this reaction are given below:

experiment 
number

[CH3Br] / mol dm 3 [NaOH] / mol dm 3 initial rate of reaction  
/ mol dm 3 s 1 

1 0.10 0.20 0.001

2 0.20 0.10 0.001 

3 0.20 0.20 0.002

4 0.30 0.20 0.003

5 0.60 0.40 0.012

The data collected in the table can then be analysed and processed to give information 
about the kinetics of the hydrolysis reaction between bromomethane and aqueous sodium 
hydroxide. 
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(a) Use the information in the table to deduce the order of reaction with respect to CH3Br.
Explain your reasoning.

[1]

(b) Use the information in the table to deduce the order of reaction with respect to NaOH.
Explain your reasoning.

[1]

(c) What is the overall order of the reaction between bromomethane and aqueous sodium
hydroxide?

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

(d) Write an overall rate equation for the reaction between bromomethane and aqueous
sodium hydroxide.

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

(e) Determine the value and unit for the rate constant, k, in your rate equation in (d).

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

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

(f) The reactants and products for the reaction between bromomethane and aqueous
sodium hydroxide are all colourless.

Describe a chemical test that can be carried out on the product(s) to confirm that the
reaction has occurred. Include the observation(s) that would be made for a positive test.

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

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

………………………………………………………………………………………………….....[2]
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(g) A dibromoalkane W (Mr = 188), is warmed with excess aqueous sodium hydroxide to
produce a diol X. The diol is then oxidised fully to a dicarboxylic acid Y. Under suitable
conditions, diol X and dicarboxylic acid Y can react to form a polymer Z.

Deduce the identities of W, X, Y and Z.

[4]

[Total: 11] 
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B7 Hydrazine is a compound often used in rocket fuels as it can be stored conveniently in liquid 
form, reacts exothermically with oxygen, and produces only gaseous products in the process. 

The reaction of hydrazine with oxygen (Reaction I) can be expressed as follows:

N2H4(g)   +   O2(g)  N2(g)  +  2H2 H = 622kJ/mol

It has been suggested that the reaction between hydrazine and fluorine (Reaction II) is more 
exothermic than that between hydrazine and oxygen.

Reaction II

N2H4(g)   +   2F2(g)  N2(g)  +  4HF(g)

Bond energy is the energy released when a bond is formed between two atoms or the energy 
required to break a bond between two atoms. 

The following table shows the bond energies of selected covalent bonds, measured in 
kilojoules per mole. 

bond bond energy in kJ/mol
F F 158
N N 160
N H 390
H F 565
N = N 418

945

(a) Draw a dot-and-cross diagram to show the covalent bonding in hydrazine.
Show outer shell electrons only.

[2]

(b) Using the bond energies given above,

(i) calculate the amount of energy (kJ) required to break all the bonds in the reactants
in Reaction II;

[1]
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(ii) calculate the amount of energy (kJ) released when all the bonds are formed in the
products in Reaction II;

[1]

(iii) H for Reaction II.

[1]

(c) Which gas, oxygen or fluorine, would be a better oxidant for the hydrazine in rocket fuel?
Give a reason for your answer.

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

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

(d) Draw an energy profile diagram for the reaction between hydrazine and oxygen.
On your diagram label the product(s), activation energy, Ea, and enthalpy change for the

[2] 

(e) Dinitrogen tetroxide (N2O4) is sometimes added to hydrazine in rocket fuels.
Oxides of nitrogen are obtained as waste products.

Explain why this can be harmful to the environment.

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

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

[Total: 9]

energy

progress of reaction
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EITHER 

B8 The Haber process for making ammonia can be represented by the flow diagram below.

(a) State how nitrogen and hydrogen can be obtained for the making of ammonia.

nitrogen ………………………………………. hydrogen ……………………………………….
[2]

(b) Which element is reduced in the reaction?

Use ideas about changes in oxidation state to explain your answer.

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

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

(c) The graph shows the yield of ammonia that is made under different conditions.

nitrogen

hydrogen

main reactor

400 – 450 oC 
200 atmospheres

iron catalyst

gases are cooled 
and ammonia turns 

to a liquid

unreacted 
gases 

recycled

liquid 
ammonia
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(i) Explain, in terms of collisions between (reacting) particles, how a higher
temperature affects the rate of reaction in the reactor.

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

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

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

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

(ii) Using the information in the graph, state the conditions that would produce the
highest yield of ammonia.

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

(iii) What effect does the iron catalyst have on the yield of ammonia obtained?

Explain your reasoning.

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

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

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

(iv) Explain why the unreacted gases obtained from the main reactor are recycled.

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

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

(v) In practice, it is not possible to obtain 100% yield of ammonia in the Haber
process.

Explain why this is so.

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

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

[Total: 10]
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OR

B8 Lead(II) nitrate and copper(II) chloride are both soluble salts.

The diagram shows the apparatus that a student used to electrolyse aqueous solutions of the 
salts.

(a) Complete the table of information about the electrolysis.

solution name of products of 
electrolysis

ionic equation for reaction at 
each electrode

dilute aqueous 
lead(II) nitrate

at negative 
electrode
at positive 
electrode

concentrated 
aqueous copper(II)

chloride

at negative 
electrode
at positive 
electrode

[4]

(b) Complete the table below to show the observations that would be made during the
electrolysis.

solution observations

dilute aqueous 
lead(II) nitrate

at negative electrode

at positive electrode

in electrolyte

concentrated 
aqueous copper(II)

chloride

at negative electrode

at positive electrode

in electrolyte

[3]

inert electrodes 

aqueous solution 
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(c) 20 cm3 of 0.5 mol dm 3 aqueous lead(II) nitrate was mixed with 15 cm3 of 0.8 mol dm 3

aqueous copper(II) chloride.

Calculate the maximum mass of precipitate that can be obtained.

[3] 

[Total: 10]
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Formulae, Stoichiometry and the 

Mole Concept 
1 3 0 3 7 

Electrolysis 0 2 7 0 9 
Energy from Chemicals 2 0 5 0 7 

Chemical Reactions 1 1 4 11 17 
Acids, Bases and Salts 4 1 12 0 17 

The Periodic Table 2 2 7 1 12 
Metals 1 1 4 10 16 

Air 1 0 1 0 2 
Organic Chemistry 2 7 2 8 19 

Data-based Questions - - 0 9 9 
Total 18 22 44 46 130 

% type A = (18 + 44) / 130 = 47.7% (recommended 45%) 

% type B = (22 + 46) / 130 = 52.3% (recommended 55%) 

Chemical Reactions 1 1 4 11 17
Acids, Bases and Salts 4 1 12 0 17

The Periodic Table 2 2 7 111 12
Metals 1 1 4 101010 16

Air 1 0 1 0 2
Organic Chemistry 2 7 2 8 19

Data-based Questions - - 0 9 9
Total 18 22 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 46 130

pe A = (18 + 44) / 130 = 47.7% (recommended 45%)

pe B = (22 + 46) / 130 = 52.3% (recommended 55%)
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Qn. Part Answer LO Type A/ B Marks

A1

(a) 

trend
only 
true 

down a 
group

only 
true 

across a 
period

true for 
both

not true 
for both

The mass 
number 
increases. 

The atomic 
radius 
increases. 

The melting 
point 
increases. 

There is a 
change in 
the 
character of 
the oxides 
from basic to 
amphoteric 
to acidic.

Periodic Table
8.1 A [2]

(b) 

(i) Reactivity increases down Group I and decreases
down Group VII [1]
For Group I: easier to remove valence electrons as
they are further away from the nucleus/there are
more electron shells [1]
For Group VII: more difficult to accept/attract one
electron as incoming electron is further away from
the nucleus/there are more electron shells [1]

(ii) Group I: H atom has one valence electron / able
to form singly positively charged ion (H+) [1]
Group VII: H atom able to gain one electron to form
a singly negatively charged ion (H ) / forms diatomic
molecules (H2) [1]

Group Properties
8.2(a), (b) A [5]

(c) 

(i) The two ions are of the same charge and repel,
hence they are not able to collide with each other
(frequently) [1]

(ii) It is not (chemically) used up in the reaction / It is
regenerated during the reaction [1]

(iii) It exhibits variable oxidation states. [1]

Speed of Reaction
6.1(b)

Transition 
Elements

8.3(a)

B [3]

A2 (a) 

(i) test tube A – rusting takes place due to presence
of oxygen (air) and water [1]
test tube B – rusting does not take place due to
absence of water (absorbed by calcium chloride) [1]
test tube C – rusting does not take place due to
absence of oxygen (air) in boiled water [1]

(ii) indicator remains yellow [1]
Zinc is more reactive than iron [1]
and corrodes / reacts with oxygen (air) and water
instead of iron [1]

Iron
9.5(d), (e)

B [6]
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point 
increases.

There is a 
change in 
the 
character of 
the oxides 
from basic to 
amphoteric 
to acidic.
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down Group VII [1]
For Group I: easier to remove valence electrons as
they are further away from the nucleus/there are
more electron shells [1]
For Group VII: more difficult to accept/attract one
electron as incoming electron is further away from
the nucleus/there are more electron shells [1]

(ii) Group I: H atom has one valence electron / able
to form singly positively charged ion (H+) [1]
Group VII: H atom able to gain one electron to form
a singly negatively charged ion (H ) / forms diatomic
molecules (H2) [1]

Group Properties
8.2(a), (b) A

(i) The two ions are of the same charge and repel,
hence they are not able to collide with each other
(frequently) [1]

(ii) It is not (chemically) used up in the reaction / It is

Speed of Reaction
6.1(b)

Transition B
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(b) 

(i) steel / stainless steel [1]
mixture of iron with one or more other elements
(carbon / carbon and chromium) [1]

(ii) for steel: harder/stronger [1] than (pure) iron as
the presence of atoms of different sizes make it
more difficult for the layers of atoms to slide over
one another [1]

for stainless steel: more resistant to corrosion [1] 
than (pure) iron [1] due to the presence of more 
reactive metals (e.g. chromium) that react with 
oxygen and water instead of iron to form a protective 
layer [1]

Properties of 
Metals

9.1(b), (d)
A [4]

A3

(a) oxygen [1] Data-based 
questions

B [1]
(b) Silicon dioxide / silica / SiO2 B [1]

(c) The more reactive the metal is, the later the year of 
discovery. [1]

Metals
9.2(a), 9.3(a) B [1]

(d) Both copper and tin are scarce (less than 1%) so the 
cost of production is higher.

Data-based 
questions B [1]

(e) 

Aluminium and sodium [1] 
Isolation of metals by electrolysis was only possible 
after 1800 when the voltaic cell was invented/ the 
two metals are too high in the reactivity series to be 
isolated by reduction with carbon or hydrogen. [1]

Metals
9.2(a), 9.3(a) B [2]

(f)
Aluminium requires a higher temperature to be 
melted / aluminium ores have a higher lattice energy
due to the higher ionic charge, hence it is harder to 
be isolated.

Periodic Table, 
Metals

8, 9
B [1]

A4 

(a) 

name of 
salt 

formula 
of salt

name of 
acid used 
to make 

salt 

name of 
other 

compound 
used to 

make salt

method of 
preparation 

(i), (ii) or 
(iii) 

potassium 
nitrate KNO3 nitric acid 

potassium 
hydroxide / 
potassium 
carbonate

(i)

calcium 
phosphate Ca3(PO4)2

phosphoric 
acid 

calcium 
hydroxide / 

nitrate / 
chloride 

(iii) 

ammonium 
chloride NH4Cl hydrochloric 

acid 

aqueous 
ammonia / 
ammonium 
carbonate

(i)

1 mark for any 2 correct answers (max. 6)

Acids & Bases
7.1(d), (e), (h)

Salts
7.2(c) 

A [6]

(b) 

Titrate nitric acid (in burette) with potassium 
hydroxide / potassium carbonate (in pipette) using a 
suitable indicator (e.g. methyl orange). [1]
Repeat titration using the same volume of nitric acid 
obtained earlier but without adding the indicator. [1]
Heat the salt solution obtained to obtain a saturated 
solution (using evaporating dish). Leave the solution 
to cool for crystallisation to take place. [1]
Filter the solution, and collect the crystals from the 
filter paper onto a paper towel, and allow to dry. [1]

Salts
7.2(a), (c) A [4]
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oxygen and water instead of iron to form a protective
layer [1]
oxygen [1] Data---bababaseeedd d

quessstititionsss
B

Silicon dioxide / silica / SiO2 B
The more reactive the metal is, the later the year of 
discovery. [1]

MeMeMetalsss
9.9.9.2(2(2(a)aa , 9.3(3(3(a)a)a) B

Both copper and tin are scarce (less than 1%) so theeeee
cost of production is higher.
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Aluminium and sodium [1] 
Isolation of metals by electrolysis was only possible 
after 1800 when the voltaic cell was invented/ the e
two metals are too high in the reactivity series to be 
isolated by reduction with carbon or hydrogen. [1]

MeMeMetalss
9.2(2(2 a)a)a), 9.3(a) B

Aluminium requires a higher temperature to be
melted / aluminium ores have a higher lattice energy
due to the higher ionic charge, hence it is harder to 
be isolated.

Periodic Table,
Metals

8, 9
B

name of 
salt

formula
of salt

name of 
acid used 
to make 

salt 

name of 
other 

compound
used to 

make salt

method of 
preparation 

(i), (ii) or 
(iii)

potassium
nitrate KNO3 nitric acid 

potassium
hydroxide / 
potassium
carbonate

(i)

calcium 
phosphate Ca3(PO4)2

phosphoric 
acid

calcium 
hydroxide / 

nitrate / 
chloride

(iii) 

Acids & Bases
7.1(d), (e), (h)

Salts
7.2(c)

A
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(c) 

High m.p/b.p / hard [1] 
due to giant ionic lattice structure with strong 
electrostatic forces of attraction between oppositely 
charged K+ and NO3- ions that require a lot of 
energy to break/overcome [1]
OR
Good conductor of electricity in molten or aqueous 
state [1] 
due to presence of mobile K+ and NO3- ions that can 
move to conduct electricity when a potential 
difference is applied [1]
OR 
Brittle [1]
ions of the same charge are brought close together 
and repel each other when a stress/force is applied 
to the ionic lattice [1]
OR
Soluble in water [1]
K+ and NO3- ions are able to form strong ion-solvent 
interactions with water that releases sufficient 
energy to cause the detachment of ions from the 
giant ionic lattice

Structure and 
properties of 

materials 
2.3(d)

Ionic Bonding
2.4(e)

A [2]

(d) 

name of salt N : P : K ratio
potassium 

nitrate
14 : 0 : 39

calcium 
phosphate

0 : 31 : 0 or 0 : 62 : 0

ammonium 
chloride

14 : 0 : 0

1 mark for 2 correct answers
2 marks for 3 correct answers

Data-based 
questions B [2]

A5 (a) 

(i) general formula: CnH2nO [1]

functional group: [1]

(ii) accept 101 – 104 oC [1]

(iii) indicates position of C=O functional group (on
the main hydrocarbon chain / backbone) [1]

(iv) 2-propanone and propanal are isomers [1]
They have the same molecular formula (of C3H6O)
but different structural formula [1]

Alkanes
11.2(a), (d)

B [4]

A [2]
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Brittle [1]
ions of the same charge are brought close together 
and repel each other when a stress/force is applied
to the ionic lattice [1]
OR
Soluble in water [1]
K+ and NO3- ions are able to form strong ion-solvent tt 
interactions with water that releases sufficient 
energy to cause the detachment of ions from theeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
giant ionic lattice

2.3(d)

Ionic BoBondndining
2.4(4(e)

A

name of salt N : P : K ratio
potassium 

nitrate
144 : 0 : 399

calcium 
phosphate

0 : 31 : 0 0 oro 00 :: 6622 :: 00

ammonium 
chloridee

1414 : 00 : 0

1 mark for 2 correct aansnswewersrs
2 marks for r 3 3 cocorrrrecect t annswswers

Data-based 
questions B

(i) general foformrmulula:a: CCnH2nO [1]

functional group: [1]
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(b) 

(i) potassium manganate (VII) or potassium
permanganate / KMnO4 [1]
colour change from purple to colourless [1]
OR
potassium dichromate (VI) / K2Cr2O7 [1]
colour change from orange to green [1]

(ii) C3H7OH + [O]  C3H6O + H2O [1]
All bonds must be shown.

Redox
6.2 (d)

A [2]

B [1]

B6

(a) 

Comparing experiments 1 and 3, when the 
concentration of CH3Br is doubled, the rate of 
reaction is also doubled, hence the rate of reaction 
is directly proportional to [CH3Br].  
OR
Comparing experiments 1 and 4, when the 
concentration of CH3Br is triped, the rate of reaction 
is also tripled, hence the rate of reaction is directly 
proportional to [CH3Br].  
Order of reaction w.r.t CH3Br = 1 [1]
reject order of reaction without logical reasoning. 

Speed of Reaction 
6.1(f) B [1]

(b) 

Comparing experiments 2 and 3, when the 
concentration of NaOH is doubled, the rate of 
reaction is also doubled, hence the rate of reaction 
is directly proportional to [NaOH]. 
Order of reaction w.r.t NaOH = 1 [1]
reject order of reaction without logical reasoning.

Speed of Reaction 
6.1(f) B [1]

(c) Overall order = 1 + 1 = 2 [1] Data-based 
questions B [1]

(d) Rate = k [CH3Br][NaOH]      [1] Data-based 
questions B [1]

(e) 
k = 0.05 mol 1dm3s 1

1 mark for both correct value and unit
Data-based 
questions B [1]

(f)
Add a few drops of acidified aqueous silver nitrate 
[1] to the test solution.
White precipitate formed [1]

Identification of 
ions and gases

1.3(b)
B [2]

(g) 

W: dibromoethane / Br(CH2)2Br [1]
X: 1,2-ethane-diol / OH(CH2)2OH [1]
Y: ethanedioic acid / (COOH)2 [1]
Z:

       n   [1]

Alcohols
11.4(c)

Macromolecules
11.6(d)

B [4]

B7 (a) 

correct number of electrons for each atom [1]
correct number of electrons shared for each bond [1]

Covalent Bonding
2.5(c) B [2]
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reaction is also doubled, hence the rate of reaction 
is directly proportional to [CH3Br].  
OR
Comparing experiments 1 and 4, when the
concentration of CH3Br is triped, the rate of reaction 
is also tripled, hence the rate of reaction is directly 
proportional to [CH3Br]. 
Order of reaction w.r.t CH3Br = 1 [1]
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Speed ofof RReaactction 
6.6.1(1(f)f) B

Comparing experiments 2 and 3, when the
concentration of NaOH is doubled, the rate of 
reaction is also doubled, hence the rate of reactiono  
is directly proportional to [NaOH]. 
Order of reaction w.r.t NaOH = 11 [[1]1
reject order of reaction without loogigicacal rereassononining.g.rr

Speeedd ofof Reaction 
66.1(f) B

Overall order = 1 + 1 = 2 [1] Data-based 
questions B

Rate = k [CH3Br][NaOH]      [1]] Data-based 
questions B

k = 0.05 mol 1dmm33ss 11

1 mark for both corrrecect t vavaluluee aand unit
Data-based 
questions B

Add a few drdropops s ofof acacididififiied aqueous silver nitrate 
[1] to the tesst t soso ulutitionon.
White precipitatatee fformed [1]

Identification of 
ions and gases

1.3(b)
B

W: dibromoethane / Br(CH2)2Br [1]
X 1 2 h di l / OH(CH ) OH [1]
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(b) 

(i) Amount of energy required
= 163 + 4(390) + 2(158) = 2036 kJ [1]

(ii) Amount of energy released
= 945 + 4(565) = 3205 kJ [1]

(iii) H for Reaction II = 2039 – 3205 = 1169 kJ [1]

Energy from 
Chemicals

5(c), (d)
A [3]

(c) 

Fluorine, because the reaction is more exothermic / 
more energy is released. [1]
OR
Oxygen, because no pollutants are 
produced/released [1]

Data-based 
Questions B [1]

(d) 

Correct shape of graph and labelled reactants and 
products [1]   
Correct labelled activation energy for the forward 
reaction + Correct labelled enthalpy change [1]  
Do not allow double headed arrow head / arrow in 
wrong direction
Note – arrows do not have to start exactly at 
reactant level and finish exactly at product or 
maximum of curve 
Maximum of one mark for an error carried forward 
for a reaction that is endothermic i.e. enthalpy 
change mark and activation energy

Energy from 
Chemicals

5(b)
[2]

(e) 
Oxides of nitrogen dissolve in rainwater forming acid 
rain that corrodes limestone structures and building 
and causes harm to aquatic plants/animals [1]

Air 
10(e)(ii) [1]

EITHER

B8

(a) nitrogen – fractional distillation of liquid air [1]
hydrogen – cracking of petroleum / crude oil [1]

Ammonia
7.3(a) [2]

(b) 
Nitrogen as the oxidation state decreases from 0 in 
N2 to 3 in NH3. [1] Redox [1]

(c) 

(i) Higher temperature
increase in kinetic energy & speed of particles [1]
increase in frequency of effective collisions [1]
increase in rate of reaction

(ii) 350 oC and 400 atmospheres [1]

(iii) no effect on yield of ammonia [1]
increases the speed of both the forward and reverse
reactions to the same extent [1]

(iv) to increase yield of ammonia / reduce cost/
reduce waste / save materials or resources [1]

(v) reversible reaction [1]

Speed of Reaction
6.1(a), 6.1(b)

Ammonia
7.3(b), (c)

A [2]

B [1]

B [2]

B [1]

B [1]

OR

B8 (a) 

solution name of products of 
electrolysis

ionic equation for 
reaction at each 

electrode

dilute aqueous 
lead(II) nitrate

at 
negative 
electrode

hydrogen 
(gas) 2H+ + 2e-  H2 (g)

at 
positive 
electrode

oxygen (gas)
and water

4OH- (aq) 2H2O (aq) 
+ O2 (g) + 4 e-

concentrated 
aqueous 
copper(II)
chloride

at 
negative 
electrode

copper 
(solid) Cu2+ (aq) + 2e- Cu (s)

at 
positive 
electrode

chlorine 
(gas) 2Cl- (aq) Cl2 (g) + 2e-

1 mark for each correct row

Electrolysis
4(e), (f), (g) [4]
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products [1]  
Correct labelled activation energy for the forward 
reaction + Correct labelled enthalpy change [1]
Do not allow double headed arrow head / arrow in 
wrong direction
Note – arrows do not have to start exactly at 
reactant level and finish exactly at product or 
maximum of curve 
Maximum of one mark for an error carried forwarddd
for a reaction that is endothermic i.e. enthalpy 
change mark and activation energy

Energygygy ffrororommm
ChChChemememicicicalalalss

555(b)

Oxides of nitrogen dissolve in rainwater forming acid 
rain that corrodes limestone structures and buildiing 
and causes harm to aquatic plants/animals [1]

AAAir 
101010(((e)(ii) 

nitrogen – fractional distillation of liquid air [1]
hydrogen – cracking of petroleum / crude oil [1]

Ammonia
7.3(a)

Nitrogen as the oxidation state decreases from 0 in
N2 to 3 in NH3. [1] Redox

(i) Higher temperature
increase in kinetic energy & speed of particles [1]
increase in frequency of effective collisions [1]
increase in rate of reaction

(ii) 350 oC and 400 atmospheres [1]

(iii) no effect on yield of ammonia [1]
increases the speed of both the forward and reverse
reactions to the same extent [1]

Speed of Reaction
6.1(a), 6.1(b)

Ammonia
7.3(b), (c)

A

B

B
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(b) 

solution observations

dilute aqueous 
lead(II) nitrate 

at negative 
electrode 

Effervescence / bubbles 

at positive 
electrode 

Effervescence / bubbles 

in electrolyte No change observed 

concentrated 
aqueous 
copper(II)
chloride 

at negative 
electrode 

Pink / reddish brown deposit 

at positive 
electrode 

Effervescence / bubbles 

in electrolyte Blue colour fades/ becomes 
lighter lighter 

1 mark for every 2 correct answers

Electrolysis
4(e), (f), (g) [3]

(c) 

n[Pb(NO3)2] = 0.5 x (20/1000) = 0.01 mol
n[CuCl2] = 0.8 x (15/1000) = 0.012 mol [1]

Mole ratio of Pb(NO3)2 : CuCl2 = 1 : 1
n(PbCl2) = 0.01 mol [1]

m(PbCl2) = 0.01 x (207 + 71) = 2.78 g [1]

Formulae, 
Stoichiometry and 
the Mole Concept

3(g), (k) [3] 

KiasuExamPaper.com

1 mark for every 2 correct answers
n[Pb(NO3)2] = 0.5 x (20/1000) = 0.01 mol
n[CuCl2] = 0.8 x (15/1000) = 0.012 mol [1]

Mole ratio of Pb(NO3)2 : CuCl2 = 1 : 1
n(PbCl2) = 0.01 mol [1]

m(PbCl2) = 0.01 x (207 + 71) = 2.78 g [1]
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2  

Multiple Choice Questions [40 marks]
Answer all questions and shade your answers on the OMR sheet provided. 

1 The following apparatus can be used to show the diffusion of gases.

Which of the following gases will cause the liquid level in column X to fall as shown
above?

A ammonia 
B chlorine 
C hydrogen chloride
D sulfur dioxide 

2 Some information on three solids is given below.

solid solubility in water solubility in ethanol action of heat
X soluble insoluble no effect
Y insoluble soluble no effect
Z soluble soluble sublimes

Which of the following procedures could be carried out to obtain a pure sample of Z 
from a mixture of the three solids?

A Add ethanol to the mixture, filter and collect the residue.
B Add water to the mixture and filter to collect the residue.
C Add ethanol to the mixture, filter and evaporate the filtrate.
D Heat the mixture and condense the gases. 

3 The graph below shows information of seven elements in the Periodic Table. 

What could the y-axis represent? 

A atomic number
B number of electron shells
C number of valence electrons
D valency of element

y - axis

element 
N O       F       Ne     Na     Mg Al

3

2 

1 
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4 The electronic structure of a compound formed between an element Y and chlorine is shown 
below (only valence electrons are shown). 

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

A Na2Y
B NaY2
C Na3Y
D Na5Y 

5 An element Z has the electronic structure 2,4. 
Z combines with chlorine to form a compound that is most likely a

A good conductor of electricity in liquid.
B liquid with a simple molecular structure.
C solid that dissolves in water.
D solid with a giant ionic crystal lattice structure. 

6 The diagram shows the structure of an atom.

Which diagram shows the structure of an isotope of this atom?

A B

C D

      

key

proton

neutron

electron
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7 Which substance has metallic bonding?

substance electrical conductivity nature of product formed by reaction
between substance and oxygenwhen solid when liquid

A × no reaction
B × × reacts with alkali
C reacts with both alkali and acid
D does not react with alkali nor acid 

8 The compound S2O7 reacts with water to produce sulfuric acid and oxygen only.
What volume of oxygen, measured at room temperature and pressure, is evolved when 
0.704 g of S2O7 is reacted?

A 48 cm3 B 96 cm3 C 192 cm3 D 384 cm3

9 When solid potassium hydrogen sulfate (KHSO4) is heated strongly, the following reaction 
occurs: 

2KHSO4 (s)   K2SO4 (s) + H2O (g) + SO3 (g) 
  
What is the loss in mass when 20.4 g of solid potassium hydrogen sulfate is heated?

A 1.35 g B 6.00 g C 7.35 g D 13.10 g  
10 Farmers and gardeners often treat soil with ammonium sulfate to increase the nitrogen content 

in soil. Calcium hydroxide is also often added to soil. 
Given that a farmer added both chemicals to soil together, which of the statements below is 
true?
A Ammonium sulfate increases the pH of soil.
B The calcium hydroxide decreases the pH of the soil.
C Sulfur dioxide is produced in the reaction between ammonium sulfate and calcium 

hydroxide.
D Ammonium sulfate can react with calcium hydroxide and the nitrogen content of soil does 

not improve. 
11 The following are some statements on hydroxide, OH- ions.

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 statements are correct? 

A 1 B 2 C 3 D 4          
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12 Solid Y was added bit by bit with stirring to an aqueous solution of Z.
The changes in pH of the mixture are shown in the graph.

Identify Y and Z.

Y Z
A soluble metal oxide hydrochloric acid
B soluble metal oxide sodium hydroxide
C insoluble metal oxide nitric acid
D insoluble metal oxide aqueous ammonia 

13 What will be the best method for making a sample of lead(II) chloride?

A Add lead(II) sulfate to dilute hydrochloric acid, and filter.
B Add dilute hydrochloric acid to aqueous lead(II) nitrate, and filter.
C Heat powdered lead with aqueous sodium chloride, cool, and filter.
D Pass hot chlorine gas over a heated lump of lead, and cool. 

14 The table shows the results of tests carried out to examine the air in an industrial area.

tests carried out with observations

aqueous calcium hydroxide white precipitate formed

anhydrous copper(II) sulfate white solid turned blue

acidified potassium manganate(VII) purple solution decolourised

Which of the following sets of gases was present in the sample of air?

A CO2, H2O, SO2
B CO2, H2O, NO2
C CO2, H2, SO2
D CO2, H2, NO2

15 Which of the following reactions is neither a reduction nor oxidation reaction?

A Aqueous silver nitrate is added to hydrochloric acid.  
B Discharge of hydrogen ions at the cathode.
C Silver chloride is exposed to light.
D Wine turns sour.   

mass of Y added
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16 Alloys are usually harder than the metals from which they are made.

Which difference between the metals explains the greater hardness of alloys?

A densities
B atomic radii
C electrical conductivities
D relative atomic masses 

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

Which two metals would give this result?

screw strip
A copper steel
B copper zinc
C steel copper
D steel magnesium 

18 When zinc foil is placed in an aqueous solution containing both magnesium chloride and 
copper(II) sulfate, which element is displaced?

A chlorine
B copper
C hydrogen
D magnesium  

19 Chlorine and iodine are both in Group VII of the Periodic Table. 
Which statement about these elements is correct?

A Chlorine is less reactive than iodine.
B Chlorine has a lower melting point than iodine.
C Chlorine and iodine are diatomic gases at room temperature.
D Iodine will react with a solution of sodium chloride. 

20 Which statement about alkali metals is true?
  

A They form metal oxides with water.
B They form covalent bonds with halogens.
C Their reducing powers increase down the group.
D Their melting and boiling points increase down the group.    

metal
screw 

wood

metal
strip 
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21 In the graph, curve I represents the result of a reaction between 1.0 g of calcium granules and 
excess water at 25 oC. 

Which alteration to the conditions would produce curve II? 
A 1.0 g of calcium powder with excess water at 25 oC.
B 1.0 g of calcium powder with excess water at 50 oC. 
C 1.15 g of calcium granules with excess water at 15 oC. 
D 1.15 g of calcium granules with excess water at 50 oC.  

22 Excess magnesium was reacted with dilute hydrochloric acid at room temperature. 

   Mg (s)   +   2HCl (aq)  MgCl2 (aq)   +   H2 (g) 

Two experiments were carried out.

Experiment 1:  40 cm3 of 1 mol/dm3 hydrochloric acid
Experiment 2:  15 cm3 of 2 mol/dm3 hydrochloric acid
   
Which graph shows how the speed of reaction varied with time in each experiment?

A

 
B

C D

            

volume of gas 

time 

I
II

speed of
reaction

speed of 
reaction

speed of 
reaction

speed of 
reaction
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23 An 80 cm3 sample of air is trapped in a syringe. The air is slowly passed over heated iron in a 
tube until there is no further decrease in volume.
When cooled to the original temperature, which volume of gas remains?

A 16 cm3

B 24 cm3

C 63 cm3

D 80 cm3 
24 Four different chemical reactions are represented in the following energy profile diagrams. 

Which diagram shows the slowest endothermic reaction?

A

 

B

C D
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25 The energy profile diagram shows the same reaction that occurred in the absence, and in the 
presence, of a catalyst. 

Which of the following statements is correct when describing the energy changes involved in 
the reaction? 

A The forward catalysed reaction is endothermic.  
B (E4 – E1) is the enthalpy change of the reverse reaction. 
C E2 is the activation energy for the reverse catalysed reaction. 
D The enthalpy change of the reaction is decreased by using a catalyst. 

26 Based on the setup as shown in the diagram below, what is substance X most likely to be? 

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

X
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27 When the circuit in the set-up below is closed, the bulb is lighted up, but X is not decomposed.

X is likely to be

A mercury 
B lead(II) iodide 
C aqueous silver nitrate
D concentrated potassium nitrate solution 

28 An article to be gold plated is made the cathode (negative electrode) of a cell. 
What would be suitable materials for the anode and the electrolyte?

anode electrolyte
A carbon aqueous gold(II) chloride
B carbon dilute hydrochloric acid
C gold aqueous gold(II) chloride
D gold dilute hydrochloric acid 

29 The diagram below shows the electrolysis of a substance after a few hours.

The substance is

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

X

gas

positive electrodenegative electrode
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30 Which one of the following chemical equations shows the removal of one or more exhaust 
gases in a catalytic converter? 

A 2CO + 2NO 2CO2 + N2
B 2CO + SO2 2CO2 + S
C 2SO2 + O2 2SO3
D N2 + 2O2 2NO2 

31 In an experiment, 2 moles of aluminium ions, Al3+ were discharged in the electrolysis of molten 
aluminium oxide. 
Which amount of metal ions would be discharged by an equal amount of electricity in the 
following experiments? 

A 2 mol of Cu2+, in the electrolysis of aqueous copper(II) nitrate
B 3 mol of Pb2+, in the electrolysis of molten lead(II) bromide
C 3 mol of Ag+, in the electrolysis of aqueous silver nitrate
D 6 mol of Zn2+, in the electrolysis of aqueous zinc sulfate

32 The graph below gives the percentage conversion of nitrogen and hydrogen under different 
conditions.  
The equation for the reaction is given as: N2 + 3H2 2NH3         H = -92kJ

Which of the following statements is correct?

A The yield of ammonia increases with increasing pressure.
B Finely divided nickel is used to catalyse the reaction.
C The yield of ammonia increases with increasing temperature.
D The forward reaction for production of ammonia is an endothermic process. 

33 Two compounds are thought to be isomers. 
Possible similarities and differences are listed below. Which combination would confirm 
isomerism?

similarity difference
A molecular mass molecular structure
B molecular structure molecular mass
C chemical properties physical properties
D physical properties chemical properties  
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34 The following data gives the concentration in parts per billion parts of air, in four industralised 
cities. 
In which city would limestone buildings be under the greatest threat from pollution?

city carbon monoxide nitrogen dioxides ozone
A 0.01 45 21
B 0.03 17 23
C 0.20 38 11
D 3.00 32 30 

35 5 g of vegetable oil (Mr = 800) reacted completely with 900 cm3 of hydrogen gas (measured at 
room temperature and pressure) to form margarine which is a saturated fat. How many C=C 
bonds are there in one molecule of the oil?

A 3 B 4 C 5 D 6 
36 An alcohol, X, was fully oxidised to a carboxylic acid. Neutralisation of the acid with aluminium 

oxide gives a salt with the formula (CH3CO2)3Al. 

What was alcohol X?

A CH3OH
B CH3CH2OH
C CH3CH2CH2OH
D CH3CH2CH2CH2 CH2CH2OH 

37 Ethanol can be manufactured from carbohydrates as well as ethene.
The table gives statements about the processes involved. 

In which row are both statements incorrect? 

process using carbohydrates process using ethene
A conversion to ethanol gives a low yield conversion to ethanol gives a high yield
B conversion to ethanol uses yeast as a 

catalyst
conversion to ethanol carried out at less

than 100 atm. 
C conversion carried out with the reactants in 

gaseous state
conversion carried out in aqueous state

D conversion to ethanol carried out at less 
than 100 atm.

ethene obtained from fractional distillation 
of hydrocarbons 

38 An organic compound E has the following structural formula:

C C

CH3

C OH

O

H

H

 
Which of the following statements about compound E is true?

A Compound E cannot be polymerised.
B No change in the colour of aqueous bromine when it is added to compound E.
C An aqueous solution of compound E reacts with copper to give hydrogen gas.
D Compound E reacts with ethanol to give a compound with relative molecular mass of 114. 
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39 The structure below shows part of a polymer. 

It is a polyamide.
It is formed in an addition polymerisation reaction.
The partial structure is that of nylon.
It is formed from two different types of monomers.
Each monomer has two different functional groups.

How many statements are correct?

A 2 B 3 C 4 D 5 
40 The following reactions are carried out.

reaction result
ethanoic acid is added to magnesium gas X given off
ammonium ethanoate is warmed with 

aqueous sodium hydroxide salt Y formed

ethanoic acid is added to aqueous ammonia salt Z formed

What are X, Y and Z?

X Y Z
A ammonia ammonium hydroxide water
B ammonia sodium ethanoate ammonium ethanoate
C hydrogen ammonium hydroxide water
D hydrogen sodium ethanoate ammonium ethanoate

*****************************************End of Paper*****************************************      
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Section A
Answer all the questions in the spaces provided.

The total mark for this section is 50.

A1 In the Periodic Table below, the letters A to K represent some elements but not the
symbols of the respective elements.

Use the letter(s) to identify and answer the following questions. 

(a) A metal that sinks in and reacts vigorously with water

[1]

(b) An oxidising gas.

[1]

(c) A monoatomic element.

[1]

(d) An element which forms an ion with charge +2 and +3.

[1]

(e) The formula of the compound formed between H and J.

[1]

[Total: 5]                
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A2 The following experiment was set up for the electrolysis of aqueous M(NO3)2 and aqueous 
sodium nitrate. Electrode Q is made up of metal M.

Electrodes P, R and S are made of platinum. 

X and Y are terminals of the battery. 
When the switch was closed, metal M began to deposit at electrode P, and gas bubbles 
appeared above R and S.

(a) Deduce the polarity (positive or negative) of the terminals X and Y of the battery. 

X:

Y: [1]

(b) Write an ionic equation for the reaction occurring at electrode P. Include state symbols.

[1]

(c) After the electrolysis has been carried out for 30 minutes, 200 cm3 of gas, measured at 
room temperature and presure, was collected in the test tube at electrode R.

(i) Name the gas collected in the test tube at electrode R.

[1]

(ii) Estimate the volume of gas collected in the test tube at electrode S.

[1]

(iii) If the relative atomic mass of metal M is 64, calculate the gain in mass of 
electrode P. 

[3]

[Total: 7]  

aq. NaNO3 

SR
aq. M(NO3)2

P Q

X Y

KiasuExamPaper.com



4  

A3 The diagram below shows the structure of some polymers A, B, C and D.

A

B

C

 
D

 
(a) A sample of C contain molecules with an average relative molecular mass of 14 000.

How many carbon atoms are there in an average molecule of the polymer?

[1]

(b) Which of the statements would you predict to be true and which to be false?
Put a tick ( ) in one box in each row.

true false
D is a polyester.

Water is formed as a by-product when monomers react to 
form  A and B.
The empirical formula of C is the same as its monomer.

One of the monomers that react to form B is an alcohol.
[2]

(c) Draw the displayed formulae of the monomers that react to form A.

[2]
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(d) (i) Draw the structural formula of the monomer that react to form D.

[1]

(ii) The monomer in (d)(i) can be formed by reacting an acid and an alcohol 
under suitable conditions.
Draw the structural formulae of the acid and alcohol.

[2]

(iii) State the conditions required for the reaction in (d)(ii).

[1]

(e) A, B, C and D are non-biodegradable. 
Explain why being non-biodegradable is both an advantage and a disadvantage.

[2]

[Total: 11]                   
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A4 A student conducted an experiment using hydrochloric acid and ethanoic acid to prepare 
two different salts. The experimental setup used is shown below.

(a) Hydrochloric acid is a strong acid, ethanoic acid is a weak acid. 
Describe a simple test to show which is the strong acid and which is the weak acid.

. [2]

(b) State the chemical formulae of the two salts formed from the above experiment

[2]

(c) The student recorded down the following observations.
“Slower effervescence is observed with ethanoic acid at the beginning 
of the experiment but the gas syringe is pushed further away from its 
initial position at the end of the experiment.”

Explain the above observations made.

[4]
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(d) An exothermic change occurred in both reactions mentioned above.
Define exothermic change. 

. [1]

[Total: 9] 
A5 Copper can be extracted by two different extraction processes involving low grade ore, 

chalcopyrite, CuFeS2. The ore is first crushed in huge cylindrical ball mills.

The following show information about these processes. 

process roasting & smelting leaching

main process The concentrated ore is then 
heated in the furnace to about 
700 °C in the presence of 
oxygen according to the 
following equation:

2CuFeS2(s) + 3O2
2FeO(s) + 2CuS(s) + 2SO2(g) 

The iron(II) oxide impurities are 
then removed by heating to over 
1200 °C silica.

The ore is treated with dilute 
sulfuric acid and converts 
insoluble chalcopyrite into a 
solution containing Cu2+, Fe2+,
Fe3+ and SO2- ions.  

conversion Copper(II) sulfide is reduced to 
copper by further heating with 
oxygen.

Copper can also be extracted 
from solutions of copper(II) salts 
using scrap iron.

(a) Suggest two environmental reasons and why the extraction of copper by leaching 
is preferable to the roasting and smelting process.

[2]
.

(b) The leaching process uses lesser energy than the roasting and smelting process.
Use the information in the table to explain why.

[2]
.

(c) (i) Give the ionic equation for the reaction involved in the recovery of solid 
copper from an aqueous solution using scrap iron. 

[1]
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(ii) Can zinc or magnesium be used in place of iron? 
Explain why. 

[2]

(d) The copper obtained from these two processes is only 95% pure. This impure 
copper has to be further refined by electrolysis to obtain copper of 99% purity for 
use in electrical wiring.

Draw and label an electrolytic cell diagram to demonstrate the electrolytic refining of 
copper. 
.

[2]

[Total: 9] 
A6 When zinc is added to a solution of copper(II) sulfate, a displacement reaction takes 

place. The equation for this reaction is given below:

Zn + CuSO4 Cu + ZnSO4        H = -220 kJ/mol

(a) Complete the energy profile diagram.

Your diagram should include 
formulae of reactants and products
enthalpy change of reaction 
activation energy

.

[2]

energy/kJ

progress of reaction
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(b) In an experiment, 20 cm3 of copper(II) sulfate solution is reacted with excess zinc 
powder. The amount of heat evolved is found to be 1.76 kJ. 

Calculate the concentration, in mol/dm3, of the copper(II) sulfate solution used.

[2]

[Total: 4]                                     
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A7 Some physical properties of chlorides of carbon and lead are shown in the table below.

chloride melting point/oC electrical conductivity 

tetrachloromethane,
CCl4

-23 does not conduct in any 
state

lead(II) chloride,
PbCl2

498
good conductor in molten 
state but non-conductor in 

aqueous solution

(a) Draw a ‘dot and cross’ diagram to show the bonding in tetrachloromethane
Show outer electrons only.

[1]

(b) Explain why tetrachloromethane and lead(II) chloride have different properties.

[4]

[Total: 5]   
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Section B: Free Response Questions [30 marks]

Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8 Read the information about the oxides of elements in Period 3 of the Periodic Table.

The formulae and the chemical properties of the oxides and chlorides of the elements change 
across Period 3.

element metal/non-
metal

formula of  
main oxide

bonding in 
oxide

formula in 
chloride

bonding in 
chloride

Na metal Na2O ionic NaCl ionic

Mg metal MgO ionic MgCl2 ionic

Al metal Al2O3 ionic AlCl3 covalent

Si non-metal SiO2 covalent SiCl4 covalent

P non-metal P4O10 covalent PCl3 covalent

S non-metal SO3 covalent S2Cl2 covalent

Cl non-metal Cl2O7 covalent Cl2 covalent

Electronegativity refers to the tendency of an atom to attract electrons to itself.
Metals tend to have low electronegativities while non-metals have high electronegativities.
The electronegativity values of Period 3 elements are shown in the table below.

element electronegativity of 
each element

Na 0.9

Mg 1.2

Al 1.6

Si 1.8

P 2.1

S 2.5

Cl 3.0

Oxygen has electronegativity of 3.5.

The difference in the electronegativities between each element and oxygen can be calculated. 
Some examples are shown the table below.

formula of oxides difference in electronegativities 
between each element and 

oxygen
Na2O 2.6

MgO 2.3

Al2O3 2.1  
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(a) Describe the pattern for the difference in electronegativities between each element and 
oxygen across Period 3.

[2]

(b) With reference to atomic structure, give reason(s) why the electronegativity of oxygen is 
higher than that of any element in Period 3.

[2]

(c) A student wrote the following conclusion by studying the results.

“The bonds in the oxides and chlorides are covalent when the difference in 
electronegativities is less than 2.0.”

Do you agree with this conclusion? 
Use the results to explain your reasoning. 

[4]

(d) The electronegativity of beryllium is 1.57. Predict the bonding in beryllium chloride 
and beryllium oxide.
Explain your answer.

[2]

(e) Suggest, with reason(s), an electronegative value for argon. 

[2]

[Total:12]    
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B9 The graphs below show the reaction of zinc with dilute nitric acid in two different reactions. 
The beaker and its contents were weighed every two minutes and the loss in mass was 
recorded.

(a) (i) In Reaction A, 1.625 g of large lumps of zinc was added to 250 cm3 of dilute 
nitric acid of 0.500 mol/dm3 in a beaker.  
Explain the cause of the loss in mass.

[1]

(ii) Determine the limiting reactant.
Show your working clearly. [2]
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(b) In Reaction B, the reaction was repeated using 1.625 g of large lumps of zinc 
added to 250 cm3 of dilute nitric acid of 0.500 mol/dm3 in a beaker at a lower 
temperature.
All other conditions of the reaction remained the same.

Explain the difference in initial speed of reaction for reaction B. 

[2]

(c) A third reaction, Reaction C, is repeated with the addition of 50 cm3 of aqueous 
copper(II) sulfate.

Two students predict the results of this experiment.

Student 1: ‘The initial rate of reaction is slower as the aqueous copper(II) sulfate is 
an impurity.’ 

Student 2: ‘The loss in mass is lesser as the aqueous copper(II) sulfate reacts with 
one of the reactants.’

Do you agree with the students?

Explain your reasoning.

[3]

[Total: 8]
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B10 Either
The reaction scheme of organic compound A is shown below.

(a) (i) Name the process Z and state the solid catalyst used.

[2]

(ii) Describe a test to differentiate compound A from B.

[2]

(iii) Construct a balanced chemical equation for process Z.

[1]

(b) Describe a test to prove that CH3CH2CH2OH has been completely converted to D.

[2]

(c) (i) Molecules of B can undergo addition polymerisation to form a polymer with a 
relative molecular mass of 33600. How many monomers of B are required to 
form this polymer?

[1]

A

B

process Z: vaporised
A passed over solid 

catalyst

methane CH3CHClCH2CH3

reacts with Cl2 in 
presence of UV 

light

CH3CH2CH2OH

reacts with steam
under special 

conditions 

D

after exposure 
to air over a 

period of time
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(ii) With reference to their structures, state one similarity and one difference 
between monomer B and its polymer, 

[2]

[Total: 10]
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B10 OR
Diesel obtained from crude oil is often called fossil diesel. 
Biodiesel can be made from many vegetable oils. 

Tiny particles of solids are produced when the fuel does not burn completely. This increases 
the level of particulates (PM10) in the atmosphere. These particles are small enough to pass 
through the throat and nose and enter the lungs.

One research project compared the exhaust emissions when fossil diesel or biodiesel were 
used as fuels. Some of the relative amounts of these exhaust emissions are shown in the bar 
chart.

(a) (i) Using the data given, compare the exhaust emission between fossil diesel 
and biodiesel.

[2]

(ii) Exhaust emissions from fossil diesel cause more harm to human health than 
those from biodiesel. Explain why.

[2]

(b) Some scientists suggest that biodiesel is carbon neutral. Explain why.

[2]

Key
fossil diesel

biodiesel Relative 
amount of 
exhaust 
emission

type of exhaust emission
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(c) Refrigerants are substances used to cool refrigerators and freezers. Until recently,
many of the compounds used as refrigerants were chlorofluorocarbons (CFCs), but
these are now known to form chlorine radicals. One such compound is CFCl3.

                         CFCl3                     CFCl2 + Cl

The Cl atom reacts with ozone in a two-step reaction.

Step 1: Cl + O3  ClO + O2

Step 2: ClO + O  Cl + O2 

(i) One molecule of CFCl3 can destroy thousands of ozone molecules. 
Explain why.

[2]

(ii) The graph below shows the mass and amount of carbon, fluorine and 
chlorine atoms in one mole of a certain compound of CFCs found in the 
aerosol can of hairspray.

Using the above information, determine the molecular formula of this CFCs 
compound.

[2]

[Total: 10]
*****************************************End of Paper*****************************************
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Paper 1 (Multiple choice questions)

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

Paper 2 (Structured and Free Response)

A1 (a) B [1]

(b) J [1]

(c) K [1]

(d) D [1]

(e) HJ3 [1]

A2 (a) X: negative    Y: positive [1]

(b) M-2+(aq) + 2e- M(s) [1]

(c) (i) hydrogen [1]

(ii) 100 cm3 [1]

(iii) 2H+(aq) + 2e- H2(g)
No. of moles of hydrogen gas = 200/24000 = 0.0083333 [1]
No. of moles of electrons = 0.01667 [1]
No. of moles of M = 0.01667 /2 = 0.0083333
Mass of M = 0.0083333 × 64 = 0.533 g [1]

[3]
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C 19 B 29 D 39
D 20 C 30 A 40

(Structured and Free Response)

(a) B

(b) J

(c) K

(d) D

(e) HJ3

(a) X: negative    Y: positive

(b) M-2+(aq) + 22ee- M(M s))

(c) (i) hydroggen

(ii) 1000 cmcm333

(iii) 2H+(aq) + 2e- H2(g)
No. of moles of hydrogen gas = 200/24000 = 0.0083333 [1]
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A3 (a) 1000 [1] [1]

(b)
true false

D is a polyester.

Water is formed as a by-product when monomers react to 
form  A and B.
The empirical formula of C is the same as its monomer.

One of the monomers that react to form B is an alcohol.

4 : [2]
1-3 : [1] [2]

(c)

[1] [1] [2]
need to show all bonds, including –O-H bond

(d) (i) [1]

(ii)

[1] and [1] [2]

(iii) Warming/heating with concentrated sulfuric acid [1] [1]

(e) Disadvantage: Polymer can only be disposed off by burying in landfills which
will lead to land or air pollution.[1]

Advantage: Polymer is durable and resistant to corrosion. [1] [2]

A4 (a) Measure pH of the acid samples with a pH meter, [1]
if the acid gives a lower pH reading such as 1 or 2, it is a strong acid while
acid that gives a higher pH reading such as 3 or 4 is a weak acid. [1]

OR

Add two or three drops of Universal indicator into each acid sample
separately.  If the UI produced a red colour, the acid is a strong acid. If the
UI produced a yellow or orange colour, the acid is a weak acid.

[2]

(b) (CH3COO)2Pb [1]
PbCl2 [1]
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4 : [2]
1-3 : [1]

(c)

[1] [1[1]]
need to show all bonds, including –O-H bond

(d) (i)

(ii)

[1] andd [1[1]]

(iii) Warmining/g/heheata ing g wiwithth ccononcentrated sulfuric acid [1]

(e) Disadvanntagege: PoPolylymemer r can only be disposed off by burying in landfills wh
will lead toto llanandd oror aairir pollution.[1]

Advantage: PPolo ymer is durable and resistant to corrosion. [1]

(a) Measure pH of the acid samples with a pH meter [1]
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(c) Ethanoic acid dissociate partially in aqueous solution to produce H+ ions [1]
Ethanoic acid produces a lower initial concentration of H+ ions in aqueous
solution than hydrochloric acid [1]
Hence produces a slower initial rate of reaction.
[Accept RA for hydrochloric acid]

Lead(II) carbonate reacts with hydrochloric acid to form insoluble lead(II)
chloride [1]
which coats around lead(II) carbonate and prevents it from further reaction
with acid. [1]
gives a low yield of carbon dioxide gas.
[Accept RA for ethanoic acid] [4]

(d) An exothermic change refers to a chemical reaction in which energy is given
out to the surroundings [1]

A5 (a) Lesser fossil fuels burnt (reduced energy requirements in leaching process) 
hence reducing CO2 produced, a greenhouse gas which leads to reduced 
effect on global warming OR
conserves resources/fossil fuels [1]

No SO2 gas produced, an air pollutant which causes acid rain [1] [2] 

(b) The roasting and smelting required high energy demands such as

heating to a high temperature of 700 °C during the roasting of the ores,
1200 °C for the removal of iron(II) oxide impurities and additional heating of
copper(II) oxide and oxygen during conversion (list any two) [1]

as compared to leaching where no heating is required.[1] [2]

(c) (i) Cu2+(aq) + Fe(s) Fe2+(aq) + Cu(s) [1] [1]

(ii) No. Magnesium and zinc is more reactive than iron [1]
and will displace iron from the aqueous solution as well. [1]
Copper obtained would be contaminated with iron.

[2]

(d) Electrolyte: any aqueous copper(II) solution[;]
Anode: impure copper[;]
Cathode: pure copper[;]
Battery and wires [;]

4; - [2]

[2]
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[Accept RA for ethanoic acid]

(d) An exothermic change refers to a chemical reaction in wwwwwwhihihihihihichchchchchch eeeeeenergy is giv
out to the surroundings

a) Lesser fossil fuels burnt (reduced energy requiremmmmmmenenenenenentstststststs iiiiiin leeacacacacacachihihihihihingngngngngng ppppproces
hence reducing CO2 produced, a greenhouse ggasasasasasass wwwwwwwwwwwwwwwwhihihihihihihhh chccccc  leaaaaaadsdsdsdsdsds ttttttoooooo reduced
effect on global warming OR
conserves resources/fossil fuels [1]

No SO2 gas produced, an air pollutant which cccauauaaaaaaaaaaaaaaa ses acacacacacacidddddd raaaaaia nnnnnn [[[[[1[ ]

b) The roasting and smelting reequq iri edd high ennerergygy demands such as

heating to aa high temperaturu e ofof 77000 °°C C duduriringn  the roasting of the ores,
1200 °C for the removal of iiron(III) ) oxoxxidide e imimpurities and additional heating 
copper(II) oxide and oxygeenn duduriringngn ccononnvevev rsion (list any two) [1]

as compareed tooo leae chiningg whwherere e no heating is required.[1]

c) (i) CuCu2+2+(a(aq)q) ++ FFe(e((s)s) Fe2+(aq) + Cu(s) [1]

(ii) No. MaMagngng esium and zinc is more reactive than iron [1]
and will displace iron from the aqueous solution as well. [1]
Copper obtained would be contaminated with iron.
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A6 (a)

Ea (arrow head upwards)  ;
H(arrow head downwards wards) ;

Label reactants & products: ;
3; - [2]
1-2; [1]

[2]

(b) No. of moles of CuSO4 = 1.76/220 = 0.008 [1]
Concentration of CuSO4 used = 0.008/(20/1000) = 0.400 mol/dm3 [1]

[2]

A7 (a) Non bonded electrons [;]
Bonded electrons [;]

[1]

(b) Electrical conductivity:
Tetrachloromethane molecules are electrically neutral. There are no mobile
ions and electrons to conduct electricity.[1]

Whereas lead(II) chloride is insoluble in water and hence ions are held in
fixed position and are not mobile[;]
Pb2+ and Cl- ions are mobile in aqueous solution that can act as charged
carriers.[;]
2; - 1

Melting point:
Tetrachloromethane has a simple molecular structure consisting of
molecules held by weak intermolecular forces of attraction. [;]
Lead (II) chloride has a giant ionic lattice structure consisting of oppositely
charged ions held by strong electrostatic forces of attraction. [;]
A larger amount of energy is required to overcome the forces in lead (II)
chloride. [;]
3; [2]

[4]

H = -220kJ/mol

Cu + ZnSO4

Energy/kJ

Progress of reaction

Ea

Zn + CuSO4
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Ea (arrow head upwards)  ;
H(arrow head downwards wards) ;

Label reactants & products: ;
3; - [2]
1-2; [1]

b) No. of moles of CuSO4 = 1.767 /22020 == 0.0088 [1[11]]
Concentratioon of CuSO4 useded = 00.00808/(/(2020/1/100000) = 0.400 mol/dm3 [1]

a) Non bonded electrons [;]
Bonded electrons [;]

b) Electrical cononduductc ivvitityy::
Tetrachloromethaanene mmololecece ules are electrically neutral. There are no mobile
ions andd eelelectctroronsns tto o coconduct electricity.[1]

Whereas leeadad(I(I( I)I) chloride is insoluble in water and hence ions are held in
fixed position and are not mobile[;]
Pb2+ and Cl- ions are mobile in aqueous solution that can act as charged

HHHHHH = -2222222200000k0 J/mol

CuCuCuCuCuCu + ZnZnZnZnZnZnSOSSSSS 44
Proggggggrerererereressssssssssss ooooooffff ff rrreactitititititionononononon
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B8
(a) The difference in electronegativity between each element and oxygen decreases from

2.6 for Na to 0.5 for Cl across the period.

Trend [1], quote data [1]

[2]

(b) Oxygen atom has one lesser electron shell (2 electron shells) than each element in
Period 3 [1]

Hence there is a stronger electrostatic attraction between the positively charged nucleus
and the valence electrons [1]

[2]

(c) The student’s conclusion is true for oxides.
The difference in electronegativities between Si, P and Cl and O is less than 2.0 and 
bond character is covalent. [1]

His conclusion does not apply for chlorides.
The difference in electronegativities between Mg and Cl is less than 2.0 at 1.8 and the 
bond is ionic. [1]

Data cited for both statements [1]

[3]

(d) Bond nature in beryllium chloride is covalent and that in beryllium oxide is ionic .[1]

Since the electronegativity of beryllium is approximately same as aluminium. [1]

[2]

(e) 0.0 [1]
Argon is unreactive as it has a stable complete electronic configuration and
Hence unlikely to attract electrons to itself.[1]

[2]

B9 
(a) (i) Hydrogen gas produced escapes from the reaction mixture. [1]

(ii) Loss in mass = mass of hydrogen = 0.05 g
No. of moles of hydrogen = 0.05/2 = 0.025  
No. of moles of Zn required = 0.025
Actual no. of moles of Zn provided = 1.625/65 = 0.025
OR
No. of moles of acid used  = 0.025× 2 = 0.05
Actual no. of moles of acid = 250/1000 × 0.500 = 0.125

[1] for working
The limiting reactant is Zn. [1] [2]

(b) As the temperature of the water decreases,
Nitric acid and Zn particles lose energy and move slower [;]
lesser reacting particles have energy equal or more than the activation energy[;]
1; to get first mark

leading to lowered frequency of effective collision between Zn and nitric acid. [1] [2]
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student’s conclusion is true for oxides.
difference in electronegativities between Si, P and Cl and O iss lelelelelelesssssss tttttthahhhh n 2.0 and
 character is covalent. [1]

conclusion does not apply for chlorides.
difference in electronegativities between Mg and Cl issssss lllllllllllleseseseseseseseeeesseseeeeeeeeeeeseeeeeeeeseeeeeeeeeeeeeeeeeeeeeee ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss thththhhhtttttttthtttttthaaaaana 222222.0.0.000.0 aaaaaat ttttt 111111.8 and t
 is ionic. [1]

cited for both statements [1]

d nature in beryllium chloride is covalent and thattt in berylliummmmmm ooooooxide is ionic .[1]

e the electronegativity of berylliumm iis apa prp oximatatelely y sasame as aluminium. [1]

1]
n is unreactive as it has a stable onic configuration andn is unreactive as it has a stable ccomomplpleteteee elelecectronic configuration and

ce unlikely to attract electrons too iitstselelf.f [1[1]]

Hydrogen gas proroduduced d esescacapepeess from the reaction mixture.

Loss in masss == mmasasss ofof hhydydrogen = 0.05 g
No. of moles oof f hyhydrdrogogen = 0.05/2 = 0.025  
No. of moles of f ZnZn rrequired = 0.025
Actual no. of moles of Zn provided = 1.625/65 = 0.025
OR
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(c) I disagree with student 1.
The initial rate of reaction is slower because adding 50 cm3 of aqueous solution
decreases the concentration of H+ ions in the solution [1] thereby decreasing the
rate of reaction.

I agree with student 2.
Zinc displaces copper from aqueous copper (II) sulfate. [;] 
Lesser no. of moles of Zn is available for reaction with nitric acid.[;] 
2; -[1] 
Hence lesser volume of hydrogen gas produced.[1]

[3]

B10 Either
(a) (i) Cracking [1]

Mixture of aluminium oxide and silicon(IV) oxide catalyst [1] [2]

(ii) Add samples of A and B to aqueous bromine. [;]
If reddish brown aq. bromine decolourises rapidly, sample is A,
If aq. bromine remains reddish brown, sample is B.

3; [2]
1-2; [1] [2]

(iii) C4H10 CH4 + C3H6 [1] [1]

(b) Add acidified potassium manganate(VII) and warm the mixture [1]
If acidified potassium manganate(VII) remains purple, C is 100% converted to D [1] [2]

(c) (i) Mr of B(propene) = 42

Number of monomers =  33600/42 = 800 [1]

(ii) Similarity:
Same empirical formula as the monomer. [1]
Difference:
Monomer is unsaturated while polymer is saturated[1] [2]
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r
Cracking [1]
Mixture of aluminium oxide and silicon(IV) oxide catalystststststst [[[[[[1]1]1]1]1]1]

Add samples of A and B to aqueous bromine. [;]
f reddish brown aq. bromine decolourises rapidldld yyyy,y,y,y,yy,yyy,y,yyyyyy,yy,,,y,y,y,,y,y,y,y,y,y,y,y,y,yy,y,yy,,y,yyyyy,y,yyyyyyyyyyyyyyyyyyy,yyyyyyyyyyyyyy sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssamamamamamaaamamamamamamamamamamamamamamamamamamamamamaamaamamamamammamamamamaammammmamaaaaamaaamamaamamaamammmamaamamamamammaaamamaaamaaammmmmaaaaamammmmaaaaammmaamammmamamammamammmamamamamamamaamamamaamammmaammaammaaammmaamamaaaaaaammaammaa plplplplplplpppplplplplplppplplpplplplplpplplpplplplpplpplpplplplplpppplplplplppplplplppplpplplplpppplplppplppppplppppppplplpplppppppplplplplpppplpppplplpppppppppppppppppplppppppppppppp eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee isisisssssssiisiisiiiiiiiiiiiii AAAAAA,
f aq. bromine remains reddish brown, sample iiiiiiiisssssssssssss ssssssssssssssssssssss B.B.B.BBBBBB.B.B.BBBBBBB.B.BBBBBBB.B.B.BBBBB.B.BB.BBBBB.B.B.BB.B.BBBB.BBBBBBBB.B.BBBBBBBBBB.BBBBBB.BBBBBBB.BBBBBBBBBB.B.BBBBBBBBB.BBBBB.B.BBBBBBB.BBB.BB.BBB.B.BBBBBBBBBBBB.BBBBBB...B

3; [2]
1-2; [1]

C4H10 CH4 + C3H6 [1]

cidified potassium manganate(VIVII)I) aandndd wwararmm thtt e mixture [1]
ified ppotassium manganate(VII) ) reremamains s purple, C is 100% converted to D [1]

Mr of B(propene) = 422

Number of moononomemersrs == 33600/42 = 800

Similarity:
Same empirical formula as the monomer. [1]
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B10OR
(a) (i) The amounts of CO, SO2 and PM10 emissions are lower when using biodiesel than

fossil diesel. [1] On the contrary, the amount of NOx exhaust emission is higher when 

burning biodiesel than fossil diesel. [1] [2] 

(ii) There is more amount of CO produced. CO is a pollutant which binds irreversibly
with haemoglobin in red blood cell to form carboxyhaemoglobin, impairing its ability
to transport oxygen causing breathing difficulties and death. [1]

There is more SO2 produced. SO2 irritate the eyes and lungs and causes breathing
difficulties [1] [2]

(b) Burning of biodiesel releases CO2 to the atmosphere. [;]
Biodiesel is formed from plants which absorb CO2 in the atmosphere during
photosynthesis. [;]
Hence there is no net increase of CO2 in the atmosphere. [;]

3;[2]
1-2; [1] [2]

(c) (i) One molecule of CFCl3 produces a Cl atom under UV light which reacts with one

molecule of O3 to form one molecule of ClO [1]

Another Cl atom is regenerated when one molecule of ClO reacts with an O atom. [1] [2]

(ii) From graph,

C F Cl
moles 2 4 2
simplest ratio 1 2 1

The empirical formula is CF2Cl.[1]

From graph,

C F Cl
Mass of 1 
mole of 
compound/g

24 76 71

Mr of CFCs = 171

n = 2

Molecular formula is C2F4Cl2 [1]
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difficulties [1]

ng of biodiesel releases CO2 to the atmosphere. [;]
esel is formed from plants which absorb CO2 in the atmospherrrrrre e e e e e dudududududuriririririring
synthesis. [;]
e there is no net increase of CO2 in the atmosphere. [;]]]]]]

1]

One molecule of CFCl3 produces a Cl atom under UV light whicccccchhhhhh rerereeeeactstststststs wwwwwwith one

molecule of O3 to form one molecule of ClO [1]

Another Cl atom is regenerated whwhene oonen  molececululee ofo  ClO reacts with an O atom

From graph,

C FF Cl
moles 2 444 2
simplelest ratio 11 2 1

The empirical formula isis CCFF22ClCl.[1]

From graph,

C F Cl
Mass of 1
mole of

24 76 71
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1 The diagram shows the apparatus used to separate Methylcyclopentane (boiling 
point 70°C) and heptane (boiling point 98°C). 

Which graph would be obtained if volume of distillate collected was plotted 
against temperature?

A C

B D

2 Which one of the following pairs of gases diffuses at the same speed?

A nitrogen and oxygen
B nitrogen and carbon monoxide
C nitrogen and ammonia
D nitrogen and nitrogen dioxide
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3 Sulfur dioxide gas is over twice as dense as nitrogen gas. A gas jar of sulfur 
dioxide was placed on top of a gas jar of nitrogen gas with the open ends 
together. 

After half an hour, which of these statements would be true?

A The top gas jar contained nitrogen gas only.
B Some of each gas would have moved into the other gas jar.
C The gases would not have mixed.
D The bottom gas jar would contain nearly all the sulfur dioxide

4 A stable molecule containing atoms of the elements X, Y and Z has the following 
structure:

Which of the following is a possible combination of elements?

X Y Z
A Si P Na
B P Si F
C F Si P
D Si P F

5 Which particle has the least number of electrons in its valence shell?

A I
B N3-

C Ne
D O2-
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6 The diagram represents an atom of an isotope X of an element.

If the element consists of only two isotopes, which one of the following is likely to 
represent the particles of the other isotope of the element?

Proton Neutron Electron
A 5 6 5
B 5 5 5
C 6 5 5
D 11 12 11

7 Which of the following substances contain delocalised electrons?

I copper
II graphite
III solid copper (II) chloride
IV molten copper (II) chloride

A I and II
B I and IV
C II and III
D III and IV
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8 Elements P and R react to form compound S which is a liquid at room conditions. 
The formula of S is P2R.

If R is a group VI element, P is

A sodium
B phosphorous 
C hydrogen
D silicon 

9 12.0 g of anhydrous magnesium sulfate combines with 12.6 g of water to form 
hydrated magnesium sulfate.

What is the formula of hydrated magnesium sulfate? 

A MgSO4•3H2O
B MgSO4•5H2O
C MgSO4•7H2O
D MgSO4•9H2O

10 A hydrocarbon contains 86% carbon and 14% hydrogen by mass. 

What is the probable molecular formula?

A CH4

B C4H8

C C6H6

D C8H18

11 Compound X is a white solid. When X is warmed with sodium hydroxide solution, 
a gas with pungent smell is liberated. The gas turns moist red litmus paper blue. 
When a solution of X is treated with dilute hydrochloric acid, bubbles are seen in 
the solution. 

What is X most likely to be?

A ammounium sulfate
B ammonium carbonate
C potassium nitrate
D potassium hydrogen carbonate
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12 The following tests were carried out on a green solid.

I It produced water when it was gently heated alone.
II It gave a green precipitate when dissolved in water and added to 

aqueous ammonia
III It gave a white precipitate when dissolved in water and added to 

silver nitrate solution.

From these tests, identify the green solid.

A anhydrous copper (II) chloride
B hydrated iron (II) chloride
C hydrated iron (II) sulfate
D hydrated copper (II) sulfate

13 Which one of the following reagents gives a precipitate with a solution of Cu2+(aq), 
which dissolves in excess reagent?

A NaOH (aq)
B NH3 (aq)
C AgNO3 (aq)
D Na2CO3 (aq)

14 The table below gives information about three indicators.

indicator colour in strongly 
acidic solution

pH at which 
colour changes

colour in strongly 
alkaline solution

methyl orange red 4.5 Yellow
bromothylmol  

blue yellow 6.5 Blue

phenolphthalein colourless 9.0 Pink

If equal amounts of indicators were added to separate samples of pure water, 
what would be the colours of the resulting solutions?

methyl orange bromothylmol  blue phenolphthalein
A yellow blue pink
B red yellow colourless 
C yellow yellow colourless 
D yellow blue colourless 
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15 Which of the following mixtures produces ammonia when heated?

A CH3COONH4 + Ba(OH)2

B NH4NO3 + NaCl
C NH4NO3 + HCl
D NH4NO3 + Al

16 Which of the equation does not represent a redox reaction?

A 3Cl2(g) + 2Fe (s) → 2FeCl3 (s)
B Ba2+ (aq) + SO42- (aq) → BaSO4 (s)
C Fe2+ (aq) + Mg (s) → Fe (s) + Mg2+ (aq)
D Zn (s) + 2HCl (aq) → ZnCl2 (aq) + H2 (g)

17 In which reaction does chromium undergo a change in oxidation number?

A Cr2O3 + 3H2SO4 → Cr2(SO4)3 + 3H2O
B Cr2(SO4)3 + 6NaOH → 2Cr(OH)3 + 3Na2SO4

C K2Cr2O7 + 4H2SO4 + 6HCl → Cr2(SO4)3 + K2SO4 + 7H2O + 3Cl2
D 2K2CrO4 + H2SO4 → Kr2Cr2O7 + K2SO4 + H2O

18 Small portions of aqueous potassium iodide (KI) and acidified potassium 
manganate (VII) (KMNO4) were separately added to four solutions.

The colour changes are shown in the table below:

solution 
number

potassium iodide potassium manganate 

1 colourless to brown purple to colourless
2 colourless to brown no change 
3 no change purple to colourless
4 no change no change

Which solution(s) contained an oxidising agent?

A 1 only
B 1 and 2
C 1 and 3
D 2 and 4
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19 Which of the following diagrams shows the structure of bronze?

20 Three metallic oxide powders containing metals, R, S and T are heated strongly in 
a hard glass tube as shown below. At the same time, carbon monoxide gas is 
directed through the tube.

Oxide of R glows slightly, oxide of T glows strongly while oxide of S does not 
undergo any changes.

Based on these observations, which list shows the descending order of reactivity 
(most reactive first) of metal R, S and T?

A R, S, T
B T, R, S
C S, R, T
D T, S ,R

A B

C D
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21 Several properties of metals can be explained by the fact that layers of atoms can 
slide over each other. 

Which one of the following properties of metals is not explained by this fact?

A Metals are malleable.
B Metals conduct electricity.
C Pure metals are softer than alloys.
D Metals are ductile.

22 The diagram shows the results of an electrolysis using inert electrodes.

Which of the following could be liquid R?

A aqueous silver nitrate
B aqueous sodium carbonate
C concentrated hydrochloric acid
D molten magnesium iodide
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23 The diagram below shows a simple electrochemical cell.

An electric current flows from P to Q. Suggest the identity of P and Q.

P Q
A copper magnesium
B zinc magnesium
C zinc iron
D copper iron

24 When an aqueous solution containing Fe2+ and Vn+ ions is electrolysed, the same 
amount of charge produces 16.8 g of iron and 10.2 g of vanadium.

What is the value of n in Vn+ ion?

A 1
B 2
C 3
D 4

25 The element astatine (At) is beneath iodine in Group VII of the Periodic Table. 

Which one of the following is a likely property of astatine?

A It can be liberated from a solution of its salt by chlorine gas.
B It conducts electricity in molten state.
C It forms a basic oxide.
D It displaces iodine from aqueous potassium iodide.
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26 The table below represents 8 elements P, Q, R, S, T, U V and W across Period 2 
of the Periodic Table. 

3P 4Q 5R 6S 7T 8U 9V 10W

Which of the following properties is incorrect?

A The chlorides of T have high melting points whereas chlorides of P have 
low melting points.

B The oxides of T are acidic whereas the oxides of P are alkaline.
C P and Q are metals whereas V and W are non-metals.
D V atoms are smaller than P atoms.

27 Which statement about groups in the Periodic Table is correct?

A All elements form either positively charged ions or negatively charged ions.

B In Group I, all the elements form covalent compounds with hydrogen.

C In Group VII, all the elements form ionic bonds with most metals.

D All groups contain acidic and basic oxides.

28 The process of dissolving potassium iodide in water is endothermic. 

Which of the following graphs shows the temperature changes that occur when 
potassium iodide is stirred with water until no further change in temperature is 
observed? 
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29 Which one of the following is an endothermic process?

A C (s) + O2 (g) → CO2 (g)
B HCl (aq) + NaOH (aq) → NaCl (aq) + H2O (l)
C 6CO2 (g) + 6H2O (g) → C6H12O6(aq) + 6O2(g)
D H2O (g) → H2O (l)

30 The combustion of methane is an exothermic process.

CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (g) ∆H = - 890 kJ

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

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

31 Sodium thiosulfate reacts with hydrochloric acid to form sulfur. 

Which sodium thiosulfate solution gives the highest initial rate of reaction?

A 4 g of sodium thiosulfate dissolved in 50 cm3 of water.
B 10 g of sodium thiosulfate dissolved in 100 cm3 of water.
C 20 g of sodium thiosulfate dissolved in 500 cm3 of water.
D 40 g of sodium thiosulfate dissolved in 2000 cm3 of water.
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32 A student performs two reactions.

Reaction 1 10 g of magnesium ribbon with excess 2.0 mol/dm3 dilute 
hydrochloric acid

Reaction 2 5 g of magnesium powder with excess 2.0 mol/dm3 dilute 
hydrochloric acid

In both experiments, the volume of hydrogen produced, V, is measured against 
time, t, and the result plotted graphically. 

Which set of graphs is correct?

33 Ammonia is produced industrially by Haber process. 

Which of the following statement is not true about the Haber process?

A Nitrogen is obtained from air.
B High temperature is applied to overcome the activation energy.
C A catalyst is added to decrease the enthalpy change of the forward 

reaction.
D High pressure is applied to increase the yield of ammonia.
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34 Which one of the following pairs of gases are common pollutants of the 
atmosphere?

A nitrogen and sulfur dioxide
B chlorine and hydrogen
C carbon dioxide and ammonia
D sulfur dioxide and nitrogen dioxide

35 Which one of the following explains why carbon monoxide is poisonous?

A It is oxidised to carbon dioxide in the lungs.
B It is reduced to carbon in the lungs.
C It combines with haemoglobin.
D It is inflammable. 

36 Which one of these pollutant gases in the air is mainly responsible for the 
greenhouse effect?

A sulfur dioxide
B carbon dioxide
C carbon monoxide
D nitrogen dioxide

37 The reaction between the hydrocarbon CxH6 and hydrogen can be represented by 
the equation:

CxH6 (g) + H2 (g) → CxH8 (g)

Which of the following statements about the above reaction is true?

A It is a substitution reaction.
B UV light is required for the reaction to take place.
C The molecular formula of the hydrocarbon is C2H6.
D The molecular formula of the hydrocarbon is C3H6.
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38 The diagram shows the fractional distillation of petroleum.

Which statements about fractions X and Y are correct?

X is more 
flammable than Y

X burns with a less 
sooty flame than Y

X is more viscous 
than Y

A Yes No No
B Yes Yes No
C No Yes Yes
D No No Yes

39 The diagram shows the structure of a hydrocarbon X.

Which of the following structures are isomers of hydrocarbon X?

A i, ii
B i, iii
C i, iii, iv
D i, ii, iii, iv
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40 The structure of the plastic Perspex is shown below.

What is the molecular structure of the monomer from which this plastic is formed?

A

B

C

D

End of Paper
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Answers

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

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

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

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

KiasuExamPaper.com



Candidate 
Name

Class Index Number
___________________________________________________________

CHEMISTRY

Paper 2

5073/02

Sec 4 Express 

Additional materials : NIL 1 hour 45 minutes

Setter :  Mrs Loh Kim Woon 17 Aug 2017

READ THESE INSTRUCTIONS FIRST

Write your name, index number and class on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.
Do not use staples, paper clips, highlighters, glue or correction fluid.

Section A
Answer all questions in the spaces provided.

Section B
Answer all three questions, the last question is in the form either/or.
Write your answers in the spaces provided.

At the end of the examination, detach Section A from Section B and hand them in 
separately.
The number of marks is given in brackets [  ] at the end of each question or part 
question.

A copy of the Periodic Table is printed on page 22.
For Examiner’s Use

Section A /50

B7  /12

B8 / 8

B9 /10

Total /80

This document consists of 21 printed pages and 1 blank page.
[Turn over

Geylang Methodist School (Secondary)
        Preliminary Examination 2017

KiasuExamPaper.com



2 GMS(S)/CHEM/P2/PRELIM2017/4E

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 the nuclei of five different atoms.

(a) Which atom is most likely to be in Group 0?

………………………………………………………………………………………[1]

(b) Which atom has an atomic number of 3?

………………………………………………………………………………………[1]

(c) Which atom has a nucleon number of 6?

………………………………………………………………………………………[1]

(d) Which two atoms are isotopes of the same element?

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

(e) Suggest the name of the element in (d).

………………………………………………………………………………………[1]

(f) Which two atoms lose an electron when they form ions?

………………………………………………………………………………………[2]

[Total: 7]
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A2 The table below shows the concentration of different ions found in a sample of 
aqueous industrial waste.

ion concentration (mol/dm3)

Ca2+ 0.125
H+ 2.300
K+ 0.234

NO3- 3.680
Cu2+ 0.450

Use the information in the table to answer the following questions.

(a) Write the chemical formula of a coloured salt that could be obtained from the 
sample. 

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

(b) A student wants to obtain the salt in (a) using the following method.

metal + dilute nitric acid            salt in (a) + hydrogen

Why is this method not feasible?

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

(c) Suggest a modification to the method in (b) to obtain a pure and dry sample of 
the salt in (a).  

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

.......................................................................................................................... [3]
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(d) Is the sample of aqueous industrial waste acidic, neutral or alkaline?
Explain your answer.

…………………………………………………………………………………………….

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

(e) What would be observed when aqueous sodium hydroxide is added to a
sample of the aqueous industrial waste until no further change is seen?

…………………………………………………………………………………………….

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

[Total: 8]

A3 The structures of phosphorus trioxide and diamond are shown below. Phosphorus 
trioxide is a covalent compound with a simple molecular structure. Diamond has a 
giant molecular structure of carbon atoms.

phosphorus trioxide    diamond

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

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

(b) Describe how a simple molecular structure differs from a giant molecular
structure.

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

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

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

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

………………………………………………………………………………….......... [2]
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(c) Explain why the melting point of phosphorus trioxide is lower than that of
diamond.

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

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

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

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

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

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

(d) An oxide was found to have the following composition by mass.

   element percentage by mass
phosphorus 43.7

oxygen 56.3

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

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

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

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

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

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

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

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

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

[Total: 9]
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A4 (a) Ammonia is manufactured by the Haber Process.

N2 +  3H2 2NH3   H = -92.4 kJ/mol

The table below shows how the percentage yield of ammonia at equilibrium 
varies with both temperature and pressure.

pressure 
/ atm

percentage yield of ammonia at equilibrium 
200 oC 300 oC 400 oC 500 oC

40 72 34 13 5
100 81 51 25 10
200 86 63 36 18
300 88 69 40 24

(i) Describe how the percentage yield of ammonia at equilibrium changes
with temperature.

……………………………………………………………………………………….

……………………………………………………………………………………[1]

(ii) Describe how the percentage yield of ammonia at equilibrium changes
with pressure.

……………………………………………………………………………………….

……………………………………………………………………………………[1]

(iii) Explain how using a catalyst in the Haber Process has an economic
advantage.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………[2]
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(b) Ammonia is used to manufacture nitric acid by a two-stage process.

Stage 1    Ammonia is converted to nitrogen monoxide.

4NH3(g)  +  5O2(g)  4NO(g)  +  6H2O(g)        

Stage 2    Nitrogen monoxide is converted to nitric acid.

4NO(g)  +  2H2O(g)  +  3O2(g)  4HNO3(aq)

(i) It is possible to find out whether the reaction in Stage 1 has completed by
following the pH changes during the reaction.
Samples of gas are taken from the reaction vessel at regular time intervals
and bubbled through water to form a solution. The pH of each solution is
measured.
Explain why the measured pH changes during the reaction.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………[3]

(ii) Use the equations in the two stages to construct an overall equation for
the conversion of ammonia to nitric acid.

……………………………………………………………………………………[1]

[Total: 8]
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A5 The manufacture of sulfuric acid is described below.

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

S(s) + O2(g) SO2(g)

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

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

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

H2SO4(l) + SO3(g) H2S2O7(l)

step 4: Oleum can then react safely with water to produce concentrated sulfuric acid.

H2S2O7(l) + H2O(l) 2H2SO4(l)

(a) Is step 3 a redox reaction? Use ideas about oxidation states to explain your
answer.

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

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

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

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

(b) Explain, in terms of collisions between reacting particles, how a higher pressure
affects the rate of reaction in step 1.

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

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

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

………………………………………………………………………………….......... [2]
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(c) (i) Complete the energy profile diagram below for the reaction of sulfur
dioxide and oxygen to produce sulfur trioxide. The activation energy for 
this reaction is 2200 kJ/mol.

Label clearly the reaction enthalpy change and the activation energy.

   [3]

(ii) State the values of the enthalpy change, ΔH, and the activation energy,
Ea, of the reverse reaction.

ΔH = …………………………….kJ/mol

Ea = ……………………………..kJ/mol [2]

[Total: 9]

energy / kJ/mol
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A6 The atmosphere contains a large number of gases including oxygen, nitrogen, carbon 
dioxide, sulfur dioxide, oxides of nitrogen, methane and chlorofluorocarbons (CFCs).

(a) Carbon dioxide, methane and CFCs are greenhouse gases.

(i) State one effect of an increase in the atmospheric concentration of carbon
dioxide and methane.

………………………………………………………………………………………..

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

(ii) State one source of methane gas.

………………………………………………………………………………………..

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

.
(iii) State one other environmental effect of the presence of CFCs in the

atmosphere.

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

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

(b) The formula of one chlorofluorocarbon is CFCl3.
Draw a dot-and-cross diagram to show the bonding in a molecule of CFCl3.
You only need to show outer shell electrons.

[2]
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(c) Oxides of nitrogen are produced during the combustion of petrol (gasoline) in a
car engine.

(i) Describe the chemical reaction that takes place within a car engine to form
nitric oxide, NO.

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

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

(ii) Most of the nitric oxide and other pollutants present in the exhaust gases of
a car are removed in a catalytic converter.
Describe the redox reactions that happen within a catalytic converter.

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

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

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

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

(d) Nitrogen dioxide is one of the causes of acid rain.
Two moles of nitrogen dioxide react with one mole of water to make an
aqueous solution of two acids only.
One of these acids is nitric acid.
Deduce the formula of the other acid.

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

[Total: 9]

End of Section A
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Name: ______________________________(       ) Class: ____________

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.

B7 Alkenes are unsaturated hydrocarbons. They contain one or more carbon-carbon 
double bonds. Alkenes can exist as branched or unbranched hydrocarbons. Short-
chain alkenes such as ethene and propene are used as starting materials for making 
ethanol and plastics.

Table 1 shows the boiling points of some straight chain alkenes.

 Table 1

name formula boiling point / °C

ethene C2H4 -104

propene C3H6 - 47

butene C4H8 - 6

pentene C5H10 30

hexene C6H12 63

Table 2 shows properties of branched isomers of some of the alkenes.

Table 2
number of carbon 

atoms in 
molecule

formula boiling 
point / °C

branched
alkene 1 4 -7

branched 
alkene 2 5 20

H
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(a) How is the boiling point of a straight chain alkene affected by branching in
isomerism?
Use evidence from Table 1 and Table 2 to explain your reasoning.

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

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

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

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

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

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

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

(b) X is a gaseous hydrocarbon which can decolourise a solution of bromine and has
a density of 1.75 g/dm3 at room temperature and pressure.

(i) Calculate the relative molecular mass of X.

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

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

(ii) Hence, identify X. Explain your reasoning.

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

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

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

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

(c) Both ethene and ethane can react with chlorine to form dichloroethane.
Give two differences between the two reactions.

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

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

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

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

…………………………………………..………….………………………..……………[2]
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(d) Alkynes are hydrocarbons containing carbon-carbon triple bond (C C). Table 3
shows some properties of the first four members of the alkyne homologous series.

Table 3

alkyne molecular formula boiling point / oC
ethyne C2H2 - 84

propyne C3H4 - 23
butyne C4H6 8

pentyne C5H8 40

(i) Draw the full structural formula of the alkyne with 6 carbon atoms.

[1]

(ii) Do alkenes or alkynes burn with a smokier flame? Explain your answer.

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

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

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

(e) A Chemistry book has the following line.

…..in general, the higher the relative molecular mass of the 
molecule, the higher the melting and boiling points of the 
compound due to the higher intermolecular forces of attraction.

Use the data in Table 1 and Table 3 to justify whether the statement is valid.

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

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

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

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

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

[Total: 12]
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B8 Zinc reacts with aqueous iodine to form zinc iodide. The following apparatus was used 
to measure the rate of the reaction between zinc and aqueous iodine at 25oC.

The mass of the zinc plate was measured every minute until the reaction was 
complete.
Graph 1 shows the results obtained.

(a) Identify the reagent that was used in excess.

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

(b) (i) The experiment was repeated with 100 cm3 of 0.05 mol/dm3 aqueous iodine
and keeping all other conditions the same. On the same axes as Graph 1
above, sketch the curve that would be obtained and label it ‘Y’. [1]

connected to 
electronic balance

mass of zinc 
plate / g

time / min

Graph 1

KiasuExamPaper.com



                           17 GMS(S)/CHEM/P2/PRELIM2017/4E

(ii) Explain the shape of the graph obtained in (b)(i).

…………………………………………………………………………………………...

…………………………………………………………………………………………..

………………………………………………………………………………………….

………………………………………………………………………………………….

………………………………………………………………………………………….

……………………………………………………………………………………….[2]

(c) Explain, in terms of collisions between reacting particles, the effect on the speed of 
reaction if the experiment was repeated at 15oC with all other conditions kept 
constant.

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

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

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

……………………………………………………………………………………………….

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

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

(d) Describe and explain what would be observed if aqueous chlorine was bubbled
into the resulting zinc iodide solution.

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

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

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

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

[Total: 8]
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EITHER

B9 Galvanisation is the process of coating the entire surface of a piece of iron with zinc to 
prevent it from rusting. Two common ways of galvanising iron are hot-dip galvanisation 
and electro-galvanisation.

(a) Hot-dip galvanisation

The piece of iron to be galvanised is dipped into a molten bath of zinc at a
temperature of around 460°C. The piece of iron is then cooled and exposed to the
air. The outermost layer of zinc then reacts with oxygen and carbon dioxide in the
air as follows:

reaction 1: zinc reacts with oxygen to form zinc oxide
reaction 2: zinc oxide reacts with carbon dioxide to form zinc carbonate

The resulting iron piece is as shown.

(i) Write balanced chemical equations for reaction 1 and reaction 2.

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

reaction 2 ……………………………………………………………………………[1]

(ii) Use reaction 2 to explain how zinc oxide acts as a basic oxide.

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

(b) A student says ‘galvanising a piece of iron is more effective in preventing it from
rusting than painting it.’

Do you agree with the student? Explain your reasoning.

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

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

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

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

zinc

outermost layer of zinc carbonate

piece of iron
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(c) Electro-galvanisation (electroplating an object with zinc)

The piece of iron to be galvanised and a piece of zinc are used as electrodes and
dipped into an electrolyte containing a mixture of aqueous zinc cyanide, Zn(CN)2,
and aqueous sodium hydroxide at room temperature and pressure. An external
electrical power supply is used. Zinc ions are discharged to form zinc atoms, which
are coated onto the piece of iron.

(i) Draw a labelled diagram of the experimental setup for electro-galvanisation.

[2]

(ii) What is the formula for the cyanide ion?

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

(iii) Some processes of electro-galvanisation employ the use of dilute acids in the
electrolyte instead of aqueous sodium hydroxide.

Explain what problem this could pose.

………………………………………………………………………..…………………

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

(d) Suggest an advantage that electro-galvanisation has over hot-dip galvanisation.

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

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

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

[Total: 10]
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OR

B9 The diagram below shows the electrolysis of an aqueous solution of potassium sulfate 
using inert electrodes. 

(a) Write equations for the reactions that happen at each electrode during the
electrolysis of aqueous potassium sulfate. Include state symbols.

At the cathode : ……………………………………………………………………………..

At the anode : ……………………………………………………………………………….
[3]

(b) When graphite anode and a very high current are used in this electrolysis, the gas
liberated is a mixture of oxygen, carbon monoxide and carbon dioxide. In the
experiment illustrated above, 30 cm3 of gas formed above the cathode and 17 cm3

of gas formed above the anode.

(i) Explain, with the help of two equations, why the oxides of carbon are
produced at the anode.

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………[3]

(ii) Using the equations in b(i), explain why the volume of gas collected at the
anode is larger than expected.

…………………………………………………………………………………………

………………………………………………………………………………………[1]

      aqueous 
potassium sulfate

graphite 
anode

  30 cm3

  of gas
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(iii) The gas at the anode was collected and its volume was reduced to 9 cm3

when shaken with aqueous sodium hydroxide.
Deduce the volume of carbon dioxide in the gas mixture at the anode and
explain the reaction that results in the reduction of volume.

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………[2]

(c) An experiment is set up to electroplate a fresh flower with silver.
Suggest why the fresh flower must be coated with carbon particles first.

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

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

[Total: 10]

End of Paper
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Geylang Methodist School (Secondary) 
Prelim Exam 2017  
Chemistry 5073  

Paper 1

Paper 2

Qns Answers Marks
A1a B 1
b C 1
c C 1
d D and E 1
e carbon 1
f A and C 2

A2a Cu(NO3)2 1
b Copper does not react with dilute acids. 1
c Add excess copper(II) oxide / copper(II) carbonate with dilute 

nitric acid and stir.
Filter to remove the excess copper(II) oxide and collect 
copper(II) nitrate as the filtrate.
Heat copper(II) nitrate solution until it is saturated.
Cool the saturated solution.
Wash the crystals with a little cold water and dry between sheets 
of filter paper.

1

1

1

d Acidic. There are H+ ions present. 1

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

10 B 20 C 30 A 40 B

Marking Scheme
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r 2

s AnAnswswerss M
B
C
CC
D and E
carbon
A and C

Cu(NO3)2

Copper does not react with dilute acids.
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e A white precipitate is formed. 

The precipitate is insoluble in excess sodium hydroxide.
OR
A blue precipitate is formed. 
The precipitate is insoluble in excess sodium hydroxide.

1
1

1
1

A3a P4O6 1

b A simple molecular structure has small discrete molecules with 
weak intermolecular forces while 
a giant molecular structure is a lattice of many atoms covalently 
bonded together.

1

1

c A small amount of energy is needed to overcome the weak 
intermolecular forces between the molecules in phosphorus 
trioxide. 
A very large amount of energy is needed to overcome the strong 
covalent bonds between the carbon atoms in the structure of 
diamond.

1
1

1

d
element P O

mass (g) /
% by mass

43.7 56.3

number of moles
31
7.43 = 1.410

16
3.56 = 3.519

molar ratio
410.1
410.1 = 1

410.1
519.3 ≈ 2.5

simplest ratio 2 5

empirical formula P2O5

Since the empirical formula of phosphorus trioxide is P2O3, not 
P2O5, this oxide cannot be phosphorus trioxide.

1

1

1

A4a(i) The percentage yield of ammonia decreases with increasing 
temperature.    

1

(ii) Percentage yield of ammonia increases with increasing 
pressure.

1

(iii) Catalyst speeds up the reaction / lowers activation energy.   
Catalyst shortens the production time /  lowers energy costs
as less energy is used.    

1
1
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A small amount of energy is needed to overcome the weak 
intermolecular forces between the molecules in phospsphohorurus 
trioxide.
A very large amount of energy is needed to overcomee ththe e sttrorong 
covalent bonds between the carbon atoms in thehe sstrtrucucturere ofof 
diamond.

element P OOOOOOO

mass (g) /
% by mass

43.7 566.33

number of moles
331
7.43 = 1.410

16
3.56 == 33.519

molar ratio
441100..11
4100.11 == 11

410.1
519.3 ≈ 2.5

simplest ratio 22 5

emppiricicalal fformumulala P2O5

Since thee emempipiriricacall foformrmula of phosphorus trioxide is P2O3, not
P2O5, thiss ooxixidede ccanannon t be phosphorus trioxide.

The percentage yield of ammonia decreases with increasing
temperature.
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b(i) Ammonia is an alkaline gas, while oxygen, nitrogen monoxide 

and water vapour are neutral gases. 

Ammonia gas is gradually used up, the pH decreases as the 
products are neutral.     

When pH value remains constant at 7, it indicates that ammonia 
gas is used up completely for reaction and left with the neutral 
gases.  

1

1

1

(ii) NH3 + 2O2 → HNO3 + H2O 1

A5a No.
The oxidation states of S, O and H remains the same at +6, -2
and +1 respectively in both reactants and products.

Minus 1 mark for 
each mistake in 
oxidation states.

b The rate of reaction is faster at higher pressure. The gas 
molecules are closer together. 
There are more molecules per unit volume of the gas and they 
collide more frequently.

1

1

c(i)
energy

progress of reaction

correct Ea – 1m

correct H – 1m 

correct 
exothermic graph
– 1m

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

1
1

A6 a(i) Global warming/ ice caps melting/ sea level rising 1

(ii) One source of methane is rotting vegetation. 1

(iii) CFCs cause ozone depletion. 1

Ea = 2200 kJ/mol

H = -196 kJ/mol

2SO2 + O2

2SO3
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energy

progress of reaction

correct

correct

correct
exother
– 1m

ΔH = +1966 kJkJ/m/molol
Ea = 2396 kJkJ/m/mol

) Global warming/ ice caps melting/ sea level rising

Ea = 2200 kJ/moll=

H = -196 kJ/molo

2SO2 + O2

22SO3

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

Minus 1
each mi
oxidatio

The rate of reaction is faster at higher pressure.e. TThehe ggas 
molecules are closer together.
There are more molecules per unit volume of the e gaagagaaaaagg s and they 
collide more frequently.
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b

Minus 1 mark for 
each mistake

c(i) Reaction of nitrogen with oxygen at high temperature produces 
nitric oxide.

1

(ii) Nitric oxide is reduced to form nitrogen gas.
Carbon monoxide is oxidised to form carbon dioxide.

1
1

d HNO2 1

B7a Branching in isomerism decreases the boiling point of straight 
chain alkenes.
From the data, the boiling point of straight chain butene (-6 °C) is 
higher than the branched butene (-7 °C).
The boiling point of straight chain pentene (30 °C) is also higher 
than the branched pentene (20 °C).

1

1

1

b(i) Mr = density × 24 dm3

= 1.75 × 24
= 42 1

(ii) X is propene / C3H6
with Mr of propene = (12×3) + (1×6) = 42.
As X decolourises aqueous bromine, it is unsaturated / an
alkene with general formula CnH2n.

1

1
c differences: any two

- substitution in ethane requires UV light whereas addition in
ethene does not.

- substitution in ethane involves breaking of C-H bond whereas
addition in ethene involves breaking of C=C bond.

- substitution in ethane produces many products whereas 
addition in ethene produces only one product (dichloroethane).

- substitution in ethane produces a by-product (HCl) whereas
addition in ethene does not.

1m – each 
difference

F
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Reaction of nitrogen with oxygen at high temperature prrooduccees 
nitric oxide.
Nitric oxide is reduced to form nitrogen gas.
Carbon monoxide is oxidised to form carbon dioxiixixixixixiiiiixiiidedededededdedddddeddddddddddddededddddddddddddddddddddddddddddddddddddddedd .................
HNO2

Branching in isomerism decreases the boiling point ofof straiaighght
chain alkenes.
From the data, the boiling point of straight chaainin butene e ((-6 °C) is 
higher than the branched buttenene ((-77 °C).
The boiling point of straight chchaiain n pep nttenenee (3(300 °°CC) is also higher 
than the branched pentene (220 0 °°CC))..
Mr = density × 24 dm3

= 1.75 × 24
= 42

X is propene / / CC3H66
with Mr off pproropepenene == ((1212×3× ) + (1×6) = 42.
As X deecocololouru isiseses aqueous bromine, it is unsaturated / an
alkene withh gegeneneraral formula CnH2n.
differences: any two

substitution in ethane requires UV light whereas addition in 1m
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d(i) 1

(ii) Alkynes burn with a smokier flame because they have a higher 
percentage of carbon compared to alkenes.

1

e Although ethyne (Mr = 26) has a relative molecular mass smaller 
than ethene (Mr = 28), the boiling point of ethyne is -84 oC
whereas the boiling point of ethene is lower at -104 oC.
The statement is invalid as alkynes have higher boiling points 
even though they have smaller relative molecular mass.

1

1

B8a zinc 1
b(i)

1

(ii) Gradient is less steep as the concentration of iodine is halved,
resulting in a slower speed of reaction.
Half the mass of zinc reacted since only half the number of mole 
of the limiting reagent, iodine is present.

1

1

c At 15 oC, the zinc atoms and iodine molecules have lower kinetic 
energy. Hence, less particles have energy greater or equal to the 
activation energy.
The frequency of effective collisions between the zinc atoms and 
iodine molecules decreases. Hence, speed of reaction 
decreases.

1

1

d The colourless zinc iodide solution will turn brown.
Chlorine displaces the iodine from zinc iodide solution as 
chlorine is more reactive than iodine.

1
1

H

Y
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The statement is invalid as alkynes have higher boiling points 
even though they have smaller relative molecular mass.

zinc

GrG adient is lesss ssteteepe aass ththe e coc ncentration of iodine is halved,
resulting in aa sslolowewer sppeeeedd ofof rreaction.
Half the mass of zzinnc c rereacacted since only half the number of mole 
of the limititiningg rereagagenentt, ioi dine is present.

At 15 oC, thehe zizincn  atoms and iodine molecules have lower kinetic 
energy. Hence, less particles have energy greater or equal to the 
activation energy.

Y
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EITHER
B9a(i)

reaction 1: 2Zn  +  O2 →  2ZnO

reaction 2: ZnO  +  CO2 →  ZnCO3

1

1

(ii) It reacts with an acidic oxide (carbon dioxide) to form a salt (zinc 
carbonate).

1

b Yes, galvanising protects the piece of iron from coming into 
contact with oxygen and water.

If the protective layer is scratched, the exposed iron beneath will 
not rust as zinc is more reactive than iron and will corrode in 
place of iron.

If the paint layer is scratched, the exposed iron beneath will start 
to rust when it reacts with oxygen and water.

1

1

c(i)

Iron electrode connected to negative electrode of cell.

correct 
electrodes -1m

correct 
electrolyte -1m

(ii) CN- 1
(iii) The acids in the electrolyte will react with the zinc and iron 

pieces.
1

d Electro-galvanisation is carried out at room temperature and no 
heating is needed. 
Hot-dip galvanisation is carried out at 460oC. 

1
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If the paint layer is scratched, the exposed iron beneath wiillll sstart 
to rust when it reacts with oxygen and water.

Iron electrode connected too nenegagativeve eelelectctrode of cell.

ccorrect 
electrod

correct 
electrol

CN-

The acids in thee eelelectctrorollyte will react with the zinc and iron 
pieces.
Electro-gaalvlvananisisatatioion is carried out at room temperature and no 
heating is nneeeededed. 
Hot-dip galvanisation is carried out at 460oC.
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OR
B9(a)

At the cathode : 2 H+ (aq) + 2e- H2 (g)

At the anode : 4OH- (aq) 2H2O (l) + O2 (g) + 4e-

correct equations 
– 1m each
correct state
symbols – 1m

b(i) Oxygen produced reacts with the carbon electrode to form 
carbon dioxide, which continues to react with the carbon
electrode to form carbon monoxide.

C + O2 CO2
C + CO2 2CO or
2C + O2 2CO

1

1
1

(ii) 1 mol of oxygen produces 2 mols carbon monoxide. 1

(iii) 8 cm3

Carbon dioxide, an acidic oxide reacts with the alkali, sodium 
hydroxide.

1
1

c Carbon is a conductor of electricity. 1

KiasuExamPaper.com

8 cm3

Carbon dioxide, an acidic oxide reacts with the alkali, sosodidiuum 
hydroxide.

Carbon is a conductor of electricity.
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1 The apparatus shows the diffusion of 3 gases. Two beakers containing gas R were 
placed over two porous pots containing gases P and Q as shown.

What is the relative molecular masses of gases P, Q and R in ascending order?

Lowest Highest
A Q P R
B Q R P
C P R Q
D P Q R

2 An impure sample of gas Y contains some water vapour and an impurity that is soluble 
in water. Gas Y is insoluble in water and less dense than air.

Which of the following is the correct order for the apparatus to be joined together to 
collect a pure, dry sample of gas Y?

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

1

drying agent water

4
2 3

water

R

P

R

Q

water

porous pot porous pot
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3 Ethanol and butanol have boiling points of 78 C and 118 C respectively. The 
apparatus shown is used to distil ethanol from a mixture of ethanol and butanol.

Which graph shows the change in the concentration of ethanol in flask F as the 
distillation proceeds?

A B

C D

4 The chromatogram of a sweet is shown in the diagram.

Which of the following statements can be deduced from the chromatogram?

A The sweet is blue in colour.
B The red dye is more soluble than the blue dye.
C The molecules of the blue dye are heavier than that of the red dye.
D The Rf value of the blue dye is greater than that of the red dye.

mixture of 
ethanol and 

butanol

red blue start linesolvent front

flask F
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5 The models and formulae for two molecules are shown.

Which is the correct model for a molecule of the compound formed between X and Z?

A B

C D

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

What is the formula of the oxide of Y?

A YO
B YO2

C Y2O
D Y2O3

7 The formation of metallic chlorides involves the transfer of electrons from a metal atom 
to chlorine atoms.

In the formation of one mole of which metallic chloride do the metal atoms not transfer 
exactly two moles of electrons?

A barium chloride
B iron (II) chloride
C magnesium chloride
D sodium chloride
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8 The table shows information about particles R and S.

Particle
Number of

protons neutrons electrons
R 11 12 10
S 19 20 18

Which of the following statement is correct for both R and S?

A Both are atoms in the same Group.
B Both are isotopes of the same element.
C Both are positive ions in the same Group.
D Both are positive ions in different Groups.

9 The diagram shows the structural formula of the covalent molecule hydrogen peroxide.

Consider all the electrons in a molecule of hydrogen peroxide.

Which statement is true of the number of electrons in the molecule?

Total number of electrons 
involved in bonding

Total number of electrons NOT
involved in bonding

A 4 4

B 6 6

C 4 8

D 6 12

10 The table gives information on the ability of four substances to conduct electricity.

Substance Property
W Does not conduct under any conditions
X Conducts only in aqueous solution
Y Conducts in both the molten and solid states
Z Conducts in both the molten and aqueous states

What could these four substances be?

W X Y Z
A HCl S KBr Fe

B Fe HCl KBr S

C S KBr Fe HCl

D S HCl Fe KBr

KiasuExamPaper.com



Page 6 of 18 

Methodist Girls’ School Chemistry Paper 1 Sec 4 Preliminary Examination 2017

11 Which of the following represents 0.25 mol of chlorine gas at r.t.p.?

A 8.88 g
B 177.5 g
C 0.25 × 1023 molecules
D 1.5 × 1023 molecules

12 Melanin is a plastic containing 28.6% carbon, 4.8% hydrogen and 66.6% nitrogen by 
mass. 

If its relative molecular mass is 126, what is its molecular formula?

A CH2N2

B C2H4N4

C C3H6N6

D C4H8N8

13 Reactions 1, 2 and 3 are used in the manufacture of three fertilisers which are 
underlined.

Reaction 1: H2SO4 + 2NH3 (NH4)2SO4

Reaction 2: 2H2SO4 + Ca3(PO4)2 Ca(H2PO4)2 + 2CaSO4

Reaction 3: 3H2SO4 + Ca3(PO4)2 + 6NH3 2(NH4)3PO4 + 3CaSO4

The relative molecular mass, Mr, of sulfuric acid and of each fertiliser is shown in 
the table. 

H2SO4 (NH4)2SO4 Ca(H2PO4)2 (NH4)3PO4

Mr 98 132 234 149

In each reaction, 98 g of sulfuric acid was used. 

Which reaction gave the greatest and least mass of fertiliser? 

Greatest mass Least mass
A 1 3

B 1 2

C 2 1

D 3 2
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14 The following statements about dilute sulfuric acid are all correct.

1 A white precipitate is formed when aqueous barium chloride is added.
2 The solution turns anhydrous copper(II) sulfate from white to blue.
3 Addition of Universal Indicator shows that the solution has a pH value 

of less than 7.0.
4 The solution reacts with copper(II) oxide, forming a blue solution.

Which two statements confirm the acidic nature of the solution?

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

   
15 A solution of salt X gives an insoluble hydroxide Y on reacting with aqueous NaOH.

Hydroxide Y dissolves in excess aqueous NaOH to give solution Z. On adding aqueous 
HCl to Z, the hydroxide Y reappears but dissolves in excess aqueous HCl.

What type of hydroxide is hydroxide Y?

A acidic
B amphoteric
C basic
D neutral

16 Solution X contains two anions. The schematic diagram shows some reactions of 
solution X.

What are the anions found in solution X?

A chloride and nitrate
B chloride and sulfate
C iodide and nitrate
D iodide and sulfate

HNO3(aq)

Solution X

colourless 
solution 

pale yellow precipitate

white precipitate in a 
colourless solution 

reacts with AgNO3(aq)

reacts with 

BaCl2(aq)
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17 In which one of the following reactions does the oxidation state of sulfur show the 
greatest increase?

A S   +   O2      SO2

B Fe   +   S      FeS 
C SO3   +   H2O      H2SO4

D SO2   +   Cl2 +   2H2O      4H+   +   SO4
2- +   2Cl-

18 In which reaction is the underlined substance acting as a reducing agent?

A chlorine + iron(II) chloride → iron(III) chloride
B hydrogen + copper(II) oxide → copper + water
C hydrochloric acid + magnesium oxide → magnesium chloride + water
D iron(III) oxide + carbon monoxide → iron + carbon dioxide

19 An underground water tank made of iron is joined to a copper pipe. 

Which of the following will occur?

A The corrosion of copper is faster.
B Electrons will flow from the iron to copper.
C Copper atoms will be oxidised to form copper(II) ions.
D A chemical cell will be formed with the copper pipe as the negative terminal.

20 In an experiment, metals Q, R and S were placed into four separate solutions 
containing aqueous metal ions to find the order of reactivity.

Metal
Aqueous metal ion

P2+ Q2+ R2+ S2+

Q

R

S

What is the order of reactivity of the metals?

Most reactive Least reactive
A Q P R S
B Q P S R
C Q S P R
D R S P Q
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21 Which of the following properties are characteristics of the transition metals but not of 
the alkali metals?

I  are malleable and ductile 
II   are good conductors of electricity 
III form coloured ions 
IV show variable oxidation states

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

22 Approximately 40% of all iron and steel is produced by recycling. The following 
statements are possible reasons for recycling iron. 

1.  Recycling reduces the amount of waste taken to landfill sites.
2.  Recycling reduces the amount of pollution at the site of the ore extraction.
3.  Scrap steel contains a higher percentage of iron than iron ore.
4.  Recycling reduces the need to collect the scrap iron and steel. 

Which of the following statements are correct?  

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

23 Selenium, Se, is in the same group of the Periodic Table as sulfur.

What is the formula of potassium selenide?

A K2Se
B KSeO4

C K2SeO4

D KSeO3

24 Four electrolytes were electrolysed using carbon electrodes. 

Which set of data is correct? 

Electrolyte
Product at 

Anode Cathode 
A CuSO4 (aq) Oxygen Copper

B NaCl (aq) Chlorine Sodium

C NaH (l) Sodium Hydrogen

D PbBr2 (l) Lead Bromine 
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25 When magnesium chloride was electrolysed, magnesium was produced at the negative 
electrode. 

In which form was the magnesium chloride in during the electrolysis?

A Concentrated aqueous solution
B Dilute aqueous solution
C Molten
D Solid 

26 The circuit shown is set up and an electric current is passed through the four cells in 
series.
ln which cells are the intensity of the blue colouration of the solution unchanged?

A W and Z
B X and Y
C X and Z
D Y and Z

27 Which of the following reaction is endothermic? 

A Combustion of petroleum gases
B Decomposition of copper(II) carbonate 
C Displacement reaction of silver ions by copper  
D Neutralisation of dilute nitric acid by aqueous ammonia
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28 The ozone layer in the atmosphere contains ozone, O3. The ozone absorbs ultraviolet 
light and breaks down to form oxygen.  

2O3 → 3O2

Which statement explains why the reaction is an endothermic reaction?

A The number of bonds formed is greater than that broken.
B More energy is absorbed to break bonds than released to form bonds. 
C Molecules release energy when they react.
D The bonds formed are stronger than the bonds broken.

29 A student carried out two experiments to study various factors on the speed of reaction 
between ethanoic acid and magnesium.

2CH3COOH + Mg (CH3COO)2Mg + H2

In the first experiment, 100 cm3 of 1 mol/dm3 of dilute ethanoic acid was reacted with 
an excess of magnesium ribbon. A graph labelled X was plotted. 

The experiment was repeated under the same conditions using a different set of 
reagents. A graph labelled Y was plotted.

Which of the following set of reagents had been used to obtain graph Y?

A 50 cm3 of 1 mol/dm3 of dilute ethanoic acid + excess magnesium
B 50 cm3 of 1 mol/dm3 of dilute hydrochloric acid + excess magnesium
C 50 cm3 of 2 mol/dm3 of dilute ethanoic acid + excess magnesium
D 100 cm3 of 1 mol/dm3 of dilute hydrochloric acid + excess magnesium 

30 In which reaction is pressure least likely to affect the rate of reaction?

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

X

Y

volume H2 / cm3

time / min

KiasuExamPaper.com



Page 12 of 18 

Methodist Girls’ School Chemistry Paper 1 Sec 4 Preliminary Examination 2017

31 What are the conditions of the Haber process? 

Temperature/°C Pressure/atm Catalyst
A 450 200 Nickel

B 200 450 Nickel

C 450 200 Iron

D 200 450 Iron 

32 Air contains 21.0% oxygen by volume. When a sample of river water is boiled, the 
expelled air contains 30.0% oxygen by volume.

What is the best explanation for this observation?  

A Nitrogen reacts with water.
B The noble gases are insoluble in water.
C Oxygen is more soluble in water than nitrogen.
D Carbon dioxide is more soluble in water than oxygen.

33 The diagram shows the fractional distillation of crude oil.  

Which row explains why fraction R is collected above fraction S?

Boiling point of R Average molecular 
mass of R

Enthalpy change of 
combustion of R in kJ/mol

A Higher than S Smaller than S More than S
B Higher than S Greater than S More than S
C Lower than S Smaller than S Less than S
D Lower than S Greater than S Less than S
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34 Which of the following substances does not have any isomers?  

A Butane
B Fluoroethane
C Propanol
D Ethanoic acid

35 A molecule of hydrocarbon, C16H36, undergoes cracking to produce two molecules of 
butane and a number of ethene molecules. 

How many ethene molecules are produced?

A 4
B 6
C 8
D 10

36 In the perfume industry, one substance which is used to produce the fragrance of roses 
is 2-phenylethanol. The structure of the molecule is shown.

Which statement about this molecule is correct?

A It can undergo condensation polymerisation to form a polymer.
B It is a saturated molecule.
C It can decolourise bromine water. 
D It can be reduced by acidified potassium dichromate (VI) solution. 
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37 Which of the following graphs shows how the rate of reaction varies with temperature 
for the fermentation of glucose?

A B

C D

Temperature

Rate

Temperature

Rate

Temperature

Rate

Temperature

Rate
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38 The table gives some information about certain esters and the fragrance they produce.

Ester Fragrance

Apple

Pear

Pineapple

Rum

An ester is made from methanol and butanoic acid. 

What fragrance would the ester have?

A Apple
B Pear
C Pineapple
D Rum 
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39 Terylene (a polyester) is made by condensation polymerisation of the two monomers  
shown.

What is the repeat unit of the polymer?

A

B

C

D
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40 When an alkene reacts with bromine, the product formed is 

Which of the following is the alkene?

A

B

C

D

End of Paper 
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Section A (50 marks) 
Answer all the questions in this section in the spaces provided. 

A1 Carbon is an element with chemical symbol C and atomic number 6. Many substances 
are made from carbon atoms.

(a) Graphene is a new 2-dimensional material made of carbon atoms. Graphene 
can be described as a ‘one-atom-thick’ layer of graphite. 

Using your understanding of bonding and structure, predict which of these 
statements would be true and which would be false.

true false

Graphene is slippery.

Graphene is soluble in organic solvent.

Graphene conducts in solid state.

Graphene is a gas at room temperature.

[2]

(b) Carbon disulfide, CS2, is a compound of carbon used in the manufacture of 
fibres and polymers.

Draw a ‘dot-and-cross’ diagram using the outer electrons to show the bonding 
in carbon disulfide.

[2]
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A2 Ethane reacts with chlorine in the presence of sunlight.

The equation for this reaction is:

Some bond energies are given in the table.

Bond Bond energy in kJ per mole
C−C 607
C−H 413
C−Cl 327
Cl−Cl 243
H−Cl 432

(a) Show that the enthalpy change, ΔH, for this reaction is −103 kJ.

[2]

(b) Draw a labelled energy profile diagram for the reaction of ethane with chlorine,
including activation energy and enthalpy change.

[2]

Energy

Progress of reaction
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A3 0.03 g of magnesium ribbon reacted with excess dilute hydrochloric acid at room 
temperature. The volume of gas produced was recorded every 20 seconds.

Mg   + 2HCl  MgCl2 + H2

The results obtained in the experiment, using 0.03 g of magnesium ribbon and excess 
dilute hydrochloric acid, are shown as line C on the graph, shown.

The experiment was repeated under different conditions and the results obtained 
plotted as lines A, B, D and E on the graph.

(a) State which line, A, B, D or E, was obtained when 0.03 g of magnesium ribbon 
reacted with excess dilute hydrochloric acid at a temperature below room 
temperature.

[1]
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(b) State which line, A, B, D or E, was obtained when 0.015 g of magnesium ribbon 
reacted with excess dilute hydrochloric acid at room temperature.

[1]

(c) (i) State which line, A, B, D or E, was obtained when 0.03 g of magnesium 
ribbon were replaced by 0.03 g of magnesium powder.

[1]

(ii) Explain your answer based on the shape of the line chosen in 
comparison to line C.

[1]

(d) State and explain, in terms of Collision Theory, the effect of increasing the 
concentration of the acid on the rate of the reaction between hydrochloric acid 
and magnesium.

[2]

(e) Calculate the mass of magnesium ribbon used to react with excess dilute 
hydrochloric acid at room temperature to produce 20 cm3 of hydrogen gas.

[1]
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A4 In 2008, many people in Zimbabwe died because of a cholera epidemic caused largely 
by drinking untreated water. It is possible to stop the spread of diseases like cholera by 
treating water with chlorine. Chlorine forms chloric(I) acid which kills the harmful 
bacteria found in the water.

(a) A student decides to analyse some swimming pool water to determine the 
concentration of chlorine it contains. 

The student takes 250 cm3 sample of water and treats it with an excess of 
potassium iodide solution. Equation 1 represents the reaction of chlorine with 
potassium iodide solution.

Equation 1 2I- (aq) + Cl2 (aq) → I2 (aq) + 2Cl-(aq)

(i) Equation 2 represents the reaction of sodium thiosulfate solution and 
iodine. The student titrates the 250 cm3 treated sample with sodium 
thiosulfate solution, Na2S2O3, to find out how much iodine has formed. 

Equation 2 2S2O3
2-(aq) + I2(aq) → S4O6

2- (aq) + 2I-(aq)

The titration requires 12.30 cm3 of 0.10 mol/dm3 sodium thiosulfate 
solution.

Calculate the number of moles of thiosulfate ion, S2O3
2-, used.

[1]

(ii) Using the answer in (i) and Equation 2, calculate the number of moles of 
iodine, I2, in the 250 cm3 sample of treated water.

[1]

(iii) Using the answer in (ii) and Equation 1, calculate the concentration of 
the chlorine, Cl2, in the original swimming pool water, in mol/dm3.

[1]
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(b) Chloric(I) acid, HClO, can also be produced by adding water to either solid 
calcium chlorate(I), which is a salt of chloric(I) acid or chlorine dioxide gas, 
ClO2.

(i) Write the chemical formula of calcium chlorate(I).
[1]

(ii) State one reason why it may be preferable to use calcium chlorate(I) 
rather than chlorine dioxide for treating drinking water.

[1]

(iii) Chlorine dioxide reacts with water in a disproportionation reaction.

Disproportionation happens when the oxidation state of the same 
element both increases and decreases in the reaction. 

4ClO2 + 2H2O → HClO +  3HClO3

The oxidation state of chlorine in chlorine dioxide is +4.

Explain why the reaction of chlorine dioxide with water is a 
disproportionation reaction. 

[2]
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A5 Sodium hydroxide is a very useful industrial chemical. The diagram shows a set-up
used to produce aqueous sodium hydroxide from concentrated sodium chloride 
solution.

(a) Label on the diagram the anode and the cathode.                                            [1]

(b) Identify Y and explain your answer.

[2]

(c) Explain how aqueous sodium hydroxide is formed as a product.

[1]

(d) Describe a simple test for the presence of chlorine gas.

[1]

chlorine Y

diluted sodium 
chloride solution

concentrated 
sodium chloride 

solution

water

aqueous sodium
hydroxide

sodium 
ions

membrane

(a) (a)battery
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(e) The membrane used in the set-up is porous. A porous membrane has pores of 
a specific size so that only particles with sizes smaller than the pores can pass 
through the membrane. 

The porous membrane is necessary for aqueous sodium hydroxide to be 
collected as the only product without any contamination from the chloride ions
in the set-up.

Explain why the porous membrane prevents contamination from chloride ion.

[1]

(f) If dilute sodium chloride solution is used in the set-up instead of concentrated 
sodium chloride solution, the results would be different. 

Describe and explain two differences in the results.

[3]

KiasuExamPaper.com



Page 10 of 24

Methodist Girls’ School Chemistry Paper 2 Sec 4 Preliminary Examination 2017

A6 Most vehicles have diesel engines. In recent years, biodiesel is used as an alternative 
for diesel. Biodiesel is made from a vegetable oil while diesel is obtained from 
fractional distillation of crude oil.

(a) Biodiesel and diesel have different effects on the environment when used as 
fuels. 

Suggest the effect of using these two fuels on the percentage of carbon dioxide 
in the environment.

[3]

(b) Cars are the most common form of transportation in Singapore.

The following message was displayed on the side of a bus in Singapore.

Using the information given, state and explain how the environmental problem 
caused by carbon dioxide can be reduced if people take public transport like the 
bus.

[2]

This bus is more environmentally friendly than a car.

40 cars = 230,000 kg of CO2 per year  

This bus = 3,200 kg of CO2 per year    
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(c) Carbon dioxide formed in the atmosphere dissolves in the ocean.  The 
dissolving process can be described by the following chemical equation:

CO2(aq) + H2O(l) H+(aq) + HCO3
–(aq)

Use this information to explain the likely effect of the atmospheric carbon
dioxide on the pH of seawater at the ocean surface.

[1]

A7 Ethers are a group of compounds containing carbon, hydrogen and oxygen.

Name Molecular formula Boiling point / °C

methoxyethane CH3–O–CH2CH3 7
ethoxyethane CH3CH2 –O–CH2CH3 35

P CH3–O–CH2CH2CH3 39
propoxybutane CH3CH2CH2–O–CH2CH2CH2CH3 117

(a) Name ether P.
[1]

(b) With reference to the information in the table, state and explain the trend 
observed in the boiling points of ether.

[2]

(c) Simple ethers are prepared commercially by the dehydration of alcohols using
concentrated sulfuric acid.

Alcohol Q is used to prepare ethoxyethane,C2H5–O–C2H5, according to the 
following equation.

2Q                            C2H5–O–C2H5      + H2O

(i) Name alcohol Q used in the reaction.

[1]

conc. H2SO4
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(ii) Alcohol Q reacted with an organic compound P (with a molecular
formula of CH2O2) to form a sweet smelling liquid, R.

Complete the following table by giving the name and chemical formula 
for R.

Name

Chemical Formula

[2]

(d) Epoxides are a family of cyclic ethers.
The full structural formula for the first member (C2H4O) of this family is shown.

The first member has three atoms in a ring, one of which is oxygen.

(i) Epoxides can be produced by reacting an alkene with oxygen.

Name the alkene which would be used to produce the first member
(C2H4O).

[1]

(ii) The second member of epoxides has a chemical formula of C3H6O and
four atoms in a ring, one of which is oxygen. 

Draw a full structural formula for this epoxide with the chemical formula 
of C3H6O.

[1]
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A8 The lithium-ion battery is rechargable and is now widely used in portable electronic 
devices. In these batteries, lithium ions, Li+, move through a special non-aqueous 
electrolyte between the two electrodes. Both electrodes are made up of materials that 
allow the lithium ions to move into and out of their structures.The electrodes are 
housed in sealed containers to ensure that no moisture can enter them. 

The anode consists of LiC6, where lithium is embedded in the graphite structure. 
Lithium cobalt oxide,LiCoO2, is commonly used as the material in the cathode.

When the lithium-ion battery discharges to create the flow of electrons in the circuit, 
lithium ions move out of the anode and enter the cathode.

During battery discharges, the half-equation at the anode is as follows:

LiC6 → Li+ + e- + C6

During battery recharges, the following equations represent a simplified description of 
the reactions that occur at the electrodes.

Positive electrode                          LiCoO2 → CoO2 + Li+ + e–

Negative electrode                         6C + Li+ + e– → LiC6

(a) On the diagram, use arrows to indicate the direction of movement of electrons 
through the light bulb as the lithium ion cell is discharged.

[1]

(b) Based on the information given in the passage, identify one important design
feature of the lithium-ion battery that enables it to be recharged.

[1]

LiCoO2
cathode

LiC6
anode

electrolyte

A lithium-ion battery
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(c) In a lithium-ion battery, lithium metal must not be in contact with water.

Explain why and justify your answer with the use of an appropriate equation.

[2]

(d) Suggest an advantage of using a lithium-ion battery compared to using a fuel 
cell as an energy source.

[1]
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Section B (30 marks) 
Answer all three questions in this section. The last question is in the form of an either/or and only 
one of the alternatives should be answered. 

B9 Chlorofluorcarbons (CFCs) are organic compounds of carbon, fluorine and chlorine, which 
have been used in large quantities as solvents and aerosol propellants.

The graphs show how both the world CFC production and the amount of high level ozone 
at the South Pole have changed during 1980 to 2006.

CFCs are chemically inert and do not react with air or water.  When CFC molecules diffuse 
high up into the atmosphere, they can destroy the ozone molecules which are present in a 
layer about 30 kilometres above the Earth. 

Other than CFCs that destroy the ozone molecules, there are also hydrofluorocarbons 
(HFCs), hydrochlorofluorocarbons (HCFCs) and fluorocarbons (FCs) found in the 
atmosphere.
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The abbreviations to the name tell us the elements present in the compounds as shown in 
the table.

Abbreviations Elements Present
FC Carbon, Fluorine

CFC Carbon, Fluorine, Chlorine
HFC Hydrogen, Carbon, Fluorine

HCFC Hydrogen, Carbon, Fluorine, Chlorine

(a) Explain why the ozone layer is important in terms of human health.   

[1]

(b) From the graph, describe how the world production of CFCs has changed over the 
period of 1980 to 2006.

[2]

(c) With evidence from the graph, if any, indicate whether there is a link between the 
world CFC production and the amount of high-level ozone in the atmosphere at the 
South Pole.

Explain your answer.

[2]

(d) Given that FC is a saturated molecule, draw the structure of a FC molecule with two 
carbon atoms.

[1]
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(e) A student comments that HFCs are safe alternatives to CFCs as HFCs do not harm 
the environment like CFCs do. 

Explain why the student is correct.

[1]

(f) Although most of these substances are harmful to the ozone layer, they can also be 
used to make polymers by first converting them into alkenes. For example, HCFCs 
react with potassium hydroxide dissolved in ethanol (solvent) to give an alkene, 
potassium chloride and water.

An example of the chemical reaction is shown:

The alkene produced from the reaction can be used to make useful polymers.
A scientist wants to use a similar chemical reaction to produce the polymer, polyvinyl 
fluoride, using HCFCs.

(i) Using a suitable HCFC, write a similar chemical reaction to show the 
production of the monomer, vinyl fluoride, with the structural formula of

[2]

(ii) Hence, draw the full structural formula of the polymer, polyvinyl fluoride, 
showing 3 repeating units. 

[1]
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(iii) 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]

B10 A simplified diagram of the nitrogen cycle is shown.

(a) Although certain bacteria in the soil convert nitrogen gas into nitrates, other bacteria 
convert nitrogen into ammonium salts. The ionic equation for this second reaction is
as follows:

                                  N2  +  8H+ +  6e-    →    2NH4
+

Explain why this is a reduction reaction.

[1]

(b) A different type of bacterium converts nitrate ions and hydrogen ions into nitrogen 
gas and water.

Balance the ionic equation for this reaction.

_____ NO3
- + _____ H+ + _____ e- → _____ N2 + _____ H2O             [1]
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(c) Fertilizers are added to the soil to improve crop yields.

A farmer has the choice of two fertilizers, ammonium nitrate, NH4NO3, or 
diammonium hydrogen phosphate, (NH4)2HPO4.

Show by calculation, which of these fertilizers contains the greater percentage of 
nitrogen by mass. 

[3]

(d) Ammonia is formed from the Haber process. 

                       N2 +    3H2 ⇌⇌    2NH3

(i) Suggest a source of hydrogen needed for the Haber process. 

[1]

(ii) State two reasons why the use of a catalyst in the Haber process has an 
economic advantage.

[2]

Fe catalyst
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Either 

B11 (a) Linoleic acid is an unsaturated carboxylic acid used to make fats. Under suitable 
conditions, linoleic acid can be converted to stearic acid.  The structural formula of 
linoleic acid is shown.

(i) Circle the functional groups present in linoleic acid.  [2]

(ii) Linoleic acid undergoes addition of hydrogen (hydrogenation) to form stearic 
acid. 

State the conditions of hydrogenation.
[1]

(iii) Describe a chemical test to distinguish between linoleic acid and stearic acid, 
stating what you would observe in each case.

[2]

C C OH(CH2)7

H

C

H O

CC

HH

H

HHH

C (CH2)4

H

C
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(b) The diagrams show the structures of two synthetic polymers.

Polymer A

Polymer B

(i) Construct a table to show the following information about these two polymers.

The full structural formula and name of the type of linkages present in 
each type of polymer.
The structures of the monomers that react to form each polymer.

[4]

(ii) Both polymers A and B are used to make tents for camping. One reason 
that they are suitable for this purpose is that they are non-biodegradable. 

Explain why being non-biodegradable is an advantage. 

[1]
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Or

B11 Iron is an important transition metal used in everyday lives. 

(a) Iron is extracted from the ore, hematite, in the blast furnace.

The coke reacts with the oxygen in the air to form carbon dioxide. 

                                                C + O2 → CO2

(i) Explain why carbon monoxide is formed higher in the blast furnace. 

[1]

(ii) Explain why the molten iron does not react with air.

[1]

(iii) The molten iron from the blast furnace is impure. One of the impurities is
silicon.  It is removed by blowing oxygen through the molten iron and adding 
calcium oxide.

Explain how the addition of oxygen and calcium oxide removes silicon.

[2]
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(b) Iron and steel rust. One method of rust prevention is sacrificial protection. 

Explain why the steel pipe does not rust.

[2]

(c) Iron, (Fe), is an element while iron(III) oxide, (Fe2O3), is a compound. 

Construct a table to show the following comparison of Fe and Fe2O3.
Your answer should include a discussion of the differences in their

electrical conductivity
chemical reaction with hydrochloric acid

Your answers should include explanations or equations to support your discussion. 

[4]

End of Paper 
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Section A (50 marks) 
Answer all the questions in this section in the spaces provided. 

A1 Carbon is an element with chemical symbol C and atomic number 6. Many substances 
are made from carbon atoms.

(a) Graphene is a new 2-dimensional material made of carbon atoms. Graphene
can be described as a ‘one-atom-thick’ layer of graphite.

Using your understanding of bonding and structure, predict which of these 
statements would be true and which would be false.

true false

Graphene is slippery.

Graphene is soluble in organic solvent.

Graphene conducts electricity in solid state.

Graphene is a gas at room temperature.

Any 2 correct answer is 1 mark.

(b) Carbon disulfide, CS2, is a compound of carbon used in the manufacture of
fibres and polymers.

Draw a ‘dot-and-cross’ diagram using the outer electrons to show the bonding
in carbon disulfide.

1m for correct sharing of electrons for carbon atom.
1m for correct sharing of electrons for sulfur atom.

[2]

S S
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A2 Ethane reacts with chlorine in the presence of sunlight.

The equation for this reaction is:

Some bond energies are given in the table.

Bond Bond energy in kJ per mole
C−C 607
C−H 413
C−Cl 327
Cl−Cl 243
H−Cl 432

(a) Show that the enthalpy change, ΔH, for this reaction is −103 kJ.

Energy change in bond breaking
=+(607+6x413 + 243)= +3328 kJ
Energy change in bond making
=-(607+ 5x413 + 327+432)= -3431 kJ

Heat Change = +3328 -3431 = -103 kJ
1m for correct value of energy change in bond breaking and
energy change in bond making.
1m for the deriving the heat change

[2]
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1m111111111111111111111111111111  foroooroooorororoorooooooooororrorrorrrrrrrrr tttttttttttttttttttttttttttthehhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh ddddddddddddddddddddddddereeeeeeeeeeeeeeeeeeeeeeeeeeeeee iving thtththtththththththththththththhhththththththththtththhhthththththththhthhhhththttthththtt e eee ehehehehehehehehehehehehehheheheheehehhhhhehhhhhhhhhhh ataatatatatatatatatatattatatatatattatatatatatatttatattttataaaaaaaaa ccccccccccccccccccccccccccccccccccccccccccchahhhahhahahhhhhhhhhahahhhhhhhhhhhhhhhhhhhhhh ngnngngngngngngngngnnngnnggnnnggggnnn e

[2]
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(b) Draw a labelled energy profile diagram for the reaction of ethane with chlorine,
including activation energy and enthalpy change.

1m for Ea and ΔH with value and unit 
1m for the shape with chemical representation of reactants and products

C2H6+ Cl2

C2H5Cl+ HClΔH=−103 kJ 
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1m for Ea and ΔH with value and unit 
1m for the shape with chemical representation of reactannntts and prprooducctss

C2H6+ Cl2

C2H5Cl+ HClΔH=−103 kJ
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A3 0.03 g of magnesium ribbon reacted with excess dilute hydrochloric acid at room 
temperature. The volume of gas produced was recorded every 20 seconds.

Mg   + 2HCl  MgCl2 + H2

The results obtained in the experiment, using 0.03 g of magnesium ribbon and excess 
dilute hydrochloric acid, are shown as line C on the graph, shown.

The experiment was repeated under different conditions and the results obtained 
plotted as lines A, B, D and E on the graph.

(a) State which line, A, B, D or E, was obtained when 0.03 g of magnesium ribbon
reacted with excess dilute hydrochloric acid at a temperature below room
temperature.

[1]B 

KiasuExamPaper.com



Page 6 of 24

Methodist Girls’ School Chemistry Paper 2 Sec 4 Preliminary Examination 2017

(b) State which line, A, B, D or E, was obtained when 0.015 g of magnesium ribbon
reacted with excess dilute hydrochloric acid at room temperature.

[1]

(c) (i) State which line, A, B, D or E, was obtained when 0.03 g of magnesium 
ribbon were replaced by 0.03 g of magnesium powder.

[1]

(ii) Explain your answer based on the shape of the line chosen in
comparison to line C.

[1]

(d) State and explain, in terms of Collision Theory, the effect of increasing the
concentration of the acid on the rate of the reaction between hydrochloric acid
and magnesium.

[2]

(e) Calculate the mass of magnesium ribbon used to react with excess dilute
hydrochloric acid at room temperature to produce 20 cm3 of hydrogen gas.

Mass of magnesium= 
20

24000 x 24 =0.02 g (1m)

A 

D 

The gradient/slope is steeper than C/rate of gas volume
obtained is higher. 

and the volume of the gas formed is the same as C. (good 
to have) 

The higher the concentration of the acid, the faster the rate of
reaction. (1m) 

The concentration of hydrogen ions/no. of  hydrogen ions  per 
unit volume increased as the concentration of the acid 
increases, this lead to increased in frequency of effective 
collision, faster rate of reaction. (1m) 
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(ii) Explain your answer based on the shape of the line chosen in
comparison to line C.

[1]

(d) State and explain, in terms of Collision Theh ory, the efffeecct of increasing the
concentration of the acid on the rate of the reactc ion betwweeeenn hydrochloric acid
and magnesium.

[2]

(e) Calclcululatate e ththe mass of magnesium ribbon used to react with excess dilute
hydrocochlhloric acid at room temperature to produce 20 cm3 of hydrogen gas.

Mass of magnesium= 
20

24000 x 24 =0.02 g (1m)

The gradient/slope is steeper than C/rate offffffffffffff gggggggggggggggggas vvvvvvvvvvvvvvvoolume 
obtained is higher.

and the volume of the gas formed issssssssssss thththththththththththttt e e ee e eeeeeeeeeeee sasasasasasasassasasasas me aaaaaaaaaaaaasssssssssssss C.C.C.C.C.C.C.C.C.C.C.C.C. (((((((((((((good 
to have)

The highhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhereeeeeeeeeeeeeeeeeeeeeeeeeeeee tttttttttttttttttttttttttttthehhhhhhhhhhhhhhhhhhhhhhhhhh  concentratitttttttttttttttttttttttttttttttttttttttttt onooooooooooooooooooooooooooooooooooooo  of thhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee acacacacacacacacacacacacacacacacaccacacacaccacacacacaccacacaccccaccacacacacaaaaacaccacacacaccca idididididididididididididdidididdididididididididididdiddddddididddiididiid,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, the faster the rate of
reaction. (1111111111111111111111111111111111111m)mm)m)mm)mmmmm)mmmmmm)mmmm)mmmmmmmmm)m)m)m)mm))))

ThTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT e cococococococococococococccccccccccccccccccc nncnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn enenennennenenenennenenneneeennnennnnnnnnntrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrata ion ofofofofofofofofofofofofofofofofofofofofofofofofofofffoffofffoooffofffofofofffoffoooof hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhydydydydydydydydydydyddydydydydydyddydydydyddddydydydydydyyyyddyyydydydyddydydydyyyy rororororororororororororororooorororororororroroooorooroorororororororooooororoorroorooooooogegegegegegegegegegegegegeegegegegegegegegegegegegegegeggegegegegegeggegegegegegegggeggeeggegeg nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ioioioioiooioioioioioiioioioioioiooiooiooioooooiooooooooooooooooonsnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn /no. off hydrogen ions  per 
unuuuuuuuuuuuuuuuuuuuuuuuuu it voloooooooloooolooooooloooooooolooooooooo umummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmme eeeeeeeeeeeeeeeeeeeeeeeeeeeee innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnncreaseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddddd asaaasasasaaasaaasaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaa  thehhehehehhehehehhhehhehehhhehehhehehhehhhehehhhehehhehheheeee concentration of the acid 
ininininininininiiinniniinininininnininnnnnnnnncrcrcrccrcrcrcrcrcccrcccccccccccccc easeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees,s,s,sss,s,s,s,ss,,sssss,ss,ss,ss,s,s, ttttttttttttttttttttttttttthhhihhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh s leleleeleleleeeleeleeeleeeleeeleleeleeleeeeeeleeeeeelel adadaadadadadadadaddaddddadadadadadadaddadadadadadaddddadadddddadaddadaddaddaadddd tttttttttttttttttttttttttttttttttooooooooooooooooooooooooooooooooooooooo inininininininnnnnnnininininninnnnnnininnnnnnnnnnnninncreased in frequency of effective innnnnnnnnnnncrcccccccccccc easeeeeeeeeeeeeeeess,sssssss ttttttttttttttttthis leleeeelelll addddddddd tttttttttooooooooooooo inininninnnininnnninnncreased in frequency of effective
cococococooococooooooooooooooooooooooollllllllllllllllllllllllllllllllllllllllllllllisiisisiiiiisisiiisiiiisisiiisioooooooonnnn,nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  fasssssssssssssssssssssteteteteteeteteteeteteteeteeteteetettttetttetttteteeer r rr r rrr rr rrr r rrrrrr rrrrrr rrrrrrrrrrrrrrrrr rarrarrarararrrararrarrrrrrrarrrrrarrarararrrrarrarraraateteteteteteteteteteteteteteteteteteteteteteettetetetttetetteteteteteetetetettteette ooooooof ffffffffffffffffff reaction. (1m)
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A4 In 2008, many people in Zimbabwe died because of a cholera epidemic caused largely 
by drinking untreated water. It is possible to stop the spread of diseases like cholera by 
treating water with chlorine. Chlorine forms chloric(I) acid which kills the harmful 
bacteria found in the water.

(a) A student decides to analyse some swimming pool water to determine the
concentration of chlorine it contains.

The student takes 250 cm3 sample of water and treats it with an excess of
potassium iodide solution. Equation 1 represents the reaction of chlorine with
potassium iodide solution.

Equation 1 2I- (aq) + Cl2 (aq) → I2 (aq) + 2Cl-(aq)

(i) Equation 2 represents the reaction of sodium thiosulfate solution and
iodine. The student titrates the 250 cm3 treated sample with sodium
thiosulfate solution, Na2S2O3, to find out how much iodine has formed.

Equation 2 2S2O3
2-(aq) + I2(aq) → S4O6

2- (aq) + 2I-(aq)

The titration requires 12.30 cm3 of 0.10 mol/dm3 sodium thiosulfate 
solution.

Calculate the number of moles of thiosulfate ion, S2O3
2-, used.

No of moles of thiosulfate ion 

= 
12.3
1000 x 0.1

=1.23x10-3 (1m) 

(ii) Using the answer in (i) and Equation 2, calculate the number of moles of
iodine, I2, in the 250 cm3 sample of treated water.

No of moles of iodine (I2) in 250 cm3

= 
1
2 x 1.23x10-3

=6.15x10-4 (1m) 

(iii) Using the answer in (ii) and Equation 1, calculate the concentration of
the chlorine, Cl2, in the original swimming pool water, in mol/dm3.
No of moles of chlorine (Cl2) in 250 cm3 = 6.15x10-4

Concentration of chlorine

= 
6.15x10-4

0.25

=2.46 x10-3 mol/dm3(1m)
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Equation 1 2I- (aq) + Cl2 (aq) → I2 (aq) + 2Cl-(aq)q)

(i) Equation 2 represents the reaction of sodium thiosuulflfatatee sosolution and
iodine. The student titrates the 250 cm3 treateedd sasampmplele with sodium
thiosulfate solution, Na2S2O3, to find out how mumuchch iiododine hahas s foformrmeed.

Equation 2 2S2O3
2-(aq) + I2(aq) → SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS44444444444444444444444444444444444444444444444OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO66666666666666666666666666666666666666

222222222222222222222222222222222--- ((aq) ++ 22II--((aq)

The titration requires 12.30 cm3 ofofofofofoffoffofofffffofffooooofffffffffoooofofoffofooofofffooffffof 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000..................1111111111111111111111111111111111111111111111111111111111111111111111111000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 momomomommomomomomomomomomomomomomomomomomomomomomomomomomomomomomommmomomomommommomomomoomomommommmomomommmmomomoommooommmmooommmmoommommmmmmmmmmmomoommmmmmooomomommmmmoommmmoommmmmmmmmol/l//l/l//l/l/l/l/l/l/l/l/l/l/l/l///l/l/l/l/l//l/l/l/l/l/l/ll/lll/l/ll/l/lll/l/ll/l/l/l/l//////ll////////////l////////l////ll/l///llll/lll/dmdmdmdmdmdmdddmdmdmdmdmdmdmdddmdmdmdmdddmmddmdmdddddddmdmdddmdmdmdmmdmdmdmdmdddmmdmdddddmddmddddmdmddddmdddmddmdddddmdddddmddddmmdddmmddddmdmmdm3 sosodidiumum tthhioosulfate 
solution.

Calculate the number of moles of thioso ulfate ion, SS2OO3
22-, useded.

No of moleeeeeeeeeeeeeeeeeeeeeeeeeeeeees ssssssssssssssssss ofofofoffofofofofofoffofofofofofofooofofooooooooooooo tttttttttttttttttttttttttttthihihihihihiiiihiihihihihihihihiiihiihiihhhhhhhh ososossssossssossssssuluuuuuuuuuuuuuuuuuuuuuuuu fafafafafaffafafffafafafaffaffffaffafffafafafafafafaaaaate ionooooooooooooooooooooooooooooooooo

=
12.3
100000000000000000000000000000000000000000000000000000000000000000000000000000 x 0..0.0.00.0.0.0000.000000.0.00.000..0.00.0.0....1

=1.2.2.2.2.2.2..2..2....2...2.2.2.23x3x33x3x3x3x3x3x333x3x3333333x33x3x3x3x33x3333xxx3x3x333xx100001010001011010100010101010100000000000000000000-3 (1m)m)m)mm)mm)m)m)m)m)m)mm)m)m)mmm)m)m)m)m)m))m)m)m)mm)m)m)m)mm)mmmm)m)m)mmm

(ii) Using the answerer iinn (i(i)) anandd EEququatatioion 2, calculate the number of moles of
iodine, I2, in the 225050 ccmm3 saammple of treated water.

No ooooooooooooooooooooooooooooooooooooooooof ffffffffffffffffffffffffffffffffffffffff moooooooooooooooooooooooleleeleleleleleleleleleleleleleleleleleleleleleeleeeeleleleelelelelleeleeleelees ss sssssssssssssssssssssssssssssssssssss oofoofofofooofofofoofoofofofofofofofofoofofoooooooooooooooooooo iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiododododododododododododododododododododododdodododododdododododoodododododddododdooddoooo iniiiiiiiiiiiiiiiiiii e (I2) in 250 cm3

=
1
2222222222222222222222222222222222222 x xxxxxxxxxxxxxxx 1.1.1.1.1.1.1.1.11.1.111.1.1111.11.1.11111.1.11.111..1111.11.1111.11 2323223232323223233232223232232323222322232323232323223232323222323232322323223xx1xx1x1xx1xx1x1x1x1x1xx1xxxxxxx1x1x1x1x111x1xx1x1x1xx1x1x1xxxxxxxxxxxx 0-3

=6=6=6=6=6=6=6=6=6=6=6==6=6=6=6==66666666.1.1.1.1.1.1.1.1.1.1.111.1.1.11.1.1.1..1..11..1.1..111.1..1. 555x555555555555 10-4 (1m)

(iii) Using the answer in (ii) and Equation 1, calculate the concentration of
th hl i Cl i th i i l i i l t i l/d 3



Page 8 of 24

Methodist Girls’ School Chemistry Paper 2 Sec 4 Preliminary Examination 2017

(b) Chloric(I) acid, HClO, can also be produced by adding water to either solid
calcium chlorate(I), which is a salt of chloric(I) acid or chlorine dioxide gas,
ClO2.

(i) Write the chemical formula of calcium chlorate(I).
[1]

(ii) State one reason why it may be preferable to use calcium chlorate(I)
rather than chlorine dioxide for treating drinking water.

[1]

(iii) Chlorine dioxide reacts with water in a disproportionation reaction.

Disproportionation happens when the oxidation state of the same
element both increases and decreases in the reaction.

4ClO2 + 2H2O → HClO +  3HClO3

The oxidation state of chlorine in chlorine dioxide is +4.

Explain why the reaction of chlorine dioxide with water is a 
disproportionation reaction. 

[2]

Ca(ClO)2

calcium chlorate(I) which is a solid will not escape to the
surrounding air like chlorine gas. 

Calcium chlorate(I) is more soluble in water than chlorine 
gas. 
Calcium chlorate is a solid so easier to store/transport 
compared to chlorine gas. 

The oxidation state of chlorine decrease from +4 in ClO2 to +1 in HClO. (1m) 

The oxidation state of chlorine increase from +4 in ClO2 to +5 in HClO3. (1m) 
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(ii) State one reason why it may be preferable to use calcium chlorate(I)
rather than chlorine dioxide for treating drinking water.

[1]

(iii) Chlorine dioxide reacts with water in a didispsproportionation reaction.

Disproportionation hapappepensn wwhehenn ththee oxidation state of the same
element both increeasaseses aand ddeccreeasaseses iin the reaction.

4C4CllOO22 ++ 2H2H22OO →→ HClO +  3HClO3

Thehe ooxixidadation sstatatete oof f chlorine in chlorine dioxide is +4.

EExpx lainn wwhyhy tthehe reaction of chlorine dioxide with water is a 
dispproropoportrtioionanatition reaction. 

[2]

calcium chlorate(I) which is a solid will not t tt t ttt t eeeeeeseeeeeee caaaaaaaaaaaaaappppppeppppppp  to the ( ) ppppp
surrounding air like chlorine gas.

Calcium chlorate(I) is more soluble ininininininininininnninn wwwwwwwwwwwwwwwwatatatatatatatatatatatttatateeeeereeeeeeeeeee  thaaaaaaaaaaaaaaan n n nnnn nn nnnn chchchchchchchchchchchchchchcchlolololololololololololololll rrrrrirrrrrrrrr ne 
gas.
Calcium chlorate is a solid so eeeeeeeeeeeeeeaaaaaaasasasasasasasasassasasasassssasaasasasasasassasasassasasasasasasasasasasssasasasasasassassasasassasassasssasssasasasasaasasasassaassssssasssassaasssssassssssssssieieieieieieieieieieeieeeeeieeieieieieieeeieieeieieeeeeieieeieieeieeieeeeieeeeieeieeieieieieeeieeeeeeeeieeeeeieeeieieieeeieeeeeeeeeeeieeieieiieiiieieiiieeeeieeeeieiiiiiiieeiiieeeeiiieeeeeiieeeeeeeeeeeeerrrrrrr rrr r r rrrrrrrrrrrrrrrrrrrrrrr r rrr r r rrrrrr rrrrrrrrr rrrrrrrrrrrrrrrrrrrrrrr tototototototototototototototototoooottotototototototototototototototototototototototototototooototoototoototototottotototototoototototototttototototototottoototooooototoooototooooooooooootooooooooooottotoootooooooooootooooootoooooooooo stststststststststtststtststore/trtrtrtrtrtrtrtrttrtrtrttrtrttrananananananananananananananannspspspspspspspspspspspspspspspsporooooooo t
compared to chlorine ggggggggggggggggggggggggggggggggasssssssssssssssssssssssssssssssssss......

The oxixixixixixixixxixixixxixixxixixixxixixixxxixixxixxxxixxixiixxxix dadadadadadaddadadadadadadadadadadadadadadadadadadadadadaddadaadaadaaaaaaaad tititititittitititititititittitititittittittitttitttititititiitiitttttt ononoonononononnonononononononononnononnonnonnonoonononnnnnnnnnnnnnnn sssssssssssssssssssssssssssssstatataaataataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaateteteteteteteteteteteteteteteeteeteeteteteeteeeteteeeteeeeteeteeeeeettettetete oooooooooooooooooooooooooooooooooooof fffffffffffffffff chlorine decrease from +4 in ClO2 to +1 in HClO. (1

The oxidatatatatatatatatatatatatatatatatatatatatatatatatatttattatattttttttttttioioioioioioioioioioiooioooiiooioiooooooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn stss ate of chlorine increase from +4 in ClOonnnnnnnnnnnn state of chlorine increase from 4 in ClO22 to +5 in HClOto 5 in HClO33.. (1(
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A5 Sodium hydroxide is a very useful industrial chemical. The diagram shows a set-up
used to produce aqueous sodium hydroxide from concentrated sodium chloride 
solution.

(a) Label on the diagram the anode and the cathode.   [1]

(b) Identify Y and explain your answer.

[2]

(c) Explain how aqueous sodium hydroxide is formed as a product.

[1]

(d) Describe a simple test for the presence of chlorine gas.

[1]

chlorine Y

diluted sodium 
chloride solution

concentrated 
sodium chloride 

solution

water

aqueous sodium
hydroxide

sodium 
ions

membrane

(a) anode (a) cathodebattery

Y is hydrogen (1m)
hydrogen ion will be discharged/reduced/gain electron to form 
hydrogen gas (1m) 

As sodium ions and hydroxide ions are not discharged, they 
remained in the solution to form sodium hydroxide. 
OR  
As hydrogen ions and chloride ions are discharged, sodium ions 
and hydroxide ions remained in the solution formed sodium 
hydroxide. 

Place a damp blue litmus paper near the gas, chlorine gas turned
damp blue litmus paper red and bleached it. 

KiasuExamPaper.com

(a) Label on the diagram the anode and the cathode. [1]

(b) Identify Y and explain your answer.

[2]

(c) Explaiain n hoh w w aqueouous s sosodidiumum hydroxide is formed as a product.

[1]

chloride solutionn

concentrated 
sodium chloride

solution

aqueueous sodiuma
hhydroxide

sodium 
ions

(a) anode (a(a) caaaaaathththththththththhththththodododododododododododdododododeeeeeeeeeeeeeeebattery

Y is hydddddddddddddddddddddddddddddddddrorrrrrrrrrrrrrrrrr gegegegegegegegegegegegegegegegegeggeggegeggggegggeeeeeeeeeny g (1m)( )
hydrogeneeeneeneeeneneenennenneennnnnnnnnnn iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioonononooononoononoononoonoononooooonononooonnnnnnn wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwiliiliiiiiliiiiiiiiiiiiiiiill bebebbebbebbebebbbebbbbebebbebebebbbebbbbbbbbbebebebeee ddddddddddddddddddddddddddddddddddddddddddisisisisisisisisisiisiisiiisisisiiiiiii chchchchchchchchchchhchchhchchchhhchhhchchhchchchhchchchhhhchchcccccccc arrrgegegegegeegegegeegegegegegeegegeggegegegegeggegggeeggegeggegegegggeegegegegegeegggeggg d/d//d/d/d/d/d/ddddd/d/ddd/d/d/dddd/d/ddddddd/ddddddd/dd////rerererererererereererererererererererererrerereererererereeeeererereereeeeeeeedudududduududududududududududududududduddddududududduduuddududududduuduuududduduucecccccccccccccccccccccccccccccccccccccccc d/gain electron to form [[
hyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyydrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrogoooooooooooooooooo ennnnnnnnnnnnnnnnnnnnnnnnnnnnnn gggggggggggggggggggggggggggasasassasasasasasassassasasasssasasasssasasaaaasaaasaaaaaaaaaahyyyyyydrrrrrrrrrogennnnnnn gggasssssssss (1(11(1(1(1(1(1(1(11(1(1(1(1(1(11(1(1(11(11(1(111(11((1( m)m)m))m)m)m))m)m)))m))m))m)m)m)m)m)m)m)m)m)mm)m(1m)))))))))))))))))

AsAsAAssAsAsAssAsssAsAsssssssssssAsssssssssssssss sodium ioioooioioioooioooioioioioioioiooioioiioioioioioiioiiiiioiiiiioionsnsnsnsnnsnsnsnssnsnsnsnsnsnnsnsnsnnsnsnnsnsnnsnsnsnsnsssnsnsnsnsssssnsnssnnnssnnssnss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndndndndndndndndndndndndndndndndnddndndndndndndndndndndnddndndndnddndndndndnddddndnndnddn hhhhhhhhhhhhhhydroxide ions are not discharged, theyy g y
reeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemamammamamamamamammmamamamammammammamamamamamamamamamammmammamaamaamaaam ininininnninininininininininninninininnininininnininnnnininiiiinininnnededededddeddedddededddeddedededededededdedededdedededddeddedededdededdddeddeddeeddd iiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnn thththhhhhhhhhthhthhhhhhhhhthhhhhhhhhhhhhthhhhhtt e ee eeee ee ee ee e eeeeeeeeeee eeeee ee sosssssssssssssssssssssssssssss lution to form sodium hydroxide.
ORRRRRRRRRRRRRRRRRRRRRRRRRRRRRR ORRR
As hydydydydydydydydydydydydydydydydydydydydydydydydydydydyddydydyddyddddydyddydydyydyddyyydrorororororoorororoorooorororoorororooorororororooroorororooorororoorroooororrrrrrr geggegegegegegegegegegegegegegegegegegegegeegegegegggggggggggggggggg n ions and chloride ions are discharged, sodium ions 
and hydddddrdddddddddddddddddddddddddddd oxide ions remained in the solution formed sodium
hydroxide.
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(e) The membrane used in the set-up is porous. A porous membrane has pores of
a specific size so that only particles with sizes smaller than the pores can pass
through the membrane.

The porous membrane is necessary for aqueous sodium hydroxide to be
collected as the only product without any contamination from the chloride ions
in the set-up.

Explain why the porous membrane prevents contamination from chloride ion.

[1]

(f) If dilute sodium chloride solution is used in the set-up instead of concentrated
sodium chloride solution, the results would be different.

Describe and explain two differences in the results.

[3]

The size of the pore is not big enough chloride ions to pass through. 

Hence, chloride ion cannot pass through the membrane and chloride 
ion is separated from hydroxide ion and sodium hydroxide is 
collected as the only  product. 

Oxygen gas instead of chlorine gas will form at the positive electrode/anode. 

Hydroxide ion is discharged/oxidised/lost electrons to form oxygen gas. 

Sodium chloride solution becomes more concentrated as water is 
decomposed/sodium ions and chloride ions are not discharged 

1m for stating the difference:  
oxygen gas and remaining solution is concentrated sodium chloride solution. 
1m for each explanation for each difference. 
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[1]

(f) If dilute sodium chloride solution is used in the e e eee ee ee ee sesesesesesesseseseseseseseesesesesesesesesessesesesesesesesessessesesesesesesesesesesesesessessesseseesesesessesseseseeeeeeeseeseseseseeeeeeeeeeeeeeeeeeeeeeeeeseeeeeetttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt---------------------uppupupupuppuppupupupupupupupupupupuupupupupupupupuupupupupupupuupupuuupupuupuppuppupupuupuppupupuupuupuuppupupuupupupupupuppppuppppupupppppppupupupppupuppppuupuppppppppppp iiiniiiiiiiiiiiiiiiiii stead of coconcncentrated
sodium chloride solution, the results would beeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddifififififififififfiffifffifififfffffififfffifififfffiffififififfififfififififffffifffifffififififfffiffififiiifffifififiifiifiiiifififififfiiffififfffffffefefefeffefefefefefefefeffefefefefeefefefefeffffefeffefefefefefeeefefffeffefefeffefeffeffeeefeffeefeefefefeefeefefeeefefefefefefeffefefefeefeefeeeeeefefeefeeffefffffffffef rerereerereereeererereerereererererererererereeeererereerererereeeeeeerereerereeeeeeeeeeeeeerereeeeeererereerereerererrrreeerrrrrrrrereeeerereeereeeeeeeeeeeentntnnntntnntnntnntntnttntntntntntntntnntntntnttnttntntntnttttntntnnttntntntnntttntnttnttntttntttntntntnttttntnttntntnntntnnntnntnnntntnnnnnnnntntnnntttttttt...........

Describe and explain two differences in the resultltlttltltlttltltltltltltltttttlltttttltlttltltltttttttttlttlttltlttttttttlttttlttltttttltttssssss.ss.s...s.sssssss.s..s.sss..s.ss.ssssssssssssssssssssssssssssss.ssssssssss..

[3]

Hence, chloride ion cannot pass through the membrane and chloriHence, chloride ion cannot pass through the membrane and chlo
ion is separated from hydroxide ion and sodium hhhhhhhhhhhhhhhhydydydydydydydydydydydydydydy rororororororororrororororooxixxxxxxxxxxxx de is 
collected as the only ll t d th l product.d t

Oxygen gas instead of chlorinennenennnnnnnnnnnennnnnnnennenennnnnennnennnnnennee ggggggggggggggggggggggggggggggggas wililililiilillilillllllllllllllllllllllllllllllllll fofofofofofofffofoffofofoffffoffoffoffoofooooooooooorm at the popopopopppoooppppopop sisisssssssisssss tiveeeeeeeeeeee eeeeeeeeeeeeeelectrode/an

Hydroxide ion is dischhhhhhhhhhhhhhhhhhhhhhhhhhhhhharaaraaraaaraaaraaraaaaaaaaaaaaargeg d/d/d/d/d//d/d/d/d//d//d/d/d/d//d//d//ddd//ddddddd oxoxoxoxxoxoxoxoxxxoxoxoxoxoxoxoxoxxoxoxoxxoxooooxooo ididiiiidididiidiididdiidddidiidddddiddddddddddisisisisisisisisisisisiisisisisisisisisisiiisiiisisiisisssssssedededededededededdddddddddddddddddddd/l/l/l/l/lllll/l/ll//l/l/ll/l//ll/ osososssssssssssssssssssssssssssssst tttttttttttttttttttttttttt elellllllllllllllllllllllllllecececececeececececececececececececececececececeeccececececcceeceeeccececececceeceeceecccecctrons totototototototottotototooo fffffffffffform oxygen gas.

Sodium chloriddddddddddddddddddddddddddddddddddde e ee soooooooosoooooooosooss lulullululullulullulululullllllulllluuuuuuuuuuuuuuuutionn bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee omomomomomomomomomomommommmommomooommoomoomomoooomooooooooomomeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee  um chloriddddddddde sooooooooolullllllll tion bbbbbbbbbbbbbbbbbbbbbbbbbecommmmmmmmmmmmmmmmmeseeeeeeee momomoomomomoomomooomoooomooooomomoomomoomoomoomoomomommmmommmmmmm rerererererereereererereererereereererereerererereerereerrererrerr cccccccccccccccccccccccccccccccccccccccccononoonononononononononononnoonononononononononononononnononnnnnnonnono cecceeeeentrated as water is moreeeeeeeeeeeeeeee cccccccccccconononooononnnonononnonnooononnnnnnncentrated as water is
decomppppppppppppppososossssossosososossosososososssosssososossosososososossssoososssssoo ed/sodododoododododododoodoodoododododoooooooooooo iiuiuiuiiuiuiiuiuiuiiiiiiiiiiiiiiiiiiii m mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm iooooooooooooooonsnsnsnsnsnsnsnsnsnnnnnnsnnnnnnnnnnnnnnnnnnnns aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndddnddddndndndddndndndndnddndndndndndnddndndnnddd cccccccchlorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrriddidididididdiddidddiddddidididididdiddiddiddidddddiddiidiidde ioioioiooioioioioioioioioiooiooioioioioioiioioiioions are not dischargedg

1m ffffffffffffffffffffffffforrrrrrrrrrrrrrrrrrrrrrrrrrr statittititititttttitttititttittitttttitittitttiiiiiiiiiiiiingngngngggngngngnggnggngngnggngngggngggggnggggggggnggggng thehhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh ddddddddddddddddddddddiffereeeeeeeeeeeeeeeeeeeencncncccncnccncnccncnccncnccnccncncccncncccncncncnncnncnnncccncnccncncncnnnnce:e:e:e:e:e:e::e:e:e:ee:::e:::::::::::eee:eeeeeeeeeeorrrrrrrrrrrrrrrrr statitttttttttttt ngggggggggg thehhhh differeenccncncccncccncncccncccccnccce::::::::::::::
oxoxooxooxoooxooooxoxoxoxoxoxoxooooxooxoxooxoxooxoxooxxoxxxxxyggygggygggyggggygggyggggggggggygygyggggeneeeeeeeeeeeeeeeeeeeeeee  gas aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandddndndddndndndndnddndndndnddndnddndndddndndddndddnddndn rrrrrrrrrrrrrrrrrrrrrremememememmememmememmememememeeemememememememmemememeeemmmmememmememeemmemeemememeemeeeee ainiiiiiiiiiiiiiiniiiiiiiiiiiiiingngnngngngngngngngngngngngngngngngngngngngngngngngngnngngngnggngngngnnnngnngnggg sssssssssssssssssssssssssssssssssssssssssssssoloooooooooooooooooooooooooooooooooooooooooooo ution is concentrated sodium chloride solu
1m1m1m1m1m1m1m1m1m1mm1m1m1m1m1m1m1m1m1m111m1m1m11m111m1mm11m1mm fororoorooooorororooroorrrooroororoorrrorrrorroorrr eacacacacacacacacacacacacaacccccccccccccccccccccccchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh exxxxxxxxxxxxxxxxxxxxexxxxxxxxplplplplplplplpppplplpppllppplppppppppppppppppppp anattatatttatattatattatatttatttatattttatatatatatatattatatttattattattaaatttattaaaa ioioioioioioiioioioiooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn fofofofoofofofoofofoofofofofofofofofofofofooofooofoofooooofoooofofffff r rr r r r r rrrrrrrrr rrrrr r rrrrrr eaeeeeeeee ch difference.
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A6 Most vehicles have diesel engines. In recent years, biodiesel is used as an alternative 
for diesel. Biodiesel is made from a vegetable oil while diesel is obtained from 
fractional distillation of crude oil.

(a) Biodiesel and diesel have different effects on the environment when used as
fuels.

Suggest the effect of using these two fuels on the percentage of carbon dioxide
in the environment.

[3]

Combustion of diesel only increases the percentage of carbon dioxide 
in the environment. 

Vegetable/plant will absorb the same number of moles/volume/amount 
of carbon dioxide released through combustion of biodiesel during 
photosynthesis, hence the percentage of carbon dioxide does not 
increase. 

OR 
Biodiesel is a carbon neutral fuel so  
the percentage of carbon dioxide does not increase. 

1m for combustion of diesel increase the percentage of carbon dioxide. 
1m for combustion of biodiesel does not increase the percentage of 
carbon dioxide and explanation is 1m 
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[3]

in the environment.

Vegetable/plant will absorb the same number of moleeeeeeeeeeeeeeees/s/s/s/s/s/s/s/s/s/s/s/s/s/s vovovovovovovovovovovovovoolululululululululululullulume/amount
of carbon dioxide released through combustion of bbbbbbbbbbbbiodddddididddiddd eeeeeseeeeeeee el duringb di id l d th h b ti f bi di l d i
photosynthesis, hence the percentage of carbononononononononononnononon ddddddddddddddioioioioioioioioioioiiiioioxixixixixixixixixixixixixxixx ddddddddedddddd  does nottosynthesis, hence the percentage of carbonononoononononononoonon dioxxixxixixixiiixx de does no
increase.

OR
Biodiesel is a carbon neutral fuel sssssssssssssssssssssssssssssssssssssoooo oooooooooooooooooooooooooo
the percentage of carbon dioxide dddddddddddddddddddddddddddddddddddddddddoeeeoeoeoeeeeoeoeeeeeeeeeoeeeeeeoeeeeees sssss nonononononononoononononoonononoononoooonononnooooonooononononnnnonononnnnnnnnnnononoonononooononononoonoonooonoooott tttttttttttttt ttttt tt ttttt ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tttttt ininninininininninininininininininnninininnininininininininininiinininnininininiinininininnnnininninininininnninninnnininniniinininnnnniiiininniiinninnninniinnnnnninnnniiii ccrccccrcrcrcrcrcrcrcrcrcrrcrcrcrcrcrcrcrcrccccrcrcrrrcrccrcrcrcrcrcrcrrcrrcrcrccrcrcrcccrcrcrrcrccrcrrrrrcrcrrcrcccccrcrcrcrcrcrccrcrcrcrccrcccrcrccrccccrcccccrcccrrrrrccccccrrrrrrcrrrreeeeeeeeeeeeaeaeaeaeaeaeaeaeeeeeeeeeaeeaeaeaeaeeeeeeeeaeaeaeaeeeeeeeaeeeeeeaeeeeeeaeeeeeeaaeeeeeeaeeeeeeeeeeeaeeeeeeeeeeeeeaeaeeaeeeeeeeeeeee sssseseeeeeseeeeee........t f b di id dddddddd ttttttt i

1m for combustion of dddddddddddddddddddddddddieieeeieeieeeeeieieeeeeeeeeieeeieeieeiiiieieiieieiiii sesesesesesessesesessssseseeeseeeeeeeeeeeeeeeeeeeeeeeel lllllllllll iniiniinininininiininininininininininininiiniinnnnnnnnnncrcrcrcrcrcrrcrcrrrcrcrrcrrrrrrrrrrrrrrrrrrrrrrrrrease tttttttttttttttttttttttttttttttttttttttttheheeheeeeheheheheeeeeeeeheeeeeeeheheeheheeeeee percentagggggggggggggeeee eeeeeeee ooooofoooooo  carbon dioxide.
1m for combustion offfoffofoffofffffofffffffffofofffofffofffffffffffoofofoo bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbioiiiioiioiiiiiiiiiiiiiiiiii didididdididdiddiddididdididddiiiiiiiieseeeeeeeeeeeeeeeeeeeeeeee elllllllllllllllll ddddddddddoeoooeoeoooooeoeooeoeoeoeooeoeoeoeoeoeoeoeoeoooeoeoeoo s nonononoonooooooononoononoononoonnnonnnnnnn t ttttt t t tttttttttttttttttttt increase thehehehehehehehehehheheehh ppppppppppppercentage of 
carbon dioxide and exeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee pplplppplpppppplpppplppplppplpplpppppppppppppppppppplp anananananananannanannanananannannannanananananaananaanaaaaaa attaaatioion nnnnnnnnnnnnnnnnnnnnnnnn isisissisissssssssssssssssssssssssssssssssssss 1111111111111111111mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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(b) Cars are the most common form of transportation in Singapore.

The following message was displayed on the side of a bus in Singapore.

Using the information given, state and explain how the environmental problem 
caused by carbon dioxide can be reduced if people take public transport like the 
bus.

[2]

(c) Carbon dioxide formed in the atmosphere dissolves in the ocean.  The
dissolving process can be described by the following chemical equation:

CO2(aq) + H2O(l) H+(aq) + HCO3
–(aq)

Use this information to explain the likely effect of the atmospheric carbon 
dioxide on the pH of seawater at the ocean surface.

[1]

This bus is more environmentally friendly than a car.

40 cars = 230,000 kg of CO2 per year  

This bus = 3,200 kg of CO2 per year    

By taking public bus instead of having 40 cars, the mass of carbon 
dioxide produced by the bus is 72 times lower than 40 cars. 

The volume of green house gas in the air is reduced to a great 
extent and this greatly reduced the global warming. 

(1m for using the info to compare the the mass of carbon dioxide 
produced, 1m for the impact on the environment) 
OR 
The mass of carbon dioxide produced by one car is 5750 kg while 
The mass of carbon dioxide produced by one bus is 3200 kg, the 
mass of carbon dioxide produced by the bus is 2 times lower than 
car. 
As a result, the volume of green house gas in the air is reduced to a 
great extent and this greatly reduced the global warming. 

As the concentration of carbon dioxide increases, the 
concentration of hydrogen ions in the ocean increase, the pH of 
the ocean will decrease from 8.
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caused by carbon dioxide can be reduced if people take public transport like the
bus.

[2]

(c) CaCarbrbonon dioioxix ded  formed in the atmosphere dissolves in the ocean.  The
disssololvivingng pprocess can be described by the following chemical equation:

CO2(aq) + H2O(l) H+(aq) + HCO3
–(aq)

By taking public bus instead of having 40 cars, the e eee e eeeee e eee massssssssssssssssssssssssss  of carbon
dioxide produced by the bus is 72 times lower thanananannanannanananann 4444444444444440000000000 00000 cacacacacacacacacacacacacacacars.

The volume of green house gas in the aiiiiiiiiiiiiiir rr rr r rrrrr r r isisisisisisisissisissisisiss rrrrrrrrrrrrrededeeeeeeeeeeeeee ucededededededededededededeeded tttttttttttttttto o ooo oooo oooooo aaaaaaaaaaaaaaaa great
extent and this greatly reduced the globall wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwararararararrarararararararaaaaraaaraaaraaaaaaaaaaarrarraaraaarrra mimimimmmmmmmmmmmmmmmmmmmmmmimmimimmimmmmmimmmmmmmmmmmmmmmmmmmimmmmmmimmmmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ngngngnnnnnnnnngnnnn .

(1m for using the info to compmpmpmmpmpmpmpmpmmpmpmmpmpmmpmpmmpmpmpmpmpmpmpmpmpmpmpmppmpppppparararararaaraararaaraaararararrrrarararrrrrrrrrre ththththththtththtthththththththtthhtththhhhththththththhthththhthhhhtthhtthhhheeeeeee e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ththththttththththththththththththththththththththththththththtththtththththththththtthththhhhhhththhhhhthhthhhhtheeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeee eeee eeeee eeeeee eeeeeeeeeeeee mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmasasasasasaaasaaasasasasasasasasasaaaaaasaaasasaaaaasssasaaaaasssassaasaaa s ss sss sssssssssss ofofofofofofofofofofofofofof cccccccccccccararararararararararaarbobobobobobobobobobobobobobbonnnnnnnnnnnn dioxide
produced, 1m for the imppppacacaaaaacaaaacacaaaaaaaaaaaacaaccccacacaaaacaca t on ttttttttttttttttttttttttttttttttttttheheheheheheeheheeeheheeheheheheheheeeeheheeheeeeheeheeeeee envvvvvvvvvvviriririiiririiiriririririrriiiiiiriririiirrrirrrriirrrrrririrrrirrririrrrirononononononononnonononononononononononoononoonononnonnoonononononononononononnoonnonononnonnnnnnnnnnmmmmmmmmmmememememmmmmmmmmmmmmm nt)))))))))))))
OROR
The mass of carbonoonnonoonononoononooooooooooooooooo ddddddddddddddddddddddddddioioioioioioiiiiioi xxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx dededededededddedededdededdedededededddddeddedddeddddeddedeeeee ppppppppppppppppppppppppppppppppppppproducecececececeecececceecececeeceececececeeececeeececececceceec d by one ccccccccccccccararararararararararararrarr is 5750 kg while
The mass of carbbbbbbbbbbbbbbbbbbbbbbbbbbbbonooooooooooooooooooooooooooooo  diooooooooooooooooooooooooxixixixixxxixixiixixixixixixxxixxixxxxxxxx dedededededededededededededeeedeeeeeededeedededddedddddddddd pppppprorororororororrrorrrrorrorororrororooooorooooooooodududududududududududududdudddudduddddddddddddd ceccccccccccccccccccccccccccccc d bybybybbbbybybbybybybybbybybybybybybybbbbybbybybybbbbbbbybybybybybybbyyybyybbb  one bbbbbbbbbbbbbbbbuusususususususuuuuuuu  is 3200 kg, the
mass of carbrbrrrrrbrrrrrrrbrbrrrrrbbrrrrrrrbbrr on dddioioioioioioioioiiioioioiioioioioioioioioioioiiiioioooooooooooooxixixixiiiiiidededededededeededededededededeeeededededeedededeeeedeeeeeededdddddddd ppppppppppppppppppprororrrorororororororrororrorororororororororrrrorrororrorrorooroorooooooooodududududdududududududddddddddududddddduduuuuucedddddddddd bybybyyybyyyybybybyyyybybybyybyyybyybybybyybybybyyyybyyybyyy tttttttttttttttttttttttttttttttttttttthehehehehehehehehehhehhehehehehehehhehehhehehehehhehehehehehehehhehehehehehehehhhheee bus is 2 times lower than
car.
As a rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreseeeeeeeeeeeeeeeeeeeeeeeeee ult,,t,t,t,tt,t,,t,,,,,,,,,,,,,,,,,,, tttttttttttttttttthehehehheheheheheheeheheheeeheeheheehhehheheeehhhhhhh vvvvvvvvvvvvvvvvvolololololololololollllllllllllllllumumumumumumumumumumumumummumumumumumumumuuuuuuuuuuuuu e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ofoffffofoffoffofffofffffofffofoofoofofoofofofofofofoofofofffoo ggggggggggggggggggggreeneneneneneneeneeneneeeeneeneeneneneeneeenennnenennnnnnnnnnn hhouououououoouououououououououoouuououououuoooououoouoooooouoouououououoouseeeeeeeeeeeeeeeeeeeee gas in the air is reduced to a
grgrgrrgrgrgrrgrrgrgrrrrgrgrrgrrgrrgrgrrrgrrgrrrrrrgggggg eaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee t ttttttttttttttttttttttttttttttttt exxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtenttttttttttttttttttttttttttttttttttt aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndnddndndndndndndndndndndndndndndndndndndndndndndndnnddddd ttttttttttttttttttthiihihihhihihihihihihihhihihhhhihihihhhihihihhihhhhhhiiiiis sssssssssssssssssssssssssss grgrgrgrgrgrgrggrggrggrgggrgrgggrgggrggrgrggrgrgrgrggrgggrgrrrgggggrrgrrreaeaeaeaeeeeaeaeaeaeaaaeaeaeaeaeaeaeaeaeaeaeaeaeeaeaaeaeeaaaaeaaaaaaaatllllllllllllllllllllllly y y y yy y yyyyy yyyyy yyy yy yy yyyyyyyyyyyyyyyyyyyyyyy rerererrererererererererererererererrrreererererrrrererereerrrereererrerrr dudududuududududdududuudududududududududududududuudududuuududududuuddudduuduuuduudd ceceecececececececececeecececeececececeeceeecececececeeececcececccccceed ddd the global warming.
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A7 Ethers are a group of compounds containing carbon, hydrogen and oxygen.

Name Molecular formula Boiling point / °C

methoxyethane CH3–O–CH2CH3 7
ethoxyethane CH3CH2 –O–CH2CH3 35

P CH3–O–CH2CH2CH3 39
propoxybutane CH3CH2CH2–O–CH2CH2CH2CH3 117

(a) Name ether P.
[1]

(b) With reference to the information in the table, state and explain the trend
observed in the boiling points of ether.

[2]

(c) Simple ethers are prepared commercially by the dehydration of alcohols using
concentrated sulfuric acid.

Alcohol Q is used to prepare ethoxyethane,C2H5–O–C2H5, according to the
following equation.

2Q   C2H5–O–C2H5      + H2O

(i) Name alcohol Q used in the reaction.
[1]

conc. H2SO4

methoxypropane 

The boiling point increase with increase in number of carbon 
atom/molecular size/relative molecular mass. 

As the number of carbon atoms increase, the molecule is getting 
bigger/relative molecular mass increases so more heat energy is 
absorbed to overcome the stronger intermolecular forces of 
attraction. 

Ethanol 
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(a) Name ether P.
[1]

(b) With reference to the information in the table, statee anandd explplaiainn thee trend
observed in the boiling points of ether.

[2]

(c) Simple ethers are preparareded cocommmmerercially by the dehydration of alcohols using
concentrata edd susulflfuric aacicidd..

Alcohohol QQ is uusesedd toto pprrepare ethoxyethane,C2H5–O–C2H5, according to the
following eqquauatitionon.

2Q C2H5–O–C2H5     + H2O

(i) NaName alcohol Q used in the reaction.
[1]

conc. H2SO4

methoxypropane

The boiling point increase with increase in n n n n nn n nnnnn  nunununununununununununununununununununnnununnunununuunnnnununnununnunnunnnunnunnnnnunnunnnnunnununnunnnnnnnnunnnnnnnnunnnnununnnuunnunnnunuunnuunuuuuuuumbmbmbmbmbmmbmbmbmbbmbbmbmbmbbmbbmbmbmbmbmbmbmbbmbmbbmbmbmbmbmbmbmbmbmbmbmbmbmbmmmbmbmbmbmbbmbmbbbmbmbmmbmbmbmbmmmmmmmmbmmbmbmmmmmmbmbmmmmmmmmmmmmmmmmmmmmmmmmmmmmbmbm erereeeeeereeereeeeeee  of cacacaccccacacccacccc rbrbrrbrbrbrbrbrbrbrbrbrbrbrboooooooonooooo  
atom/molecular size/relative molecular r r rrrr rrr r r mmmmmmmamamamamamaammamamamamamamamamamamamamamamamammmamamamamaamamammmamamamamamamamammmamamamamamamamammammamaaamamaaamammamamaaaaammaaaaaaaaaaaamaaaamaaaaammmaaaaaaaaaamaaaaaaaaaaaamaaaaaaamaaamaaaamaammaaaaaamaaaaaammaaammaaaaaamaasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss........................

As the number of carbon atatataataatatataataatataaataaaaaaaaataaaatatattatataatatoms ininiininiiniiiiniiniininiininiiiinninininnnnnnnncrcrcrcrrcrrcrcrrrcrcrrrrrrrrrrrrrrrrrrrrrrreae seseseseseeeeeeseeseeeeseeeeeeeeeeeeee,,,,,,,,,,,,,,,,,, ththththththththththththththththththththththttththththhthhththththttthhthththhhhththththtththhhhhthtththhhththhtththtthhthththththtththhtthttthhththhhththhhhthhttthhhhttththhththhththhhthhttthtttttthhtttttttttttttttt eeeeeeeee eeeeeeeeee moooooooooooooleeecucccccccccccccc le iiiiiiiiiiiiiisssssssssssssss gegegegegeggegeggegeggggg tting 
bigger/relative molecular mamaamamamamamamamamamamamamamamamamamaaaaamamaamamamamaamamamamammamamasss  inccccccccccccccrerrrrrrrrrrrrrrrrrrrrrrrr asaaaaaaaaaaaaaaaaaaaaaaaaaaaaa es so morerererererereeereerrre hhhhhhhhhhhhhhheat enenenenenenenenenenenneneene ergy is [[
absorbed to overcooooooooooooooooooooooooooomemmememememememmmemememeeeemeememeeemeememem tttttttttttttthehehehehehehehehhheehhehhehehehehheheheeeeheeeehehehhheeh sssssssssssssssssssssssssssssssssssssssstrtrtrtrtrtrtrrtrtrtt oooonoooooooooooooooooooooooooooo ger ininininnnnnnnnnnnnnnttttettttttttttttt rmolecullllllllllllllararararararararararararrarr fffffffffffforces of absorbed to overcooooooooooooomeeeeeeeeeeee theeeeeeeeeeeeeeeeeee ssssssssssssstronooooooooooooooooo ger inintetttttttttt rmolecullllllllaraaar ffffforces of
attraction.

Ethanol
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(ii) Alcohol Q reacted with an organic compound P (with a molecular
formula of CH2O2) to form a sweet smelling liquid, R.

Complete the following table by giving the name and chemical formula
for R.

Name ethyl methanoate 

Chemical Formula HCOOC2H5 or HCO2C2H5 or 
C2H5OOCH 

[2]

(d) Epoxides are a family of cyclic ethers.
The full structural formula for the first member (C2H4O) of this family is shown.

The first member has three atoms in a ring, one of which is oxygen.

(i) Epoxides can be produced by reacting an alkene with oxygen.

Name the alkene which would be used to produce the first member
(C2H4O).

[1]

(ii) The second member of epoxides has a chemical formula of C3H6O and
four atoms in a ring, one of which is oxygen.

Draw a full structural formula for this epoxide with the chemical formula
of C3H6O.

[1]

Ethene 

KiasuExamPaper.com

HCOOC2H5 or HCO2C2H5 or 
C2H5OOCH

[2]

(d) Epoxides are a family of cyclic ethers.
The full structural formula for the first member (C2H44OO)) ofof tthhiss fammilyly iis s shshowown.

The first member has three atoms in a ring, one of which isis ooxxygen.

(i) Epoxides can be prprododucceded by reactitingng aann ala kene with oxygen.

Name the alkene whwhicichh wooulu dd bebe uusesed to produce the first member
(C2H4O).

[1]

(ii) ThThe e secoondnd mmemembeber of epoxides has a chemical formula of C3H6O and
ffour atatomoms s inin aa ring, one of which is oxygen.

DrDrawaw aa ffululll structural formula for this epoxide with the chemical formula
ofo  CC33HH6O.

EEEEtEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE heeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenenennennnnenenenenennnnnennennennnneneeee
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A8 The lithium-ion battery is rechargable and is now widely used in portable electronic 
devices. In these batteries, lithium ions, Li+, move through a special non-aqueous 
electrolyte between the two electrodes. Both electrodes are made up of materials that
allow the lithium ions to move into and out of their structures.The electrodes are 
housed in sealed containers to ensure that no moisture can enter them. 

The anode consists of LiC6, where lithium is embedded in the graphite structure. 
Lithium cobalt oxide,LiCoO2, is commonly used as the material in the cathode.

When the lithium-ion battery discharges to create the flow of electrons in the circuit, 
lithium ions move out of the anode and enter the cathode.

During battery discharges, the half-equation at the anode is as follows:

LiC6 → Li+ + e- + C6

During battery recharges, the following equations represent a simplified description of 
the reactions that occur at the electrodes.

Positive electrode      LiCoO2 → CoO2 + Li+ + e–

Negative electrode    6C + Li+ + e– → LiC6

(a) On the diagram, use arrows to indicate the direction of movement of electrons
through the light bulb as the lithium ion cell is discharged.

Electron flow from anode to cathode.
[1]

LiCoO2
cathode

LiC6
anode

electrolyte

A lithium-ion battery
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The anode consists of LiC6, where lithium is embm edded in ttheh ggraphite structure. 
Lithium cobalt oxide,LiCoO2, is commonly used as theh material inn tthehe cathode.

When the lithium-ion battery discchah rggese  to createe tthehe fflol w of electrons in the circuit, 
lithium ions move out of the anodde andd ennter the cacaththodode.e.

During battery discharges, the halflf-equaatitionon aat t ththee anode is as follows:

LiL CC66 →→ LiLi+ ++ ee-- + C6

During battery reccharargges,, tthehe ffolollolowiwing equations represent a simplified description of 
the reactions ththatat occur atat thehe eelelectctrodes.

Positive eelectctror de      LiCoO2 → CoO2 + Li+ + e–

Negative elelecectrtrododee 6C + Li+ + e– → LiC6

(a) On the diagram, use arrows to indicate the direction of movement of electrons
through the light bulb as the lithium ion cell is discharged.

LiCoO22
cathodododododododdododododododddddddodododdodddddddddddddddddddddddddddddddddddddddddddddddooooddooddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

LiC6
anode

electrolyte

A lithium- eryyion batte
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(b) Based on the information given in the passage, identify one important design
feature of the lithium-ion battery that enables it to be recharged.

[1]

(c) In a lithium-ion battery, lithium metal must not be in contact with water.

Explain why and justify your answer with the use of an appropriate equation.

[2]

(d) Suggest an advantage of using a lithium-ion battery compared to using a fuel
cell as an energy source.

[1]

Movement of  lithium ions in and out of electrodes. 

Lithium reacts vigorously/quickly with water. (1m) 

2Li + 2H2O  2LiOH   + H2     91m) 

Possible answer (any one)
Lithium ion battery is more convenient since it does not 
need a continuous external supply of reactants. 
Lithium ion battery can be recharged (electrically), whereas 
a fuel cell continuously needs fresh reactants. 
Lithium ion battery is usually cheaper than fuel cells. 
Lithium ion battery is more suitable for most of today’s 
electronic devices. 
Lithium ion battery is more portable than fuel cells. 

KiasuExamPaper.com

Explain why and justify your answer with the use of an appropriate equation.

[2]

(d) Suggest an advantage of using a lithium-ion battery compmparared ttoo ususing a fuel
cell as an energy source.

[1]

Lithium reacts vigorously/quickly with water. (1m)

2Li + 2H2Li + 2H22OO 2LiOH   + H2LiOH + H22     91m)91m)

Possible answer rrrrrrrrrrrrrrrrrrr (a(a(a(a(a(aaaaaaaaaa(a(aa(aaaaaa(((a(( ny onenenenennneeeeeeenenenenenenee))))))))))))))))))))))))))
Lithium ion battttttttttttttttttttttttttttttttttttttttttttttttttttereeeeeeeeeee y yyyyyyyyyyyyyyyy isisisissssississisisissisisssssissisisissisississsissiii mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmororrrrorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrre cocococococococoocococococococconvvvvvvvvvvvvvvveneneneneneneneneneneneeenenenenenenenenennnenenenenenenenenenenenneenenneeene ieieieeieieieieeieieieieeieieieieieieieiieieieieieiiiieiiieiiiieiieeeeeenntnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  since it does not 
need a cccccccccccccccccccccccccccconoooooooooo tititiiiittiiiitiiiiiiiiiiiiinunununununununnunnunnunnnunnunununnnnnunnnnnnnnuuous exexxxexxxxexxexxxexxxexxxxxexxxxexxxexxxxxternnnnnnnnnnnnnnnnnnnnnnnnnnnnnnalalalalalalalalalalalalalalalalalalalalaaalalalaalll suppppppppppppppppppppppppppplppppppppppppppppppppppppppppppppppp y yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy ofofofoffofofofofofofofofofooffoffofofofoffofofofofofofofofofoofofoofofofooooofooofoofff rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreaeaeaeaeaeaeaeaeaeaeaeaeaeeaeaaaeaeaeaeaaeaaaeaeaeaeaeeaeaaeaaeaeeaeaeaaeaaaaaacccccctcccccccccccccccccc ants.need a conoo tinunnnnnnnnnnnnnnnnnnnn ous exxxxxxxternnnnnnnnnnnnnnnnnnn llalalll supplyyyyyyyyyyyyyyyy ffofofoofoffoofofofofoofoooofofoofffofoff rrrrrrrrrrrrrrrrrreaeaeaeeaeaaeeaaaeeeaeaaaaaaaaeeeaaaactants.
Lithhhhhhhhhhhhhhhhhhhhhhiuiiiiiiiiiiiiiiiiiii m ioooooooooooooooooooooooooooooon nnnnnnnnnnnnnnn babbababbbbababababbbababbababbbbbababbbbababababababaaaaatttttttttttttttttttttererererererererererereerereererereeeeeeererereerereeeeerererereeerry yyyyyyyyyyyyyyyyyyyyyyy cacacccacacaccccacaccccacacccccccaccacccccaccacaccacacacacccaaccaaaaannnnn beebebebebebebebebebebebebebebebebeebebebebebebebebebebebbbbebbebbbbbbbb  recececececcececececcecececcececcecececececcececececceccecceceeeeeeececcchahaahhahaaahahahahhahahahahhahahahahhahhahhhahahhhahahhhhahahahahhahhargrgrgrgrgrgrgrgrgrgrgggrgrggrgrgrggrgrgrgrgrgrgrrgggrgrgrrgrgrrggrrgrrrrgrgrggggededededededededededededededeededeededeedeedeeeededededdededddddd (((((((((((((electrically), whereas 
a aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa fufufuufuufuufufuufuufuuuuuuuuuuuuuuuuuuuuuuelllllllllllllllllllll celllllllll conoononoooononononooononooooonoooooooooooooooooooooooo tititiitiititititititiitititiitititititittttttttttttttt nununnunununununununununununununununununununuuuuuuuuuuuuououuouououououuouououououououououuuouslslslsslslslssslssssssslssslsslslssslssslsssslssss y y y yyyyyyy yyyyy y yy y yyy y yyyyyyyyyy neeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeedededeededededededededededededeeededededededeeeededededededdeedeedeededededs ss sssssssss ss ssssssssssssss sssss sssssssssssss ffrfrffrfrffrffrfrffrfrfrfrffrfrfffrfffrfrfffrfrfrfffrfffffrfffrfffrreseseseseesesesesesesesesesesesessesessesesesssssssssessesesesesseeeseeee hh hhhhhhhhhhh reactants.
LiLLLLLLLLLLLLLLLLLLLLLLLL thiuuuuiuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuummmmmmmmmmmmmmmm ionnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn babbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb ttery isissisisisisississisisisissiisisissisisisisisisisisisiiisisisssissssssssssis ususssusussusususussususussusususususussusssussusuusussuualalaalalalalallalaaallalalallllallalllllllaaaaaa lylylylylylylylylylyylyyylyylylylylylyyyyyyyylyylyylylylylylylyylylylyyyyllylyylyy ccccccccccccccccccccccccccccccccccccccccccccccheheheheheheheheheheheheheeheehehehehehehhehehhehehheheheeheheheheeheeeeeeeeeeeapaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa er than fuel cells.
LiLLLLLLLLLLLLLLLLLLLLLLLLLL thiummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ioooooooooooooooooooooooooooonnnn baaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaattery y y yy y yyyyy y yyyyyy yyyyyyyyyyyyyyyyyyyyyyyyy isisisisisisisisisisisisssssissisisisississisissssississsssssisiiiiiiiis mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmore suitable for most of today’s 
elellellllllellelellllllecececeececececececeececeeceeececececececeeeceecccccccccctrttttttttttttttttttttt oniciciciciciciciciciiciciciciciciciciciciciciiiiciiciciiciciciciiciicicccccccc dddddddddddddddddddddddddddddddeviciccccccccccccicccccciccciccccccccccicccccccccccccceeesesesesesesseseseseseseseseesssseseseseseeeeeeeeesesseeeess............................
Lithththhthhhththtththtthhhthtthththhhhththhhhhhhhhhhiuiuiuiuiuiuiuiuiiuiuiiuiuiuiuiiiuiuiuiuuiuuuuuuuuuuuuuuuuummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm iiioiiiii n babababababababababbababababababbbababbaabababbabababbbababababaaababbabaababababbaab tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt ererererererererererereerererereereerereererererererereerererererrererree y y yyyyyyyy yyy yyyyy yy yyyyyy y isisisisisisisisisissiissisiisisisisisisssississisisisssssssiiiiii  more portable than fuel cells.
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Answer Scheme  

Paper 2 Section B

9 (a) Ozone absorbs / traps harmful ultra violet radiation / it absorbs harmful 
UV light
Or: blocks UV rays
UV radiation causes skin cancer / skin burns/ cataracts

1

(b) rose from early 1980’s to 1988 / just before 1990;
Or: rose to 1987 OR  1989 / rose to just before 1990
Or: there was an increase in CFCs in the 1980’s
Or: rose to a peak in 1988
Reject: increased until 1990

then declined / lowers OR decreases after 1987 or 1988 or 1989 / from
the end of the 1980’s

1

1

(c) Any 2 contrasting evidence to show no link
e.g: • relates drop in amount of ozone between 1980 and 1988 to
increase in CFC production;
• level of ozone from 1998 to 2002 has slightly increased when CFC
production had remained low or decreased
• CFC production dropped significantly from 1988 to 1998 but so did the

amount of ozone;
• level of ozone from 1998 to 2006 has been very variable and no
definite correlation with decrease CFC production
(-1m if no conclusion)

1

1

(d) 1

(e) HFCs do not contain chlorine atoms, which deplete the ozone layer. 1

(f)(i) Chemical equation

C CH

Cl

FH

H

H

+ KOH  →   

C C

H

FH

H + H2O + KCl

1

1
H

Cl
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Or: rose to 1987 OR  1989 / rose to just before 1990
Or: there was an increase in CFCs in the 1980’s
Or: rose to a peak in 1988
Reject: increased until 1990

then declined / lowers OR decreases after 1987 or 19888 oor r 19198989 // ffrom
the end of the 1980’s

1

(c) Any 2 contrasting evidence to show no link
e.g: • relates drop in amount of ozone between 11111111111111111111111111111111111111111111111111111111111198989898989898989898989898989898989898989899898989898899898989898989898989898998989898989898989898999989989898989898989898998989899899889988988888898989899888888888988888888888899998899898988000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 anananananananananannanannannananananananananananannanananananananananananaannanannannanannnannanananananananananaanananaaaannanaannaanaaanannaaaaaaanaaaannaanaannnnanaaanaannddddddddddddddddddddddddddddddddddd 1988 to 
increase in CFC production;
• level of ozone from 1998 to 2002 has sligghthththththththththhhththththhthhttththhthththththththhhththhtthtthhhthhttthttththhhthtththtttthtthttththhththtttthhthhhthhhthhhhhthh lylylylylylylyylyylylylylylylllylylyllllyylylyllllyylylylylylylylyylyyllyylyyyyyyyyyyyyyyyylyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiincncncncncncncncncncncncncncnccncncnncncnnncncnccncncncncncncncnncncnnncnccncccnccnccnnnnccncccncncncncncnccncncnnnccncnnnccccccncccccccncccccncnccnn rererererererrererererereerererererereerrererererereerereererereeereerrererereeererereerereereeeereeeeeeeeeeeeeeeeeeerereeereeererereerrreerreeeerer asasasasasaaasasasaasasasassasasasasasasasasasaaaaassasasasassssaasasssasasasaasasaaaassasasasasssasssasaaasasaaaasasaasaasaaaasaaaaaaaaaaaaaaaasaaaaaassaaa edeedeedededededededdededdedededdededededdeedeedeeeeeeeeeeee  when CFC
production had remained low or decreased
• CFC production dropped significantly from 1988 to 19988 bbut so dididd the

amount of ozone;
• level of ozone from 1998 to 2006 has been veryry variablee anand no
definite correlation with decrease CFC producctitionon
(-1m if no conclusion)

1

1

(d) 1

(e) HFCsCs ddo o not contain chlorine atoms, which deplete the ozone layer. 1



2

(ii) 1

(iii) Molar mass of monomer / repeat unit = 12 x 2 + 19 + 3 = 46

No. of repeat units = 12000 / 46 = 260 (round down)

1

1

10 (a) Nitrogen has gained electrons / oxidation number of nitrogen has 
decreased.
Or: Reduction is the addition of electrons
Or: Oxidation state of nitrogen decreased from 0 to -3
Reject: removal of oxygen/ addition of hydrogen

1

(b) 2NO3
- + 12H+ + 10e- → N2 + 6H2O 1

(c) % of nitrogen by mass in ammonium nitrate, NH4NO3 = 28 / 80 X 100% =

35%

% of nitrogen by mass in diammonium hydrogen phosphate, (NH4)2HPO4

= 28 / 132 X 100% = 21.2%

ammonium nitrate has the greater percentage by mass of nitrogen. 

1

1

1

(d)(i) Hydrogen from cracking of hydrocarbons / petroleum
Or: hydrogen from methane / natural gas / water

1

(d)(ii) The catalyst speeds up the rate of reaction by lowering the Ea energy. 
This helps to increase productivity.
The iron catalyst can be reused.

1

1
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No. of repeat units = 12000 / 46 = 260 (round down) 1

10 (a) Nitrogen has gained electrons / oxidation number of nitrogen hahas
decreased.
Or: Reduction is the addition of electrons
Or: Oxidation state of nitrogen decreased from 0 to -33
Reject: removal of oxygen/ addition of hydrogen

1

(b) 2NO3
- + 12H+ + 10e- → N2 + 6H2O 1

(c) % of nitrogen by mass in ammonium nitrate, NH4NNNNNONNNNONOONONONNNONNONNONNONONONONNNNNNONONNOOONNONNOONONNNNONONONNONONONNNNONONOONNONONOOOOOOO3 = 288 // 8800 X 10100%0% = 

35%

% of nitrogen by mass in didiama mom nin um hyddrorogegenn phphosphate, (NH4)2HPO4

= 28 / 132 X 100% = 21.2%%

ammonium nitrate has thehe ggrereataterer pperercecentntaga e by mass of nitrogen.

1

1

1

(d)(i) Hydrogogenn from crcracackikingng oof f hyh drocarbons / petroleum
Or: hydrogenen ffroromm memetht ane / natural gas / water

1

(d)(ii) ThThe e cacatatalylystst spspeee ds up the rate of reaction by lowering the Ea energy. 
ThThisis hhele psps ttoo increase productivity.
The e irironon ccatalyst can be reused.

1

1
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Either 

11 (a)(i)

1 mark for either alkene and 1 mark carboxylic acid functional groups.

2

(ii) 200oC, nickel catalyst 1

(iii) Add a solution of bromine into the unknown solution and shake.
If linoleic acid is present, reddish-brown colour of bromine quickly
disappears / reddish brown bromine decolourised
If stearic acid is present, reddish – brown bromine remains reddish
brown. / no visible change

1
1

(b)(i)

Polymer A Polymer B
Full 
formula 
and type of 
linkages 
present

Amide linkage 
present: 

Ester linkage present:

Structures 
of 
monomers

1

1

1

1

(ii) The advantage of being non-biodegradable is that the material is long-
lasting as it does not decompose by action of bacteria in the soil.

1

C C OH(CH2)7

H

C

H O

CC

HH

H

HHH

C (CH2)4

H

C

C2H4O OH

H C4H8CO C

O O

O H

H C6H12N N

H H

H

H

H

C6H4C CO O H

O O
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(ii) 200oC, nickel catalyst 1

(iii) Add a solution of bromine into the unknown solution and shakkee.
If linoleic acid is present, reddish-brown colour of bromine ququicicklklyy 
disappears / reddish brown bromine decolourised
If stearic acid is present, reddish – brown bromine reemamaininss rereddish h 
brown. / no visible change

1
1

(b)(i)

Polymer A Polymem r B
Full 
formula
and type of 
linkages 
present

Amide linkage 
present: 

Ester linkage presenentt:

Struuctc urrese  
of 
mom nonomemersrs

1

1

1

1
HH C4H8COO C

OO O

O HH

H C6H12N N

H H

H

H C6H4C CO O H

O O
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Or

11 (a)(i) Insufficient / limited oxygen
Or: Coke / carbon reacts with CO2 to form CO.

1

(ii) No oxygen in contact with iron.
Or: Layer of slag prevents iron from reacting with air
Or: All oxygen reacted with carbon

1

(b) Zinc is more reactive than iron/ steel.
Zinc loses electrons more easily than iron / zinc corrodes instead of iron /
zinc is oxidised / electrons move from zinc to iron.

1
1

(c)
Fe Fe2O3

Electrical 
conductivity

Can conduct in solid 
(presence of mobile 
electrons)
1m

Cannot conduct in solid 
state
(no mobile ions)
1m

Chemical 
reaction with HCl

Fe + 2HCl → FeCl2 +
H2

1m

Fe2O3 + 6HCl →
2FeCl3 + 3H2O

1m

(iii) Forms silicon(IV) oxide or silicon oxide or silica / Si + O2 → SiO2
CaO reacts with SiO2 to form slag or calcium silicate

1
1
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Zinc loses electrons more easily than iron / zinc corrodes instead of iron /
zinc is oxidised / electrons move from zinc to iron.

1

(c)
Fe FeeFeeeFeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee2222222222222222222222222222222222222222222222222222222222222222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO3333333333333333333333333333333333333333333333333333333

Electrical 
conductivity

Can conduct in solid 
(presence of mobile 
electrons)
1m

CaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCCaCaCaCaCaCaCaCCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCCaaCCCCaaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCaCCaCCaaCaCaaaaaCaCaCCCaaCaCaaaaCaaCCCCCaaCCCCaCaCaCaCCaCaaaaCaaaCaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnototototototototoototototototototototototototototototooototootototoootototototooootoototootooooooooootoooooooototootottttoottttottttotooooooooooooooooooooooooooo ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccononononononoonononononononononononoonoonononoononononononononononoonoooononnnonnoonoonnnononoonnnnnnonononoononnonnnnnnnnnnnnnnonnonnnonoooooooooooooooooo duddddddddddddddddddddddddddddddddddddddddddddddd ct in solid
stststststststststsstststststststststststsstststststststststststststssttsststststsssssststsstssssssstststststssssssssttttttsttttstttsssttssstsssttss atataatatatatatatatatatataattatatatatatatatatatatatatataaatatataaaatataaaaaaataaaaaaaataaaaaatattaatttaatatattttaaaaaaaaaaaaaaaa eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
(noooooooooo mmmmmomommommmmomomomomomomomomomommmmmommmmomommomomommmmmmomomoommmmmmmmmmmmmmmmmmmmm bile ions)
1m

Chemical 
reaction with HCl

Fe + 2HCl → FeCl2 +
H2

1m

Fee22OO3 + 6HCCll →→
22FeFeCl3 + 3H2O

1m1m
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1 Potassium chlorate solution can be decomposed according to the following 
equation: 

2KClO3 l(aq) + 3O2(g)

What is the effect on the rate of reaction and the volume of oxygen produced if an 
equal volume of water was added to the potassium chlorate before the reaction 
begins? 

rate final volume of oxygen
A decrease unchanged
B decrease increase
C unchanged unchanged
D increase decrease

2 Calcium carbonate is decomposed and the gas is evolved in two separate 
experiments according to the following equation: 

CaCO3 2(g)

The graph shows the total volume of gas collected against time for each 
experiment. 

Which graph shows how the speed of reaction varies with time in each 
experiment? 

A B C D

experiment 1

experiment 2

time

volume of 
gas 

collected

sp
ee

d 
of

 re
ac

tio
n

time sp
ee

d 
of

 re
ac

tio
n

time sp
ee

d 
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 re
ac
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n

time sp
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d 
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ac
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n

time
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3 Calcium carbonate reacts with aqueous hydrochloric acid to form a gas. 

Which of the following diagrams show suitable methods for investigating the rate of 
reaction? 

1 2

3 4

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

4 When moving across any period of the Periodic Table from Group I to Group VII,
which of the following statements is/are true? 

1 The properties of the elements change from metallic to non-metallic. 
2 The oxides change from basic to acidic. 
3 There is a gradual increase in the atomic radius. 

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

5 Phosphorus is in the same group of the Periodic Table as nitrogen. What is the 
most likely molecular formula of a hydride of phosphorus? 

A PH2
B PH3
C PH5
D P3H

balance

HCl(aq)

CaCO3(s)

stopper

balance

cotton 
wool

HCl(aq)

CaCO3(s)

stopper

HCl(aq)

CaCO3(s)

cotton wool

HCl(aq)

CaCO3(s)
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6 Hydrogen peroxide decomposes to form oxygen and water according to the 
following equation: 

2H2O2 2(g) + 2H2O(l) 

Two experiments I and II were carried out to measure the rate of production of 
oxygen from aqueous hydrogen peroxide. 

experiment solution used
I 30 cm3 of 1.00 mol dm 3 H2O2
II 300 cm3 of 0.100 mol dm 3 H2O2

Which of the following correctly shows the experimental results? 

A B

C D

7 Some information about element X and its compounds is given below. 

density/ g cm 3 melting point/ oC formulae of chlorides colour of chlorides

7.29 232 XCl2 red-violet
XCl4 colourless

What is X likely to be? 

A Mg
B Na
C Si
D Ti

volume of O2/ cm3 volume of O2/ cm3

time/ s time/ s

volume of O2/ cm3 volume of O2/ cm3

time/ s time/ s

I and II

II

II

I

II

II
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8 Some physical properties of elements P, Q and R are given in the table below. 

physical property P Q R
melting point/ oC 220 249 98
boiling point/ oC 188 246 882
colour pale yellow colourless silvery white
density/ g cm 3 1.55 × 10 3 8.25 × 10 4 0.97

Which of the following correctly states the positions of P, Q and R in the Periodic 
Table? 

P Q R
A Group VII Group 0 Group I
B Group 0 Group VII Group I
C Group VII Group I Group 0
D Group I Group 0 Group VII

9 The manufacture of sulfuric acid by the Contact Process can be represented as 
follows: 

2 3 2SO4

Which of the following diagrams shows the oxidation number of sulfur at each 
stage of the process? 

A B

C D
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10 Which of the following involves the reduction of iron(II) ions to iron atoms? 

A adding magnesium to aqueous iron(II) nitrate
B bubbling chlorine gas into iron(II) chloride
C electrolysis of aqueous iron(II) chloride
D mixing aqueous iron(II) chloride and aqueous sodium hydroxide

11 In which of the following compounds are the oxidation numbers of chromium and 
manganese the same? 

A K2Cr2O7 and KMnO4
B Cr(NO3)2 and MnO
C Cr2(SO4)3 and MnO2
D Cr2S3 and MnSO4

12 The redox reaction between copper and nitric acid is as follows: 

3Cu(s) + 2NO3 (aq) + 8H+ 2+(aq) + 2NO(g) + 4H2O(l) 

What are the oxidation and reduction half equations for the reaction? 

oxidation reduction
A +(aq) + e NO3 (aq) + 2H2 2O(l)
B NO(g) + O2 3 (aq) + e +(aq) + e
C NO3 2(g) Cu2+

D 2+(aq) + 2e NO3 (aq) + 4H+
2O(l)

13 Potassium manganate(VII) reacts with sulfur dioxide according to the following 
equation: 

2KMnO4(aq) + 5SO2(g) + 2H2O(l 2SO4(aq) + 2MnSO4(aq) + 2H2SO4(aq)

Which shows the correct pair of oxidising and reducing agents? 

oxidising agent reducing agent
A SO2 KMnO4
B KMnO4 SO2
C KMnO4 H2O
D H2SO4 MnSO4

14 The synthesis of hydrogen iodide from hydrogen and iodine is an endothermic 
reaction. What can be deduced about the reaction? 

A Hydrogen iodide does not readily ionise in aqueous solution.
B The number of bonds broken is greater than the number of bonds formed. 
C The energy change involved in bond formation is less than that involved in 

bond breaking.
D The formation of H I bonds absorbs energy. 
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15 Which reaction profile shows the slowest endothermic reaction? 

A B C D

16 The table compares the strengths of the bonds for the reaction below. 

X2 + 3Y2 XY3

Which of the reaction is the most endothermic? 

bonds in X2 bonds in Y2 bonds in XY
A strong strong strong
B strong strong weak
C weak weak strong
D weak weak weak

17 When hydrated copper(II) sulfate is heated in the apparatus below, solid X and 
liquid Y are produced. 

What changes are observed when liquid Y is added to cold solid X?

colour change heat change
A blue to white heat released
B blue to white heat absorbed
C white to blue heat released
D white to blue heat absorbed

en
er

gy

en
er

gy

en
er

gy

en
er

gy

reaction pathway reaction pathway reaction pathway reaction pathway

heat
cold water

liquid Y

hydrated copper(II) sulfate
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18 Two circuits are shown below. 

What is X if the light bulb lights up in both circuits? 

A iron
B glucose
C styrofoam
D sodium chloride

19 The diagram shows a simple cell. 

For which of the following pairs of metals would electrons flow as shown in the 
diagram? 

X Y
A copper lead
B iron zinc
C zinc aluminium
D zinc iron

flow of electrons

dilute sulfuric acid

metal Ymetal X

solid X
molten X

+ +
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20 The following apparatus was set up. 

Which of the following products will be formed at the respective cells and 
electrodes? 

cell P cell Q
platinum copper magnesium platinum

A Cl2 Cu2+ Mg2+ Mg
B O2 H2 Mg2+ H2
C O2 Cu2+ O2 H2
D Cl2 H2 O2 Mg

21 Three simple cells are set up using copper metal and three unknown metals, U, V
and W as electrodes, immersed in dilute sulfuric acid of the same concentration. 

The potential differences which are used to measure the difference in reactivity of 
the metals are given in the table below. 

simple cell metals used voltage/ V anode
1 Cu, U 0.45 U
2 Cu, V +1.11 Cu
3 Cu, W +2.71 Cu

Which of the following correctly list the metals in order of increasing ease of 
oxidation? 

A W V Cu U
B U V Cu W
C W Cu V U
D U Cu V W

aqueous 
magnesium 

nitrate

dilute 
hydrochloric 

acid

cell P cell Q

platinum

copper
magnesium

platinum

+
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22 An experiment is set up as shown in the diagram below. Both electrodes P and Q
are made of graphite. 

Which of the following gives the correct results as the respective salts are added to 
the water in the beaker?

salt mass of P mass of Q
A copper(II) sulfate increase increase
B calcium sulfate decrease decrease
C copper(II) sulfate unchanged increase
D sodium sulfate unchanged decrease

23 An experiment is carried out to find the order of reactivity of some metals. 

Three metals are placed in solutions containing aqueous metal ions. The results 
are shown below with a indicating a reaction has occurred and a showing no 
visible reaction.

metal aqueous metal ions
Mg2+ Sn2+ Al3+ Fe2+

X
Y

Sn

What is reactivity of the metals in decreasing order? 

A Mg Al X Fe Sn Y
B Mg X Al Sn Fe Y
C Y Sn Fe X Al Mg
D Y Fe Sn Al X Mg

24 Which of the following oxides can be reduced to the metal by hydrogen?

A aluminium oxide
B calcium oxide
C lead(II) oxide
D zinc oxide

water

QP

+
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25 In a series of experiments, different volumes of aqueous copper(II) sulfate were 
added to a fixed volume of excess dilute sulfuric acid containing a fixed mass of 
zinc. 

The total volume of hydrogen produced was recorded for each experiment. The 
results are shown in the graph below. 

Which of the following best explains the results obtained? 

A Aqueous copper(II) sulfate slows down the speed of the reaction between 
zinc and sulfuric acid. 

B Aqueous copper(II) sulfate dilutes the sulfuric acid. 
C Adding aqueous copper(II) sulfate to sulfuric acid lowers the temperature. 
D Zinc reacts with aqueous copper(II) sulfate. 

26 Carbon added as an alloying element in steel will affect its hardness, strength, 
ductility and malleability while chromium added to steel will affect its resistance to 
corrosion. 

The table below shows the properties of three types of steel. 

steel property
1 brittle
2 easily shaped
3 resistant to corrosion

What are the three types of steel? 

steel 1 steel 2 steel 3
A stainless steel mild steel high carbon steel
B mild steel stainless steel high carbon steel
C high carbon steel stainless steel mild steel
D high carbon steel mild steel stainless steel

volume of aqueous 
copper(II) sulfate

total volume of 
hydrogen
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27 The diagram shows the apparatus for measuring the volume of hydrogen given off 
when an excess of dilute hydrochloric acid is added to powdered metal. The 
volume of gas is measured at room temperature and pressure. 

The experiment is carried out three times, using the same mass of powdered metal 
each time but with different metals:

pure calcium
pure iron
a mixture of calcium and iron

Which powder gives the greatest and least volume of hydrogen? 

greatest volume of H2 least volume of H2
A calcium iron
B calcium mixture of calcium and iron
C iron calcium
D iron mixture of calcium and iron

28 Coal fired power stations burn coal to generate electricity. Sulfur present in coal 
also undergoes combustion to form sulfur dioxide, which has to be removed from 
the exhaust gases? 

Which of the following substances would not be suitable in removing sulfur 
dioxide? 

A CaO
B MgO
C Al2O3
D SiO2

dilute hydrochloric acid

tap

metallic 
powder

graduated 
tube

water
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29 An electrolytic cell was set up as follows: 

If platinum electrodes were used, which of the following shows the pH of the 
solution in each beaker at the end of the experiment? 

A B

C D

concentrated 
hydrochloric acid

dilute sodium 
chloride solution

cathodeanode

battery

salt bridge

beaker X beaker Y

7

X Y

pH

7

X Y

pH

7

X Y

pH

7

X Y

pH
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30 The percentage of oxygen in the air is found using the apparatus shown in the 
diagram below. The air is passed over the heated copper powder from the gas 
syringe on the left until there is no further decrease in the volume. 

What precaution should be taken before the initial volume of air and final volume of 
gases remaining in the apparatus are found? 

A The air should be dried. 
B All the copper should be reacted. 
C Both syringes should contain the same volume of air at the start. 
D The apparatus should be at room temperature and pressure. 

31 The apparatus below was set up to investigate the reaction between ethanol and 
substance X.

At the end of the experiment, the moist blue pH paper turned red. What is 
substance X?

A base
B dehydrating agent
C oxidising agent
D reducing agent

32 What is the formula of the ester formed when propanol reacts with butanoic acid? 

A C3H7COOC3H7
B C4H9COOC4H9
C C4H9COOC3H7
D C3H7COOC4H9

×
×
×

× ××
××

×
× ×

× ×
×
××

××
×

×
××

××
× ×

×
×

×
××

ethanol 
vapour

substance X

strong heat

moist blue 
litmus 
paper

gas syringe

air

gas syringe
copper powder

heat
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33 Which of the following cannot be made from ethene? 

A 1,2-dibromoethane
B ethane
C ethanol
D glucose

34 Stearidonic acid has a molecular formula of C18H28O2. How many double bonds 
between carbon atoms are present in one molecule of stearidonic acid? 

A 1
B 2
C 3
D 4

35 The molecule shown below is reacted with aqueous sodium hydroxide. 

Which of the following shows the structure of the salt formed? 

A B

C D
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36 An organic compound X has an empirical formula of CH2O and a relative molecular 
mass of 60. It reacts with methanol in the presence of concentrated sulfuric acid to 
give a sweet smelling liquid. 

Which of the following shows the structure of X?

A B

C D

37 Four structural formulae are shown below. 

Which of the following formulae represents the same compound? 

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

CC C

C CHH HH

HH
H H H

HH

H

H

C C

C H

H

H H
H

C HH

H

C HH

H

H

C C

C H

H

H H

HC HH

H

H C H

H

CC C HH
H

H

H
H C H

H

C HH

H

H

1 2 3 4
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38 Petroleum and compounds derived from petroleum undergo the reactions as 
follows: 

What are catalysts P and Q?

P Q
A Al2O3 Ni
B Fe SiO2
C Al2O3 Pt
D Ni Fe

39 The diagram shows the separation of crude oil into fractions. 

What are the uses of X, Y and Z?

X Y Z
A aircraft fuel chemical feedstock for 

plastics
machine lubricants

B chemical feedstock for 
plastics

aircraft fuel machine lubricants

C chemical feedstock for 
plastics

machine lubricants aircraft fuel

D machine lubricants aircraft fuel chemical feedstock for 
plastics

petroleum

ethene

hydrogen

margarine

vegetable oil

P

Q

crude oil

petrol

bitumen

X

Y

Z
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40 When an alkene reacts with chlorine, the product formed has the following 
structure.

What is the structure of the alkene? 

A B

C D
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DATA SHEET

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

KiasuExamPaper.com



2017 Mid-Year Examination 
Secondary Four ‘O’ Level

20 Nanyang Girls’ High School

Setter: NHK
KiasuExamPaper.com



Class Register Number Name

NANYANG GIRLS' HIGH SCHOOL

Mid-Year Examination 2017
Secondary Four GCE ‘O’ Level

CHEMISTRY
Paper 2

1 hour 45 minutes

Thursday 4 May 2017 1015 - 1200

READ THESE INSTRUCTIONS FIRST

Do not open this booklet until you are told to do so.
Write your name, register number and class in the spaces at the top of this page and on any 
separate writing paper used.

Section A (50 marks)
Answer all questions.
Write your answers in the spaces provided on the question paper.

Section B (30 marks)
Answer all questions including questions B7, B8 and B9 Either or B9 Or. 
Write your answers in the spaces provided on the question paper.  

At the end of the examination,
1. Fasten all your work securely together;
2.  Tick 9 Either (for Either) or 9 Or (for Or) in the grid below to 

indicate which question you have answered;

INFORMATION FOR CANDIDATES

The intended number of marks is given in the brackets [ ] at the end 
of each question or part question. You are advised to spend no 
longer than 1 hour on Section A and no longer than 45 minutes on 
Section B.

The use of approved scientific calculators is allowed.

A copy of the Data Sheet and the Periodic Table can be found on 
pages 17 and 18 respectively.

Examiner’s Use
Section A

Section B

B7 

B8 

B9 Either

B9 Or

Total

Setter: NHK This document consists of 18 printed pages.
NANYANG GIRLS' HIGH SCHOOL [Turn over 

KiasuExamPaper.com



2017 Mid-Year Examination 
Secondary Four ‘O’ Level

2 Nanyang Girls’ High School

Setter: NHK

Section A (50 marks)

Answer all questions in the spaces provided.

A1 The element francium Fr is placed at the bottom of Group I in the 
Periodic Table. 

The melting and boiling points of the other Group I elements are given in 
the table below. 

element symbol melting point/ oC boiling point/ oC
lithium Li 180 1330
sodium Na 98 890

potassium K 64 774
rubidium Rb 39 688
caesium Cs 29 690
francium Fr - -

Francium does not occur in the ground and has to be made artificially. 
Very little is known about the chemistry of francium and its compounds. 
Use your knowledge of the other elements in Group I to predict some of 
the reactions and properties of francium. 

(a) Predict the melting point of francium at room temperature and 
pressure. [1]

……………………………………………………………………………

(b) How will francium react with water? Write a chemical equation for 
the reaction. [2]

……………………………………………………………………………

……………………………………………………………………………

(c) State the observations when the products in (b) are added to

(i) litmus paper; [1]

……………………………………………………………………...

(ii) aqueous copper(II) sulfate. [1]

……………………………………………………………………...

(d) If an aqueous solution of francium chloride was electrolysed using 
platinum electrodes, write the half-equations for the reaction at 
the anode and the cathode. [2]

Anode: …………………………………………………………………..

KiasuExamPaper.com



2017 Mid-Year Examination 
Secondary Four ‘O’ Level

3 Nanyang Girls’ High School

Setter: NHK [Turn Over]

Cathode: ………………………………………………………………...

                                                                             Total [ 7 ]

A2 When liquid hydrogen peroxide (H2O2) is mixed with liquid hydrazine
(N2H4), a very fast reaction which forms nitrogen and steam takes place.

(a) Write a chemical equation including state symbols, for the 
reaction between hydrogen peroxide and hydrazine. [2]

……………………………………………………………………………

(b) Identify the oxidising agent and the reducing agent in the reaction. [2]

……………………………………………………………………………

(c) Bond energy is the energy required to break the bonds between 
pairs of atoms. The table below shows some bond energies, 
measured in kilojoules per mole. 

bond bond energy/ kJ mol 1

O O 150
N N 160
N H 390
O H 460
N N 994

(i) Using information from the table, calculate the enthalpy 
change of the reaction in (a). [3]
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(ii) If hydrogen peroxide is the limiting reactant, calculate the 
enthalpy change when 340 kg of hydrogen peroxide is 
reacted. [2]

(d) Draw and label an energy profile diagram showing the enthalpy 
change for the above reaction. [2]

(e) State and explain whether the reaction is exothermic or 
endothermic in terms of bond breaking and bond forming. [2]

……………………………………………………………………………

……………………………………………………………………………

……………………………………………………………………………

……………………………………………………………………………

……………………………………………………………………………

                                                                             Total [ 13 ]

energy

progress of reacton
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A3 The electrolysis of molten magnesium bromide using graphite electrodes 
was carried out as shown in the set up below. 

(a) Draw the direction of the electron flow in the cell shown above. [1]

(b) Explain why magnesium bromide needs to be heated to the 
molten state. [2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(c) What are the observations made during the electrolysis of molten 
magnesium bromide? [2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(d) Write the half-equations for the reaction at the anode and the 
cathode. [2]

Anode: …………………………………………………………………..

Cathode: ………………………………………………………………...

battery bulb

anode cathode

heat

molten 
magnesium

bromide

crucible
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(e) After some time into the electrolysis, heating was stopped and 
some of the contents solidified. It was observed that the light bulb 
continued to glow. 

Suggest why the bulb continued to glow after the heating was 
stopped and the magnesium bromide solidified. [1]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(f) State one difference in observations that would occur at the 
electrodes if the electrolysis had been carried out with aqueous 
concentrated magnesium bromide instead of the molten form. [1]

……………………………………………………………………...........

……………………………………………………………………...........

                                                                             Total [ 9 ]

A4 Three experiments were set up to investigate the factors that affect the 
rate of rusting in iron are shown below. 

Agar gel with a few drops of rust indicator is placed in all the petri 
dishes. If the rusting of iron occurs, the indicator turns blue. 

The table below shows the results of experiments 1 and 3 after a week. 

experiment observation
1 Small blue patches were formed around the nail.
2 -
3 Large blue patches were formed around the nail. 

(a) State the conditions for rusting of iron to take place. [1]

……………………………………………………………………...........

experiment 1 experiment 2 experiment 3

metal X
aluminium

iron nail
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(b) Using the observations from experiment, suggest and explain a 
possible identity for metal X. [2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(c) Aluminium from experiment 2 was first prepared by sanding the 
surface. Explain why this is necessary. [1]

……………………………………………………………………...........

(d) Suggest an observation for experiment 2. 
[1]

……………………………………………………………………...........

……………………………………………………………………...........

                                                                             Total [ 5 ]

A5 (a) A student on a field trip at the sea shore found sea shells which 
had purple markings on their inner surfaces. The inner surfaces 
were scraped and the scrapings were heated gently and turned 
black. The substance was suspected to be manganese(IV) oxide. 

Some reactions of manganese(IV) oxide are set up in the scheme 
below.

(i) Find the oxidation numbers of manganese in these
compounds or ions. [3]

MnO2: ……………………………………………………………

MnO4 : …………………………………………………………

MnO4 : …………………………………………………………..

(ii) What is the role of aqueous chlorine? [1]

……………………………………………………………………

(iii) What colour change is observed when aqueous chlorine is 
added to a solution with MnO4 ? [1]

……………………………………………………………………

MnO2 MnO4 MnO4

KNO3
M

Cl2
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(b) Titanium is manufactured from ilmenite which is a mixture of 
iron(II) titanate, FeTiO3 and iron(III) titanate, Fe(TiO3)3.

What is the oxidation number of titanium in each of these 
compounds? [2]

FeTiO3: …………………………………………………………………

Fe(TiO3)3: ………………………………………………………………

(c) Nitric acid is a strong oxidising agent. State and explain which of 
the following compounds is least likely to be produced when nitric 
acid reacts with a strong reducing agent such as calcium metal.

N2O, NO, NO2, N2O4, N2O5 [3]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

                                                                             Total [ 10 ]

A6 (a) The table below shows some members in the homologous series 
for alkyne. 

name chemical formula
ethyne C2H2

propyne C3H4
butyne C4H6

Deduce the general formula for the hydrocarbons in the alkyne 
homologous series. 

[1]

……………………………………………………………………………
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(b) The diagram shows an apparatus used to collect the gas ethyne, 
C2H2, with the reaction between dilute hydrochloric acid and 
calcium dicarbide, CaC2.

(i) Write an equation, including state symbols, for the reaction 
between calcium dicarbide and hydrochloric acid. [2]

……………………………………………………………………

(ii) Give a physical property that makes the collection of 
ethyne possible using the apparatus as shown above. [1]

……………………………………………………………………

……………………………………………………………………

(iii) One commercial use of ethyne is in oxyacetylene welding 
where ethyne burns completely in oxygen. 

Write a chemical equation for the combustion of ethyne. [1]

……………………………………………………………………

(iv) Explain why ethyne burns with a sooty flame. [1]

……………………………………………………………………

……………………………………………………………………

Total [6]

ethyne

dilute 
hydrochloric 

acid

calcium 
dicarbide water
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Section B (30 marks)

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

The last question is in the form of either/or and only one of the alternatives should be 
attempted.

Each question carries 10 marks.

B7 In experiments to investigate how atmospheric pollutants affect the rate 
at which metals corrode, strips of four different metals were left in 
contact with contaminated moist air. 

After two weeks, the appearance of the surface of each of the metal 
strips was shown in the table below. 

metal moist air 
alone

moist air polluted with

ammonia carbon 
dioxide

sulfur
dioxide

aluminium still shiny still shiny still shiny still shiny
copper small patch 

of green 
solid

coating of 
blue-green 
solid

small patch 
of green 
solid

coating of a 
black and 
blue solid

iron coating of 
red-brown 
solid

thin coating 
of red-
brown solid

coating of 
red-brown 
solid

thin coating 
of red-
brown solid

lead still shiny still shiny still shiny coating of 
black solid

(a) Using information provided, suggest which atmospheric pollutant 
causes the greatest increase in the rate of corrosion. Explain your 
answer. 

[2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........
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(b) Describe how sulfur dioxide and carbon monoxide enter the 
atmosphere. [2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(c) Suggest, with reason, which metal is suitable for making cans 
used to contain fizzy drinks like lemonades and orange juice. [2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(d) The experiment with iron was repeated but magnesium strips 
were attached to the iron strips. What are the changes in 
observations? Explain your answer. [3]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

(e) What is the chemical name of the red-brown solid formed on the 
strip of iron? [1]

……………………………………………………………………...........

                                                                                 Total [10]
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B8 (a) The table below shows the first three members of a homologous 
series known as aldehyde.

name chemical formula
methanal HCHO
ethanal CH3CHO

propanal CH3CH2CHO

(i) Write down the name and the chemical formula of the 
member of the homologous series with 5 carbon atoms. [1]

……………………………………………………………………...

(ii) Draw the full structural formula of the organic compound of 
the aldehyde homologous series with 5 carbon atoms. [1]

(b) The flow chart shows the reaction pathway involving ethene. 

X is a colourless liquid which dissolves in water to produce a 
colourless solution that reacts slowly with iron to produce 
hydrogen gas.

(i) Draw the full structural formula of X. [1]

(ii) What are the reacting conditions required for reaction 1? [1]

……………………………………………………………………

……………………………………………………………………

(iii) Suggest a suitable chemical reagent required for reaction 
2. [1]

……………………………………………………………………

ethene ethanol ethanal X
1

2
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(iv) X reacts with butanol to form a sweet smelling liquid. Write 
down the name and chemical formula of the liquid formed. [2]

……………………………………………………………………

……………………………………………………………………

(c) The table below shows the boiling points of the aldehydes. 

name boiling point/ oC
methanal 19
ethanal 20

propanal 46

(i) Predict the boiling point of butanal. [1]

……………………………………………………………………

……………………………………………………………………

(ii) Explain how the boiling point of butanal is different as 
compared to the rest of the aldehyde.

[2]

……………………………………………………………………

……………………………………………………………………

……………………………………………………………………

                                                                                 Total [10]

Either

B9 An alkaline fuel cell produces electricity from the controlled reaction of 
hydrogen with oxygen in the presence of an electrolyte. 

The diagram below shows the construction of the fuel cell. 

oxygen inhydrogen in

water out

bulb

external circuit

porous anode porous cathode

aqueous potassium 
hydroxide
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(a) Write down the formulae of the ions present in the electrolyte
used in the fuel cell. [2]

……………………………………………………………………...........

(b) (i) The reaction at the anode is H2 + 2OH 2O + 2e
The reaction at the cathode is O2 + 2H2 4OH .

At which electrode does oxidation takes place? Explain 
your answer in terms of electron transfer. [2]

……………………………………………………………...........

……………………………………………………………...........

……………………………………………………………...........

……………………………………………………………...........

(ii) Write the overall equation, including state symbols for the
reaction of hydrogen with oxygen. [2]

……………………………………………………………...........

(iii) Given that 1.50 dm3 of oxygen is used, what is the volume
of hydrogen required to react completely with the oxygen at
room temperature and pressure? [2]

(c) Give a reason why pure oxygen instead of air must be used. [2]

……………………………………………………………………...........

……………………………………………………………………...........

……………………………………………………………………...........

Total [10]
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OR

B9 (a) When methanol is completely burnt in air, it forms carbon dioxide 
and water at room temperature and pressure. 

During this reaction, 715 kJ mol 1 of heat energy is released. 

(i) Write a chemical equation, including state symbols, for the 
combustion of methanol. [2]

……………………………………………………………...........

(ii) Given that the density of methanol is 0.792 g cm 3,
calculate the enthalpy change when 1 dm3 of methanol is 
completely burnt. [3]

(iii) With the use of a chemical equation, compare the 
flammability of methanol with butane. [3]

……………………………………………………………...........

……………………………………………………………...........

……………………………………………………………...........

(b) When completely burnt, 1 dm3 of gasoline releases 38000 kJ of 
heat energy. 

(i) Comparing methanol and gasoline, suggest one advantage 
of using methanol rather than gasoline. 

[1]

……………………………………………………………...........

……………………………………………………………...........

……………………………………………………………...........

……………………………………………………………...........
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(ii) Comparing methanol and gasoline, suggest one advantage 
of using gasoline rather than methanol.

[1]

……………………………………………………………...........

……………………………………………………………...........

……………………………………………………………...........

                                                                                 Total [10]

End of Paper
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DATA SHEET

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 questions in the spaces provided.

A1 The element francium Fr is placed at the bottom of Group I in the 
Periodic Table. 

The melting and boiling points of the other Group I elements are given in 
the table below. 

element symbol melting point/ oC boiling point/ oC
lithium Li 180 1330
sodium Na 98 890

potassium K 64 774
rubidium Rb 39 688
caesium Cs 29 690
francium Fr - -

Francium does not occur in the ground and has to be made artificially. 
Very little is known about the chemistry of francium and its compounds. 
Use your knowledge of the other elements in Group I to predict some of 
the reactions and properties of francium. 

(a) Predict the melting point of francium at room temperature and 
pressure. [1]

27 oC
accept melting point from 20 – 27 oC

(b) How will francium react with water? Write a chemical equation for 
the reaction. [2]

Francium will react explosively with water [1].

2Fr + 2H2 2FrOH + H2 [1]

(c) State the observations when the products in (b) are added to

(i) litmus paper; [1]

Moist red litmus paper turns blue

(ii) aqueous copper(II) sulfate. [1]

A blue precipitate is formed

(d) If an aqueous solution of francium chloride was electrolysed using 
platinum electrodes, write the half-equations for the reaction at 
the anode and the cathode. [2]

KiasuExamPaper.com

lithium Li 180 1330
sodium Na 98 890

potassium K 64 774444444
rubidium Rb 39 688888888888888
caesium Cs 29 696969696969690000000
francium Fr - -------

Francium does not occur in the ground and has toooo bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee mamamammammmamamamamamamamamamamamamamamaamamamamamamaamamaammamamaamaaaamaaaaamaammmmmmmamamamaaamaaamamammmamamaamaamamaamammmamaamaammmmamamamammmmmammmmmamammmmmmammmmmmmmmmmmmmammmmammamamaaaammmmaammmaammmmammmmmamaammmmmammmmmmmmmm dedededededededddddddddddddddddddddddddddddddddddddddd  artiffffffficicccccciaaaaaaalllllllllllllyyyyyy. 
Very little is known about the chemistry of franciciciciciiciuuuumumumumumumumumumummumumumummumummmmmummumummummmmmmmmummmmmmumummummmmummmmummmmmmummmmmmmmmmmmmmmmummmmmmmmummmmmmmmmmmmmmmmmmmummmmmmmmmmmmmmmmmmmmmmummmmmmmmmmmmummmmmummmmmuuu aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaandndndndndndndndndndndddnddnddndndndndndndndndndndndndndndndndndndndnddndndndndndndndndndddndndndndndndndnndndndndnddndnddndndndndnnnddnddndnndddddndndndddndndndnddndndndndnnnndnndndndnnddndndndndndnnndndndnnndnndnnnddndnndndnnndnndndnndndddddnnddndddndddddddndddnddddndddddndd iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitstststttttttttttttttttttttttttttttttttttsttttttttttstttttttsttststtttttttststttttttststststttttttsttsttststtstttttsstsssttssssssssttstssts cccccccompopopopopopopoununununununundsdsdsdsdsdsds. . ...
Use your knowledge of the other elements innnnnnn GGrGrGrGrGrGrGrGrrGrGrGGrGrGrGrGrGrGrGrGrGrGrGrrGrrGrGrGrGrGrGrGrrGrrGrGrGrGrGrGrGrGrGrGrrGrrGrrGrGrGrrrGrGrGrGGGrGrrGrrrrrrGrGrGGGGGGGGGGGGGGGGGGGGGGGGGrGGGGGGGGGGGGrGGGrGGGrGGrGrrGGrrGrrrGGrrrGrrououououououououououuouuuuuuouuuuuuuuouuuuouuuouuouuouuouuuuooououuouuoouuuuouuooouuuuuoouoououuuoouoouoououoooouououououooouuouuoououououoououuuuooooooouuuuooouoouuuuuuuuuuoouououuuuuuuuouoooouuuuuuuooouoouuuuuouuuuuuuuoouuuuououuuuuoouuuuuououuuoouuuouuuuouuouupppppppppppp ppppppppppppppp ppp ppp ppp pp ppppppppppppppppppppppppppppppppppppppp ppp pppppp pppppppp pppppppppppp ppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII tototototototoooootototototototoototototototoottoototototttotototottototottotttottotototototototoototottototottottottttotoototototttotottottototottotttttotttttttttttttotottttoottootottoottotttttoooooooooooooooooooooooooooooootooooooooooooo pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppprrrrrerererererererererrrereererrereerrerererrerreererreeereeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereerreerrerrreedididididididictctctctctctct sssssssomomomomomomomeeeeeee ofofofofofofof 
the reactions and properties of francium. 

(a) Predict the melting poini t of francium ataa  room tempmpppppperrrraaaaaata ure and 
pressure. [1]

27 oC
accept meleeeeeeeeeeeeeeeeeeeeeeeee tingngngngngngngngngngngngngngngnngnngngngng ppppppppppppppppppppppoiooooooooooooooooooooooo nt frororororororoororoororororoorororororororororor mmmmmmmmmmmmmmmmmmmmmmmm 202020200202002020202020202002020000020202022  –––– 2722222222222222  oCCCCCCCCCCCCCCCCCCCCCCCC

(b) How will francium react wiwiththh wwatatererr? ? WrWrriite a chemical equation for 
the reaction. [2]

FrFrFFrFrFrFFFrFrFFrFrFFFrFrFrFFFFrananananananananananananananananananananannciccccccccccccccc um wwwwwwwwwwwwwwwwwwwwwwwwililiilililillililllilllilililllllllllll reacacacaccccacacccccacccaccccacccccccaccct t t t t t t t t ttt ttt t ttt exexxxexexexexexexexexexexexexxexxxexexexeexxplplplplplplplplplplplplplplpplpplp ososososososososososososososososososososossosossossivivivivvvivivivivivivvvivivivivvvvviiivveleeee y with water [1].

2222222222222222222222222Fr + 2H2 2222222222222222222222222FrFrFFrFrFrFrFFrFrFrFrFrFrFrFrFrFrFrFFFrrFrrrF OHOOHOHOHOHOHOHOHOHOHOHOHOHOHOHOHOHHOHOHOHOHOHOHOHOOOOO  + H2 [1]

(c) StStS atata e e ththhe e obobbseservations when the products in (b) are added to

(i) lilitmtmus paper; [1]

Moist red litmus paper turns blue
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Anode: 4OH ( 2(g) + 2H2O(l) + 4e [1]

Cathode: 2H+
2(g) [1]

Total [  7 ]

A2 When liquid hydrogen peroxide (H2O2) is mixed with liquid hydrazine, 
(N2H4), a very fast reaction which forms nitrogen and steam takes place 
which can propel a rocket. 

(a) Write a chemical equation, including state symbols, for the 
reaction including state symbols between hydrogen peroxide and 
hydrazine. 

[2]

2H2O2(l) + N2H4(l 2(g) + 4H2O(g)

1 mark for balanced and correct chemical formulae
1 mark for state symbols

(b) Identify the oxidising agent and the reducing agent in the reaction. [2]
oxidising agent: hydrogen peroxide/ H2O2 [1]
reducing agent: hydrazine/ N2H4 [1]

(c) Bond energy is the energy required to break the bonds between 
pairs of atoms. The table below shows some bond energies, 
measured in kilojoules per mole. 

bond bond energy/ kJ mol 1

O O 150
N N 160
N H 390
O H 460
N N 994

(i) Using information from the table, calculate the enthalpy
change of the reaction in (a). [3]

Energy change in breaking bonds 
= +160 + (+390 × 4) + (+150 × 2) + (+460 × 4) 
= +3860 kJ mol 1 [1]

Energy change in forming bonds 
= 994 + ( 460 × 8) 
= 4674 kJ mol 1 [1]

Enthalpy change = +3860 + ( 4674) = 814 kJ mol 1 [1]

(ii) If hydrogen peroxide is the limiting reactant, calculate the 
enthalpy change when 340 kg of hydrogen peroxide is 
reacted. [2]

KiasuExamPaper.com

( ) g y
reaction including state symbols between hydrogen peroxide and 
hydrazine. 

[2]

2H2O2(l) + N2H4(l 2(g) + 4H2O(g)

1 mark for balanced and correct chemical formullllllllllllllllaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaaeaeae
1 mark for state symbols

(b) Identify the oxidising agent and the reducccccccininininininininininnnninininnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnninnnnnnnnnnnnnnnnnngggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg agagagagagaagagagagagagagagagagagagagagagagagagaaaagaagaaagagagagagagagagagagaaaagaaaaaagagagagagaggggagagagaaaaaagaaagggaggagaaagagaaaagggagaggagaaaagaaaagagaggagagagaaagagagaagaagagagggaggagaaagagagagagaggaaaagaaaaaaaaaggagaggggagggaaaaaaagaagagagagagaaagagaaaagagaaaagggagaggaggaagaggagggggagaaaaaaaagggggggggggggeneneneneneneneneneneneneneneneneneneneneneenennenenenenenneneenenenenenennnnenenennnennenenenennnneennennenenenennnennennnneeneeneneneneneeeennnneneneneeeneneeneenenenenennnnneennnennnnneeneneennnenenneeeeenneennnnnneeeennnnneneeennnennennnnnnnennnneeeennnneeeennnnnnennneenneneeneee tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttt ttttt tttttttt t ttt tttttt iiinnnniniiiiinnnniiiiininiiniininniiinniinninnnnnnnnnnnnnnnnninniinninniinniiinniiiiiininninnnniiiiiininiiinnniniiiiininniiiinininniiinnnninnn tttttttttttthhehhhhh  rea ttctctctctctioioioioioioion.n.n.n.nnn  [2]
oxidising agent: hydrogen peroxidddddddddddddddddddddddde/e/e/e//e/e/e/e//e//e///e HHHHHHHHHHHHHHHHH22222222222222222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 [1[1[1[1[1[1[1[1[1[1[11111111[11[11[[[1[1111[11[1[1[1[1111[1[1[1[111[1[1[111111[1[1[1[11111[1[111[1[[111[1111111111[1[1[1[11111111[1[1[111[[[[[[[[[[[[[[[[[[[[[[[[[1[[[[[[[[[1[1[[1[[1[[[[1[[[[1[1[1[1[[1[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]
reducing agent: hydrazine/////////// NNNNNNNNNNNNNNNNNNNNNNNN2H4 [1]]]]]]]]]]]]]]]]]]]]]]

(c) Bond energy is the energy required to brbb eak the booooooondndndndndndndsssssss between
pairs of atoms. The table below shows sosome bononononononond d d d ddd energies, 
measured in kilojoules pperer mmole.e

bond bobondndn  enenergrgy/y// kkJJ mom l 1

O O 15151 00
N NN 161600
N HH 39900
O HH 460
NN NN 994

(i) Usingg ininnfoformrmatata iion from the table, calculate the enthalpy
chchanangege oof f ththe reaction in (a). [3]

EnEnEnEnEnEnEnEnnEnEnEnEnEnEnnEnEnEnEEnnEnEnEnEnEnnEE ererererererereererererererereereerereerererereree gggggggyggg  change in breaking bonds
=========================== +160 + (+390 × 4) + (+150 × 2) + (+460 × 4)
= +3860 kJ mol 1 [1]
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Number of moles of hydrogen peroxide 
= 340 ×1000/ (2 + 16 × 2)
= 10000 [1]

Enthalpy change = 814 × 10000/2 = 4070000 KJ mol 1 [1]

(d) Draw and label an energy profile diagram showing the enthalpy 
change for the above reaction. [2]

1 mark for labelling Ea, the reactants and products and the 
enthalpy change
1 mark for drawing the correct energy levels of reactants and 
products and the shape of the curve. 

(e) State and explain whether the reaction is exothermic or 
endothermic in terms of bond breaking and bond forming. [2]

The reaction is exothermic [1] as the energy released in forming 
2O O bonds and 4O H bonds is greater than the energy 
absorbed in breaking 1N N bond and 4N H bonds [1]. 

     Total [ 13 ]

A3 The electrolysis of molten magnesium bromide using graphite electrodes 
was carried out as shown in the set up below. 

energy

progress of reaction

battery bulb

anode cathode

heat

molten 
magnesium

bromide

crucible

2H2O2(l) + N2H4(l)

N2(g) + 4H2O(g)
H = 814 kJ mol 1

Ea

electron flow
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1 mark for labelling Ea, thththththhhththhhthhhhhhhhhhhhhhhhhhhhhhhe eeeeeeee reacccccccccccccccccccccccccctattttttttttttttttttttttttttttt ntntntntntntnntntnnnntntntntntnnnnnntntntnnntnntttts annnnnnnddddddddddddddddddddddddddddddddddddddddd dddddddd producucucuucuccucucucucucuucucucuctssssssssssssssss andddddddddddddddddddd ttttttttttttttttttthhhhhhehhhhhhhhhhhhhhh  
enthalpy change
1 mark for drawinnnnnnnnnnnnnnnnnnnnnnnnnngggggggggggggg thhhththhththththththhthththththtthhththtttttt e eeeeeeeeeeeeeeeeeeeeeeeeeeee cocccccccccccccccccccccccc rrrrrrrrrrrrrrrrrrrrrreceeeeeeeeeeeeeeeeeeeeeeeee tttt tttttttttttttttttttttttt enerrrrrrrrrrrrrrrrrrrrrgygygygyygygygygyggygygygygygyygyggygygygygygyygygygyyygyyyyy levels of rrrrrrrrrrreeeeeeaeaeaeeaeeaeeeaeeeaee ctctcccccctcccccccccc ants and 
products and the sssssssssssssssssssssssssshaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaapepppppppppppppppp oooooooooooooooooooooooooooof fffffffffffffffffffffff thththththhhhhtttththtththththtthththththeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee cucucucucucucucucucucuccucucucucucucucucucucuccucucuuuuurvvee.eeeeeeeeeeeee  

(e) State and explain whwhetheher thee rereacactitionon is exothermic or 
endoothermic in terms of f bobondnd breeakakiningg anandd bond forming. [2]

ThTTTTTTTTTTTTTTTTTTTTTTTTTTT e rererererererererererererererererrererererrerererereeeeeeacacccacccccccccccccccccccccccctit onnnnnnnnnnnnnnnnnnnnnnnnnnnnnn is sssssssssssssssssssssssssssssssss exotheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeermrmrmrmrmrmmrmrmrmrmrmrmrmrmrmrmmrmrmrmmrmmrmrmmrmrmrmrmmmmrmiciiciciicicicicicciccicciciciciciciccccccccccccccc [[[[[[1]1]1]1]1]1]1]1]1]1]1]1]]1]1]]1]1]1]]1]1]1]11111]1111]1]]]] aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaas sss sssssssssss sss ssssssssss sssss thththhththhthththtthththththththththhthththhthhhtthtttt e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eneeeeeeeee ergy released in forming 
2O222222222222222222222222222 O boboboboboboboboboboboobobobobobobobobbbbbbbb ndnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn s ssssssssssssssssssssssssssssss anaaaaaaaaaaa d 4OOO4OOO4OO4O4O4OO4O4OO4O4O4OOOO4OOOOOO4OOO4OO4O44OO HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH bo dndnndndnddndndndndddddndnddnddddndndndnddnddddnndddnn s is greater than the energy 
ababababababababababababababababbaabababaaaaabbbbsossssssssssss rbeddddddddddddddddddddddddddddd in brbbrbrbrbrbrbbrbrbrbrbrbrbrrbrbbrbrbrbbbrrrrbbrbrrbbbb eakiiiikiiiiiikiiiiik ngngngnggnggngngngnggngngngnggngngggnnggngngngnnnnngggngnnn 11111111111111111111111111NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN bond and 4N H bonds [1]. 

Total [ 13 ]

A3 The elecctrtrololysysisis oof f momolten magnesium bromide using graphite electrodes 
was carrieedd ouout t asas shown in the set up below. 

energy

pprprpprprprprprprprprprprppprprrprprprrprprprprprppprprprrprprrrprprprprprprprpprpprpprrprprrrrrprpppprrrrrrrprprprppprrprrrrprprpppprprrrrprprprprrrprrrprprrrprprrrrrppppppppprprpppppprppprpprprprprppppppprpppprppppppppppppppppprprprprppppprppprpppppprrprprprrrrrrpppppp oogogogogogogogogogogoggogogogogogogogogogogogogogggoggoggoggogogoggogogogoggoogoggoggogggogoogoogggogogoggoggogogogggogogggoogogooggogogogogogogogoggoooogogogogogooogoogogogggogooooogogoggoogogoogogogogoogoooogoggogogogogogooggoggogooogggooggogggooooooogggooooogogggggooogooooogggggogoogggggooggogggooggggogggggggggggggggggggrrrrrrrrerrrererererererereererrrrrrrrrrrerererererrrrrrrrrrrrrrrreerrrrrrrrrrrererrrrrrrrrrrrerrrrrrreeerrrrreeerereeeeerrrreeerrreeeeeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssssssssssssss oooooofff f f f rererererereacacacacacactitititititionononononon

battery bulb

2H2O2(l) + N2H4(l)

N2(g) + 4H4H4HHHH4HHHHH4HHHH4HHHHHH222222222222222222O(O(O(O(O(O(O(O(O(O(OOO(O(OO(O(O(OO(O(gggggggg)gggggg
H = 814 kJ mol 1

Ea
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(a) Draw the direction of the electron flow in the cell shown above. [1]

The electrons flow from the anode to the cathode. 

(b) Explain why magnesium bromide needs to be heated to the 
molten state. [2]

The ions in magnesium bromide must gain sufficient energy to 
overcome the strong electrostatic forces holding them together
[1]. 

Only then the ions could move to the electrodes to be discharged 
/be mobile to conduct electricity during electrolysis [1].

(c) What are the observations made during the electrolysis of molten 
magnesium bromide? [2]

Effervescence observed with reddish-brown gas evolved/ 
silvery liquid formed at the bottom of molten magnesium bromide.

(d) Write the half-equations for the reaction at the anode and the 
cathode. [2]

Anode: 2Br (l 2(g) + 2e [1]

Cathode: Mg2+(l l) [1]

(e) After some time into the electrolysis, heating was stopped and 
some of the contents solidified. It was observed that the light bulb 
continued to glow. 

Suggest why the bulb continued to glow after the heating was 
stopped and the magnesium bromide solidified. [1]

Molten magnesium formed flowed to the bottom of the crucible 
where it completes the circuit/it is in contact with the electrodes 
and conducts electricity.

(f) State one difference in observations that would occur at the 
electrodes if the electrolysis had been carried out with aqueous 
concentrated magnesium bromide instead of the molten form. [1]

Hydrogen gas would be formed instead of molten magnesium.

     Total [ 9 ]

KiasuExamPaper.com

overcome the strong electrostatic forces holding them together
[1]. 

Only then the ions could move to the electrodes to be ddiisssssscsssssssssssssssss hargrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrrgrgrgrgr ed 
/be mobile to conduct electricity during electrolysis [1]]]]]]]]]]]].......

(c) What are the observations made during the eleeeeeeectctctctctctctrororororororolylylylylylylysisisisisisisissss ss s of mmmmmmmolololololololtetetetetetetennnnn n n 
magnesium bromide? [2]

Effervescence observed with redddddddddddddddidididididididididididididididdididdiddddd shssssssssssssssssssssss -brrrrrrrrrrrrrrrrrrrrrrrrrowowowowowowowowowwwwowowwowowowowwwwwwowwwwwwowowwwwwwwwwowowwwwwwwwwowowwwwwwwwowwwwwwwwwowwwwwwwowwwwwwowwwwowwwwowowwwwwwwwwwwowwwwwwwwwwwwwwwwwwwwwwwwwwwowwwwwwwowwwwwwwooowwwwowowowwowowowowwooooooownnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ggagagggagagaggagagagagagagagagagagagagagagagagagaggagaagaagagagagagagagagagagagagagagagagagagaagagagaggaggaagaagagagagggggaggggggagagagggagagagagaggagaggaggagaggagggaggaggagaggaggggggaagggagagaggagaggggagagagagggaaaagagagaggaaaggagagagaggagaaaaaagaaaggaaaaaagaaagggggggg s ss sssssssssssssssssssssssssssssssssssssssssssssssssssssssssss sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss eveveveveveveveveeveeveveveveveveveveveveveevevevevveveveveveveveveveveveveveeeevveveveveveeeveveeeeveveveveveveveveevevveveeevvvveeevevveveeveveevevvvvveevvvvvvevevevevevvvvevvevvvvevvvvevevvvevvvevvvvvvevvevvvevveeveveevvveeevvveeevvvvoloolololooooooooooooooooooooooloooooooooooooooooooooooooooooooooooooooooooolooooooolllooolooooolooooooooooooooooooooooooooooooooolooooooooooooooooooooolvevevevevevvevevevevevevevevevevevevvevevevevevvvevvvvvvvvvvvvvvvvvvvvvvvvvvvv d/d/d/d/d/d/d/d/d/dd/d/d/d/d/d/d/d/d//
silvery liquid formed at the bottom mmmm offofofoffofofofofofofofofofofooooo mmmmmmmmmmmmmmmmmmmmmolololoololollllolololololollololollollollollllllteteteetettetteeteetetetetetetetettetteeteteetetettttteteetttteteeteetetttetetettteeetttettetetetettttetteteeteeeteeettttttttteeetttttteeeeeeeeteeettteeeeeteeeteeeeeeeeeeeteeteteteeeeteeeeeeteteeeeeteteeteteteeeteeetetetteeeeteeteennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn mamamammamamammammamamamamamamamamamamamamamamamamamammmamammmmmammmmmaamammmammmmamammamamamamammamammmmamaamammmmaaaammammmaaaaammmaaaaaamamamamaaaaaaamamamaaaaaaaamamaaaaaammamaaaaaaaamamaamaamamaaaaaaaamaaaamamamamaaaamamaaamaamamammamaamaaamammmamaaaaaammmaaammaammmmaaaaamaaaamaaaaaaaaaaaaaaaamaaaaagngnggggnggngngggngggnggngngngngngngngngnggggnggngngngngngnggggggggnngnngnngngngngggngggnggngnngnggggnnngnggnngnngngngnggggggngnggggggggggggggggggggggggggggggggngggggnnggggnngggggnngngggggggggngggg eeeeeeeeeseeee iuuuuuuuuuuuuuuuuuuuuuum m mmmmmmmmm mm mmmmmmmm bbbbbbbbrbrbbbbbb ommmmmmmmmididididididididdididididididddidididdidiiidde.e.e.e.e.e.e.e.ee.e.e.e.e.e.e.e.eee.eee

(d) Write the half-equationns for the reactionoo  at the annnnnnnodododododododeeeeeee andddddd tthe
cathode. [2]

Anode: 2Brrrrrrrrrrrrrrrrrrrr (((((((((((((((((l 2222222222222222222(g(g(g(gg(gg(g(g(g(g(ggg(g(g(ggg(gg(g( ) )))))))))))))))))) +++++++++++++++++++++++++ 2e2e2e2e222e2e2e222e2e222e22222e [1]]]]]]]]]]]]]]]]]]]]]]]]]]]

Cathhode: MgMgMgMgMgMgMgMgMMgMgMMgMgMgMMgMgMMMgMMgMMM 2+2+2+2+2+2+2+2+2+2+2+2++2+2+2+++++((((((((((((((((((llllllllllllllllll lllllllllllll) [1]]]]]]]]]]]]]]]]]]]]]]]]]]

(e) After some time into tthehe eelelectctrorolylysisis,s, heating was stopped and 
some of the contentss ssololididi ifified. IIt t was observed that the light bulb 
continuedd too gglol w..

Suggestt whwhy y ththt e e bubulbb continued to glow after the heating was 
sttopoppepeedd anandd ththee mamagnesium bromide solidified. [1]

Moooooooooooooooooooooltltltltltltltltltltltltltltttltltll enenenenenenennenenneneneneneneneneeneeeeeee  mamamamaamamamammamamamamaamamamamamamamamamamamamamammmagngggggggggggggggggg esium formed flowed to the bottom of the crucible
wherrrrrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeee ititititittititittitttittititititititi  completes the circuit/it is in contact with the electrodes 
and conducts electricity.



2017 Mid-Year Examination 
Secondary Four ‘O’ Level

6 Nanyang Girls’ High School

Setter: NHK

A4 Three experiments were set up to investigate the factors that affect the 
rate of rusting in iron are shown below. 

Agar gel with a few drops of rust indicator is placed in all the petri 
dishes. If the rusting of iron occurs, the indicator turns blue. 

The table below shows the results of experiments 1 and 3 after a week.

experiment observation
1 Small blue patches were formed around the nail.
2 -
3 Large blue patches were formed around the nail. 

(a) State the conditions for rusting of iron to take place. [1]

presence of water and oxygen

(b) Using the observations from experiment, suggest and explain a 
possible identity for metal X. [2]

Metal X could be tin/ lead/ copper/ silver/ gold [1]. Metal X is less 
reactive than iron [1] and has a lower tendency to lose electron 
than iron.

(c) Aluminium from experiment 2 was first prepared by sanding the 
surface. Explain why this is necessary. [1]

This is to remove the layer of oxide that prevented the iron from 
directly in contact with aluminium [1].

(d) Suggest an observation for experiment 2. 
[1]

No visible change / observation. 
OR No blue patch formed around the nail. [1]

     Total [ 5 ]

experiment 1 experiment 2 experiment 3

metal X
aluminium

iron nail
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Agar gel with a few drops of rust indicator is placed in aaaaaaalllllllllllll ttttttthehehehehehehe pppppppetri 
dishes. If the rusting of iron occurs, the indicator turns bluuuuuuue.e.e.e.e.e.e.

The table below shows the results of experiments 1 aaaaaaandndndndndndnddnddddddndnndnnnnddnddnndddnddddnddndndddddddddddddddddddddddddddddddddddddddddddnnnnndddddnddddd 333333333333333333333 aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaftftftttftttttfffffftffffffttffffteeeeeree  a wwwwwwweeeeeeeeeeeeeekkkkkkk..

experiment observatttttttttioioioioioioioooooooooooiooooooooooooooooooooooooooiooooiiooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
1 Small blue patches were formeddededededededededddddddddddddddddddddddddddddddddddeddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarorororororrrrorooorororrrrroroorrrrrrrororororrrrrrrrrrorrororororrorrororororoorrrrrrrrooorrorrorororooororrrrrrrrrororooooorrrorrrrorooorrroooorrorrrooorroooooroooorroooooooooorrooooooorrroororrrrroorrrooorooorroorrrrr unununununuununuununnnnnnnnunnununuunnnunnnnnnuuuuununuununnnunnnuuuunnnnnnuuunnnnnnnnununnnnnnunnnnnnnnnnnnnnnnnnnnnnnnnnnunnnnnnnnnnnnnnuunnnuuuuuunnnnnuuuuunuuununnnnuuunnnuunnnnnnnnnnnunnnnnnunnnnnnuunnunnndddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd tthtthttthththhththththththththttththttththhththhthttt e nananananananaililililililil.
2 -
3 Large blue patatches were formeddd around theeeeeee nananaaaaaiiiiiili . 

(a) State the conditions for rusting of iron to taakeke place. [1]

presence oooooooooooooooooooooooof wawawaawawawawawawawaawawawwwwwwwww tetetetetetetetetetetetetetetetetetetetteteeteter rrrrr andddddddddddddddddd oxoxoxoxoxoxoxoxoxoxoxoxoxoxoxooxoooxoxoxoxoxoxoxoxxyggygygygygygygygygygygygygygygggygygygygygygeneeeneneneeeeneneneeneneeneeeeeeee

(b) Using the observationss frfromom eexpxppererimimene t, suggest and explain a
possible identity for meeetatall XX.. [2]

MeMeMeMeMeMeMeMeMeMeMeMMeMeMeMeMMeMeMeeeeetatatatatatatatatattatttatataataaaaaal X cococococococococococococooocococooooooooululuululullullllulululululuululluuuu ddddddddddddddddd be ttttttttttttttttttttttttinininninninninnininininnininininininn/ leeeeeeeeeeeeeeeeeeeeeeeeadadadadadadadadadadaddadaadadadadadadadaddadadadadad/ / /// //// ////// ///////// ccccocccccccccccccccccccc pper/ silver/ gold [1]. Metal X is less
reeeeeeeeeeeeeeeacacacacacacacacacacacacacacacacacaacacacaacaacctitttittttittittttttttitttiitive ttttttttttttttttttttttthan iririririrrrririirrriririririririrrri ononononnonononononononnononononnononnnnnn [1[1[1[[1[1[[1[1[1[1[1[1[1[[1[[[[[[[ ] ]]]]]]]]]]]]]]]]]]]]]] anaananaaananaaaananaaaaaaaaaaa dddddddddddddddddddddd has a lower tendency to lose electron
thththttthtthtthtttththtttttthan iron.

(c) AlAlA umumu ininiuiumm frfromom experiment 2 was first prepared by sanding the 
surfrfacace.e. EExpx lain why this is necessary. [1]

This is to remove the layer of oxide that prevented the iron from 
directly in contact with aluminium [1].

experiment 1 experiment 2 experiment 3333333
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A5 (a) A student on a field trip at the sea shore found sea shells which 
had purple markings on their inner surfaces. The inner surfaces 
were scraped and the scrapings were heated gently and turned 
black. The substance was suspected to be manganese(IV) oxide. 

Some reactions of manganese(IV) oxide are set up in the scheme 
below.

(i) Find the oxidation numbers of manganese in these
compounds or ions. [3]

MnO2: +4

MnO4 : +6

MnO4 : +7

(ii) What is the role of aqueous chlorine? [1]

Aqueous chlorine acts as an oxidising agent. 

(iii) What colour change is observed when aqueous chlorine is 
added to a solution with MnO4 ? [1]

The (dark green) manganate(VI) solution turns purple.

(b) Titanium is manufactured from ilmenite which is a mixture of 
iron(II) titanate, FeTiO3 and iron(III) titanate, Fe(TiO3)3.

What is the oxidation number of titanium in each of these 
compounds? [2]

FeTiO3: +4

Fe(TiO3)3: +5

(c) Nitric acid is a strong oxidizing agent. State and explain which of 
the following compounds is least likely to be produced when nitric 
acid reacts with a strong reducing agent such as calcium metal.

N2O, NO, NO2, N2O4, N2O5 [3]

N2O5 [1]

When nitric acid reacts with a reducing agent (calcium), it is 

MnO2 MnO4 MnO4

KNO3
M

Cl2
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(i) Find the oxidation numbers of manganese inin tthehese
compounds or ions. [3]

MnO2: +4

MnO4 : +6

MnO4 : +7

(ii) What is the role of aqueous chlorine? [1]

Aqueous chhhhhhhhhhhhhhhhhhhhhhhhhhhhhhloooooooooooooooooooooooorirrrrrrrrrrrrrr ne acts asasasasasasasasasasasaaasasasasasasaasaasasasasaassssss aaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnn oxoxoxxoxoxxxxxxoxxxoxxxxxxxoxxxxxxxxxxoxxoxoooo idiididididiiidiiiiiiidididiidddisisisiisisissisissisisisiiisssisiiiiii inggggggggggggggggggggggggggggg aga ent. 

(iii) What colour change iss oobservedd whwhenen aaqueous chlorine is 
added to a solutioonn wiwithth MnnOO44 ?? [1]

TTTThTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT e (d(d(d(((d(d((d(d((d((d(d(d(d(d(((d((((d(d((((((ddararrarrrrrrrarrrrrrrrrrrrrrk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkk greeeeeeeeeeeeeeeeeeeeeeeeeeen)n))n))n)n)n))n)))n)n)n)n)n)n)n)n))n))nn)n)n)n)n)n)nnnnn)n))  mamamamamamamamamamamamamamamammammaamammmamamamammamammammmmmm ngngngngngnggnggngnggngnggnngnngngnngnngngngnngnggnngngngngggngggggananananananananananananananaanaanananananaanananaananananaaanannaananaanatatatatataatatatatatatatatatatattatattatatatatataataaaaaaaaa 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(eee(ee(e((eee VIVIIVVIVIIVIVIVIVIVIVIVIVIVIVIVIVVIVVIVIVIVIVIVVVIVVVIVVVVIV ) ))))))))))))))))))) solution turns purple.

(b) Titaniumm is s mamanufaactcturureded from ilmenite which is a mixture of 
iron(IIII)) titaananate, FeFeTiTiOO33 anand d iron(III) titanate, Fe(TiO3)3.

What is ththee oxoxididatatiion number of titanium in each of these
coompmpououndnds?s? [2]

FeTiTiOO33:: +4+4+4+4+4+4+4+4+4+4+4+4+4+4+4+4+4+444+4+4+4++4+++4+++++++++

Fe(TiO3)3: +5

MnO2 MnO4 MnO4
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reduced and the oxidation number of nitrogen is decreased [1]. 
The oxidation number of nitrogen remains unchanged at +5 [1] if 
N2O5 is produced and hence, N2O5 is least likely to be produced.

     Total [ 10 ]

A6 (a) The table below shows some members in the homologous series 
for alkyne. 

name chemical formula
ethyne C2H2

propyne C3H4
butyne C4H6

SP Deduce the general formula for the hydrocarbons in the alkyne 
homologous series. 

[1]

Cn+1H2n

(b) The diagram shows an apparatus used to collect the gas ethyne, 
C2H2 with the reaction between dilute hydrochloric acid and 
calcium dicarbide, CaC2.

(i) Write an equation for the reaction between calcium 
dicarbide and hydrochloric acid. [2]

CaC2(s) + 2HCl(aq) l2(aq) + C2H2(g)

1 mark for balanced and correct chemical formulae
1 mark for state symbols

(ii) Give a physical property that makes the collection of 
ethyne possible using the apparatus as shown above. [1]

Ethyne is not soluble in water [1]. 

(iii) One commercial use of ethyne is in oxyacetylene welding 
when ethyne burns completely in oxygen. 

ethyne

dilute 
hydrochloric 

acid

calcium 
dicarbide water
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butyne C4H6

SP Deduce the general formula for the hydrocarbons in thehehehehehehe alklklklklklklkyyyyynyy e 
homologous series. 

[1]

Cn+1H2n

(b) The diagram shows an apparatus used to cocoooooooooooooooollllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllecececeeceececeeccecececececcccccecececececeeceeeeecececcccececececeeececccceeececeeceeeeeececcecececeeececccececeeececccececeececececcceecececececcccececeecececececeeeececececececeeeccceecccccceecececccceceeccccceccceceecccceccccececcccccecccccccccccceccccccccttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt thtththtththththththththththththththtthhhhhhthththththhthththththtttththhhththththhhthhttthhhthththththththhhtttthhthththtthhhhtttthttthtthtthhhhhtttttttttttttttttttttttthtthtthhhthhhhhhhthhhhthhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee gggggggas etetetetetetethhyhyne,
C2H2 with the reaction between dilute e e e e ee   hyhyhyhyhyhyyyhyhyyyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyyhyhyhyhyhyhyhyhyyyhyhyhyhyhyhyhyhyhyhyhyhyyhyhyyyhyyyhyhyhyhyhyhhyhyhhyhyhhyhyhyhhhhyhhyhhhyhyhyhyhyhhhhhyhyhhyhyhyhhhyhyhyhyhhyhhyhyhhyhhhyhyhyhhhyhyhyhhyhyhyyyyhhyhyhyhhyhyyhyyyhyhhyhhyhhyyyyyhhyyyhyyyyhyyyyyhyyyyyhyhyyyyhyyyyyyyyyyyyhyyyyyyyyyyyyyyyyyyyyyyyyydrdrdrdrdrdrdddrrdrdrdrdrdrdrdrdrdrdrdrdrdddrdrddrdrdrddddddrdrdrrddddddddrddrdrdrdddrddddddrddrddrdrddddddddrddddrdrdrddrddddrdrdrrdddddddddrrrdrdrdrdddrdddrdrrdrdrddddddrrdrdrdrdddrdddrrrdrdrdrdrdrdrdrdrdrdrdrdrrdrddddddddrrdrrrdddddrrdrrdrdrrrddrdrddrrrdrrrdrdddrrdrrdddrddrddddddddddddddrddd ocooocoocoocococooocoocoocococococococccocccccocococococoococococococcococococococcoccococococococccccococcccocoococococcococococococococococococcococccccccoccocococcccococococccoccoccccocoococooocccococcocoocococcccoccoccccocococccoccoooccooccccccoooocccooocccccocccccccoccccocccoooocccchlhlhlhhlhlhhlhhhlhhlhlhhlhlhllhlhlhllhhhhhhhhhllhlhlhhlhhlhhlhllllhlhlllhlhllhhhlhhhllhlhlllhlhlhlhhhllllhlhlhhlhllhlhlhhhhhlhlhlhhhhllhhllhlhlhllhhlllhlhhhhhhhhhhhhhhhhhhhlhlhhhhlhhhhhhhhhlhhhhhlhhhhhhhlhhhhlhllhhhhlhhhlhhhlhhhhhhhhhlllllllllllllllooooooorororororoooooooorooooooroooooooooooooooooooooooooooooooooooooooooooooororoooorooooorrooooooooroorooooooooricccccccii  aciiiiiiiddddddd ananananananand d d dd d d 
calcium dicarbide, CaC2.

(i)) WrWritite e anan equation for the reaction between calcium 
didd caarbrbididee and hydrochloric acid. [2]

CaCCCCCCCCCCCCCCCCCCCCCCCCC C2(s) + 2HCl(aq) l2(aq) + C2H2(g)

1 mark for balanced and correct chemical formulae

ethyne

dilute 
hydrochlooric 

acid

calcium 
dicarbbbidideee water
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Write a chemical equation for the combustion of ethyne. [1]

2C2H2 + 5O2 4CO2 + 2H2O

(iv) Explain why ethyne burns with a sooty flame. [1]

Ethyne has a high percentage of carbon (24/26 × 100% = 
92.3 %). 

Need to state the percentage

Total [6]

Section B (30 marks)

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

The last question is in the form of either/or and only one of the alternatives should be 
attempted.

Each question carries 10 marks.

B7 In experiments to investigate how atmospheric pollutants affect the rate 
at which metals corrode, strips of four different metals were left in 
contact with contaminated moist air. 

After two weeks, the appearance of the surface of each of the metal 
strips was shown in the table below. 

metal moist air 
alone

moist air polluted with

ammonia carbon 
dioxide

sulfur 
dioxide

aluminium still shiny still shiny still shiny still shiny
copper small patch 

of green 
solid

coating of 
blue-green 
solid

small patch 
of green 
solid

coating of a 
black and 
blue solid

iron coating of 
red-brown 
solid

thin coating 
of red-
brown solid

coating of 
red-brown 
solid

thin coating 
of red-
brown solid

lead still shiny still shiny still shiny coating of 
black solid

(a) Using information provided, suggest which atmospheric pollutant 
causes the greatest increase in the rate of corrosion? Explain 
your answer. [2]

Sulfur dioxide causes the greatest increase in the rate of 
corrosion as it affects the surfaces of all metals except aluminium 
[1] due to the formation of sulfuric acid when combined with water
[1].

KiasuExamPaper.com

ToTTTTTT tal [6]

Section B (30 marks)

Answer all three questions from this section in the ssssssspapapapapapapacececececececes s s ss s s pppppprp ovididdddddededededededed.......

The last question is in the form of either/or and only onee ofofofofofofofoffoffofffffoffofoffofffffffffoffffofofffffffffffffffffffffoffoffffffffoffffffffffffffofffoooofoooooooofffoooo tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttthehehehehehehehehehehehehehhhehhhehhhhehhhhhehehehhhhhhhhhehehhhehehhhehehehhehehehhhehehehehehehhehehehhhhehehhhehehehehehehehehhehhhheheheeehehehehhehhehhheheeeeeeheeehhehhhhheheehhhehehhhhheheheheeeeehhhhhheeeeeehhhhheeeeeehhhhhhheheeeehhehheeheeehhhhheehhhheehheeeeeheehheehheeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaltltlttttllltllllltllllltlltllttltlltltttttttttttttteeeeeere natiiiiiivevevvvvv s should be
attempted.

Each question carries 1000000000 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmarararaaaaaaaaaaaaaaaaarrarrarrararraraaaaaaaraarrrrrrrrraararaaraarrrrraaraaaaararrrrrrrrrraraaaaaaraarrrrrraarrrrrrararrraraaaaaaarrrrrarrrrraraarrrrrrrraaarrrrrrrarararrarrarrrrraaaaaaraaaaaaaaaaaaa kskskkskskskskkksksskskskskskskskskskskskskskskskskskskskskskkskskskskskskskskskkkskkskskkskskkskkskkkskksskskkkkskskksksskkkskskskkkskskskskskskkskskskkssksksksksksksskskskskkkkssskkssksssskkkssssssksksksssskssskssssksssskssssssssksssksksksskskskkkskkkkksskkkkksksssskkksskkkkkkkkkkkkskssssssskkkkksssssksksss.......

B7 In experiments to investigate how atmospheric pollutants aaaaaaafffffffffffffececececececect thee eeeee rararararararate 
at which metals corrode, strips of four differrent metals wwwwwwweeeeeree e left in 
contact with contaminated moist air. 

After two weeks, the appearance oof the surrfafacece oof f each of the metal
strips was shown in the table bbelelowow. 

metal moist air 
alone

momom isist t t air polluted with

amammooniniaa carbon
dioxide

sulfur 
dioxide

aluminium ststs ilill l shs innyy ststilill l sshiny still shiny still shiny
copper sms alalll papatctchh

ofof grgreeeeenn
sosolilidd

coating of 
blue-green 
solid

small patch 
of green
solid

coating of a
black and
blue solid

iron cooatatining of 
reredd-brown
solid

thin coating 
of red-
brown solid

coating of 
red-brown 
solid

thin coating 
of red-
brown solid

lead still shiny still shiny still shiny coating of 
black solid
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(b) Describe how sulfur dioxide and carbon monoxide enter the 
atmosphere. [2]

Sulfur dioxide is released into the atmosphere when fuels 
containing sulfur is burned/ emitted from volcanoes’ eruptions [1]. 
Carbon monoxide is released into the atmosphere when there is 
incomplete combustion of fuels [1]. 

(c) Suggest, with reason, which metal is suitable for making cans 
used to contain fizzy drinks like lemonades and orange juice. [2]

Aluminium is suitable for making cans containing fizzy drinks [1] 
as a layer of aluminum oxides form on its surface [1] which 
prevents corrosion of the metal from acidic solutions from the 
fizzy drinks. .

(d) The experiment with iron was repeated but magnesium strips 
were attached to the iron strips. What are the changes in 
observations? Explain your answer. [3]

The surface of the iron will remain shiny [1] for all atmospheric 
pollutants when magnesium strips is attached to it. Magnesium 
being more reactive [1] than iron will be corroded in place of iron
[1].

(e) What is the chemical name of the red-brown solid formed on the 
strip of iron? [1]

hydrated iron(III) oxide

   Total [10]

B8 (a) The table below shows the first three members of a homologous 
series known as aldehyde. 

name chemical formula
methanal HCHO
ethanal CH3CHO

propanal CH3CH2CHO

(i) Write down the name and the chemical formula of the 
member of the homologous series with 5 carbon atoms. [1]

pentanal [1], CH3CH2CH2CH2CHO [1]

(ii) Draw the full structural formula of the organic compound of 
the aldehyde homologous series with 5 carbon atoms. [1]

KiasuExamPaper.com

Aluminium is suitable for making cans containing fizzy drinks [1]
as a layer of aluminum oxides form on its surface [1[11[11[1[1[1[1[1[1[1[1[1[1[1[1[1[11[[[ ]]]]]]]]]]]]]]]]]]] whwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhwhhhwhwhwhhww ich
prevents corrosion of the metal from acidic solutions ffffrffffffffffffffffff omm tttttttttttttttttttthe 
fizzy drinks. .

(d) The experiment with iron was repeated but mamamamamamamaggggggngnesesesesesesesium stststststststririririririripspspspspspsps 
were attached to the iron strips. What aaaaaaarrererererererereeererereerereeeereereeeeeeeeeeeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeeeeeeeeereeerree tttttttttttttttttttttttttttttttttttttthehehehehehehheheheheeheheheheheheheheheeheheeeeheheheheheheeheheeeeheheeheheheheeheeheheeheeheehehehhhhheheheheheheeeeeheeheeheeheehheheheheheheheheehhhehhhhhhehhhhhhehhhehheeheeeehhhheehehhhhehhhhheheehhhhhhhhhhhh ccccccchangggggggeeeeesee iiiiiiin
observations? Explain your answer. [3]

The surface of the iron willllllllllll remaiaiaiaiiiaiaiaiaiaiaiaiaiaiaiiiinnnnnnnnnnnnnnnnnnnn sshssssssssssssssssssssss innnnnnnnnnnnnnnnnyyyyyy yyyyyyyyyyyyyyyy 1[1[1[1[1[1[[[[1[1[1[1[1[1[1[[1[1[1[[11[1[1[1[[[[1[[[[1[[11[1[[[1[[[11111[1[1[[1[1[1[11[1[[[[[1[111[[1111[[[11111[111[1111111[[111111[111[1111111111[111111111111[[11111[11[1111[111[11[[1[11[[1[[[[[[[[1[[[1[[[1[[[[1[[[[1111111]]]]]]]]]]]]]]]]]]]]]]]]]]]]] ]]]]]]]]]]]]]] ]]]]]]]]] ]]] ]]]]]]]]]] ]]]]]]] ]]]]]] ]]]]]]] ]]]]]]] fofoffofofoffofofofoffofofofoffffffofoffofofofoffffffffofofofofofooofofffffffofofofofofffffoffofofofofofoffffffooofoffofoffofofofofoofofofofoooooofoooooooofoffooooooofoffofffffoofffofoffffffoffffofoofffffofoffffffffoffffofffoffffffffffffffofofofofofof rrrrrrrrrr all aaatatataaataataaaaaatataatata mmmmmmmmmommmmmmmmmmmmmm sppppppppppppppppphehehehehehehehehehehehehehehehehehehhheheheehh ririrrririririririririririririririrricccccc ccccccccccccc
pollutants when magnesiuuuuuuuuuuuuuuuuuuuuuuummm strips iiiiiiiiiiiiiiiiiiiiiiiis sssssssssssssssssss aaataaaaaaaaaaaaaaaaaaaa tachhh deddddddddddd to it.. MaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaaMMaagnesesesesesesesesesesesesesesessesesesesse iuiuuuiuiuiuiuiuiuiuiuiuiuiuuiuiuiuuum 
being more reactiveeeeeee [1[1[1[11[11[1[1[111[1[111111[1[1[1111[ ] ]]]]]]]]]]]]]] thththththththththththththththththththhhhhhanananannananananannanannnannnannananna  irororororoorooorororooooooooooooon will bbbbbbbbbbbbbbbbbbbbbbbbe corroded in   ppppplpppppppppppppppp acaaaaaaaaaaaaaaaaaaaaaa e of iron
[1].

(e) What is the chemical nama e ofof theh  red-brbrowownnn sosolid formed on the
strip of iron? [1]

hyhhhhhhhhhhhhhhhhhhhhhhhh drddrdrdrdrdrdrdrddrrrrrrrrrrrrrratatatataaaaaaaaaaaaa eeeedeedeeedeeeededeeeeeeeded irooooooooooooooooooooooooon(n((((n(n(n((n((n(n(n(n(n((IIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII)))))))))))))))))))))) oxxxxxxxxxxxxxxxididididididididididdiiddiddddddddddeeeeeeeeeeeeeeeeeeee

Total [10]

B8 (a) The tatablblee beelolow w shshowowwss the first three members of a homologous 
series knoownwn aas s alaldedehyde. 

name chemical formula
methanal HCHO
ethanal CH3CHO

propanal CH3CH2CHO
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(b) The flow chart shows the reaction pathway involving ethene. 

X is a colourless liquid which dissolves in water to produce a 
colourless solution that reacts slowly with iron to produce hydrogen 
gas.

(i) Draw the full structural formula of X. [1]

(ii) What are the reacting conditions required for reaction 1? [1]

300 oC, 65 atm and phosphoric acid as catalyst

(iii) Suggest a suitable chemical reagent required for reaction 
2. [1]

acidified potassium manganate(VII) or any other suitable 
oxidizing agent

(iv) X reacts with butanol to form a sweet smelling liquid. Write 
down the name and chemical formula of the liquid formed. [2]

butyl ethanoate [1], 
CH3COOCH2CH2CH2CH3 or CH3COOC4H9 [1]

(c) The table below shows the boiling points of the aldehydes. 

name boiling point/ oC
methanal 19
ethanal 20

propanal 46

ethene ethanol ethanal X
1

2

KiasuExamPaper.com

X is a colourless liquid which dissolves in water to pproroduducec  a 
colourless solution that reacts slowly with iron to produce e hydrroogen 
gas.

(i) Draw the full structural formula of X. [1]

(ii) What are the reactingg coconditionsns rreqequiuirer d for reaction 1? [1]

3000000000000000000000000000000000000 oooooooooooooooooooooooC,CCC,CCCCC,C,C,C,C,CCC,CC,CCCC,C,C,C,C,CCCC,,,,C, 666666666666666666666666666666655555555555555555555555555 atttatatttatatttttttttttttttttttmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm anddddddddddd phhhhhhhhhhhhhhhhhhhhhhhhhosososoooososossossosososososoosososoososososssosssssssphphphphphphhphpphphphphphphphpphphpphphphphphphppphppphpphphhhhhphphhp oroorororoororororoooorooooroooorooororooooorooorrricicciciccccicicccccciciciiciiiciccicciciiccc acid as catalyst

(iii) Suggest a suititabablele chehemimical reagent required for reaction
2.2  [1]

aaaaaaaaaaaaaaaaaaacidififiifififiififififififififfifffififfffffffffff ededededededeedededededededdedededdededeededededeeddeddeddeeddeed ppppppppppppppppppppppppppppppppototototototototototototootototototototototoototootttootasasasassasssssasssssssassasssssssssssssssssssssisssssssssssssssssssss um manganate(VII) or any other suitable 
oxxxxxxxxxxxxxxxxxxxxxxxxxxididdididdidididdddddidddidididididdiddiiidizizizizizzizizzzzizizizizzzzzzzzzzzzzzzzzzzzzzinnininninnininininininnininnninininnnnnninninniingggggggggggggggggggggggggggggggggg agagaagagagagagaagagagagagagagagagagagagagagaaggggagggggagggggaaaa eene t

(iv)v) XX rereacts with butanol to form a sweet smelling liquid. Write
dodown the name and chemical formula of the liquid formed. [2]

butyl ethanoate [1], 
CH COOCH CH CH CH CH COOC H [1]
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(i) Predict the boiling point of butanal. [1]

75 oC or any value that is higher than 46 oC but lower than 
100 oC [1].

(ii) Explain how the boiling point of butanal is different as 
compared to the rest of the aldehyde.

[2]

The boiling point of butanal is higher [1] than the other 
aldehydes as the intermolecular forces of attraction between 
the butanal molecules are stronger [1].  

   Total [10]

Either
B9 An alkaline fuel cell produces electricity from the controlled reaction of 

hydrogen with oxygen in the presence of an electrolyte. 

The diagram below shows the construction of the fuel cell. 

(a) Write down the formulae of the ions present in the electrolyte 
used in the fuel cell. [2]

K+, H+, OH

2 marks for all three ions, deduct 1 mark for any 1 ion missing

(b) (i) The reaction at the anode is H2 + 2OH 2O + 2e
The reaction at the cathode is O2 + 2H2 .

At which electrode does oxidation takes place? Explain 

oxygen inhydrogen in

water out

bulb

external circuit

porous anode porous cathode

aqueous potassium 
hydroxide

KiasuExamPaper.com

the butanal molecules are stronger [1].  

ToTTTTTT tal [10]

Either
B9 An alkaline fuel cell produces electricity from thththththththhhhhhthhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeee eeeeeeeeee eeeeeeeeeeeee eeeeee eeeeeeeeee eeee eeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeee cococococococococooooocococococococococococoococoococococococcooocoocococococcococooooocooococcoooooococoococcocococococooocococococcoccccccoccococccocococcococococcocococococcccccocccocoococcccccoccooccocococooococcoooccccoccooooooccoooocccoccccccoocoooooocccccccocococcocccccoocccooooccoooocoooooontntntntntntntntntntntntntntntntntntntntnnntnntntntntntntntntntnntntnntntntnntnntnntntntntntntnntntnntnntnntntntnnntnntnnntntntntnnntnnnntntnntnnntntntntnnntntntnntttttntttttttttnttttttttttttttttnnnnntttnnnnnnnnnn rorororororrrrrrrroooroorororororororororororororororororrrororororororoororrorrrorororroororrrrrrroroorooorrrrororrrrrrrororororoororoooororoooorrrrrroororooroooroororooororoooorrororroroorrooroorooroooooooooooroooooooooroooooooooroooooooooooooooorrooorrrrrrrrrrrrrororrr lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll edededededededeeeeeeeeeeddddd reactctctctctctctioioioioioioionnnnnnn ofofofofofofof 

hydrogen with oxygen in the presence of an eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeleleleeeeleleleeeleleleeleleleleleeeeleleleleeeeeeleleeeeeeleellleeleellleeellelelelllllelelellleleleleleeleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeectctctctctctctctcttctcttctctcttctctctctctctttttcttctttctcttctctctctctctttctttctctctttcttctctctttctctcctctctctccttcctctctctctctcccttctcctcctctccttctctccctctctcctctctcctctccctctcctcctttctccttctctttcttcctttcttttctctctctttcttttttcctctccttctccctttccccc rororororororororororororororororororororororororororororororororororororrorororororororrororrrrroroororrrrrrororororrrrrrroooorrrorororrorororrrrrorrororoororoooroooooooooooooooooooooroooooooooooooooooooooooooooooooooorooorororoororooororororoooooorrooooor lylylylylyyyylylylylylylylyylyylylylylylylylyylylylylylylylyylylylylylylylylylyyylylyyyyylyyyylyllylylyylyylyylylyllyllyylylyylylylyylllylylyllyyyyyyylyllyyylyylylylyyylylyyyyyyyyyyyyyyyyyyyyyyyyyyyyylyyyyyyyyylyyyyyyyyyylyyyyyyyyyyyyyylylyyyyyyyyyyyyteteteetetettetteteteteteteteteetteeteteteeteteteteteteteteteeetetettettetetetttttetttttttetetettetettttetetttettettttttetetetettttetetettttttttttttttetttttttetetettteteteteteteteeeteeeeteteeteeeeteeeteeeeeeeeeteeeeeeeeeeeeeeteeeeeeeeeteeeeeeeeeeeetttet ................................

The diagram below shows the construction of the fuel cell.

(a) Write down the formulae of the ions present in the electrolyte 
used in the fuel cell. [2]

oxygen inhydrogen in

water out

buuulb

exextetet rnrnala  circuit

porouss aanooodede porous cathode

aqueous potassium 
hydroxide
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your answer in terms of electron transfer. [2]

Oxidation takes place at the anode [1] where hydrogen gas
loses 2 electrons and is oxidised by hydroxide ions to form 
water [1].

(ii) Write the overall equation, including state symbols for the 
reaction of hydrogen with oxygen. [2]

2H2(g) + O2 2O(l)

1 mark for balanced equation and correct formulae
1 mark for state symbols

(iii) Given that 1.50 dm3 of oxygen is used, what is the volume 
of hydrogen required to react completely with the oxygen at 
room temperature and pressure? [2]

Given that 1 mol of oxygen reacts with 2 mol of hydrogen, 

Volume of hydrogen 
= 2 × 1.5 [1]
= 3.00 dm3 [1]

(c) Give a reason why pure oxygen instead of air must be used. [2]

If pure oxygen is not used, carbon dioxide present [1] will react 
with aqueous potassium hydroxide to form potassium carbonate
[1].

   Total [10]

OR
B9 (a) When methanol is completely burnt in air, it forms carbon dioxide 

and water at room temperature and pressure. 

During this reaction, 715 kJ/mol of heat energy is released. 

(i) Write a chemical equation, including state symbols, for the 
combustion of methanol. [2]

2CH3OH(l) + 3O2 2CO2(g) + 4H2O(l)

1 mark for balanced equation and correct formulae
1 mark for state symbols

(ii) Given that the density of methanol is 0.792 g cm 3,
calculate the enthalpy change when 1 dm3 of methanol is 
completely burnt. [3]

KiasuExamPaper.com

1 mark for balanced equation and correct formulae
1 mark for state symbols

(iii) Given that 1.50 dm3 of oxygen is used, what is thehehehehehehe volololollllumumumumumumume
of hydrogen required to react completely withh thththththththeeeeeee oxoxoxoxoxoxoxygygygygygygygeeeneee  at 
room temperature and pressure? [2]

Given that 1 mol of oxygen reacts withhhhhhhhhhhhhhhhhhhhhhhhh 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoooooooolololololooloooooooolololololololololololoollooollollololooololololololololololololololololoololollololoolollooooolololoooooloooooooooooooloooooooooooolooooooloooooooooooooooooooooooooooooool ooooooooooooooooofffff f fffff ffff ffffffffffffffffffffffffffffffffffffffffffff hhhhhhyhhhhhhhhhhhhhhhhh drogogogogogogogogogogogogogoggogogogogogooggen,

Volume of hydrogen
= 2 × 1.5 [1]
= 3.00 dm3 [1]

(c) Give a reason why pure oxygeg n instead off aaairir must be used. [2]

If pure oxxxxxxxxxxxxxygygygygygygygygygygyygyygyyyyyyyyyyyy eneneneneneneneneeneneneeneneneneneneneene iiiiiiiiiiiiiiiiisssssss ssssssssssssssss not tttttttttttt usususssssssssssssssssssedededededededededededededededdedededededededdee , cacacacacacacacacacacacacacacacaacacccccccc rbononononononononononononononononononononononoonooo dddddddddddddddddddddddioioioioioioioiooioioioiooiooioooiooooioioooxixixixixxixixixixixixxixixxixixixxixxidedededededdededededededededededeededededeededeedeeee present [1] will react 
withththhhhhhhththhhhhhhhththhthh aaaaaaaaaaaaaaaaaaaaaaaaaquqqqqqqqq eoooooooooooooooooooooooousussussusussssssusssssusssssss pppppppppppppppppppppoootoooooooooooooooooooo asa sisisisssissisisissisisssissisisiumumumumumumummumummumuuuuuuuuu hhhhhhhhhhhhhhhhhhhydrorooorooroorooooorooroooororoooxixxxxxixxixixixxxxxixxxxxxxix dededededededededededededededededededeededdeeeeee toooooooooooooooooooooo fffofffffffffffffff rm potassium carbonate
[1[1[11[1[1[1[1[11[1[1[11[11[1[11[1[11[111].

Total [10]

OR
B9 (a) When metthahanonon ll iss cccoompletely burnt in air, it forms carbon dioxide 

anandd wawateter r atat rroooomm temperature and pressure. 

Duriringng tthihis s reaction, 715 kJ/mol of heat energy is released. 

(i) Write a chemical equation, including state symbols, for the
combustion of methanol [2]
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mass of methanol = 0.792 × 1000 = 792 g [1]
number of moles of methanol = 792/32 = 24.75 mol [1]

H = 715/2 × 24.75 = 8848.125 = 8.85 kJ mol 1 [1]

(iii) With the use of a chemical equation, compare the 
flammability of methanol with butane. [2]

2C4H10 + 13O2 2 + 10H2O [1]

Methanol is more flammable than butane [1] as 1 mole of 
methanol only requires 1.5 moles of oxygen to undergo 
complete combustion whereas 1 mole of butane requires 
6.5 moles of oxygen to undergo complete combustion [1]. 

(b) When completely burnt, 1 dm3 of gasoline releases 38000 kJ of 
heat energy.

(i) Comparing methanol and gasoline, suggest one advantage 
of using methanol rather than gasoline. [1]

Methanol is a cleaner fuel than gasoline which generates 
lower carbon dioxide emissions and minimizes global 
warming [1]. 

(ii) Comparing methanol and gasoline, suggest one advantage 
of using gasoline rather than methanol. [1]

Gasoline generates more energy for each mole of fuel 
used and is more effective in powering cars [1].

Total [10]

End of Paper
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methanol only requires 1.5 moles of oxygen to undergo 
complete combustion whereas 1 mole of butane reqqqqqqqqqqqqqqqqqqquires 
6.5 moles of oxygen to undergo complete combussssssssssssssssstititititititiititititiititititittitittt ooononononononoononononononononononooo [[[[[[[[[[[[[[[[[[1]1]1]1]1]1]1]1]1]1]1]1]1]1]1]1]1]111]]1]].

(b) When completely burnt, 1 dm3 of gasoline releasesssssss 33333338080808080808000000000000000 kkkkkkkJJJJ of 
heat energy.

(i) Comparing methanol and gasoline, sugugugugugugggggggggggggggggegegegegegegegegeegegegegeegegeeegegegeeegegegegeeegegeegeeeegegegegegegeeeegeegeeeeeegegegeeegegegegegeeegeegeeeeeegggeeeeeegegegeeegegegeeegegeggegegeeeeegegegeeggeeeegegegeegegegegeeeeegeegegeeggeegggeggeegegegggeggegeggeggeegegggeggegeeegggggggggggggggg stststststststsststsssstssstsssststssssssssststsssssssstsstsststtsssssssstststtssstsssssststsssssstssssststssttttssssssstttsssttttssssstttttsssttttttttt ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooonnnnnneneneneeennnnenennnnnnnnnennennennnennnnnneee advananananananantatataaaaaggggggge 
of using methanol rather than gasoolililililililinnnnenneneneneneeeneneeneeneneeneneeeeneneeeeeeneneneeneeneeeneneeneneeeeeeneneeneneneneneeeneeneeneeeeneeeeeeneneeneeneeneeneneeeeeneneneneneeneeeeeeeennneeeeenenennnnnnennnnnnennnnnnennneneennnnnnneen ....................... [1]

Methanol is a cleaneeeeeeeeeeeeeeeeeeer fuel tttttttttttttttttttttttthaaahaahahahaahahahahaahaaahaaaannnnnnnnnnnnnnnnnnn gagaggggagaaaaaaaaggagaaaagaaaaasosososssososoosososoososoososososososssossososososososososssossoosososossssssosssosooosososssossossooooososssssososoooosooossooosoosoossssososoosssooossooosooossooooosossssooossoooososossoooooosososssssoosoooosssssoossoosssooossossssssssssssoossssossooooooolllllililillilllilililiiiliiiililiiiilliiiiliiiiliiiiillliililliliililiilllliilllilllliililliillilllilllil nenenenenennneneeneneneneenenenennneneeneeeeneneneeenenennneeeeenenennnneeneneeeeeeeneennnneneeeeeennnneneeeeneeeeennnnnneeeeneeeneenenennnneenennnneeeeeenneeneeneeneeeeneeneeeeeeeeeeeeennnnnennnnnnnnnnnnnnnnnnnnnnn wwwwwwwwwwhichchchchchchchchhchchchchchchchchchchchchhcc gggggggggggggggggggggenererrrrrrrrrrrrrrrrrratatatatatatatatatatatatatatatatatatatataateseseseseseseseseseseseseeseseseseseseese  
lower carbon dioxixxixixixixixixixxixixixxixixxxxixiiidedededededededeeedeededeeeeededeededede emisssssssssssssssssssssssssioiiiiiiiiiiiiiii nsnsnsnnsnsnsnnsnsnnnsnsnsnsnsnsnnsns anddddddddd minimmmmmmmmmmmmmmmmmmmmmmmizzzzzzzzzzzzzzzzzzzzzzzeeeeeeseeeeeeeeeeeeeeeee gggggggggggggggggggglolololooloolololololololoolololololool bbbbbbbabbbbbbbbbbbbb l
warming [1]. 

(ii) Comparing methanol and gasoline, ssuguggest one advantage 
of using gasoline rathere tthhan meeththananolol. [1]

Gasososoossososososososososososooooooliiiiiiiiiiiiinnennnnnnennnnnnnnnnnnnn gennnnnnnnnnnnnnnnnnereeereeeereeereeeeeeereeree atatatatatatatatatatatatataatatattttteseseseseseseeesesesesesessesessesess morororororrorororororrororoororororore ee e e e e e e e eeee eneneeeneneeneeeeeeeeeeeeeeee ereeeeeereeeeereeeeeeereeeee gygggggggggggggggggggg  for each mole of fuel 
uuuuusuuuuuuuuuuuuuuuuuu edddddddddddddddddddd andndndndnndndndndndndndndndndndndndndndd iiiiiiiiiiiiiiiiss momomomomomomomomomomomomomomommmomomooooooreerererereerererererereerereerereerereeerrre eeeeeeeeeeeeeeeeeeeeeeeeffffffffffffffffffffffffffffffffffffffffffffececececececececcececececececcccececececeecececcctiititititititititititiiiiiiiiiveveveveveveveveveveveevevevevevevvevevevevveeee iiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnn popopopopopopopopopopopopooopopopopopoopopoppooopoop wering cars [1].

Total [10]

EnE d of Paper
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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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iron(III) hydroxide red-brown

lead(II) hydroxide white

zinc hydroxide wwwwwwwhihihihihihihitetetetetetete
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READ THESE INSTRUCTIONS FIRST 

Write in soft pencil. 
Do not use staples, paper clips, glue or correction fluid. 
Write your name, class and index number 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 on page 18. 
The use of an approved scientific calculator is expected, where appropriate. 
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1 Dilute hydrochloric acid is slowly added to solid X to prepare a gas.

The diagram shows a simple laboratory apparatus for the preparation and collection 

of the gas.

Identify solid X and state the purpose of anhydrous calcium chloride.

solid X purpose of anhydrous calcium chloride

A sodium to dry the gas

B sodium to remove excess carbon dioxide

C zinc to dry the gas

D zinc to remove excess carbon dioxide

2 Two students each carried out a chromatography experiment to see what dyes are 

present in the brown food colouring from a candy.

Their chromatograms are shown below.

solid X

dilute 
hydrochloric 

acid

KiasuExamPaper.com



Queenstown Secondary School                                                                                           [Turn over3

Which of the following statements best explains the difference in their 

chromatograms?

A Student 1 used a lesser volume of the same solvent than student 2.

B Student 2 used a different solvent from student 1.

C Student 1 started the chromatography later than student 2.

D The concentrations of the food colouring used by students 1 and 2 are different.

3 Each of the five bottles labelled at random J, K, L, M and N contains 1 mol/dm3 of 

one of the following:
Na2CO3        Na2SO4        BaCl2        NaCl        HCl

The following observations are recorded:

a vigorous effervescence is observed when J is added to K

a white precipitate is formed when L is added to M

What is the identity of N?
A BaCl2 B NaCl C Na2CO3 D Na2SO4

4 Ethylamine gas, C2H5NH2, and hydrogen gas, HCl, react together to form a white 

solid, ethylamine hydrochloride.

At which position in the tube would a ring of solid white ethylamine hydrochloride 

form?

KiasuExamPaper.com
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5 The salts of strontium are used in fireworks to produce red flames. 

The diagram below is obtained from an analysis of naturally occurring strontium. 

                                                               86 87      88

What is the relative atomic mass of strontium?

A 8.70 B 8.77 C 87.0 D 87.7

6 A new substance was discovered and a series of experiments were conducted on it.

Which observations suggests that the substance cannot be an element?

A It dissolved in water to form a colourless solution.

B It has a fixed melting point.

C Electrolysis of its molten form produced two substances.

D When heated in air, it could produce two oxides.

7 The equation below shows the reaction between an oxide of the metallic element X 

and dilute sulfuric acid. 

XO  +  H2SO4 →  XSO4 +  H2O

Which particles are responsible for the electrical conductivity in X, XO and XSO4?

X XO XSO4

A cations electrons electrons

B cations and anions anions cations

C electrons electrons cations and anions

D electrons cations and anions cations and anions

relative abundance (%)

relative atomic mass

83

10
7
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8 A liquid Q reacts with iodine to form a compound of formula QI3.

This compound has a melting point of 75oC and is a solid at room temperature. It is 

also insoluble in water.

What could the electronic structure of Q be?

A 2.5 B 2.7 C 2.8.3 D 2.8.1

9 The table below gives information about the atoms of two elements, X and Y.

element
number of

protons neutrons electrons

X 15 16 15

Y 17 18 17

When X and Y react together, they form a compound.

What is the formula and relative molecular mass of the compound?

formula relative molecular mass

A XY 34

B X3Y 128

C XY3 136

D X5Y7 594

10 When solid sodium hydrogen carbonate is heated strongly, the following takes place.

2NaHCO3 (s)  →  Na2CO3 (s)  +  H2O (l)  +  CO2 (g)

What is the mass loss when 20 g of solid sodium hydrogen carbonate is heated?

A 5.24 g B 5.71 g C 10.5 g D 11.4 g

KiasuExamPaper.com
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11 Four acids undergo dissociation as follows:
HCl →  H+ +  Cl-

H2SO4 →  2H+ +  SO4
2-

H3PO4 →  3H+ +  PO4
3-

CH3COOH  ↔  CH3COO- +  H+

Which aqueous acid neutralises the greatest volume of aqueous sodium hydroxide of 

the same concentration?

A 4 dm3 of CH3COOH of concentration 1 mol/dm3

B 3 dm3 of HCl of concentration 2 mol/dm3

C 2 dm3 of H3PO4 of concentration 3 mol/dm3

D 1 dm3 of H2SO4 of concentration 4 mol/dm3

12 Vodka is a distilled beverage composed primarily of water and ethanol, sometimes 

with traces of impurities and flavourings. 10.0 g of vodka was acidified and then 

titrated with 2.0 mol/dm3 of potassium manganate(VII) in order to determine its 

alcohol content. The average volume of potassium manganate(VII) obtained was 

34.8 cm3.

The equation for the reaction that occurs is as follows:

4MnO4
- (aq) + 5C2H5OH (aq) + 4H+ (aq) → 4Mn2+ (aq) + 5CH3COOH (aq) + 3H2O

What is the percentage by mass of ethanol in this sample of vodka?

A 10.0% B 32.0% C 40.0% D 80.0%

13 During electrolysis, 0.015 moles of chromium is deposited on the cathode when 

0.090 moles of electrons is passed through a molten electrolyte containing chromium. 

Which of the following substances could be the electrolyte?
A CrCl4 B CrBr2 C Cr2(SO4)3 D Cr(NO3)6
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14 Molten sodium iodide is electrolysed as shown in the diagram.

Which statement(s) about the electrolysis is/are correct?

1. Oxidation occurs at the cathode.

2. A purple gas is seen at the anode.

3. A colourless gas is seen at the cathode.

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

15 An iron key is to be electroplated with copper using aqueous copper(II) sulfate as the 

electrolyte. Which of the following correctly shows the materials used for the 

electrodes and the reaction at the cathode?

cathode anode reaction at cathode

A iron key copper Cu2+ (aq) + 2e- → Cu (s)

B iron key copper Fe (s) → Fe2+ (aq) + 2e-

C copper iron key Cu (s) → Cu2+ (aq) + 2e-

D copper iron key Fe2+ (aq) + 2e- → Fe (s)

16 The set-up shown below was used to compare the reactivities of four metals P, Q, R 

and S with metal X.

molten sodium iodide
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In each case, the voltmeter reading was recorded as follows:

metal 

under test

direction of electron flow voltage recorded / V

P P to X +0.87

Q X to Q -1.20

R R to X +1.58

S S to X +0.36

What is the correct order of decreasing reactivity of metals P, Q, R and S?

A P, Q, R, S C Q, S, P, R

B R, P, S, Q D R, Q, P, S

17 The reaction scheme below shows four stages in the conversion of carbon dioxide to 

organic products and finally returned back to the atmosphere. 

Which stage involves an endothermic reaction?

CO2         C6H12O6         C2H5OH           CH3COOH

18 The reaction between hydrogen and chlorine to form hydrogen chloride is shown.

H – H + Cl – Cl → H – Cl   +   H – Cl         ∆H = -185 kJ/mol

What may be deduced from the information given?

A The formation of H – Cl bonds absorb energy.

B The products possess less energy than the reactants. 

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

D The total energy change in bond breaking is more than that in bond forming.

A B C

D
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19 The diagram shows the energy profile for a chemical reaction.

What is the correct description of the reaction?

sign of EA sign of ∆H overall energy change

A - - exothermic

B + + endothermic

C - + endothermic

D + + exothermic

20 Which of the following correctly describes the effects which increasing temperature 

and using catalyst have on ∆H and EA?

increasing temperature using catalyst

∆H EA ∆H EA

A decreases decreases unchanged decreases

B increases increases decreases decreases

C unchanged decreases unchanged decreases

D unchanged unchanged unchanged decreases
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21 The reactions below may occur in the air during a thunderstorm.

N2 + O2 → 2NO

2NO + O2 → 2NO2

NO + O3 → NO2 + O2

What happens to the reactant molecules in these reactions?

N2 NO O3

A oxidised oxidised oxidised

B oxidised oxidised reduced

C reduced reduced oxidised

D reduced reduced reduced

22 A colourless gas is passed into each of three different solutions.

The results are shown in the table.

solution of potassium iodide iron(II) chloride acidified potassium 

manganate(VII)

result stays colourless stays pale green purple to colourless

What is the colourless gas?

A an acid C a reducing agent 

B an alkali D an oxidising agent

23 A student carried out the following reactions on a sample of ammonium nitrate.

reaction 1: warming with aqueous sodium hydroxide

reaction 2: warming with aluminium and aqueous sodium hydroxide

reaction 3: warming with dilute hydrochloric acid

reaction 4: warming with water

Which of the above reactions produces a gas that turns damp red litmus paper blue?

A 1 and 2 only B 1 and 3 only C 2 and 3 only D 2 and 4 only
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24 Element R reacts with oxygen to form a gas, T.

T changes the colour of damp litmus paper from blue to red.

T is used to kill bacteria in the preservation of dried fruit.

What is R?

A carbon B chlorine C nitrogen D sulfur

25 The table shows properties of four chlorides.

Which is magnesium chloride?

colour solubility in water method of preparation

A silver insoluble precipitation 

B silver soluble metal and acid

C white insoluble precipitation 

D white soluble metal and acid

26 The diagram shows processes that take place in the manufacture of ammonia.

What are substances W and X and catalyst Y?

W X Y

A air oil iron

B air oil nickel

C oil air iron

D oil air nickel
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27 The diagram below shows an outline of part of the Periodic Table.

The following statements were made by four different students. 

Student 1: Elements X and Y can act as catalysts.

Student 2: Elements X, Y and Z have high melting points.

Student 3: Elements W, X and Y form coloured compounds.

Student 4: The atoms of elements W, X, Y and Z have the same number of 

electron shells.

Which statement(s) is/are correct?

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

28 Caesium is an alkali metal. 

Which of the following statements best describes caesium?

A Caesium forms a coloured carbonate, Cs2CO3.

B Caesium is extracted by the electrolysis of molten caesium chloride.

C Caesium forms an oxide, Cs2O, which dissolves in water to give an acidic 

solution.

D Caesium can be displaced from an aqueous solution of caesium sulfate, 

Cs2SO4, by zinc granules.
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29 Iron reacts with dilute hydrochloric acid and chlorine according to the following 

equations. 
Fe + 2HCl → FeCl2 + H2

2Fe + 3Cl2 → 2FeCl3

Given that iron and tin react similarly, and tin shows oxidation states of +2 and +4, 

which one of the following reactions is likely to take place with tin?

A 2Sn + 2HCl → 2SnCl + H2 C 2Sn + 3Cl2 → 2SnCl3
B Sn + 3HCl → SnCl3 + H2 D Sn + 2Cl2 → SnCl4

30 A student gives two statements about some metals and their compounds.

Statement 1: Zinc carbonate is more stable to heat than copper(II) carbonate.

Statement 2: Zinc is more reactive than copper.

Which is correct?

A Both statements are correct and statement 2 explains statement 1. 

B Both statements are correct and 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.

31 The following observations were made when nickel and iron were put separately into 

salt solutions of three metals P, Q and R.

metal used
salt solution of

P Q R Key

nickel, Ni = displacement occurred

iron, Fe = displacement did not occur

What is the correct order in decreasing reactivity of the five metals?

A R, Q, Fe, Ni, P C R, Fe, Ni, Q, P

B R, Fe, Q, Ni, P D P, Ni, Fe, Q, R
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32 A metal W is placed between sodium and magnesium in the reactivity series. 

Which method can be used to extract W?

A Reduction of the oxide of W using carbon.

B Reduction of the oxide of W using hydrogen.

C Electrolysis of a molten compound of W.

D Electrolysis of an aqueous solution of a chloride of W.

33 Which reaction is a step in the production of iron from haematite in the blast furnace?

A carbon (coke) burning in air to produce carbon monoxide 

B carbon reacting with carbon monoxide to form carbon dioxide 

C iron(III) oxide reacting with carbon monoxide to form iron

D iron reacting with limestone to produce slag

34 A gaseous mixture of carbon dioxide, ethane, ethene and sulfur dioxide is passed 

through the apparatus shown.

What is a property of the gas J collected?

A Gas J burns in air.

B Gas J turns damp red litmus paper blue.  

C Gas J gives a white precipitate with limewater.

D Gas J turns purple acidified potassium manganate(VII) colourless.
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35 The table shows pollutants and their possible effects.
Which line is not correct?

pollutant effect

A CFCs cause destruction of the ozone layer

B CH4 forms photochemical smog

C CO is poisonous to humans

D NO2 forms acid rain

36 The displayed formulae of two compounds are shown.

Which statement(s) about the compounds is/are correct?

1. Both compounds are from the same homologous series.

2. Both compounds have the same molecular formula. 

3. Both compounds have the same percentage mass of carbon.

4. Both compounds undergo the same type of reactions.

A 1 and 2 only B 1 and 4 only C 2 and 3 only D 3 and 4 only 
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37 The following reaction scheme is carried out for the synthesis of a compound Z.

Which of the following correctly identified compounds X, Y and Z?

compound X compound Y compound Z

A ethanol ethanoic acid ethyl ethanoate

B ethane ethanol ethanoic acid

C ethanoic acid ethanol ethyl ethanoate

D ethanol propanoic acid ethyl propanoate 

38 Stearic acid is a carboxylic acid with the chemical formula C18H36O2, found commonly 

in animal and vegetable fats and oils.

It is used mainly in the production of detergents, soaps and cosmetics.

Which statement about stearic acid is likely to be correct?

A It burns in air with a sooty flame. 

B It decolorises aqueous bromine immediately. 

C It contains many carbon-hydrogen double bonds.  

D It reacts with metals, bases and carbonates.

39 The diagram shows the structure of a polymer.

– CH2 – CH – CH2 – CH – CH2 – CH –

                                                   |                    |                   |

                                                  CH3               CH3             CH3

Which is the molecular formula of the monomer?

A C3H6 B C3H8 C C4H8 D C4H10

ethene
+

steam
compound X compound Yacidified KMnO4catalyst

compound Z

warm concentrated H2SO4
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40 Condensation polymerisation occurs when the following monomers react:

Which diagram represents the structure of the polymer formed?
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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 Choose from the following elements to answer the questions below.

barium calcium carbon copper

helium hydrogen iron lead

lithium nitrogen sulfur zinc

Each element can be used once, more than once or not at all.

Name an element which

(a) forms two acidic oxides, : …………………….

(b) forms an ion with a charge 3-, : …………………….

(c) has two giant molecular structures, : …………………….

(d) reacts with water to form an alkaline solution, : …………………….

(e) forms an oxide which reacts with both acid and alkali, : …………………….

(f) has an ion which, in aqueous solution, is used to test

for sulfate ions, : …………………….

(g) obtained from cracking of oils then used in the Haber

process to produce ammonia, : …………………….

(h) has an ion which, in aqueous solution, reacts with

aqueous sodium hydroxide to give a white precipitate

that is insoluble in excess. : …………………….

[Total: 8]

[8]

KiasuExamPaper.com



Queenstown Secondary School                     [Turn over3

A2 Lavender oil is well known for its relaxing effect on the body and is commonly used 

in perfumes as a middle note. It can be extracted from lavender flowers by 

distillation using the apparatus shown below. The oil is carried off in small droplets 

with the steam. 

(a) Based on the diagram and information given, suggest how the lavender oil can

be separated from the water after distillation. Explain your answer.

method of separation …………………………………………………………………...

reason …………………………………………………………………………………….

(b) Lavender flowers contain a variety of different pigments.

The analysis of the pigments can be studied using paper chromatography, with

ethanol as the solvent.

(i) What is necessary for the different pigments to be separated by paper

chromatography?

………………………………………………………………………………………

[2]

[1]

lavendar 
flowers 

and water water
lavender oil

KiasuExamPaper.com



Queenstown Secondary School                     [Turn over4

(ii) During the chromatography, the solvent evaporates and diffuses throughout

the chromatography jar. Describe, using knowledge of the kinetic particle

theory, the changes in movement and arrangement of the ethanol molecules

as they evaporate.

movement …………………………………………………………………………

………………………………………………………………………………………

arrangement ………………………………………………………………………

………………………………………………………………………………………

[Total: 5]

[2]

A3 Propane is used as a fuel.

The enthalpy change of combustion of propane is -2220 kJ/mol.

C3H8 (g) + 5O2 (g) → 3CO2 (g) + 4H2O (l)     ∆H = -2220 kJ/mol

(a) The overall energy change for the reaction is exothermic.

(i) Explain how the information given shows this.

………………………………………………………………………………………...

(ii) Explain, in terms of bond breaking and bond making, why the reaction is

exothermic.

……………………………………………………………………………………..…

……………………………………………………………………………………...…

………………………………………………………………………………………...

[1]

[3]
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(b) The diagram shows the energy levels of the reactants and products for this 

reaction. 

Complete the diagram by

drawing in the reaction pathway for the reaction,

showing the activation energy by a single-headed arrow,

showing the energy change for the reaction by a single-headed arrow.

(c) Explain why propane is a gas at room temperature and pressure.

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

[Total: 9]

[3]

[2]
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A4 This question is about the chemistry of iron and its compounds.  

(a) The diagram below shows an experiment in which steam was passed over hot 

iron filings. The products of the reaction are iron oxide and a gas which burns 

with a blue flame.

(i) The iron oxide formed has 72.4% by mass iron and 27.6% by mass oxygen. 

Calculate the empirical formula of the iron oxide.

empirical formula: ……………………………

(ii) Hence, write a balanced chemical equation for the reaction in (a). 

………………………………………………………………………………………...

[2]

[1]
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(b) Iron(III) chloride can be prepared by passing chlorine gas over hot iron filings. 

2Fe + 3Cl2 → 2FeCl3

(i) The table shows some information about oxidation state changes during the 

reaction. Complete the table.

element oxidation state at the start oxidation state at the end

iron

chlorine

(ii) Use information from the table to explain why this is a redox reaction. 

………………………………………………………………………………………...

………………………………………………………………………………………...

………………………………………………………………………………………...

………………………………………………………………………………………...

The presence of Fe3+ ions in iron(III) chloride can be tested using aqueous 

sodium hydroxide. After each addition of sodium hydroxide, the mixture was 

stirred, allowed to settle and the height of the precipitate formed was measured. 

The results are shown on the diagram below. 

[2]

[2]

height of 
precipitate 

/ mm

volume of aqueous 
sodium hydroxide 
added / cm3
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(iii) Write the ionic equation, with state symbols, for the formation of the 

precipitate.

………………………………………………………………………………………...

(iv) Sketch on the diagram above, how the graph would be if aluminium chloride 

had been used instead of iron(III) chloride. Label this graph (iv).

(c) Iron(II) chloride can be prepared from iron and dilute hydrochloric acid. 

Describe how a pure solution of aqueous iron(II) chloride can be prepared in the 

laboratory. 

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

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

[Total: 11]

[1]

[1]

[2]

A5 Chlorine, bromine and iodine are elements in Group VII of the Periodic Table.

(a) Bromine is extracted by reacting the potassium bromide in seawater with 

chlorine.

(i) Assuming that seawater is colourless, describe and explain what is 

observed when a sample of seawater is reacted with chlorine.

observation ………………………………………………………………………...

explanation ………………………………………………………………………...

……………………………………………………………………………………….

(ii) Can bromine be extracted by reacting the sample of seawater with iodine? 

Explain your answer. 

………………………………………………………………………………………

……………………………………………………………………………………….

[2]

[1]
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(b) One of the methods to purify the bromine extracted is by treatment with sulfur 

dioxide.

(i) Explain why it is necessary to remove any excess sulfur dioxide from being 

released into the environment. 

………………………………………………………………………………………

……………………………………………………………………………………….

(ii) Suggest how sulfur dioxide can be removed from emissions.

Give a reason for your answer.

……………………………………………………………………………………….

………………………………………………………………………………………

[Total: 5]

[1]

[1]

A6 The table below shows the reaction of various metals with water.

metal reaction with 

water

reaction with 

steam

colour of aqueous 

metal ions

W none none blue

X none moderate pale green

Y very slow moderate colourless

Z slow vigorous colourless

(a) Arrange the metals in descending order of chemical reactivity.

……………………………………………………………………………………………

(b) Predict what would be observed if metal Y is placed in a solution of X.

……………………………………………………………………………………………

……………………………………………………………………………………………

[1]

[2]
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(c) A simple cell can be set up using two different metals to generate electricity.

(i) Which two metals, W, X, Y and Z, can be chosen to produce the highest

voltage?   ……... and ……...

(ii) Based on your answer in (c)(i), draw the simple cell in the space provided.

Indicate clearly on the diagram, the electrolyte used and the direction of

electron flow.

[Total: 6]

[1]

[2]

A7 An electric circuit is set up as shown below.

Electrodes P and Q are made of copper while electrodes R and S are made of 

carbon. 

battery

P Q

R S

Cell 1
copper(II) sulfate 

solution

Cell 2
concentrated sodium 

chloride solution + 
Universal Indicator
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(a) When the circuit is closed,

(i) State one visible change observed in Cell 1.

……………………………………………………………………………………….

(ii) Write the half equation for the reaction happening at

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

electrode R ………………………………………………………………………...

(b) (i) Describe the colour change of the Universal Indicator during electrolysis of 

the concentrated sodium chloride solution in Cell 2.

……………………………………………………………………………………..…

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

……………………………………………………………………………………..…

………………………………………………………………………………………...

[Total: 6]

[1]

[2]

[1]

[2]
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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. 

B1 During flight, an astronaut exhales 1.1 kg of carbon 

dioxide per day. In the closed space of the spacesuit, 

carbon dioxide concentrations will build up to a high 

level, which will make astronauts die. 

Lithium hydroxide canisters, which are located either 

in the spacesuit’s life support backpack or in the 

spacecraft in which they are accessed via an umbilical 

cord, are used to absorb this carbon dioxide, forming 

lithium carbonate, Li2CO3 and water as the only products. 

After the flight, the lithium carbonate formed is dissolved in dilute hydrochloric acid 

and the solution formed is electrolysed to regenerate the lithium hydroxide.

It has also been suggested that sodium peroxide could be an alternative to lithium 

hydroxide for the removal of carbon dioxide. The equation is shown:

2Na2O2 + 2CO2 → 2Na2CO3 + O2

(a) (i) Construct the equation for the reaction between lithium hydroxide and carbon

dioxide.

(ii) Calculate the mass of lithium hydroxide required per day for a crew of two

astronauts.

(b) (i) Write the equation for the reaction between lithium carbonate and

hydrochloric acid.

(ii) Draw a diagram for the electrolysis carried out to regenerate the lithium

hydroxide. Include clearly in the diagram, the materials used for both the

electrodes and electrolyte.

(c) Suggest one advantage and one disadvantage of using sodium peroxide rather

than lithium hydroxide for the removal of carbon dioxide.

[1]

[3]

[1]

[3]

[2]
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B2 Solution P is an aqueous solution of sodium thiosulfate.

Solution Q is dilute hydrochloric acid. 

The rate of the reaction between aqueous sodium thiosulfate and dilute hydrochloric acid 

can be investigated using a cross ‘ ’ drawn on a piece of paper. As the reaction 

progresses, a fine suspension of sulfur is formed in the solution, and it becomes more 

difficult to see the cross through the solution. 
Na2S2O3 (aq) + 2HCl (aq) → 2NaCl (aq) + SO2 (g) + S (s) + H2O (l)

In an experiment, the time taken for the cross to disappear from view is tabulated.

experiment
volume of P 
added / cm3

volume of water 
added / cm3

volume of Q 
added / cm3

time / s

1 50.0 0.0 5.0 8

2 40.0 10.0 5.0 15

3 30.0 20.0 5.0 25

4 25.0 25.0 5.0 41

5 20.0 30.0 5.0 64

6 15.0 35.0 5.0 89

(a) (i) Deduce the relationship between the concentration of sodium thiosulfate

solution in the mixture and the volume of the sodium thiosulfate used. 

Hence, draw a conclusion about this investigation. 

(ii) Explain, in terms of colliding particles, the conclusion drawn in (i).

(b) For this experiment, the volume of Q added is kept constant.

State one other variable that should also be kept constant.

(c) Some metal oxides can act as catalysts for the reaction.

A student wants to find out which metal oxide is a more effective catalyst for the

reaction – chromium(III) oxide or iron(III) oxide.

(i) Why are chromium(III) oxide and iron(III) oxide able to act as catalyst?

(ii) Describe what he should do and what results he would obtain to determine the

effectiveness of the catalysts.
(iii) Catalysts lower the activation energy for the reaction.

Explain how they do this.

[2]

[2]

[1]

[1]

[3]

[1]
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B3 Either
An organic compound, X, shows a number of reactions as indicated in the figure 

below.

(a) In reaction I, compound A is formed through the addition of hydrogen.

(i) Suggest the conditions required for the reaction to take place.
(ii) Draw the structural formula of compound A.

(b) In reaction II, an addition polymer B is formed.

(i) Explain what is meant by the term addition polymerisation.

(ii) Describe a simple test that can be used to distinguish between compounds 

B and X.

(c) In reaction III, a sweet-smelling compound C is formed.

(i) Draw the structural formula of compound C.

(ii) Give one commercial use of compound C.

(d) In reaction IV, a salt D is formed.

Write a balanced chemical equation for this reaction.

(e) In both reactions IV and V, effervescence is observed.

Describe a chemical test that can be used to distinguish between the two gases 

formed.

[1]

[1]

[1]

[2]

[1]

[1]

[1]

[2]

         H    H    H    H    H
         |    |      |     |      |

H – C – C – C – C = C – H
           |     |      |
          H    H    C = O
                        |
                       O
                        |
                      H compound X

Mg metal
IVD

VE
aq. Na2CO3

I AH2 gas

III

C
sweet-smelling liquid 

ethanol

II B
addition 

polymerisation
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B3 Or

(a) The table shows some information about the homologous series of a class of

organic compounds called aldehydes.

name condensed formula displayed formula

butanal C3H7CHO

 H  H H   O 

 |    |  |   ||

H – C – C – C – C – H

 |    |    |

 H   H    H

pentanal C4H9CHO

  H    H   H  H   O  

 |  |    |    |     ||

H – C – C – C – C – C – H

 |  |    |    |

  H   H    H    H

(i) What is the name, condensed formula and displayed formula of the

aldehyde that occurs before butanal?

(ii) Explain how you can tell that these molecules are from the same

homologous series.

[2]

[2]
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(b) The following diagram shows the reaction of butanal

(i) Given that compound S undergoes partial ionisation in water to produce

hydrogen ions, give the name of compound T formed, and draw its

structural formula.
(ii) Draw two isomers of compound U.

(iii) Describe a chemical test that can be used to distinguish between

compounds R and S.

[2]

[2]

[2]

unsaturated 
compound U,

C4H8

compound R
C4H9OH compound S

H  H H    O 

  |  |    |     ||

H – C – C – C – C – H

  |  |    |  

 H  H H

butanal

reduction by
LiAlH4

oxidation by
H+/KMnO4

sweet-smelling compound T
with molecular formula C8H16O2
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MARK SCHEME 

1. C 11. C 21. B 31. B

2. B 12. C 22. C 32. C

3. B 13. D 23. A 33. C

4. A 14. B 24. D 34. A

5. D 15. A 25. D 35. B

6. C 16. D 26. C 36. C

7. D 17. A 27. B 37. A

8. A 18. B 28. B 38. D

9. C 19. B 29. D 39. A

10. A 20. D 30. A 40. B

3. B 13. D 23. A 33. C

4. A 14. B 24. D 34. AA

5. D 15. A 25. D 355. B

6. C 16. D 26. C 3636. C

7. D 17. A 27. B 33333737373737733737373733737373733373737373737377377737737337737377373737373373737737333333333333333333333333333333333333 ... A

8. A 18. B 28. BB 333338333838333838383838383838383833333333838383833333333838383383838333383333333833333383333383883383383333388383388883333883833838388388838833333 ... DD

9. C 19. B 29. D 399. A

10. A 20. D 30. A 400. B
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MARK SCHEME

Section A [50 m] 

A1 (a) sulfur [1] (b) nitrogen [1] (c) carbon [1] 

(d) lithium / calcium [1] (e) lead / zinc [1] (f) barium [1] 

(g) hydrogen [1] (h) calcium [1] 

A2 (a) method of separation: Through the use of a separating funnel. [1] 

reason: The lavender oil and water are immiscible liquids. [1] 

(b) (i) The different pigments must be soluble in the same solvent. [1] 

(ii) movement: The ethanol molecules change from sliding over each other to moving

rapidly in all directions. (both points to be present)  [1] 

arrangement: The ethanol molecules change from being close together to being 

far apart. (both points to be present)    [1] 

A3 (a) (i) The enthalpy change of combustion has a negative value. [1] 

(ii) The energy released in bond forming (i.e. C=O and O-H bonds) is more than the

energy absorbed in bond breaking (i.e. C-C, C-H and O=O bonds).  [3] 

(b) Energy profile diagram

 correct reaction pathway for the reaction [1] 

 correct labelling of activation energy by a single-headed arrow [1]

 correct labelling of energy change by a single-headed arrow [1]

(c) Propane exists as a simple covalent molecule with a low boiling point.  [1]

A small amount of energy is required to overcome the weak intermolecular forces

between propane molecules.        [1]
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( ) [ ] ( ) [ ] ( ) [ ]

(g) hydrogen [1] (h) calcium [1]

A2 (a) method of separation: Through the use of a separating funnel. [1] 

reason: The lavender oil and water are immiscible liquidsds. [1]

(b) (i) The different pigments must be soluble in the sasasasasasaassaaaaaaaaaaaaaaaaaaaaaamememmmemememmmmmmememememememememeemememmmememememmmememememeememmememememmemmememememmememememememememmemmemmememememememmemeeemememememmemmeeemememmmmemeeememmmemeemmeeeemmeeeeemememmmmeeeeemmeeeememeemmeeeemmeemmmeeemmeeeeee ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssooooloooooolololooolololollooooooooooolololololololoololoooolooloolloooooooooololooooooooooololllololololoooooooooooooo vvvvvvvvvvvvveveeeeevvvvevvvvveeeevvvvvevvvevvvvevvvveennnnt. [1]

(ii) movement: The ethanol molecules channngegegegeeegegeeegeeeeeeeeeeeeeeeegegegeeeeeeeeeeeeeeeeeeegeeeeeeeeeegeeegegeeeeegeeeeeeeeeeegeeeeeeeegeeeeeeeeeegegggg fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffrorororororororooorororororororoooooroororororororoooorororooroooooooororoooroororoooorooooooorororoorooorororooororororoororroroororrorooorrrroorrrorrorrrrorororororroorrrororrororrorooooorooooooooroooooomm mmmmmmmmmmmm m mmmm mmmmmmm mmmmmmmmmmmmmmmmmmmmmmmmmm mmmmmmm mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm mmmmmmmmmmmmmmmmmmmmmmm slslslslslsssssssslsllslsslsslsllsllslslsssslslslsllslssslslslslslslslslslslslslslslsslslslslssllslslslslslslsssslssslsslssslsssssssslslsssssssssssssssssssslsssslslslsllslslllsllssssssss ididididididididididididdiddddddidddidddiddiddiddiddiddiddididididddidiididdididididididddididdddiddididddddiddiidddddddidddddiddidddidididdidddididdiididididddddddiddinininininninninnninninnininnnininiinininnininininnininnininninnininininnnnnnnninnnnnninininnnnnnnnininnninnininniniiininninininininnniiiinnnnnnggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg ovovovoveree eeacacachhh ototototheheheher to movin

rapidly in all directions. (both ppppoooioioioiioioooooioooiooooioiiiooioiooooiiioioioioioioiooooioioioioooooioooooiiioiooiooooioioiooooooooooooooooooooooooiooooooooo ntnnnnnnnntntnnnnntntntntntnnnntnttnnttntnntntttntnntntntntntnntntnnnnttnntnntntntnttnntntnnnntnnnnnntnnnnnnnnnnnnnnnnntnntttnnntntnnnnnnntnnnntttnn sssssssss sssssssssss sssss ssssssssssss ssssssssssssssssssssssssssssssssssssssssssssssssssss tototottotttttttototototototototototototttttootototototttotototototototttottototototttttotttottotottttttttttototottttototoototttotooototoooootottootootooooooooooooooooooootttooootootooootottoooototttotoootttotoootoootttttttttttot bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbee prreeeseseeent)  [1] 

arrangement: The ethanol molecules change from beinngg cllose totogegether to being

far apart. (both points to be e present)    [1]

A3 (a) (i) The enthalpy change of combbusstion hass aa nnegegatativive value. [1] 

(ii) The energy released in bbonnd d fof rmminingg (i(i.e.e. C=C=O O and O-H bonds) is more than the

energy absorbed in bonond d brreaeakikingng ((i.i e.e. C-C, C-H and O=O bonds).  [3] 

(b) Energy ppror fifilele ddiai gramam

 correrectc  reactioonn papaththwawayy for the reaction [1] 

 correctt llababelellilingng oof f activation energy by a single-headed arrow [1]

ccorrrerectct lababelelliling of energy change by a single-headed arrow [1]

(c) Proppana e exists as a simple covalent molecule with a low boiling point.  [1] 

A small amount of energy is required to overcome the weak intermolecular forces 
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A4 (a) (i) Fe O

percentage 72.4 27.6

Ar 56 16

no. of moles 1.2929 1.725 [1]

÷ 1.2929 1 1.334

x3 3 4 empirical formula: Fe3O4 [1]

(ii) 3Fe (s) + 4H2O (g) → Fe3O4 (s) + 4H2 (g) [1] 

(b) (i) iron: 0 → +3 [1] chlorine: 0 → -1 [1] 

(ii) Iron undergoes oxidation as its oxidation state increases from 0 in Fe to +3 in

FeCl3.          [1]

Chlorine undergoes reduction as its oxidation state decreases from 0 in Cl2 to -1 in

FeCl3. [1]

(iii) Fe3+ (aq) + 3OH- (aq) → Fe(OH)3 (s) [1] 

(iv) On graph: height reaches a maximum then declines to zero  [1] 

(c) Step 1: Add excess iron to warm dilute hydrochloric acid.  [1] 

Step 2: Filter the mixture to obtain iron(II) chloride solution as the filtrate. [1] 

A5 (a) (i) observation: The colourless solution turns red-brown. [1]

explanation: Chlorine, being more reactive than bromine, displaces bromine from 

its salt.        [1]

(ii) No. Iodine, being less reactive than bromine, is unable to displace bromine from its

salt.           [1]

(b) (i) Sulfur dioxide is an air pollutant that leads to acid rain, causing corrosion of

limestone buildings. [1] 

(ii) React the sulfur dioxide gas with calcium oxide / carbonate.

Sulfur dioxide, being an acidic gas, is neutralised by the basic calcium oxide /

carbonate.         [1]
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(ii) 3Fe (s) + 4H2O (g) → Fe3O4 (s) + 4H2 (g) [1] 

(b) (i) iron: 0 → +3 [1] chlorine: 0 → -1 [1] 

(ii) Iron undergoes oxidation as its oxidation state increasseses ffroromm 00 inin Fe too +3 in 

FeCl3.          [1]

Chlorine undergoes reduction as its oxidation ststststaatatatatatttataattattattttatatttatatttatttatttttatatatatatttttatttaatttttttttatatataaaatatattatatatttaatttaaatte eeeeeee eeeeee eeeeeeee eeeeeee eeeeeeeeeeeeeeeeee e eeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ddedededededededededededededededededeedededdeedeeededededeeedededeeeeeeededeeeedddedeeeedddeeeeeeeeeedddeeeedddeeeeeeeeeeeeeeeeeeeeedeedeeddeeedeedededeedeeeeed ccrcccrcrcrcrccrcrcccrcrcccccccccccccrcrcrcrcccrcccrcrcrcrccrcrcrcrcrccccccrcrcrcrrcrcrcrrrrrcrrcrcrcccc eeeeaeaeaeaeeeeeeeeeeeeeeeeeeeee ses frfrfrfroooom 0000 in Cl2 to -1 in

FeCl3. [1]

(iii) Fe3+ (aq) + 3OH- (aq) → Fe(OH)3 (s) [1] 

(iv) On graph: height reaches a maximum then decliines to zzzererereroooo [1]

(c) Step 1: Add excess iron to warm dilute hydrochhloloriric acid. [1] 

Step 2: Filter the mixture tot  obtaia n iron(II) cchlhlororididee ssolution as the filtrate. [1]

A5 (a) (i) observation: The coloururless ssololututioion n tuturnrns red-brown. [1]

explanation: Chlorine,e, bbeie ngng morore e rereacctitive than bromine, displaces bromine from 

itits saltt.        [1]

(ii) No. IoIodid nen , beinng g lelessss reaeactive than bromine, is unable to displace bromine from it

salt.           [1]

(b) (ii)) SuSulflfur ddioioxxide is an air pollutant that leads to acid rain, causing corrosion of

limemeststone buildings. [1] 

(ii) React the sulfur dioxide gas with calcium oxide / carbonate.
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A6 (a) Z, Y, X, W [1]

(b) The pale green solution turns colourless. [1] 

A silvery / grey deposit (metal X) is formed at the bottom of the beaker. [1] 

(c) (i) Z and W [1] 

(ii) On diagram:

 electrolyte used: aqueous copper(II) sulfate [1] 

 direction of electron flow: from metal Z to metal W [1] 

A7 (a) (i) A red-brown solid coats on electrode Q. [1] 

(ii) electrode P: Cu (s) → Cu2+ (aq) + 2e- [1] 
electrode R: 2Cl- (aq) → Cl2 (g) + 2e- [1] 

(b) (i) The Universal Indicator turns blue / indigo / violet. [1] 
(ii) During the electrolysis, the H+ ions are discharged at the cathode while the Cl- 

ions are discharged at the anode, leaving behind aqueous sodium hydroxide, a

strong alkali.         [2]

Section B [30m] 

B1 (a) (i)  2LiOH (aq) + CO2 (g) → Li2CO3 (aq) + H2O (l)   [1] 

(ii) Fr. Eqn.: 2   1 

 Given:    ? kg    1.1 kg 

 Mr:   24    44 

  50 mol [1]  25 mol 

Mass of lithium hydroxide for 1 astronaut = 50 mol x 24 = 1.2 kg [1] 

Mass of lithium hydroxide for 2 astronauts = 1.2 kg x 2 = 2.4 kg [1] 
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(ii) On diagram:

 electrolyte used: aqueous copper(II) sulfate [1] 

 direction of electron flow: from metal Z to metal W [1] W

A7 (a) (i) A red-brown solid coats on electrode Q. [1] 

(ii) electrode P: Cu (s) → Cu2+ (aq) + 2e- [1]

electrode R: 2Cl- (aq) → Cl2 (g) + 2e- [1]

(b) (i) The Universal Indicator turns blue / indigo / violl tetttttttttttttttttttttt. [1] 
(ii) During the electrolysis, the H+ ions are disccharged at thee caatthode while the Cl-

ions are discharged at the anode, leaving behihindnd aqueousus ssodium hydroxide, a 

strong alkali.         [2]

Section B [30m]

B1 (a) (i)  2L2 iOHH (aaq)q) ++ CCOO2 (g) → Li2CO3 (aq) + H2O (l)   [1] 

(ii) Fr. EqE n.:: 2 2  1 

  GiGiveven:n:    ? ? kgkg   1.1 kg 

MMrrMMMM ::   24  44 

  50 mol [1]  25 mol 

Mass of lithium hydroxide for 1 astronaut = 50 mol x 24 = 1.2 kg [1] 

M f lithi h d id f 2 t t 1 2 k 2 2 4 k [1]
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(b) (i) Li2CO3 + 2HCl → 2LiCl + H2O + CO2 [1] 

(ii) On diagram:

 correct labelling of diagram [1] 

 electrodes used: graphite (inert) [1] 

 electrolyte used: concentrated aqueous lithium chloride [1] 

(c) advantage: more oxygen is formed for astronaut’s consumption  [1] 

disadvantage: the sodium carbonate solution formed cannot be electrolysed to

regenerate the sodium peroxide [1] 

B2 (a) (i) The higher the volume of sodium thiosulfate solution used, the higher the

concentration of sodium thiosulfate solution.     [1] 

The higher the concentration of sodium thiosulfate solution, the faster the rate of 

reaction.          [1] 

(ii) The higher the concentration of sodium thiosulfate solution, the more particles per

unit volume, leading to more effective collisions, resulting in a faster rate of

reaction. [2] 

(b) The temperature of the reacting system [1] 

(c) (i) Both chromium and iron are transition metals. [1] 

(ii) Repeat experiment 4 (25.0 cm3 of Na2S2O3, 25.0 cm3 of H2O and 5.0 cm3 of HCl)

using chromium(III) oxide and iron(III) oxide. [2] 

If chromium(III) oxide is a more effective catalyst than iron(III) oxide, the time taken 

for the cross to disappear will be less than that of iron(III) oxide.  [1] 

(iii) Catalysts provide an alternative pathway with a lower activation energy. [1]
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(c) advantage: more oxygen is formed for astronaut’s consumption  [1] 

disadvantage: the sodium carbonate solution formed cannot be e elelecectrtrolo ysed to 

regenerate the sodium peroxide [1] 

B2 (a) (i) The higher the volume of sodium thiosulfate solutioon n ususeded, the hihighgherer tthehe 

concentration of sodium thiosulfate solution.     [1] 

The higher the concentration of sodium thiosososososososssosososossssossssssssssosssssssssssssssssssssssssooossssssssssssssssssssssssssulululuululululuuluulululuulullulluulululululululuuullululululululuuuululululluuluululuululululululuuuuuuuuluuluuulululuuuluuuuuuuuuuuuuuuuuuuululllllllllllluu fafafafafafafaffafaafafafafafafaafaafafafafafafafafafafafafafafafafafafafaafafaafafaaafafaafaaafafaafaafafaaffaaaaaafafafaaafafafafafafafafaafaafafaaafafafafffaaafffffffafffafffafafafffaaaaffafaaaaaaaaaaaffafaaaaaaaaaaattetetetetetteeeeeteeeteteteteeteteteteteteteeeteteteeteteetetetetetetetetetteeeeteeteteteteteeteeteteteteteeeeteteteteteteettettetetettteteettetettttetttetetetteettettteeeeeeeeeeeeeeeeeee ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssoloooooooloooloolololloooololloloollolooolollololllolololllollololololoollolooololooooloooooooooolooooloooolololoololoolloooooooooooolooololooooooooolllluutuuuuuutttutuutuuuututuututtutututtutuutttttuuttuututututututuuutuuuuuuutuuuuuuuutuuuuuutututtuuuuutuuuuututuuutuuututuuuuuuuuuuuutuuututuuttuuuttutttuu ioooooooooooonnn,n, the fastteteterrrr ththththe rate of

reaction.          [1] 

(ii) The higher the concentration of sodium thiosulfaf te soluttttioooonnn,n, the mmmmorororore particles pe

unit volume, leading to more effective colllisions, resultiingng inn a faster rate of

reaction. [2] 

(b) The temperature of the reacactitingng ssystetemm [1] 

(c) (i) Both chromium and iroronn arre e trt anansisititiono mmetals. [1] 

(ii) Repeaat exexpeperir ment 44 ((2525.0.0 cm3 of Na2S2O3, 25.0 cm3 of H2O and 5.0 cm3 of HCl)

usiningg chchroromiumm(I( III )) oxoxidde e and iron(III) oxide. [2] 

If chromiuium(m(IIIII)I) ooxixidede is a more effective catalyst than iron(III) oxide, the time take

fofor r ththee crc ososs s toto ddisappear will be less than that of iron(III) oxide. [1] 

(iiiii) ) CaCatatalyyststs s provide an alternative pathway with a lower activation energy. [1] 
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B3 Either
(a) (i) 150 oC, using nickel as catalyst [1] 

(ii)  H    H    H          H   H [1] 

  |     |    |   |     | 

H – C – C – C –––– C – C – H

  |     |    |   |     | 

 H   H  C = O   H H
  | 

 O 

  | 

 H 

(b) (i) Addition polymerisation occurs when unsaturated monomers join together without

losing any molecules or atoms. [1] 

(ii) test: pass the compounds into aqueous bromine [1] 

result with B: no visible reaction 

result with X: the red-brown aqueous bromine turns colourless immediately [1] 

(c) (i)     H    H H    H    H [1] 

  |     |    |     |      | 

H – C – C – C – C = C – H

  |     |    | 

 H   H  C = O  

  | 

 O 

  | 

 H – C – H 

  | 

 H – C – H 

  | 

 H 

(ii) Choose any one: [1] 

- Compound C is used as solvents for cosmetics, perfumes and glues.

- Compound C is used in the preparation of artificial food flavourings.

(d) Mg + 2C5H9COOH → (C5H9COO)2Mg + H2 [1] 
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 H   H  C = O   H H
 | 

 O 

 | 

H

(b) (i) Addition polymerisation occurs when unsaturateeeedddddddd momomomomomomommmomommomommmmmmmmommmmmmoommmmmmmommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmomoommmmmmmmmommmm nnnononononononoonononoonononoooooonoooonoooononoononooooooononononnooooonooonnnnnnnnononoonononnononoonononononooonoonnonnnoonnnnoonnnnnnnonnnoonnnnnnnnnnnnononnnonnnoonnnonnononomememememmmmmmmmmmmmmmmmmmmmmmmmmmm rs joiiiinnnn totooogegegegetther without

losing any molecules or atoms. [1] 

(ii) test: pass the compounds into aqueous bbbbbbbbbbbbbbbbbrororooroorororororoorooorororoororororoororroororororooooooooorrooooooorrroooooooooorrooorooooooroooororroorororrrroooooroorrroroooororrrroorrrrrrorrrorrrrroooor mimimmmimimmimmimimmimimimmmimimimimimmimimimimimmimmmimimmmimmmimimimmmmmimimmmmimmmmmmmmmmmmmmmmimmmmmmmmimmmimmmmmimmmmmimmmmmmmmimmmmimmmiimimmimmmimmmmimiiimmmm nenenenenenenneneneneneneenenenenenneeeenenenennenenenenneneeeenenneneneeeenneneeeeenenenneeennneneeeeeeeeneeenennneneeeeeneeeeeneneneeeneeeeeneeeeeneeeeeeeeeeee [1] 

result with B: no visible reaction 

result with X: the red-brown aqueous brommine turns coloouurleesss immediately [1] 

(c) (i)  H    H    H    H    H [1] 

  |     |    |     |      ||

H – C – C – C – C = CC –– HH

  |     |    | 

 H   H  C = O  

| 

 OO

|| 

H –– CC – H –

 | 

H – C – H –

  | 

H
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(e) test: pass the gas into limewater [1] 

result for IV: no visible reaction

result for V: gas evolved gives white ppt. with limewater [1] 

OR

test: insert a lighted splinter into a test-tube of gas [1] 

result for IV: gas evolved extinguishes the lighted splinter with a ‘pop’ sound

result for V: no visible reaction [1] 

B3 Or
(a) (i) propanal; C2H5CHO;  H   H   O [2] 

 |     |     || 

H – C – C – C – H

 |     | 

  H    H 

(ii) These molecules have the same general formula, CnH2n+1CHO. [1] 

These molecules have the same functional group, CHO. [1] 

(b) (i) butyl butanoate   H   H   H   O   H  H   H  H [2] 

  |    |    |     ||    |    |   |    | 

H – C – C – C – C – O – C – C – C – C – H

  |    |    |  |    |   |    | 

  H    H    H  H   H    H    H 

(ii) H    H    H    H  H    H    H  H [2] 

 |     |      |    |  |   |   |     | 

H – C = C – C – C – H  and    H – C – C = C – C – H

 |  |   |   | 

  H    H   H    H 

(iii) test: pass the compounds into acidified potassium manganate(VII) [1]

result with R: the purple acidified potassium manganate(VII) turns colourless

result with S: no visible reaction      [1]

OR

test: pass the compounds into aqueous sodium carbonate   [1]

result with R: no visible reaction

result for S: effervescence observed      [1]
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result for IV: gas evolved extinguishes the lighted splinter with a ‘pop’ sound

result for V: no visible reaction [1]

B3 Or
(a) (i) propanal; C2H5CHO;   H   H   O [2]

 |  |     || 

H – C – C – C – H

 |  | 

  H    H 

(ii) These molecules have the same generall formula, CnHH2nn+11CCHO. [1] 

These molecules have the same functional ggroroup, CHO.O [1] 

(b) (i) butyl butanoate HH  H HH   O  HH H H   H  H [2] 

  |  || ||    |||| ||    |   | | 

H – C – C – CC –– CC –– OO –– C – C – C – C – H

||  || ||  |   |   | | 

HH HH  H  H H  H H

(ii) H H    H    HH   HH  H    H    H  H [2]

  |     ||     ||    |   |   |   |     | 

HH –– CC == CC – CC – C – H  and   H – C – C = C – C – H

  |    |    |   | 

 H   H    H    H 

(iii) test: pass the compounds into acidified potassium manganate(VII) [1]

result with R: the purple acidified potassium manganate(VII) turns colourless
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2 

 
 

1 A solid mixture consists of lead(II) sulfate, zinc oxide and ammonium chloride.  

What is the correct procedure to obtain pure solid samples of lead(II) sulfate and 
ammonium chloride from the mixture?

I     Filter
II    Heat gently
III   Add water and stir
IV   Add dilute sulfuric acid and stir

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

2 The diagram shows the apparatus used for the slow reaction between two liquid organic 
compounds Y and Z in a heated round-bottomed flask.

What is the purpose of the condenser?

A To allow the product to escape as fast as it is formed.
B To enable Y and Z to mix more efficiently.
C To prevent the mixture from becoming too hot.
D To prevent Y and Z from escaping before the reaction is complete.

3 Q and R are two different atoms with the same nucleon number. 

Which of the following statements is true about Q and R? 

A They are atoms of different elements.
B They are isotopes of the same element.
C They have the same number of electrons.
D They have the same number of neutrons.
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3 

4 The diagram below shows the apparatus used to investigate the rate of diffusion of gases. 

Which gas would diffuse into the vacuum at the fastest rate?

A Ethene
B Neon
C Oxygen
D Sulfur dioxide

5 Boron consists of two isotopes. The table below shows the relative abundances of these 
two isotopes.

Isotopes Relative abundance
B10

5 19.7%
B11

5 80.3%

What is the relative atomic mass of boron?

A 10.4
B 10.5
C 10.8
D 10.9

gas at room 
temperature 
and pressure

porous barrier

vacuum
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6 Element R forms an ion, -2
2R , with the following structure:

What is the formula of the covalent compound that compound R forms with bromine?

A RBr
B RBr2
C RBr3
D RBr4

7 J, K and L are three different elements from the Periodic Table. The diagram below shows 
the electronic configuration of the compound formed between J, K and L. Only the 
outermost electrons are shown.

Which of the following statements is/are correct?

I     Element L is lithium.
II    Element K belongs to Group VI in the Periodic Table.
III   The compound formed consists of both ionic and covalent bonding.

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

R R

2-

J

+

K L

-
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8 On heating, sodium nitrate decomposes to form sodium nitrite, NaNO2, and oxygen 
according to the equation below.

2NaNO3 2 + O2

When 85 g of an impure sample of sodium nitrate is heated, 14 g of oxygen is formed.

Which expression shows the number of grammes of sodium nitrate in the impure sample?

A 85 X 
16
14

B 85 X 
32
14

C 85 X 
7
32

D 85 X 
14
32

9 Which of the following would give the largest volume of gas when 1 mole is completely 
reacted with excess oxygen at room temperature and pressure? 

A Butane
B Ethane
C Methane
D Propane

10 30 cm3 of an aqueous 1.0 mol/dm3 solution of the carbonate of metal X exactly neutralises 
200 cm3 of aqueous 0.1 mol/dm3 phosphoric acid, H3PO4. 

What is the formula for the phosphate of X? 

A XPO4
B X(PO4)3
C X3PO4
D X3(PO4)2

11 Which of the following statements about electrolysis is incorrect?

A During electrolysis, conduction of electricity through the electrolyte depends on the 
mobility of the ions.

B During electrolysis, the anode can be regarded as a reducing agent.
C During electrolysis, the discharge of the cation is a reduction reaction. 
D During electrolysis, the electrolyte will decompose.
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12 The table below shows the melting and boiling points of lead(II) bromide, mercury, 
methanoic acid and sulfur. 

Melting point/oC Boiling point/oC
Lead(II) bromide 370 910

Mercury -38 356
Methanoic acid -2 112

Sulfur 119 445

When the apparatus shown below is set up, the bulb glows.

Which of the following correctly lists the substances present in beaker 1 and beaker 2?

Beaker 1 Beaker 2  
A Lead(II) bromide Sulfur  
B Mercury Methanoic acid  
C Methanoic acid Lead(II) bromide  
D Methanoic acid Sulfur  

 
 
13 Molten aluminium oxide is electrolysed. What is the half equation for the reaction that 

takes place at the anode?

A Al3+ + 3e- l
B 2H+ + 2e- 2
C 2O2- 2 + 4e-

D 4OH- 2 + 2H2O + 4e-

 
 
 
 
 
 
 
 
 
 
 
 

Beaker 1 
at 20 oC 

Beaker 2
at 400 oC
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14 An electrolysis setup was constructed to collect the gases evolved during the electrolysis 
of concentrated aqueous sodium chloride solution as shown in the diagram below.

If one mole of electrons were passed through the electrolyte, what were the volumes of 
gases collected in the respective test tubes?

Volume of gas in 
test tube above 

cathode/dm3

Volume of gas in 
test tube above 

anode/dm3

 

A 6 6  
B 6 12  
C 12 6  
D 12 12  

 
 
15 In which of the following reactions is the sign of H correctly shown?

Equation for the reaction Sign of H  
A Positive  
B C2H4 Negative  
C H2 2O (l) Negative  
D NH4Cl 3 (g) + HCl (g) Positive  

 
 
16 Ammonia reacts with oxygen to form nitrogen oxide and water according to the equation 

below.

4NH3 (g) + 5O2 (g) 4NO (g) + 6H2O (g)               H = -380 kJ/mol

Which of the following statements is not true?

A Nitrogen oxide and water have a total energy greater than that of ammonia and 
oxygen combined.

B The activation energy of the forward reaction is lower than that for the reverse 
reaction.

C The products would occupy a greater volume than the reactants.
D The reverse reaction is endothermic with a H of +380 kJ/mol.
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17 Consider the following reaction:

I2 (s) + 2 -2
32OS - (aq) + -2

64OS (aq)

Which of the following statements is/are correct?

I     The oxidation state of sulfur is increased.
II    I2 (s) is an oxidising agent.
III   -2

32OS (aq) is a reducing agent.

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

18 Which graph represents how the rate of reaction varies with time when excess calcium 
carbonate reacts with dilute hydrochloric acid?

A B

C D

time

rate

0
time

rate

0

time

rate

0 0
time

rate
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19 In an experiment, a 4 cm long magnesium ribbon is added to 70 cm3 of 0.5 mol/dm3 nitric 
acid and a graph of total volume of gas produced against time is shown by Graph I. 

The experiment is repeated using the same length of magnesium ribbon but 35 cm3 of  
1.0 mol/dm3 hydrochloric acid and its result is shown by Graph II. 

Which of the following correctly shows both graphs?

A B

 

 

C D

20 Which of the following is true of aqueous ammonia and aqueous sodium hydroxide 
solutions of the same concentration?

A Both form a white precipitate which dissolves in excess when reacted with aluminium 
ions.

B Both have a pH value of 14.
C Both will cause methyl orange to turn orange when it is added. 
D Both will require the same number of moles to completely neutralise 30 cm3 of  

1.0 mol/dm3 sulfuric acid.

21 Which of the following methods would not produce ammonia gas?

A Boiling concentrated aqueous ammonia.
B Heating ammonium nitrate solution with copper(II) hydroxide.
C Heating ammonium sulfate solution with potassium hydroxide.
D Heating sodium nitrate solution with aluminium foil and calcium hydroxide.
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22 The following chemicals are mixed together in separate experiments as shown below.

Ammonium nitrate with cold sodium hydroxide
Calcium oxide with dilute nitric acid
Copper(II) carbonate with dilute sulfuric acid
Silver metal with dilute hydrochloric acid

How many different gases are formed in total?

A 1
B 2
C 3
D 4

23 Which of these mixtures would not leave a precipitate when the alkali is added in excess?

A Calcium nitrate with potassium hydroxide
B Copper(II) sulfate with aqueous ammonia
C Iron(II) chloride with potassium hydroxide
D Lead(II) nitrate with aqueous ammonia

24 Which of the following statements about ammonia is correct?

A It dissolves readily in water to form a solution with pH 6.
B It is formed by heating ammonium salt with dilute acid.
C It reacts with potassium hydroxide to form a salt.
D It will decompose to hydrogen and nitrogen molecules when heated strongly.

25 Which of the following properties decreases going down Group VII?

A Boiling point
B Chemical reactivity
C Density
D Intensity of colour
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26 The reactivity of Group II metals follows a similar trend to that of Group I metals.

Four Group II metals, P, Q, R and S, were tested in an electric cell as shown in the 
diagram below.

The voltage produced is recorded and shown in the table below.

Metal Voltage/V
P 0.6
Q 0.3
R 0.8
S 0.5

The four metals tested were magnesium, calcium, strontium and barium.

What is a possible identity of P? 

A Barium
B Calcium
C Magnesium
D Strontium

27 Excess sodium metal is added to copper(II) sulfate solution. The mixture is stirred until 
no further changes are observed.

Which of the following is correct?

Final colour of solution Gas evolved  
A Blue Colourless, odourless gas 

evolved
 

B Blue No gas evolved  
C Colourless Colourless, odourless gas 

evolved
 

D Colourless No gas evolved  
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28 Four metals, W, X, Y and Z, were reacted with solutions of their respective nitrates. The 
results are shown in the table below.

W nitrate X nitrate Y nitrate Z nitrate
W - No reaction No reaction No reaction
X Displacement 

occurred
- No reaction Displacement 

occurred
Y Displacement 

occurred
Displacement 

occurred
- Displacement 

occurred
Z Displacement

occurred
No reaction No reaction -

Which metal is the strongest oxidising agent?

A W
B X
C Y
D Z

29 Metal X only reacts with hot nitric acid.

Metal Y reacts explosively with cold water. 

Cold metal Z reacts vigorously but not explosively with steam and can be used to prevent 
iron pipes from rusting.

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

X Y Z  
A Found

uncombined
Electrolysis Electrolysis  

B Found
uncombined

Heating with 
carbon

Heating with 
carbon

 

C Heating with 
carbon

Electrolysis Electrolysis  

D Heating with 
carbon

Heating with 
carbon

Heating with 
carbon

 

30 During the extraction of iron in the Blast Furnace, which substances are oxidised?

A Carbon only
B Carbon and carbon monoxide
C Carbon, carbon monoxide, silicon dioxide and calcium oxide
D Carbon dioxide and haematite
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31 Which of the following is not a reason why recycling of metals is practiced?

A Disposal by landfill causes land pollution.
B No poisonous waste gases are produced by recycling plants.
C Recycling helps us to conserve our natural resources.
D Recycling reduces wastage of precious metals.

32 CFCs are known to cause depletion of the ozone layer.

Which element in CFCs is responsible for the depletion of the ozone layer? 

A Carbon
B Chlorine
C Fluorine
D Oxygen

33 ‘Haze’ is an environmental inconvenience which commonly affects Singapore. In Western 
countries, it is known as photochemical smog.

Which of the following is the primary pollutant responsible for the cause of ‘haze’?

A Carbon monoxide
B Oxides of nitrogen
C Ozone
D Sulfur dioxide

34 The diagram below shows a fractionating column which is used to separate crude oil into 
different fractions.

Which fraction has the highest density?
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35 Cyclohexane and hexene are isomers of each other. Their structural formulae are shown 
below.

Cyclohexane Hexene

C C

CC

C C

H
H H

H

H

HH

H
H

H H
H

C C C C C C

H

H H H

H

H

H

H

H

H

H

H

Which of these statements is/are correct?

I     Both molecules have the same empirical formula.
II    Both molecules will react with chlorine in the presence of light to give a new product.
III   Both molecules will decolourise bromine water.

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

36 Which of the following is not an example of an addition reaction?

A Bubbling hydrogen gas into vegetable oil
B Formation of poly(ethene) from ethene
C Reacting ethanol with acidified potassium manganate(VII)
D Reacting propene with steam at high temperature and pressure
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37 What is the structural formula of the product formed when butanol and propanoic acid 
react together?

A C C C

O

O C C C C

H

H

H

H

H H

H

H

H

H

H

H

H

H

B C C C

O

O C C C

H

H

H

H H

H

H

H

H

H

C H

H

H

H

C 
C C C

O

O C C C

H

H

H

H

H H

H

H H

H
C

H

H

H

H

D 
C C C

O

O C C C

H

H H H

H

H

H

H

H

H

C

H

H

H

H

38 Three different chemical tests were carried out on an unknown organic liquid, X. The 
results are shown in the table below.

Test Observation
Adding copper metal No visible change
Adding ethanol and 

heating
Sweet smelling liquid 

produced
Adding aqueous 

bromine Mixture remains brown

Which of these statements is true?

A Electricity is not able to pass through X.
B Hydrogen gas will be given off at the cathode if X is electrolysed.
C X can be formed by the reduction of an alcohol.
D X contains at least one carbon-carbon double bond.
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39 Which bond in a molecule of propanoic acid is broken when it reacts with ethanol?

A The C-C bond
B The C-O bond
C The C=O bond
D The O-H bond

40 Which of the following statements is true about nylon and Terylene?

I     Water is formed when both are created from their monomers.
II    Carboxylic acid monomers are required to form both nylon and Terylene.
III   The formation of nylon requires a monomer with 2 –OH functional groups, whilst the 
      formation of Terylene requires a monomer with 2 –NH2 functional groups.

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

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 Use the substances listed A to E in the table below to answer the following questions.

Substance Type of bonding Melting point/oC Boiling point/oC
A Ionic 990 1965
B Covalent -182 -161
C Covalent -10 76
D Covalent 1610 2230
E Metallic 660 1360

(a) Which substance could be an alcohol?

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

(b) Do you expect substance A to conduct electricity at 1000 oC? Give a reason for 
your answer.

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

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

(c) Explain how A and E can both have high melting points despite having different 
types of bonding.

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

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

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

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

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

(d) Explain why E is able to conduct electricity in all physical states.

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

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

[Total: 5]
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A2 (a) Silicon carbide, SiC, has a structure similar to that of diamond. Each silicon atom 
is bonded to four other carbon atoms. It is made by heating pure sand, SiO2, with 
carbon at a very high temperature. Carbon monoxide is the other product.

(i) Construct a balanced chemical equation for this reaction

……………………………………………………………………………………[1]

(ii) Explain, with reference to its structure, why silicon carbide has a high melting 
point.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(iii) Carbon monoxide as the same type of bonding as silicon carbide. Would you 
expect carbon monoxide to have a high melting point like silicon carbide? 
Explain your answer.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(b) Methylamine, CH3NH2, is a derivative of ammonia, in which one H atom has been 
replaced by a –CH3 group.

(i) Draw a ‘dot-and-cross’ diagram to show the electronic structure of 
methylamine. Show only the valence electrons.

[2]
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(ii) Like ammonia, methylamine reacts with hydrochloric acid to form a salt. 
Write a chemical equation to show the reaction between methylamine and 
hydrochloric acid.

……………………………………………………………………………………[1]

[Total: 8]
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A3 One of the uses of electrolysis is in the purification of metals. A block of impure copper 
was purified using electrolysis as shown in the diagram below.

(a) What happens to the concentration of the electrolyte during the electrolysis? 
Explain your answer.

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

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

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

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

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

(b) State what would be observed at the anode as the electrolysis proceeds.

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

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

(c) Write an ionic equation for the reaction taking place at the impure copper block. 
Include state symbols.

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

Copper block

Aqueous copper(II)
sulfate

Impure 
copper 
block
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(d) The following measurements were made during the purification of the impure 
copper.

                 Mass of impure copper at start of electrolysis = 10.0 g
                 Mass of cathode at start of electrolysis           = 62.5 g
                 Mass of cathode at end of electrolysis            = 68.9 g

Based on the data presented above, determine the percentage purity of the impure 
copper block.

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

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

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

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

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

(e) On the axes provided below, sketch the energy profile diagram for the purification 
of copper. Label the activation energy, Ea, and energy change for the reaction, H, 
on the diagram. You may label the starting reactant as impure copper and the end 
product as pure copper. Explain the relative energy levels of the reactant and the 
product.

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

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

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

[Total: 8]

Energy

Progress of reaction

KiasuExamPaper.com



7 

 
 

A4 Granite is a type of rock which can be used for making sculptures and floor tiles. It is 
abundantly available from the ground, and is a very strong material, making it very 
suitable for use in construction. The table below shows the average percentage by mass
of oxides found in samples of granite.

Solid found in granite Percentage by mass/%
Silicon dioxide 72.0

Aluminium oxide 14.4
Potassium oxide 4.1

Sodium oxide 3.7
Other unreactive solids 5.8

The only downside about using granite for construction is that care must be taken to place 
the structure away from rainwater as far as possible as the water molecules present react 
with the oxides in granite over time. 

(a) Which of the oxides in granite would react with the water when first in contact with 
the rain? Explain your answer.

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

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

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

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

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

(b) After the oxides in granite have first reacted with water, the corrosion of granite will 
still continue. Explain why this is so.

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

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

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

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

……………………………………………………………………………………………[2]
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(c) One of the largest granite structures on earth is the granite column at Mons 
Claudianus in Egypt which has a mass of 207 tonnes.

Calculate the minimum loss in mass (in tonnes) of the structure if water were to 
react with the granite column over a long period of time.

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

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

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

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

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

[Total: 5]
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A5 There is a gradual change in properties of the elements moving down Group I of the 
Periodic Table.

(a) State how the melting points of the elements change moving down Group I.

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

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

(b) Based on the bonding and structure, suggest a reason for the trend in (a).

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

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

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

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

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

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

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

(c) Group I metals react readily with cold water. State the products formed when 
potassium reacts with water. 

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

(d) The reaction between caesium and water is more vigorous than that between 
potassium and water. Account for the difference.

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

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

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

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

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

[Total: 7]
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A6 Galvanisation is a method often used to prevent iron from rusting. In galvanisation, a layer 
of zinc is coated on the iron, causing the zinc to sacrificially corrode in place of the iron. 
This process is called sacrificial protection. However, environmental conditions may 
accelerate the rate of rusting in spite of zinc being present as a sacrificial metal.

(a) List the necessary conditions for rusting of iron to take place.

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

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

(b) Explain why zinc can be used as a sacrificial metal to prevent the corrosion of iron.

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

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

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

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

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

(c) Modern galvanisation methods require that another layer of chromium be added on 
top of the zinc layer.

(i) Arrange the three metals, chromium, iron and zinc, in order of increasing
reactivity.

……………………………………………………………………………………[1]

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

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]
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(c) When rusting occurs, iron(II) oxide and another oxide of iron, X, are formed. The 
percentage by mass of the elements present in X are shown below.

Element Percentage by mass/%
Iron 72.4

Oxygen 27.6

(i) Calculate the empirical formula of X.

[2]

(ii) Given that the relative formula mass of X is 232, what is the molecular 
formula of X?

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[1]

[Total: 9]
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A7 There are two main types of polymerisation which take place between organic molecules. 
In very special cases where the molecule has more than one functional group present, it 
is possible for the molecule to undergo both kinds of polymerisation to form polymers with 
different structural formulae. One such molecule, X, is shown below.

C C C C

O

O

CCO

H

H H

H

H

H

H

H

H H

 
Molecule X

(a) Draw the full structural formulae of all the possible polymers which can be formed 
when many units of molecule X chemically combine. Show two repeating units in 
your answer.

[2]
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(b) In chemical reactions involving the oxidation of alcohols, only –O-H groups at the 
end of the organic molecule will be oxidised to form carboxylic acids. If the –O-H
group is not at the end of the organic molecule when oxidation takes place, it will 
get converted to C=O instead. 

A gas containing molecule X was first reacted with excess steam under high 
temperature and pressure to form a gas containing only molecule Y. an oxidising 
agent was then reacted with the gas containing molecule Y to form molecule Z,
which was dissolved in 200 cm3 of water to form solution Z.

(i) Draw the full structural formulae of molecules Y and Z.

[2]

(ii) 20.00 cm3 of solution Z was completely reacted with 25.0 cm3 of 0.1 mol/dm3

sodium hydroxide solution using a suitable indicator. Calculate the 
concentration of solution Z.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(c) The solid form of molecule X was completely burnt in oxygen. Carbon dioxide, 
carbon monoxide and another gaseous pollutant was released.

(i) Identify the gaseous pollutant.

……………………………………………………………………………………[1]
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(ii) List one harmful effect of this gaseous pollutant.

………………………………………………………………………………………. 

……………………………………………………………………………………[1]

[Total: 8]

END OF SECTION A 
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SECTION B
Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be 
attempted. 

B8 Introduction to Functional Groups

One of the characteristics of most organic molecules is that they contain a functional 
group. All molecules containing a particular functional group would likely undergo the 
same kind of chemical reactions, which allows scientists to classify them into different 
homologous series.

It is interesting to note that in addition to the functional groups what have been introduced 
this far, the carbon-carbon double bond, the hydroxyl group (-O-H) for alcohols, the 
carboxyl group (-COOH) for carboxylic acids and the ester linkage, there are more 
functional groups for organic molecules.

The table below briefly summarises some of the many functional groups which can be 
found in organic molecules.

Homologous series Name of functional group Functional group
Alkene Carbon-carbon double 

bond
C C

Alkyne Carbon-carbon triple bond C C
Alcohol Hydroxyl O H

Aldehyde Carbonyl
C H
O

Carboxylic acid Carboxyl
C O H
O

Ester Ester
C O
O

Acyl chloride Acyl 
C Cl
O

Amine Amine N
H

H

Classifying Organic Molecules into Homologous Series

With so many functional groups, it is unavoidable that most organic molecules would 
contain two or more functional groups. If a molecule contains two or more functional 
groups, then there would be a need to classify that molecule into only one homologous 
series because it cannot belong to two different homologous series at the same time. 
Hence, organic chemists came up with a priority list to name an organic molecule. 
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Take for example the molecule that is shown below:

C C

O

OH

H

H

O

H

 

The molecule contains both the –O-H functional group, which would classify it as an 
alcohol, and also the –COOH functional group, which would classify it as a carboxylic 
acid. In this case, following the table of priority below, the –COOH group has a higher 
priority over the –O-H group, classifying the molecule as a carboxylic acid.

Order of priority Homologous series
1 Carboxylic acid
2 Ester
3 Aldehyde
4 Alcohol
5 Alkenes or alkynes

Chemical Tests for Identification of Functional Groups

Since there are so many functional groups, there has to be a way to distinguish between 
different functional groups chemically as well. The table below summarises the 
distinguishing chemical tests for the various functional groups.

Homologous series Distinguishing chemical 
test

Observation

Carboxylic acid Reacting with sodium 
carbonate

Colourless, odourless gas 
evolved

Ester Heating with concentrated 
aqueous sodium hydroxide, 

then sodium carbonate

Colourless, odourless gas 
evolved

Aldehyde Reacting with 2, 4-DNPH Orange precipitate formed
Alcohol Reacting with acidified 

potassium manganate(VII)
Acidified potassium 

manganate(VII) changes 
from purple to colourless

Alkenes or alkynes Reacting with aqueous 
bromine

Bromine changes from 
brown to colourless

Proper Disposal of Organic Chemicals

Because many organic chemicals are highly toxic, certain homologous series cannot be 
stored together within the same area in the science lab. At the same time, care also 
needs to be taken to ensure that organic chemicals are not poured directly down the sink 
but rather stored in proper plastic bottles for disposal by authorised chemical companies. 
The table on the next page summarises the compatibility of chemicals from different 
homologous series.
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Chemical Incompatible with

Ethanoic acid

Chromic acid, nitric acid, 
compounds containing the 
–O-H group, ethene, any 

compound containing 
manganate(VII)

Bromine and chlorine
Ammonia, ethyne, 

butadiene, butane and 
other petroleum gases

Concentrated nitric acid
Ethanoic acid, alcohols, 
chromic acid, flammable 
liquids, flammable gases

(a) Make use of the molecule below to answer the questions that follow.

C

O

CCCC

O H

HH

H

H H  
Molecule A

(i) Give the names of all the functional groups present in molecule A.

……………………………………………………………………………………[1]

(ii) Hence, identify which homologous series molecule A belongs to.

……………………………………………………………………………………[1]

(iii) A student suggested using aqueous bromine to distinguish between propene 
and molecule A. Suggest why this method would not work.

……………………………………………………………………………………[1]
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(iv) Suggest three chemical tests which could be used to differentiate between 
molecule A and the molecule below and describe the results of each test.

CCC

O

O
H

HH

H

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[3]

(b) A student conducted a series of tests on an unknown organic molecule. The results 
are summarised in the table below.

Chemical test Observation
Reaction with 2, 4-DNPH Orange precipitate formed
Reaction with aqueous 

bromine
Bromine changed from 

brown to colourless
Reaction with sodium 

carbonate
Colourless, odourless gas 

evolved

Further tests revealed that the molecule had a relative molecule mass of 100.

(i) Draw the full structural formula of the molecule.

[1]

(ii) State which homologous series the molecule belongs to.

……………………………………………………………………………………[1]
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(c) A student conducted an experiment involving cracking of octane, C8H18. She 
determined that the cracking experiment yielded 1 mole of three different products: 
butane, an unknown hydrocarbon, and hydrogen gas. 

(i) Give the name of the unknown hydrocarbon.

……………………………………………………………………………………[1]

(ii) At the end of the experiment, there was octane still left over which was still 
very hot. She decided to pour the octane and catalyst mixture into a bottle 
containing concentrated nitric acid.

Suggest why this approach is not advisable, giving reasons for your answer.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(d) Suggest why it is not advisable for bromine and butane to be stored together.

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

[Total: 12]
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B9 Bromine and chloride are elements in Group VII of the Periodic Table.

A student carried out an experiment in a laboratory to investigate the reaction between 
bromide ions and chlorine gas.

He bubbled chlorine gas through dilute, aqueous potassium bromide for 6 minutes. He 
took samples of the reaction mixture every 30 seconds and measured the colour intensity 
of each sample using a colorimeter. 

A colorimeter is a device used to measure light absorbed when the light passes through 
a coloured solution. The diagram below shows how a colorimeter works.

 
 

The darker the colour of the sample solution, the more light is absorbed and the less light 
is detected by the detector, hence resulting in a higher absorbance reading on the 
colorimeter.

Aqueous bromine absorbs more light than aqueous chlorine or potassium bromide.

The student plotted her results on a graph shown below.
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(a) With reference to the reaction, explain the relationship between absorbance and 
time in the first minute of the experiment.

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

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

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

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

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

(b) Making use of the Collision Theory, describe and explain the changes in the speed 
of reaction shown by the graph.

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

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

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

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

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

(c) The student carried out four more experiments to determine the time taken for each 
reaction to finish. She used the same volume of potassium bromide solution each 
time. She recorded the time taken and the absorbance reading at the end of each 
reaction in the table shown below.

Experiment Time taken for reaction 
to finish/mins

Absorbance reading at 
the end of the reaction

1 5.00 0.8
2 6.00 0.4
3 2.50 0.8
4 2.50 0.9

(i) Which experiment uses potassium bromide of a lower concentration than in 
experiment 1?

……………………………………………………………………………………[1]

(ii) Suggest how the time taken for the reaction to finish relates to the rate of 
reaction if the starting concentration of reactants is the same.

………………………………………………………………………………………. 

……………………………………………………………………………………[1]
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(iii) Compare and explain the similarities and differences in the time taken and 
absorbance readings obtained for experiments 1 and 3.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

[Total: 8]
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EITHER

B10 (a) The table below gives information about the properties of some Group VII elements.

Element Appearance at room 
temperature and pressure

Fluorine Pale yellow gas
Chlorine Yellowish-green gas
Bromine Reddish-brown liquid
Iodine Shiny-black solid

(i) What is the name given to the Group VII elements?

……………………………………………………………………………………[1]

(ii) Explain the trend in the physical state of the Group VII elements.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(iii) Name the products formed when aqueous bromine is added to aqueous 
sodium iodide solution.

……………………………………………………………………………………[1]

(b) (i) Describe how one could go about preparing a pure, dry sample of lead(II) 
chloride from two starting products of your choice. Write an equation for the 
reaction you have described.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[4]
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(ii) Suggest why it would not be possible to prepare lead(II) chloride by reacting 
lead(II) carbonate and hydrochloric acid together.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

[Total: 10]
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OR

B10 Shale is a sedimentary rock which contains a variety of iron compounds like haematite 
and hydroxides of iron. The colours of some iron compounds are shown in the table 
below. Shale is usually found in areas where there is also a significant quantity of carbon 
buried. Carbon acts as a reducing agent when reacting with the iron compounds in the 
shale, giving it multiple colours.

Name of iron compound Colour
Haematite Red

Iron(II) hydroxide Dirty-green
Iron(III) hydroxide Reddish-brown

Iron(II) oxide Black

(a) When a sample of shale was dug up, it was observed that the sample contained 
two different colours.

(i) What were the possible colours of the sample of shale which was dug up? 
Explain your answer.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(ii) Suggest what colours would be present in the same sample of shale which 
has been left in the open for many years. Explain your answer.

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2]

(b) The extraction of iron involves removing the pure iron from impure haematite. Since 
shale also contains haematite, it is possible to extract pure iron from shale also. 

(i) Write the balanced chemical equation for the extraction of pure iron from 
haematite.

……………………………………………………………………………………[2]
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(ii) If 100 tonnes of shale was placed in the Blast Furnace, and 30 tonnes of 
pure iron was extracted, calculate the percentage purity of the shale which 
placed in the Blast Furnace.

(1 tonne = 1 X 106 g)

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[4]

[Total: 10]

END OF PAPER
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1 A solid mixture consists of lead(II) sulfate, zinc oxide and ammonium chloride.  

What is the correct procedure to obtain pure solid samples of lead(II) sulfate and 
ammonium chloride from the mixture?

I     Filter
II    Heat gently
III   Add water and stir
IV   Add dilute sulfuric acid and stir

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

2 The diagram shows the apparatus used for the slow reaction between two liquid organic 
compounds Y and Z in a heated round-bottomed flask.

What is the purpose of the condenser?

A To allow the product to escape as fast as it is formed.
B To enable Y and Z to mix more efficiently.
C To prevent the mixture from becoming too hot.
D To prevent Y and Z from escaping before the reaction is complete.

3 Q and R are two different atoms with the same nucleon number. 

Which of the following statements is true about Q and R? 

A They are atoms of different elements.
B They are isotopes of the same element.
C They have the same number of electrons.
D They have the same number of neutrons.

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

The diagram shows the apparatus used for the slow reactitionon bbetetwew en ttwowo lliqiquiuidd organ
compounds Y and Z in a heated round-bottomed flask.

What is the purprposose e of tthehe cconondedensn er?

A To allowow tthehe pproroduductct ttoo escape as fast as it is formed.
B To enaablblee YY ana dd ZZ tot  mix more efficiently.
C To preveentnt tthehe mmixture from becoming too hot.
D To preventt YY and Z from escaping before the reaction is complete.
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4 The diagram below shows the apparatus used to investigate the rate of diffusion of gases. 

Which gas would diffuse into the vacuum at the fastest rate?

A Ethene
B Neon
C Oxygen
D Sulfur dioxide

5 Boron consists of two isotopes. The table below shows the relative abundances of these 
two isotopes.

Isotopes Relative abundance
B10

5 19.7%
B11

5 80.3%

What is the relative atomic mass of boron?

A 10.4
B 10.5
C 10.8
D 10.9

gas at room 
temperature 
and pressure

porous barrier

vacuum

Which gas would diffuse into the vacuum at the fastest rate?

A Ethene
B Neon
C Oxygen
D Sulfur dioxide

Boron consists of two isotopes. The table below showwwwwwwwwwwwwwwwwwwssssssssssssssssssssssssssssssssssssssssssssssssss ththththhthththththththhhthhthththththththththhththththththttttthththththttthtthththththtthththtththttttthththttththtthttttthtththtththtttthtttththththththhthhhthhthhhthhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee rrelattttiveveveve abundndndndanananances of thes
two isotopes.

Isotopes Relativee aabundanncece
B10

5 1919.7. %
B11

5 8080.33%

What is the relative atomic mass oof f boboroon?n?

A 10.4
B 10.5
C 10.8
D 10.9

porous barrier
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6 Element R forms an ion, -2
2R , with the following structure:

What is the formula of the covalent compound that compound R forms with bromine?

A RBr
B RBr2
C RBr3
D RBr4

7 J, K and L are three different elements from the Periodic Table. The diagram below shows 
the electronic configuration of the compound formed between J, K and L. Only the 
outermost electrons are shown.

Which of the following statements is/are correct?

I     Element L is lithium.
II    Element K belongs to Group VI in the Periodic Table.
III   The compound formed consists of both ionic and covalent bonding.

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

R R

2-

J

+

K L

-

What is the formula of the covalent compound that compound R forms with bromine?

A RBr
B RBr2
C RBr3
D RBr4

J, K and L are three different elements from the Peririrr ooodododdoddodododddoddddododododdodododddddododdododododdodddddodododododdododdoddododdododooddodododddoddododdddododdodoooodododdodddodddodddddddddodoooooooodooodooooodododoodooooddodddoodiciiciiciiciciciciciciciciciciciiciciiciciciiciciciciciciciciciciccciccciciciciccicccccccciccicccccccccicccicciccicccciciccccicccicicicciccciccccciciciccccccicicccciccccicccccicciccciciciciciciccciccccc TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTababaabababababababababababababbbababbbbabababababababababababababbabababababbababababbababaabababababababbbabababababbabbbabbaababbbabaabbabbbbabababababbabbababaabababbabbbababbababbabababaabababababbaaaaaaabababaaaaabababbababbabaabaabbbbaaaaabbbbbaabbbbbbbbbbbbbbbaableleleleleleleleeeeeeleleleleleeleleeleleeeleleleleeeeleleleeeleleleeleleeelelelelelelelelelellelelleelelllllelelelelleleeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeleee.................... ThThThThTThThThTThTTTTTTThTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT ee ee diagagagagrarararammmm bebebebelow show
the electronic configuration of the compound fororoorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrmememememememememememmmememememmmemememememmememeeeeemememmmmmmememmmmmememeememememeeeememememmmeeememmmmememmmemeemememeemeemememmememeeeeemeememememememememmemeeeememememmmmemeemmmememeeeeeeememmmmmememeememmemmmmmmmmmeemmmmmmmeemmmememeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd bebebebebebebebebebebebebebebebebebebebebebebebebebebebebebebbebbebbebebebebbbebeeebebebebbbbebebebebebebebebbbbebebbebeebbbbbebebebbebebebbebebebebbebebebeebeeeebbbbeeebebebbeeebebebebebbbebebebebebbbebebebeeeeebeebeebebeeeeebbbbbeebeebbbbeebebeebebbebebeeeeebeeebbebbbeeeetwtwtwtttwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwwtwtwtwtwtwtwtwttwtwtwtttttttwtwtwtwtwtwttwtwttwtwtwtwtwtwtwtwttttttwtwwwtwtwttwtwtwtwtwtwtwtwttwttwwtwtwtwtwwtwttwwwwtwwwtwwwwtwwwtwtwwwwtwtwttwwtwtwtwtttwtttwttwtttwtwttttttwttt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee nnn JJ,, KK anandd LL. Only th
outermost electrons are shown.

Which of the following statementts s isis/a/arer ccororrrect?

I     Element L isis llitithiiumum.
II    Element K bebelolongs toto GGroroupup VVI in the Periodic Table.
III   The compound forormemedd coconsn ists of both ionic and covalent bonding.

A I only
B I and II onlnlyy
C II and III onlnlyy
D I, II and III

J

+

K LL

-
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8 On heating, sodium nitrate decomposes to form sodium nitrite, NaNO2, and oxygen 
according to the equation below.

2NaNO3 2 + O2

When 85 g of an impure sample of sodium nitrate is heated, 14 g of oxygen is formed.

Which expression shows the number of grammes of sodium nitrate in the impure sample?

A 85 X 
16
14

B 85 X 
32
14

C 85 X 
7
32

D 85 X 
14
32

9 Which of the following would give the largest volume of gas when 1 mole is completely 
reacted with excess oxygen at room temperature and pressure?

A Butane
B Ethane
C Methane
D Propane

10 30 cm3 of an aqueous 1.0 mol/dm3 solution of the carbonate of metal X exactly neutralises 
200 cm3 of aqueous 0.1 mol/dm3 phosphoric acid, H3PO4. 

What is the formula for the phosphate of X? 

A XPO4
B X(PO4)3
C X3PO4
D X3(PO4)2

11 Which of the following statements about electrolysis is incorrect?

A During electrolysis, conduction of electricity through the electrolyte depends on the 
mobility of the ions.

B During electrolysis, the anode can be regarded as a reducing agent.
C During electrolysis, the discharge of the cation is a reduction reaction. 
D During electrolysis, the electrolyte will decompose.

16

B 85 X 
32
14

C 85 X 
7
32

D 85 X 
14
32

Which of the following would give the largest volululumemememememememememememememememememeememememememmememmemememememeemememememmemememememememmmememmememmememememmememememememmmemememmmemmemmeemeemmmemmemmememememmmememmmmmmemmemmemmmmmmeememmmemmmmmmemmmmmmmmmmmmmmmmmeemmmeemeeeemmmmemmeme oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooffffff fffffff ffffffffffff fff f fffffffff f ffff fff f fffff f ffffffffffffffffffff fffffffffffffff ffffff gagagagagagggagagagagaagagagagagagagaagagagggggagagggagagaggagagagagagggagaggaggagagaggagagagaggagagagagaggggggagagagggggaagagaggaggggaagaggggaagaaaagaggagagagagagaaggaaagggagaaaggaagagagaagaaaaaaaaaaaagagaaaaagggggggggggggg s ssssssssssssssssssssssssssssssssssssssssssssssssssss sss sss ssssssssssssssssssssssssssssssssssss whwhwhwhhwhwwwwhwhwhwhwhwhwhwhwhwwwhhwhwwhhwhhwwhwwhwhhwwwhwhwhhhhhwhhwwhwhhwwhhwwwhenen 11 mmololee isis complete
reacted with excess oxygen at room temperature andndddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppprererererereeerereerereeererrrereerrrrrrerrrrreerrrrrererererrrrrrrrrrrereeererrrrreerrrrrrrrrererrrererrrerrreereeeereerereeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss uure??

A Butane
B Ethane
C Methane
D Propane

0 30 cm3 of an aqueous 1.0 mol/dm33 sosolulutitionon oof f ththe e carbonate of metal X exactly neutralise
200 cm3 of aqueous 0.1 mol/dm33 phphososphphororicic aacicid,d  H3PO4. 

What is the formmula fofor r ththe phphososphphatatee of X?

A XPO4
B X(PO4))33
C X3PO44
D X3(PO4))22

Which of the following statements about electrolysis is incorrect?
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12 The table below shows the melting and boiling points of lead(II) bromide, mercury, 
methanoic acid and sulfur. 

Melting point/oC Boiling point/oC
Lead(II) bromide 370 910

Mercury -38 356
Methanoic acid -2 112

Sulfur 119 445

When the apparatus shown below is set up, the bulb glows.

Which of the following correctly lists the substances present in beaker 1 and beaker 2?

Beaker 1 Beaker 2
A Lead(II) bromide Sulfur
B Mercury Methanoic acid
C Methanoic acid Lead(II) bromide
D Methanoic acid Sulfur

13 Molten aluminium oxide is electrolysed. What is the half equation for the reaction that 
takes place at the anode?

A Al3+ + 3e- l
B 2H+ + 2e- 2
C 2O2- 2 + 4e-

D 4OH- 2 + 2H2O + 4e-

Beaker 1 
at 20 oC 

Beaker 2
at 400 oC

Which of the following correctly lists s the substancess present in bebeakaker 11 aannd beaker 2?

Beaker 1 Beaker 2
A Lead(II) bromide SuSulfurur
B Mercury Methhanoic c acacid
C Methanoic acid Lead(I( I)I) bbroromim dede
D Methanoic acid SuS lfurr

3 Moolten aluminium ooxiidede iis elecectrtrololysysede . What is the half equation for the reaction th
takes place at tthehe aanonoded ?

A Al3+ll + 3e- l
B 2H+ + 2e2e-- 22
C 2O2- 22 ++ 44ee--

D 4OH- 22 ++ 2H2H2O + 4e-

BBeaker 1 
aat 20 oC

BeBBeBBeBeBBBeBeBBeBeBeBeeBBBBBBBBeBeBBBBBBBeBeBBBBBBeeBeBBBeBeBeBBeBeBBBBBBBB aaker 22
ataaaaatatataaaaaataaaataataaaaaatataataaaaaaaaataatatataaaaaaaaaaaataaaataaaaaaaaaaaaatatataaataaaaaaaaaaaaaaaaaaaaaaaaaattaatt 44444444444000 oCC
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14 An electrolysis setup was constructed to collect the gases evolved during the electrolysis 
of concentrated aqueous sodium chloride solution as shown in the diagram below.

If one mole of electrons were passed through the electrolyte, what were the volumes of 
gases collected in the respective test tubes?

Volume of gas in 
test tube above 

cathode/dm3

Volume of gas in 
test tube above 

anode/dm3

A 6 6
B 6 12
C 12 6
D 12 12

15 In which of the following reactions is the sign of H correctly shown?

Equation for the reaction Sign of H
A Positive
B C2H4 Negative
C H2 2O (l) Negative
D NH4Cl 3 (g) + HCl (g) Positive

16 Ammonia reacts with oxygen to form nitrogen oxide and water according to the equation 
below.

4NH3 (g) + 5O2 (g) 4NO (g) + 6H2O (g) H = -380 kJ/mol

Which of the following statements is not true?

A Nitrogen oxide and water have a total energy greater than that of ammonia and 
oxygen combined.

B The activation energy of the forward reaction is lower than that for the reverse 
reaction.

C The products would occupy a greater volume than the reactants.
D The reverse reaction is endothermic with a H of +380 kJ/mol.

If one mole of electrons were passed through the electrolyte,, whwhatat wwerere e the volumes 
gases collected in the respective test tubes?

Volume of gas in
test tube above 

cathode/dm3

Volume of gas in 
test tube above 

anode/dm3

A 6 6
B 6 12
C 12 6
D 12 12

5 In which of the following reactions isis tthehe ssignn ofof HH cocorrr ectly shown?

Equation for the reaeactctioionn SiS gn of H
A Positive
B C2H4 Negative
C HH2 22O O ((ll)) Negative
D NH4CCll 33 (g(g)) ++ HCl (g) Positive

6 Ammonia reeacactsts wwitthh oxo ygen to form nitrogen oxide and water according to the equatio
below.

4NH3 (g) + 5O2 (g) 4NO (g) + 6H2O (g) H = -380 kJ/mol
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17 Consider the following reaction:

I2 (s) + 2 -2
32OS - (aq) + -2

64OS (aq)

Which of the following statements is/are correct?

I     The oxidation state of sulfur is increased.
II    I2 (s) is an oxidising agent.
III   -2

32OS (aq) is a reducing agent.

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

18 Which graph represents how the rate of reaction varies with time when excess calcium 
carbonate reacts with dilute hydrochloric acid?

A B

C D

time

rate

0
time

rate

0

time

rate

0 0
time

rate

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

8 Which graph represents how the rate of reaction varies wwwwitititth h h h titititimememee wheeeennnn exexexexcecececesssss calciu
carbonate reacts with dilute hydrochloric acid?

A BB

C D

time

rate

0
time

rarate

0

time

ratee

0 0
time

rate
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19 In an experiment, a 4 cm long magnesium ribbon is added to 70 cm3 of 0.5 mol/dm3 nitric 
acid and a graph of total volume of gas produced against time is shown by Graph I. 

The experiment is repeated using the same length of magnesium ribbon but 35 cm3 of  
1.0 mol/dm3 hydrochloric acid and its result is shown by Graph II. 

Which of the following correctly shows both graphs?

A B

C D

20 Which of the following is true of aqueous ammonia and aqueous sodium hydroxide 
solutions of the same concentration?

A Both form a white precipitate which dissolves in excess when reacted with aluminium 
ions.

B Both have a pH value of 14.
C Both will cause methyl orange to turn orange when it is added. 
D Both will require the same number of moles to completely neutralise 30 cm3 of  

1.0 mol/dm3 sulfuric acid.

21 Which of the following methods would not produce ammonia gas?

A Boiling concentrated aqueous ammonia.
B Heating ammonium nitrate solution with copper(II) hydroxide.
C Heating ammonium sulfate solution with potassium hydroxide.
D Heating sodium nitrate solution with aluminium foil and calcium hydroxide.

C DD

0 Which of the followiwingng is trtrueue oof f aqaqueu ous ammonia and aqueous sodium hydroxid
solutions of thee samme cooncncenentrtratatioion?n?

A Both forormm a a whwhititee prprececipipiti ate which dissolves in excess when reacted with aluminiu
ions.

B Both havve e a a pHpH vvalue of 14.
C Both will cacaususe methyl orange to turn orange when it is added.
D Both will require the same number of moles to completely neutralise 30 cm3

1.0 mol/dm3 sulfuric acid.
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22 The following chemicals are mixed together in separate experiments as shown below.

Ammonium nitrate with cold sodium hydroxide
Calcium oxide with dilute nitric acid
Copper(II) carbonate with dilute sulfuric acid
Silver metal with dilute hydrochloric acid

How many different gases are formed in total?

A 1
B 2
C 3
D 4

23 Which of these mixtures would not leave a precipitate when the alkali is added in excess?

A Calcium nitrate with potassium hydroxide
B Copper(II) sulfate with aqueous ammonia
C Iron(II) chloride with potassium hydroxide
D Lead(II) nitrate with aqueous ammonia

24 Which of the following statements about ammonia is correct?

A It dissolves readily in water to form a solution with pH 6.
B It is formed by heating ammonium salt with dilute acid.
C It reacts with potassium hydroxide to form a salt.
D It will decompose to hydrogen and nitrogen molecules when heated strongly.

25 Which of the following properties decreases going down Group VII?

A Boiling point
B Chemical reactivity
C Density
D Intensity of colour

B 2
C 3
D 4

3 Which of these mixtures would not leave a precipitate when thehe aalklkala i isis aaddd edd iinn excess

A Calcium nitrate with potassium hydroxide
B Copper(II) sulfate with aqueous ammonia
C Iron(II) chloride with potassium hydroxide
D Lead(II) nitrate with aqueous ammonia

4 Which of the following statements about ammonia iss correct?

A It dissolves readily in water too fforo mm a solutionn wwitith h pHp  6.
B It is formed by heating ammooniumm sala t with ddillutute e acacidi .
C It reacts with potassium hydroxiidede ttoo foormrm aa sasaltlt.
D It will decompose to hydrogenn and ninitrtrogogenen mmolecules when heated strongly.

5 Whhich of the followiwingng pproroperttieies s dedecrcreases going down Group VII?

A Boiling poinintt
B Chemical rreae ctivivitityy
C Densitityy
D Intensitty y ofof ccolo ouourr

KiasuExamPaper.com



11

26 The reactivity of Group II metals follows a similar trend to that of Group I metals.

Four Group II metals, P, Q, R and S, were tested in an electric cell as shown in the 
diagram below.

The voltage produced is recorded and shown in the table below.

Metal Voltage/V
P 0.6
Q 0.3
R 0.8
S 0.5

The four metals tested were magnesium, calcium, strontium and barium.

What is a possible identity of P? 

A Barium
B Calcium
C Magnesium
D Strontium

27 Excess sodium metal is added to copper(II) sulfate solution. The mixture is stirred until 
no further changes are observed.

Which of the following is correct?

Final colour of solution Gas evolved
A Blue Colourless, odourless gas 

evolved
B Blue No gas evolved
C Colourless Colourless, odourless gas 

evolved
D Colourless No gas evolved

The voltage produced is recorded and shown in the tatataaaaaaaabbblblblbblblblbllbllbllblblbllblllbbbbblblbllllbbblbllblblblblblbllbbllbllbllbllbbblblbbbbbbbbbbblblbbbblbbbbbbblbbbbbbbbbbbbbbbbbbbbbbbbbbbbb eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee bebebebebbebbbbebebebebebebebeeeebeebebebebebebebbbebebbebebebebebebebeebbebebebbebebebebebebebebebebbebbebeebbbbbebebebebbbebbbbebebebebebbbebebeebebebebebebebebebebebebbbeeeeebebebebebebeeeeeeeeebbbeebebbbbebbebbebebebebbbebebebbebebebbbeebbbebbbeeeeeeeebbebeeeeeebbbbeeeeebeeeelolololololooooooloolooooololoololoololololooolololoooololooooooololoooloololooloooloololooooololooloooooooloooolololooololooloololoollooollololllloooolooololoooooooooooooloooooooooooooooolooooooowwww.wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

Metal VoVoVoVoVoVoVoVoVoVoVoVoVVoVoVoVoVoVoVoooVooVoVooooVoVVoVoVoVoVVoVoVoVoVooooVoVoVoVoVVVVVVVVoVoVooVoooVVoVoVoVoVooooVVooVVoVVVoVVoVoVoVoVVVVVoVVooVVVVoVoVoVoVoVooVooVoVoVoVooVoVoVoVoVoVoVooVoVoooooooooooooooooooooooooooooooooltltltltlttltltltltltltltltltttltlttlltttltltltllltltltlllttltlttlllltllltltltlttltltlltltltltlltltltlllltlllllllltttttttttttttttttttttttllltttttttttltllllllllltltagagagagagagagagagagagagaggagagagagagagagagaagagagagggggagagagagagaaggggagagagagagagagagagagagaagagaggggaggggaggggggagagagagagggggaggaggaggaaggagagagaggggggaggagaggaggagagagagaggagagagagagaggagagaggagagaggaaggaggggagagaggagggaagggggaaaaagggaaaaaaaaggggggge/e/e/e/e/e/e/e/e/eee//e/e/e/e////ee///e/e/e//e/e/ee/ee//e/e/e//e/ee/e//e/e/e/e/e/e//e/e/e/e/e/////////e/e/e/e/e/e///e/e/eee///e/eee/e/ee/eeeeeeeeeeeeeeee/eeeeeeeeeeeeeeee/eeeeeee/e/eeeeeee/eeee/e/ee/e/e/e//e/e//e//e VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
P 0.0000000000 6666666666666666666666666666666666666666666
Q 0.3
R 0.8
S 0.0 5

The four metals tested were magnnesesiuium,m, calciciumum,, ststrorontntiui m and barium.

What is a possible identity of P?

A Barium
B Calcium
C Magnesium
D Strontium

7 Excess sodiumum memetatall is added to copper(II) sulfate solution. The mixture is stirred un
no further changngeses are observed.

Which of the following is correct?
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28 Four metals, W, X, Y and Z, were reacted with solutions of their respective nitrates. The 
results are shown in the table below.

W nitrate X nitrate Y nitrate Z nitrate
W - No reaction No reaction No reaction
X Displacement 

occurred
- No reaction Displacement 

occurred
Y Displacement 

occurred
Displacement 

occurred
- Displacement 

occurred
Z Displacement 

occurred
No reaction No reaction -

Which metal is the strongest oxidising agent?

A W
B X
C Y
D Z

29 Metal X only reacts with hot nitric acid.

Metal Y reacts explosively with cold water. 

Cold metal Z reacts vigorously but not explosively with steam and can be used to prevent 
iron pipes from rusting.

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

X Y Z
A Found

uncombined
Electrolysis Electrolysis

B Found
uncombined

Heating with 
carbon

Heating with 
carbon

C Heating with 
carbon

Electrolysis Electrolysis

D Heating with
carbon

Heating with 
carbon

Heating with 
carbon

30 During the extraction of iron in the Blast Furnace, which substances are oxidised?

A Carbon only
B Carbon and carbon monoxide
C Carbon, carbon monoxide, silicon dioxide and calcium oxide
D Carbon dioxide and haematite

occurred

Which metal is the strongest oxidising agent?

A W
B X
C Y
D Z

9 Metal X only reacts with hot nitric acid.

Metal Y reacts explosively with coold water.

Cold metal Z reacts vigorously but not explosively withh ststeam anndd ccan be used to preve
iron pipes from rusting.

Which method of extraction of the memetatalsls froomm ththeieir r ororese  is most likely to be used?

X YY Z
A Found

uncombineded
Electrtrololysysisi Electrolysis

B Founndd
uncombbinineded

HeHeatatining g wiw th 
cacarbrbon

Heating with 
carbon

C Heating g withh  
cacarbrbonon

ElEleectrolysis Electrolysis

D Heatatining g wiwithh
carbrbonon

Heating with 
carbon

Heating with 
carbon

0 During the extraction of iron in the Blast Furnace which substances are oxidised?

KiasuExamPaper.com



13

31 Which of the following is not a reason why recycling of metals is practiced?

A Disposal by landfill causes land pollution.
B No poisonous waste gases are produced by recycling plants.
C Recycling helps us to conserve our natural resources.
D Recycling reduces wastage of precious metals.

32 CFCs are known to cause depletion of the ozone layer.

Which element in CFCs is responsible for the depletion of the ozone layer?

A Carbon
B Chlorine
C Fluorine
D Oxygen

33 ‘Haze’ is an environmental inconvenience which commonly affects Singapore. In Western 
countries, it is known as photochemical smog.

Which of the following is the primary pollutant responsible for the cause of ‘haze’?

A Carbon monoxide
B Oxides of nitrogen
C Ozone
D Sulfur dioxide

34 The diagram below shows a fractionating column which is used to separate crude oil into 
different fractions.

Which fraction has the highest density? D

Which element in CFCs is responsible for the depletion of the ozone layer?

A Carbon
B Chlorine
C Fluorine
D Oxygen

3 ‘Haze’ is an environmental inconvenience which commomooooooooonnnlnlnlnlnlnlnlnlnnlnlnlnlllnlnlnlnlllnlnlnlnlnlllnllnnnlnlnllnlnlnlnllnlnllnlnlnllnlnlnlnnnnnnnnnnnlnlnnnnnnnnnnnnnnnnnnnlnnlnnnnnnly yyy yyyyyyyyyy y y y yyyy yyyyy yyyyyyyyyy yyy yyyyyyyyyyyyyyyyyyyyyyy yyyyyyyyy yyyyyyy y yy y yyyyyy yyyyy y yyyyyy yyyyyyy yyyyyyyyyyyyyyy aafafafafafafaafaafafafafafaafafafafaafafafafafafafafafafafafafafafaaafafaafffafafafaaafafafaaaafafaafafafaaaafafafafffaaaafafafafafafafffafafaffaffaffafafaafafafafaffafafffaffaffaafafafaaaaaaaaaaaaaaaaaaaaaaaaaaa fffffefefeffefffefefefefefeffefefefefefefefefffefefffffefefefefefffefefefeffeffeffefefeffffefefffffffffefefefefefefffefefefefeffffefeeffffffffefefeffefeefeeeeeefefeeefeefeffffffffffffffefeeccctcctcttctcccttctttttcttccttssss Singgggapapapapore. In Weste
countries, it is known as photochemical smog.

Which of the following is the primary pollutant responsisisssisissiiisiiiisiiiiiiiiiiiiiiiiissssiisiiiiisiiiiiisssiiiiisibbbbblblblblblblblblblbbblblblblblbbblblblbbbblllbbbbllblblbbblbbbbbbbblblblbbbbbllbbbbbbbblbllblblbblbbbbbbbblbbbbbbbbbblbbbbbbbbbbblbbbbbblbblb eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ffofofofofofofofofofofofofofofofofofofofofoffofofofofoofoffff r thheeee cacacacauseeee ofofofof ‘hhhhaze’?

A Carbon monoxide
B Oxides of nitrogen
C Ozone
D Sulfur dioxide

4 The diagram below shows a fractiononatatiningg cocolulumnmn which is used to separate crude oil in
different fractions.

KiasuExamPaper.com



14

35 Cyclohexane and hexene are isomers of each other. Their structural formulae are shown 
below.

Cyclohexane Hexene

C C

CC

C C

H
H H

H

H

HH

H
H

H H
H

C C C C C C

H

H H H

H

H

H

H

H

H

H

H

Which of these statements is/are correct?

I     Both molecules have the same empirical formula.
II    Both molecules will react with chlorine in the presence of light to give a new product.
III   Both molecules will decolourise bromine water.

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

36 Which of the following is not an example of an addition reaction?

A Bubbling hydrogen gas into vegetable oil
B Formation of poly(ethene) from ethene
C Reacting ethanol with acidified potassium manganate(VII)
D Reacting propene with steam at high temperature and pressure

H
H H

H

Which of these statements is/are correct?

I     Both molecules have the same empirical formula.
II    Both molecules will react with chlorine in the presence e ofof lligightht tto giiveve aa nnewew produc
III   Both molecules will decolourise bromine water.

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

6 Which of the following is not an exaxamplele oof an addddititioionn rereaction?

A Bubbling hhydrogen gas into vvegegetetaba le ooill
B Formation of poly(ethene) fromom eeththenenee
C Reacting ethanol with acidiffieiedd popotatassssiuium m mamanganate(VII)
D Reacting propep ne with steaamm atat hih ghh ttemperature and pressure
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37 What is the structural formula of the product formed when butanol and propanoic acid 
react together?

A C C C

O

O C C C C

H

H

H

H

H H

H

H

H

H

H

H

H

H

B C C C

O

O C C C

H

H

H

H H

H

H

H

H

H

C H

H

H

H

C 
C C C

O

O C C C

H

H

H

H

H H

H

H H

H
C

H

H

H

H

D 
C C C

O

O C C C

H

H H H

H

H

H

H

H

H

C

H

H

H

H

38 Three different chemical tests were carried out on an unknown organic liquid, X. The 
results are shown in the table below.

Test Observation
Adding copper metal No visible change
Adding ethanol and 

heating
Sweet smelling liquid 

produced
Adding aqueous 

bromine Mixture remains brown

Which of these statements is true?

A Electricity is not able to pass through X.
B Hydrogen gas will be given off at the cathode if X is electrolysed.
C X can be formed by the reduction of an alcohol.
D X contains at least one carbon-carbon double bond.

H H H H HH

C
C C C

O

O C C C

H

H

H

H

H H

H

H H

H
C

H

H

H

H

D 
C C C

O

O C C C

H

H H HH

H

HH

H

HH

H

HH

C

H

H

H

H

8 Three different chemical tests wwereree cacarrrrieiedd ouout t on an unknown organic liquid, X. Th
results are shown in the table bellowow.

TeTestst Observation
Adddidingng ccopoppper metal No visible change
AdAddidingng eethanol and 

heating
Sweet smelling liquid 

produced
Adding aqueous 

bromine Mixture remains brown

Which of these statements is true?
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39 Which bond in a molecule of propanoic acid is broken when it reacts with ethanol?

A The C-C bond
B The C-O bond
C The C=O bond
D The O-H bond

40 Which of the following statements is true about nylon and Terylene?

I     Water is formed when both are created from their monomers.
II    Carboxylic acid monomers are required to form both nylon and Terylene.
III   The formation of nylon requires a monomer with 2 –OH functional groups, whilst the 
      formation of Terylene requires a monomer with 2 –NH2 functional groups.

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

END OF PAPER

I     Water is formed when both are created from their monomers.
II    Carboxylic acid monomers are required to form both nylon and Terylene.
III   The formation of nylon requires a monomer with 2 –OH functionanall grgrouo ps, whilst th

formation of Terylene requires a monomer with 2 –NH2 functionnaal groouups.

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

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 Use the substances listed A to E in the table below to answer the following questions.

Substance Type of bonding Melting point/oC Boiling point/oC
A Ionic 990 1965
B Covalent -182 -161
C Covalent -10 76
D Covalent 1610 2230
E Metallic 660 1360

(a) Which substance could be an alcohol?
C [1]

(b) Do you expect substance A to conduct electricity at 1000 oC? Give a reason for 
your answer.
Yes. The ions can move in the molten state. [1]

(c) Explain how A and E can both have high melting points despite having different 
types of bonding.
A has a giant ionic lattice structure. The oppositely charged ions are held in fixed 
positions by strong electrostatic forces of attraction which require a large amount 
of energy to overcome. [1]

E has metallic bonding. Strong electrostatic forces of attraction exist between the 
positively charged ions and negatively charged sea of electrons. This require a 
large amount of energy to overcome. [1]

(d) Explain why E is able to conduct electricity in all physical states.
In metallic bonding, the delocalised electrons can move freely in all physical states 
to allow for electrical conduction. [1]

[Total: 5]

D Covalent 1610 2230
E Metallic 660 1360

(a) Which substance could be an alcohol?
C [1]

(b) Do you expect substance A to conduct electricity aat t 10100000 ooC? GGivive e a a rereason f
your answer.
Yes. The ions can move in the molten state. [1]]

(c) Explain how A and E can both have high memememememememememememeeemeemememememememememmememeeeeeeeememmememeemeeeeeeeeeememememememeeeemmeeeeeeeemeememeeememmmemmmmmeeemememmmeemeememmmememmeeemmmeeeememmememmeemmmmmmmeeeeeeeeeeeeeeeeeeeeltltltltttttttttltlttltltlttltltlttlltltltltltllltltltlltltltltllllltllllltlltltltltlttttttttttttttttttttttinininininnnininininniiininininnininnnnnnnininnnininnnininininnninnnnnninninnnnnniniiiiiiiiiiiiiiiiiiniinnnngggggg ggggggggggggggggggggggg ggggggggggggg g ggg ggggggggggggggggg gggggg gggggggggg gggggggg ggg g ggggggg ggggg popopopopopppopopoppopopopopopopopopoppopopopopopopopopoppopopopopoppopppopopoopopooopopopoppoppoooopoppppppopopooopopopooopppopopppoopopopppppopoppppooppopopopopopopooooppopopoopooopoopoooopoppopppppppoppppooppppoopppppppppppp iiniiiinininiiiiiiiiiiiiiniiiiiiniiiiiininnininininiininininninininintttttttstststttttt ddeses ipitte hhavaviing differe
types of bonding.
A has a giant ionic lattice stsststssstssststststststststsssss rurrrrrrrr ctctctctctctctctctctctctctctctctctctctcctcttttturrrurrrururuuuuuuuu eeeee.eeeeeeeeeeeeeeeeeeeeeee  The ooooooooooooooooooooooooooopppppppppppppppppppppppppppppppppppppppppppp ositely chargegegegeggegegegegegegegegegegegegegegegeggegegeggegedddddd dddddddddddddddddddd ionss aaaaaaaaaaaaaaaaaaaaaaaarrrrrrerrr  held in fixe
positions by strong elececcccecccccccecceccceccceccecectrtrttrtrtrtrttrttrttttrttttrtttrttttrosososososososososososososososososososososoooososoo tattattatatttattttatatatttttattatatititititititittitititititititititittiititiititiicc cccccccccccc fofofoffofofofofofofofofofofofofofofofofofofoffofoorcccccccccccccccccccccccccceseeeeeeeeeeeeeeee  of ataaaaaaaaaaaaaaaaaaaaaaaaa trrtrtrttrtrtrtrtrrtrtrrtrtrtrrtrtrtrttrraction whichchchchchchhchchchchchchchchchchhchchchchchchchchchc rrrrrrrrrrrrrrrrrrrrrrrreeeeeqeeeeeeeeeeeeeeeeeeee uire a large amou
of energy to overcome.eeeeeeeeeeeeeeeeeeeeeeeee [[[[[[[[[[[[[[[[[[[[[[[[[[[1]

E has metalliccccccccccccccccccccccccc bonononnnnnononnnnnonnnnnnnnnnndiddddddddddddddddddddd ng. Strooooorooooooong eeeeeeeeeeeeeeeeeeeeeeeeelllllelllllllllllllllll ctccccccccccccccccccccccc rostaticccccicccciccccccicicccicciccc fffffffffffffffffffffffffffororororororororororororororororororororororororrorororcecececececececececececececececececececcecececececececes sssssssssssssssssssssssssss of attraction exist between th
positivelyyyyyyyyyyyyyyyyyyyyyy chargrrgrgrgrgrgrgrgrgrrrgrgrgrrrrgrrgrrgrgrgrgrrr edeedededededededededeededeedededeededdddedede ionnnnnnnnnnnnnnnnnnnns ssssss sss sssssssss ssss sss s annnnnnnnnnnnnnnnnnnnnnnnnnnddddddddddddd nenennnenenenennenegagagagagagagaagagagagagagagagagagagagaagagaagaagag tittttttttttttttttttt veeeeeeeeeeeeeeeeeeeeeeeeelylylylylylylylylyylylylyylylylylylyyyyyylyylyy ccccccccccccccccccccccccchahahahahahahahahahahahahahahahahahahahahahahahahahahhaaargrgrggrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrgrggedededededededededededededededededededededededededededdeee  sea of electrons. This require 
large ammmmmmmamamammmmmmmammmammmamammmmmououoououououououououououoouououooooouooououuunt oooooooooffff fffffffffffffffffffff eneneneneeneneneneneneneeneneenenenennennnerererererererererererererererereereeeeeeeee gygygygygyygygygygygygygygygygygygygygygygygygygygygyg  to oooooooooooooooo ovoooovooooooooooooooooooooo ercomememememememememememememememememememmmemeemeemememe. [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[1[1[1[1[1[1[1[1[11111]]]]]]]]]]]]]]]]]]]]]]]

(d) Explain why E is able to cononduductct elelectctricity in all physical states.
In mmmmmmmmmmmmmmmmmmmmmmmmmmetallic booooooooooooooooooooooooooondddndndddddndnddndndndndndnddddndddndndddinininininininininininininininnninnininii g,g,g,g,g,g,g,g,gg,g,gg,ggg,ggg,gg,gggggg  the dddddddddddddddddddddddddddelelelelelelelelelelelelelelellelelleleleleleeeee ocococococococococococcococococococococococcocococcocalalaalalalaalalalalaalalalaalalalalalalaalalalalalalisiiiiiiiiiiiii ed electrons can move freely in all physical state
tototoootototototooootoooooooooooooo aaaaaaallllllllllllllllllllllllllllllllllll owowowooooooooo fffffffffffffffffffffffffforororororororororororooororoooorororoooooo eeeeeeeeeeeeeeeleeeeeeeeeeeeectctctctctctctctctctctctctctctctctcttctctctctctccccc rical cococococococococococococococococococoocococococcocc ndndndndndndndndnddndndndndndndndndndndndndndndndndnnducucucucucucucucucucucucuccucucucucucucuccucuccucucuctititititittititiititiititititititiiitititititioononoononooonooononooooononoonoooo . [1]

[Total: 
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A2 (a) Silicon carbide, SiC, has a structure similar to that of diamond. Each silicon atom 
is bonded to four other carbon atoms. It is made by heating pure sand, SiO2, with 
carbon at a very high temperature. Carbon monoxide is the other product.

(i) Construct a balanced chemical equation for this reaction
SiO2 [1]

(ii) Explain, with reference to its structure, why silicon carbide has a high melting
point.
Silicon carbide has a macromolecular structure where the carbon and silicon
atoms are bonded to one another by strong covalent bonds to form a giant
network. [1]
A large amount of energy is required to weaken/break the strong covalent
bonds. [1]

(iii) Carbon monoxide as the same type of bonding as silicon carbide. Would you 
expect carbon monoxide to have a high melting point like silicon carbide? 
Explain your answer.
No. Carbon monoxide has a low melting point because it has a simple 
molecular structure. [1]
The small carbon monoxide molecules are attracted to each other by weak 
intermolecular forces of attraction. Little energy is required to overcome 
these forces of attraction to separate the molecules. [1]

(b) Methylamine, CH3NH2, is a derivative of ammonia, in which one H atom has been
replaced by a –CH3 group.

(i) Draw a ‘dot-and-cross’ diagram to show the electronic structure of 
methylamine. Show only the valence electrons.
Correct number of valence electrons. [1]
Correct number of shared electrons. [1]

(ii) Like ammonia, methylamine reacts with hydrochloric acid to form a salt. 
Write a chemical equation to show the reaction between methylamine and 
hydrochloric acid.
CH3NH2 + HCl 3NH3Cl [1]

[Total: 8]

ato s a e bo ded to o e a ot e by st o g co a e t bo ds to o a g a
network. [1]
A large amount of energy is required to weaken/breakkkkkkkkkkkkkkkkkkkkkkkkk ttttttttttttttttttttttttthehehehehehehehehehehehhehheehehheheheheheheheheee strong covale
bonds. [1]

(iii) Carbon monoxide as the same type of bonding ass ssililiciconon ccararbide. Would yo
expect carbon monoxide to have a high melttiningg popoinint likee ssililiciconon carbide
Explain your answer.
No. Carbon monoxide has a low meltinngggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg popopopopopopopopopopopopoooopopopoppppopopopopooopopopopopopopppopopopopopopopopooppopopopopopopoppopooooopopoppppoopooopppoooopopoppoopopopopoppopopopooopoppoooooooppopppoopopopopooopooooooooopoopopoooooopopoooooopoooooopppoopppoppopoopopppppppppppppppp iiinininininiiinniniiiiniiininininininniiniiiiiiinnniiinnnnnnininnnnnninnninnnninniinnnininnnnninnnnnnnnnnninnnnnnnnnnnnninnnnnnnnnnnnnnninniinnniniiiiiiiiiii ttttt ttttttttt tt ttttttttttttttttttttttttttttttttttttttttttt ttt t tttttt bbbbbebebebebebebebebebebebbebebebebebbebebbbbebbebebebebebbbbbbbbbbbbbbbbbbbeb causssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeeeeeee it has a simp
molecular structure. [1]
The small carbon monoxide momomomomomomoomomooooooooooooooooooleeeeeeeeeeeeeeeeeeeeeeecucucucucucucucucuccccccucccccccccccc lelleleleleleleleleleleleleleleleleleleeeeeeleeleeeeeeleeeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeeleeeeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss aaaaaaaaararrrrrrrararararaarararrrarraaaraarrrarararaarrraaarararararrraaaaaaraaaaaaaaaaaaaraaaaaraaaaaaraaaaaaararaaaaaaaaaaaaaaaaaaarraarrrrrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee aatatatatatataatatttatattatatatatattatatatttatatatatatatatatatattatatatatatatttatatatatattataaaaaaaaaaaaaaataaaatataataataaaaataaataaaaaaaaaaaaaataaataaaaatatttttatttttttttttttaaattttrtrtrtrtrtrrtrtrtrtrtrrtrrtrtrtrrtrtrtrtrrrtrtrtrrtrtrrrtrtrrrrtrttrrrrrrtrtrrtrrrrrrttrrrtrtrrtrtrttrrrrtrtrtrtrtrrtrtrtrtrrtrttttrtrrrrrtrrttttrttttrtrtttrtrtrtrtttrtrrrrrrtrrrrrraaaaaaaaaaaaaacacacacaaaaaaaacacacaaaaaaaaaaaaaaaaaaacaaaaaaaaaaaaaaaaacaaaaaccaaaaacaaaaccaaaaaaaacaaaaaaaaaaaaaaaaa tetetteteteteteteteeeeteeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddd totototototottototototototottototototototototoooo eeeeeeeeeeeeeeeeeeeeeeeeeacacacacacacacacacacacacacacacacacaccacacacacacacachhhhhhhhhhhhhhhhhhhhhhhhhh ototototototototototototototototototototototototototo hhhhhhhehhhhhhhhhhhhhhhhhhh r by wea
intermolecular forces offffffffffffffffffffffff aaaaaaaaaaaaaaattractioioioioioioioioioioioioioioioioiooioioiooooooon. Littlllllllllllleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eneneneeeeneneneneneneneneneneneeneneneneneneeneeeeeneneeeeeenenneeeeeeeeeeeeennenneeeeeeeeeeeeneeeeeeeeeeeeeeeeeeeneeeeeeeeeeeeeeeeneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeerererererereere gy iiisssssssssssssssssssssss rererererereeeererereeerereereereeereereeequirrrrrrrrrrrrrrrrrrrrrrrrrrrredededdededededededededededededededededededededed tttttttttttttttttttttto overcom
these forces of attractionnnnnnnnnnnnnnnnnnnnnnnnnnn to oooooooooooooooooooooooo separaaaaaaaaaaaaaaaaaaaaaaaatetetetttttttttttttttttttt ttttttttttttttttttttttttttthe moleculessssssssssssssssssssssssssss. [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]

(b) Methylamine, CH3NH2, is a derivative of ammonniaia, in whihichch one H atom has bee
replaced by a –CH3 group.

(i) Draw a ‘dot-and-crososs’s ddiaiagrgramam tto o shshow the electronic structure
methylamine. Show onnlyly tthee vvalalenencece electrons.
CoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCoCooooorrrrrrrrrrrrrrrrreeeeceeeeeeeeeeeeeeeeeeeeeeee t nununnnnnnnnnnnnnnunnununuuumbmbmbmbmbbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbmbbbereeeeeeeeeeeeeeeeeeee oooof ffffffffffffffffffff vavavavavavavavavavavavavavavavavavavavavavavavaavavvv leleleleleleleleleleleleleleleleleeleeleleleelelelencncncncncnncncncncncncncnncnncncncncnccncnccccceeeeeeeeeeeeeeeeeeeeeeeeeee eleleeleleeleleleeleleleleleleleleelelelelelelelelececececececececececececececececececececeececceecece trtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrtrononononononononononononononononononononononoonononnonsssss.sssssssssssssssss  [1]
Corrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrecececcececececccccececcccccecccccct ttttttttttttttttttttt nuuuuuuuuuuuuuuuuuuuuuuuuumbmbmmmmmbmmmmbmbmmbmmmmmmmbmmbmmm er of shshshshshshshshshshshsshshshshshshshshshshshshshshshs aaraaararararararaaaaraaaraaaaaaaaraaarededededededededededededededededededededededededededeed eleleleleleleleleleleleleleleleleleleleleleleleleleleleectctctctctctctctctctctctctctctctctctctctcctctctctcttrrrrrrorrrrrrrrrrrrrrr nssssssssssssssssssssss. [1]

(ii) Likeke ammmmooniaa,, memeththylylamamine reacts with hydrochloric acid to form a sa
Wrrititee a a chememicicalal eeququation to show the reaction between methylamine an
hydrochlhlororicic aacicid.d.
CHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHHCHCHCH333333333333333333NHNHNHNHNNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNHNH222222 + HCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCHCllllllllllllllllllllll 3NH3Cl [1]

[Total: 
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A3 One of the uses of electrolysis is in the purification of metals. A block of impure copper 
was purified using electrolysis as shown in the diagram below.

(a) What happens to the concentration of the electrolyte during the electrolysis? 
Explain your answer.
The concentration remains constant or unchanged. [1]
For every Cu2+ ion that is discharged at the cathode, an atom of copper from the 
anode will ionise and enter the electrolyte solution. [1]

(b) State what would be observed at the anode as the electrolysis proceeds.
The anode will decrease in size. [1]

(c) Write an ionic equation for the reaction taking place at the impure copper block. 
Include state symbols.

2+ (aq) + 2e- [1]

(d) The following measurements were made during the purification of the impure 
copper.

   Mass of impure copper at start of electrolysis = 10.0 g
Mass of cathode at start of electrolysis           = 62.5 g
Mass of cathode at end of electrolysis            = 68.9 g

Based on the data presented above, determine the percentage purity of the impure 
copper block.

Percentage purity = 
%100

10
5.629.68

= 64% [1]

Copper block

Aqueous copper(II)
sulfate

Impure 
copper 
block

(a) What happens to the concentration of the electrolyytete ddururiningg tht e electrolysis
Explain your answer.
The concentration remains constant or unchanged. [[[[[[[[[[[1]1]1]1]1]1]1]1]1]1]1]
For every Cu2+ ion that is discharged at the cathhhhhhhhhhhhhhhhoooododododododoododododoododdddddddoddododdodododododdododdododdddododdoddddoo e,e,e,e,e,e,e,e,e,e,ee,e,eee,e,e,e,eee,e,e,e,e,ee,e,eee,e,ee,e,eeeeee,e,eeeeeeee,e,, aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnn nn ataaaaaaaaaaaaaaa om oooooooooooffff fff copper from th
anode will ionise and enter the electrolollolololollolooloooo ytyyyyyyyyyyyyyyyyyyyyyyy e soluuuuuuuuuuuuuuuuuuuuuuttttttititttittitititititiitititititititiiititittiiiitiitiitiititiitiit onononononononononononononononononononononnonononononnnnnnnoononnonnonnnnononnnnnononnonnonnnooono .......... [1[1[1[1[1[1[1[1[11[1[1[1[1[1[1[1[1[1[1[1[1[[[1[1[1[[[1[[[[1[[1[1[[1[111[11[1[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

(b) State what would be observed at the anode as ttttttttttttttttthehehehehehhhehhehehehehehehehehehehhehehehehehhhhehehehehehehehhehehehehehehehehehehehehehehehhheheehehehehehehhehhehehehhhehehehehhhehhehehehehhheehhhhehhheeeheeeeeeheeheeeheehheeeeehheeeheheeheeeeheeeehheehhheeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeleleeeeleleleleleleleleeleleleleleeeleleeleeeeelell ctroooollyysisisisis prrrococococeeeeeeeeds.
The anode will decrease in size.eeeeeeeeeeeeeeeeeeee  [1]

(c) Write an ionic equation for the reaction taking plplace at tthehe impure copper bloc
Include state symbols.

2+  (a(a(a(a(a((a((a(((a(a(a(a(a((a(a(aq)q)q)q)q)q)q)q)qq)q)q)q)q)q)qq)q)qqq)) + 2e- [1]

(d) The following measurementsts werre e mamadede during the purification of the impu
copper.

Maasss oof imi purere ccopoppep r at start of electrolysis = 10.0 g
Massss oof caaththododee atat sstat rt of electrolysis   = 62.5 g
MaMass oof f cacaththododee at end of electrolysis    = 68.9 g

Basedd onon tthehe ddatataa prprese ented above, determine the percentage purity of the impu
copperer bblolockck.

Percentageggggggggg  purity = 
%100

10
5.629.68

= 64% [1]

Aqueous copper(II)
sulfate
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(e) On the axes provided below, sketch the energy profile diagram for the purification
of copper. Label the activation energy, Ea, and energy change for the reaction, H,
on the diagram. You may label the starting reactant as impure copper and the end
product as pure copper. Explain the relative energy levels of the reactant and the
product.

Correct labelling of impure copper and copper with correct relative heights. [1]
Correct labelling of H and Ea. [1]

The reaction is endothermic because energy needs to be supplied by the battery 
for the electrolysis to take place. [1] OR
The energy level of the impure copper is lower than the product. [1]

[Total: 8]

Energy

Progress of reaction

Correct labelling of impure copper andndndndndndndndndddndndddnddndndddndddddd ccccccccccccoopopopopopopooopoopopopopoooopoopoooooooo pepepepepepepepeeeeeeeeeepepepepepepeeeeeepepepeeeeeeeeeeeeeeeeeeeeeeeeepeepeepeeeeepepepeeeepepepeepeeeeeeeeepeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrr r rrrrrrrrrrrrrrrrrrrrrr rr rrrrrr r rrrrrrrrrrrrrrrrrrrrrrrrr rrr rrrrrrrrrrrrr r wiwiwiwwiwiwiwiwwwwwiwiwiwiwiwiwiwiwiwwiwwwwwwwwwwwiwiwiwiwwiwwiwwwiwiwwwiwwwwiwwwiwwwiwwwwwwwwwiwwiwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwiww ththththththhhththththhhhhhhhhthththhhhhhhhhhthhhhhhhhhhthhhthhhhhhhthhhhththhhhhhhhhhhhhhhtthththhthtthhhhthtttthhtthttthhtthththtthhthtthththththththhththhhhhhhhththhthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccororooooorooororororororororooorororoooorooorororooooooooooooooroooorrorooooorroroorororooroororooooooorororooooorooooorrroroooooooorrrrooorrorrrorrroorrrorrrorrroorrororororrrrrrrrrororoooooooooroooooooooooo rrrrererrrrrrrrerrrrrererrrrrrrerrrerrererr cccctctcttcctctctctcttctttcttcctcccctcccccccctcccccccc rrrrrrrrrrrrrrrrrreleleeeleeleleleleeeleeeeeeeleleleeelatatatatatatataatatatatatatatatatatatatataaatatatativvivivvvvivvivvivvvvivivivvvvivvviveeeeeeeeeeeeeeeeeeeeeeeeeee heheheheheheheheheheheheheheheheheheheheheheheheheheheigigiggigigigigigigigigigigigigigigiggiggigigigghts. [1]
Correct labelling of H and Ea.............. [1[1[[1[1[1[1[1[[[1[1[11[1[1[1[1[1[11[1[1[1111]

The reaction is endothererererererrerrrerererereererereeereeeee mimmimimimmmimmmmmmmmmmmmmmmm c ccccccc ccccccccccccccc bebebebebebebebebebebebebebebebebebebebebebebeeeeeeecacaccaaaacacaaaaaaaaaaaaaaaaaaaussssssssssssssssssssssssseeeeeeeeeeeeeeeee enerrrrrrrrrrrrrrrrrrrrrrgygyyygygyyyyyyyyyyyygyyyyyyyyyy needs to bebebebebeeebebebeebebebebebebebebebebebebebebebee sssssssssssssssssssssssssuuuuuupuuuuuuuuuuuuuuuuuuuu plied by the batte
for the electrolysis to tatataatatatatatatatatatatatataatatttatttt kekekekekekekekekekekekekekekekekekekekekkekekekkk  placeeeeeeeeeeeeeee........ [11[1[1[1111[1[11[1[1[11[11[1[1[[[[[[[ ]]]]]]]]]]]]]]]]]]]]]]]]]] OROROROROROROROROROROROROROROROROROROROROROROROROROROROROR
The energy level of the eeeeeeeeeeeeeeeeee eeeee ee immmmmmmmmmmpupupupupupupupupupupuupupupupupupuppupupp rerererererereererererereererereerererereeerereer ccccccccccccccccccccccopopopopopopopopoooooooooooooooo pepepepepepepepepepepepeppppppppppppppppp rr rrrrrrrrrrrrrrrr issisisisisisissisisisisisisisisisissisisiss lllllllllllllowowowowowowowowwwerererereerererereererererererererererererererre tttttttttttttttttttttttttthahahahahahahahahahahahahahahahahahhahahaahahhaan the product. [1]

[Total: 

PProgreressss of reaction
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A4 Granite is a type of rock which can be used for making sculptures and floor tiles. It is 
abundantly available from the ground, and is a very strong material, making it very 
suitable for use in construction. The table below shows the average percentage by mass
of oxides found in samples of granite.

Solid found in granite Percentage by mass/%
Silicon dioxide 72.0

Aluminium oxide 14.4
Potassium oxide 4.1

Sodium oxide 3.7
Other unreactive solids 5.8

The only downside about using granite for construction is that care must be taken to place 
the structure away from rainwater as far as possible as the water molecules present react 
with the oxides in granite over time. 

(a) Which of the oxides in granite would react with the water when first in contact with 
the rain? Explain your answer.
Potassium oxide and sodium oxide. [1]
Group I oxides are readily soluble in water and would hence first react with the 
water molecules. [1]

(b) After the oxides in granite have first reacted with water, the corrosion of granite will 
still continue. Explain why this is so.
When Group I oxides react with water, hydroxides will be formed. [1]
These hydroxides would react with acidic and amphoteric oxides like silicon dioxide 
and aluminium oxide to continue the corrosion of granite. [1]

(c) One of the largest granite structures on earth is the granite column at Mons 
Claudianus in Egypt which has a mass of 207 tonnes.

Calculate the minimum loss in mass (in tonnes) of the structure if water were to 
react with the granite column over a long period of time.
Minimum loss in mass = %7.31.4207

= 16.1 tonnes (3sf) [1]

If 3sf not given, -1 mark.

[Total: 5]

Other unreactive solids 5.8

The only downside about using granite for construction is that care mumustst bbe e taken to plac
the structure away from rainwater as far as possible as the water moolleculeess present rea
with the oxides in granite over time.

(a) Which of the oxides in granite would react with the wwataterer wwhhen fiirsrstt inin cconontact wi
the rain? Explain your answer.
Potassium oxide and sodium oxide. [1]
Group I oxides are readily soluble innnnnnnnnnnnnnnnnnnnnnnn wawwwwwwwwwwwwwwwwwwwwwwwwwww ter r rrr rrrr rrrrrrrrr r aaaaaaaananananananananananaaaanaaananananananannananananaanananaaananananananannnanannanaanannnanaaanananannanannannannananannnaaannnnananananaannananaaaaaaaaaaaaaaaaaaaaaaaaaaanaaanaanaaanaannaaannnaaannnna ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd wowowowowowowowowowowowowowowowowowowowowowowowwowoowowowowowowowowoowowowowwowwwwowooooowowowowwwoooowowowowowowwwowooowowooooooowowowowowowowoowowwwoooowowoowooowoowoowoooowowwowwoooowowoooowowowowoooowwwwowwwwowooowowoooowowoooululululuulululuulululuuluuululuuuululululuuuuulluuuulululuullululuululllulululullulllululuululuuulllulululuuuuuuuluuuuuuuuuuuuuuuuuuluuuuuluuuuuluuuuuuuuulllllllldddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd heheheheheheheheheheheheheheheheheheheheheeheheeehehehhhehhhhheheeehhhhhhh ncncnncnnnnnnnnnnnnnnnnnnncn e fififirsrsrsrsrsrsrsrssrsrssrsssrsrsrsrsrsssssssttttttttttttttttttt t tt rereeeeeeeeeeeeeeeeeeeeeeeeaaaaaacaaaaaaaaaaaaaaaaaaa t with th
water molecules. [1]

(b) After the oxides in granite hahave first reacted wwith water, thehe ccoorrosisionon of granite w
still continue. Explain why this is so.
When Group I oxides rerrrrrrrrrrrrrrrrrrr acaaaaaaaaaaaaaaaaaaaaaaaaaa t withththhhthththhhththththhthhththththhthhttthth wwwwwwwwwwwwwwwwwwwwwwwwwatttataatatatatatatatatatatatatatatattatattattterereeeeeeeeeeee , hyhyyhyhyhyhyhyhyhyhyhyhyyhyhyhyhyhyhyhyyhyhyh drdrdrdrdrdrdrdrdrddrdrdddrddrddrdrddrroxoooooooooooooooooooooooo iddddddddeseseseseseseseseseseseseseseseseseseseseseesesesesesss will be fffffffffffffffffffffffforororororororororororororororrororororororororororoo med. [1]
These hydroxides wouldldldldldldldlldldldlldldldldldldldldlddddddd reaaaaaaaaaaaaaaactctctctctctctctctctctctcttctctctctctctctcctc wwwwwwwwwwwwwwwwwwwwwwwwwititititiiititittitititttititittittitttttthh acaaaaaaaaaaaaaaaaaaaaaaaaaaa ididididididididididididdddddddddddddicicccccicccccicicccicciccicccicic anddndddddddddddddddddddddddddd aaaaaaaaaaaaaaaaaaaaaaaaampmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpm hoteric oxides like silicon dioxid
and aluminiummmmmmmmmmmmmmmmmmmmmmmm oxxxxxxxxxxxxxxididididididididididididididdddddddddddddde eeeeeee to contitttttttt nue thtttttttttttttttttttttttttt e eeeeeeeeeeeeeeeeeeeeeee corrosssssssssssssssssssssssssioooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnn ofofofofofofofofofofofofofofofofofofofofofofofofofofofoo ggggggggggggggggggggggggggggrrrrrrarrrrrrrrrrrrrrrr nite. [1]

(c) One of the largest granite strucctutureress onon earth is the granite column at Mon
Claudianus in Egypt whichh hahas s aa mamassss oof f 202 7 tonnes.

Calculate the e mimininimum m lolossss iinn mass (in tonnes) of the structure if water were
react withh ttheh ggraranitee ccololumumnn ovover a long period of time.
MiMMMMMMMMMMMMMMMMMMMMMMMMMM nnimimimimiimimimiimimimimimiimimiimimimimimmmmum loss innnnnnnnn mmmmmmmmmmmmmmmmmmmmmmmmmmmasasasasasasasasasasasasaasasasasasasasasasaasasasassasa s ssssssssssssssssssssssssss ======================== %220077

= 16.1 tonnes (3sf) [1]

If 3sf nnnnnnnnnnnnnnnnnnnnotototototoototototototoototototottototototototototot ggggggggggggggggggggggggggggiviviiviiiviiviiiiiiiivivivenenenenenenenenennenenenenenenenenenenennenenennenenenen,,,, -1 mark.

[Total: 
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A5 There is a gradual change in properties of the elements moving down Group I of the 
Periodic Table.

(a) State how the melting points of the elements change moving down Group I.
The melting points decrease. [1]

(b) Based on the bonding and structure, suggest a reason for the trend in (a).
In metals the positive ions are strongly attracted to the sea of delocalised electrons.
Moving down Group I, the atomic radius becomes bigger as the number of electron
shells increases. [1] Hence, the attraction between the positively charged ions and
the sea of delocalised electrons decreases. [1]
Therefore, less energy is needed to overcome the electrostatic forces of attraction
and hence the melting point decreases. [1]

(c) Group I metals react readily with cold water. State the products formed when 
potassium reacts with water. 
Potassium hydroxide and hydrogen gas. [1]

(d) The reaction between caesium and water is more vigorous than that between 
potassium and water. Account for the difference.
Caesium is more reactive than potassium as the reactivity of the element increases 
going down Group I. [1]
The valence electron in caesium is much further away from the nucleus as there 
are more electron shells, causing the attraction between the nucleus and the 
valence electron to be weaker, making caesium more reactive as it is able to lose 
the electron more easily. [1]

[Total: 7]

t e sea o de oca sed e ect o s dec eases [ ]
Therefore, less energy is needed to overcome the electrostatic forces of attractio
and hence the melting point decreases. [1]

(c) Group I metals react readily with cold water. State the prprododucuctsts formed whe
potassium reacts with water. 
Potassium hydroxide and hydrogen gas. [1]

(d) The reaction between caesium and water is momomoomoomooooomoooooommoooooooooooooooooooooooooooooooooooooomooooorerererereererererererereeeeerererererereerererererererereeererrerrrrrerrerrerrerererrrrrerererrrrerrrrrrrerrereeeereerreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvigigigiiigigigigigigigigiiigigigigigigigiiiiigiiigiiiiiiiiigigiiiiiiiiiiiiiiggggggggggggiggggggggggoooooororoooooo oous ththan that betwee
potassium and water. Account for the differencnccccccccccccccccccccccccccccccccccccccccccccccceeeeeee.ee.e.eeeeeee.eeeeeeee.eee.e.eeeeeee.e.eee.eeeeeeeeeee.eeeeeeeeeee.eeeeeeeeeeeeeeeeeeee.ee.eee..e.......
Caesium is more reactive than potasssssssssssssssssssiuiiiiiuiiiiuiiiiiiiuiiuiuuummmmmmmmmmmmmmmmmmmmmmmmmmmm asasasasasasasasasasasasassasasasasasasasaasasasssss ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttheheehehehehehehheheeheeeeheeheheeheheheheheheeeeeeeeheeeheheheeheheeheheheheeeeehehheeeehehehheeehehehhhhheheehhhehhhhheeeehhehhhhheehhehheeehehhhhehhhehhhhhhhhehhhhhhhheeehhhhehhhhhhehhhhhhhheheheeehhheehhheeeheheeeeehheeehh  rereeeeeeeeeeeereeeeeeereeeeeeeeereeeeeeeeeeeeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerreeeeerrrrereeerreeereeeeeeeeeeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeacacacacacacaaacaaaaaacacacacacaaaaaaaacacacacaaaacaacacaacacaacaaacacacacaacaacacaaacaaacacacacacacacacaaaacccacacaacccccaaaacaaccccccaaacccaaaacacaaaaacaccaaccccacaccccccccccaccccccccccccaca tititititittititititiitiiiitittititititititititititittitiitttiiitittittititittttiititititttttttittittttttiitttttittttttittittttttttittttitiititiitiitiititiittttt ivivivvvvvvvivivvvvivivvvviiiviviviiiviviiviivivivviiviviivivivvvviivvvvvivvvivvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvviviviiviviitytytytytytytytytyyyyy ooooooooooooooooooooooooooooffffffffffffff fffffffffffff ththththththththththththttththththhthththtthththht eeeeeeeeeeeeeeeeeeeeeeeeee eleleleeeleleleleleleeeeeeleleleeeelelelememememememememememememememememememememememeememeemmenenenenenenenenenenenenenenenenenenenenneneneneee t increase
going down Group I. [1]
The valence electron in caesiuuuuuuuuuuuuuuuuuuuuuuuuum mmmmmmmmmmmmmmmmmmm isiisiisisisisiiisisisiisisisississs muchhhhhhhhhhhhhhhhhhhhhhhhhh fuuuuuuuuuuuuuuuuuuuuuuuurtrrrrrr her away frororororororororororororororororororororororororororr mmmmmmmmmmmmmmmmmmmmmmmmmmm the nunununununununununununununununununununununununununucleus as the
are more electron shellllelelelllllellllllelllllslslslsslslslslslslslslslslslslslslslslsslslslssl ,,,,,,,,,,,,, caaaaaaauuuusuuuuuuuuuuuuuuuuuuuuuuuu ininininininininininiininininininininiininiinnnnng tht e attttttttttttttttttttrttttttttttttttttttttttt acaaaaaaaaaaaaaaaaaaaaaa tion betweeeeeeeeeeeeeeeeeeeeeeeeeeeenenenenenenenenenenenenenenenenennneneneneneneneene  the nucleus and th
valence electron to beeeeeeeeeeeeeeeeeeeeeeeee wwwwwwwwwwwwwwwwwwwwwwwwwwweeeeeaeeee ker, makakakakakakakakakakaakakaakakakakakakakakkkkkkkinnnnnnnnnnnnnnnnnnnnnnnngggggggggggggggggggggggggggg caacacacacacaacaacaacacacaaaacacacacaacacaac esesesesesesesesesesessesssesesesesesessssessiuiiiiiiiiiiiiiiii m mommmmmmmmmmmmmmmmmmmmm re reaaaaaaaaaaaaaaaaaaaaaaaaaaactctctctctctctctctctctctctctctctctctctctctctctcttcctc ivivivivivivivivivivivivvvivivivivivivivvivii e as it is able to los
the electron more easiiiiiiiiiiiiiiiiiiiiiilylylylyllylylyllylylyllylllyylylyylyllyyyy. [1[1[1[1[1[1[1[1[1[1[1[1[1[1[1[[1[111[1[11[1[1[[1[ ]]]]]]]]]]]]]]]]]]

[Total: 
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A6 Galvanisation is a method often used to prevent iron from rusting. In galvanisation, a layer 
of zinc is coated on the iron, causing the zinc to sacrificially corrode in place of the iron. 
This process is called sacrificial protection. However, environmental conditions may 
accelerate the rate of rusting in spite of zinc being present as a sacrificial metal.

(a) List the necessary conditions for rusting of iron to take place.
Water and oxygen must be present. [1]

(b) Explain why zinc can be used as a sacrificial metal to prevent the corrosion of iron.
Zinc is a more reactive metal than iron. [1]
Placing zinc on top of the iron would allow for it to be reacted in place of the iron,
allowing for it to be used as a sacrificial metal. [1]

(c) Modern galvanisation methods require that another layer of chromium be added on 
top of the zinc layer.

(i) Arrange the three metals, chromium, iron and zinc, in order of increasing
reactivity.
Iron, zinc, chromium [1]

(ii) Explain your answer to (c) (i).
Chromium is placed over the zinc to allow for it to react in place of the zinc, 
making the sacrificial protection properties of the zinc to last longer. [1]
Hence, it has to be more reactive than the zinc. If it were less reactive, the 
zinc would be used up more quickly instead of lasting longer. [1]

(c) When rusting occurs, iron(II) oxide and another oxide of iron, X, are formed. The 
percentage by mass of the elements present in X are shown below.

Element Percentage by mass/%
Iron 72.4

Oxygen 27.6

(i) Calculate the empirical formula of X.
Fe O

Mass in 100 g 72.4 27.6
Number of moles

= 56
4.72

= 1.30
= 16

6.27

= 1.73
Dividing by smallest 
number of moles = 30.1

30.1

= 1
= 30.1

73.1

= 1.33
Ratio 3 4

Correct calculations or table [1]

Therefore, the empirical formula is Fe3O4. [1]

ac g c o top o t e o ou d a o o t to be eacted p ace o t e o
allowing for it to be used as a sacrificial metal. [1]

(c) Modern galvanisation methods require that another layer of cchrhromiuiumm be added o
top of the zinc layer.

(i) Arrange the three metals, chromium, iron andnd zzinincc, inn ordderer oof f ininccreasin
reactivity.
Iron, zinc, chromium [1]

(ii) Explain your answer to (c) (i).
Chromium is placed oveeeeeeeeeeeeeeeer rrrrrrrrrrrrrrrrrrrrrrr thttt e zincncncncncncncncnccncnccncccccccccccccc ttttttto oooo oo o oooooooooooooooooo alloooooooooooooooooowwwwwwwwwwwwww wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww fofofofofofofofofofofofofofofofooofofofofofofofofofoffoffoffffffffofffofoffffofffffofofofffffofofofffoofofffffffooofffffoffffofffffoofofffofoffofofofooffffoffffooofofffofoooooooooooffoooofoooofoooooooooooooffoooooooooooofooofooffffoffffffff rrr rrrrr rr rrr r r r r r ititititititititt to rererererererererererererererererrerererererrerer acacacacacacacacacacacacacacacacacacacacacaacacacacacct in pppppppppppppppppppppppppppplalaalalalalalalalalalalaalalalaalalaalalalaacccccccecececcccccccccccccccc  of the zin
making the sacrificial proooooooooooooooooooooooooooteteetetetetetetectccccccccccccccccccccccccccc ion prrrrrropopoopooooooooooooopoopooooooo ereeeeeeeeeeeeeeeeeeeeeeeeeee ties of the zzziizzizzzzzzz ncncncncncncncncncncncncncncncncncncncncncncnccncncnc tttttttttttttttttttttttttttto laaaaastststststststststststststststststsstststststststst llllllllllllllllllllloooono ger. [1]
Hence, it has to bbbbbbbbbbbbbbbbbbbbbbbbbbbbbe eeeeeeeeeeeeeeeeee moorererererererererererererrerererrerrerereereeee rrrrrrrrrrrrrrrrrrrrrrrrrreaeaeaeaeaeaeaaeaeaeaeaeaaeaeaeaeaaeaaae ctcccccccccccccccccccccc ive thhhhhhhhhhhhhhhhhhhhhhhhhhhhannnnnnnnnnnnnnnnnnnnnnn the zinc. If ffffffffff ffffffffff iitiiiiiiiiiii wwwwwwwwwwwwwwwwwwwwwwwwwwwere less reactive, th
zinc would be usuusususuusususussususuuuuuuuuuuuu ededededededededededdedededededdeedededededeeeeee  up moreeeeeeeeeeeeeeeeee qqqqqqqqqqqqqqqqqqqquiuiuuiuiuiuuiuiuuiuiuiuuiuiuuiuiuuuiuiuuiuiuiuu ckckccckckckckckckckckckckcckckccckcckcckkcc lyylylylyyyyyylylylylylylyylylyyyyyyyyy insnnnnnnnnnnnnnnnnnnnnnnnnn teadaadaaaadadaadadadadaadadaadadaadaaadaaad of lastttttttttttttttttttttttinininininininininininininininininininininininninngggggggggggggggggggggggggggg longer. [1]

(c) When rusting occurs, iron(II) oxidde and annototheher r oxoxide of iron, X, are formed. Th
percentage by mass of the elelememenentst ppreresesentnt iinn XX are shown below.

Elememenentt Percentage by mass/%
Irronon 72.4

OxOxygygenen 27.6

(i) Caalclcululata e ththee emempipiriricac l formula of X.
Fe O

MaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMaMMMaMaM sssssssssssssssssssssssssssssssssssssssssssssssssssss iiiiiiiiiiiiiinnnn 1010101010001010101010101001010101010101001001010000000000000000000000000 gggggggggggggggggg 72.4 27.6
NuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNuNNummbmmmmmmmmmmmmmmmmmmmmmmmmm ererererererererererererererererereerrererererrer of ffffffffffffffffff moles

= 56
4.72

= 1.30
= 16

6.27

= 1.73
Dividing by smallest 30.1 73.1
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(ii) Given that the relative formula mass of X is 232, what is the molecular
formula of X?
Relative formula mass of empirical formula = 56 X 3 + 16 X 4

      = 232

Therefore, molecular formula is Fe3O4. [1]

[Total: 9]
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A7 There are two main types of polymerisation which take place between organic molecules. 
In very special cases where the molecule has more than one functional group present, it 
is possible for the molecule to undergo both kinds of polymerisation to form polymers with 
different structural formulae. One such molecule, X, is shown below.

C C C C

O

O

CCO

H

H H

H

H

H

H

H

H H

Molecule X

(a) Draw the full structural formulae of all the possible polymers which can be formed 
when many units of molecule X chemically combine. Show two repeating units in 
your answer.
Correct addition polymer product [1]
Correct condensation polymer product [1]

[2]

H
Molecule X

(a) Draw the full structural formulae of all the possible polymemersrs wwhihichch can be forme
when many units of molecule X chemically combine. ShShowow ttwo rerepepeatatining g units 
your answer.
Correct addition polymer product [1]
Correct condensation polymer product [1]

[
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(b) In chemical reactions involving the oxidation of alcohols, only –O-H groups at the
end of the organic molecule will be oxidised to form carboxylic acids. If the –O-H
group is not at the end of the organic molecule when oxidation takes place, it will
get converted to C=O instead.

A gas containing molecule X was first reacted with excess steam under high
temperature and pressure to form a gas containing only molecule Y. An oxidising
agent was then reacted with the gas containing molecule Y to form molecule Z,
which was dissolved in 200 cm3 of water to form solution Z.

(i) Draw the full structural formulae of molecules Y and Z.
Y: 

C C C C

O

O

CCO

H H

H

H

H

H

H

H O

H

H
H

H

Z:

C C C C

O

O

CCO

H H

H

H

H

H O HO H

[2]

(ii) 20.00 cm3 of solution Z was completely reacted with 25.0 cm3 of 0.1 mol/dm3

sodium hydroxide solution using a suitable indicator. Calculate the 
concentration of solution Z.

No of moles of sodium hydroxide used = 
1.0

1000
0.25

= 0.0025 mol [1]

No of moles of Z reacted = 2
0025.0

    = 0.00125 mol

Concentration of solution Z = 
1000

00.20
00125.0

            = 0.0625 mol/dm3 [1]

( ) a t e u st uctu a o u ae o o ecu es a d
Y: 

C C CC C

O

CCO

HH H

H

H

H

H

H

H O

H

H
H

H

Z:

C C C C

O

CCO

H H

H

H

H

H O HO H

[

(ii) 20.00 cm3 of solutionn ZZ wawas cocompm letet ly reacted with 25.0 cm3 of 0.1 mol/dm
sodiumm hhydydroxidede ssololutu ion using a suitable indicator. Calculate th
cooncncentrtratation ofof ssololututioionn Z.

Nooooooooooooooooooooooooooo oof f f ff ff f ff f momomomomomomomomomomomomomommmmomomomoomomommomomomomolessssssssssssssssssssssssss ofofofofofofofoofofofofofofofofofofooofofofofofofofo sssssssssssssssssssssssssodo ium hydroxide used = 
1.0

1000
0.25

= 0.0025 mol [1]

No of moles of Z reacted = 2
0025.0

= 0 00125 mol
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(c) The solid form of molecule X was completely burnt in oxygen. Carbon dioxide,
carbon monoxide and another pollutant was released.

(i) Identify the pollutant.
Soot/ozone/unburnt hydrocarbons [1]

(ii) List one harmful effect of this pollutant.
Any logical effect of the pollutant. [1]

[Total: 8]

END OF SECTION A END OF SECTION A 
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SECTION B
Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be 
attempted. 

B8 Introduction to Functional Groups

One of the characteristics of most organic molecules is that they contain a functional 
group. All molecules containing a particular functional group would likely undergo the 
same kind of chemical reactions, which allows scientists to classify them into different 
homologous series.

It is interesting to note that in addition to the functional groups what have been introduced 
this far, the carbon-carbon double bond, the hydroxyl group (-O-H) for alcohols, the 
carboxyl group (-COOH) for carboxylic acids and the ester linkage, there are more 
functional groups for organic molecules.

The table below briefly summarises some of the many functional groups which can be 
found in organic molecules.

Homologous series Name of functional group Functional group
Alkene Carbon-carbon double 

bond
C C

Alkyne Carbon-carbon triple bond C C
Alcohol Hydroxyl O H

Aldehyde Carbonyl
C H
O

Carboxylic acid Carboxyl
C O H
O

Ester Ester
C O
O

Acyl chloride Acyl 
C Cl
O

Amine Amine N
H

H

Classifying Organic Molecules into Homologous Series

With so many functional groups, it is unavoidable that most organic molecules would 
contain two or more functional groups. If a molecule contains two or more functional 
groups, then there would be a need to classify that molecule into only one homologous 
series because it cannot belong to two different homologous series at the same time. 
Hence, organic chemists came up with a priority list to name an organic molecule. 

sa e d o c e ca eact o s, c a o s sc e t sts to c ass y t e to d e e
homologous series.

It is interesting to note that in addition to the functional groups what hhave bebeen introduce
this far, the carbon-carbon double bond, the hydroxyl group ((-OO-H)H) ffoor alcohols, th
carboxyl group (-COOH) for carboxylic acids and the esterer llininkakagege, there are mo
functional groups for organic molecules.

The table below briefly summarises some of the mannyy y y y yyyy yyyyy yyyyy y yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy fufufufufufufufufufuufufuufufufufufufufufufufufufufufufufufuufuufufufufufufuuuuuuuuffufffufffufffffuffffffuffufffuuuuuufufuuuufuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuncncncncncncncncncncnnnnncncncncnccncncncnnncnncnncnccccncccnccncnnnncccncncncncnncnncnccncncncnncncncncncncnnncncncccccncnnnnnnccnnncncccnnnnnncnccnnnnccccncccnnnccnnncccccnccncncncccnnnccncccnncnnn titititttttitititititititttttttttititttttitttttttttittittttttittttttttttttttttttttitttttttitititiititititiititttitttttttt ooooooooononononnoooonoonnnoooooooonaal grooupups which can b
found in organic molecules.

Homologous series Name of functional groupupupupupupupupupppppppppuppppupppupppupuupuppuppppppppppppppppppppppppppppppppppppppppppppppppppp FuFuncnctionnalal ggroup
Alkene Carbon-carbon double

bond
C CC

Alkyne Carbon-carbon triple bondnd C C
Alcohol HyHydrroxyl O H

Aldehyyde CaCarbonnylyl
C H
O

Carboxylic acid CaC rbrboxo yl
C O H
O

Esteerr Ester
C O
O

Acyll cchlhlororidide Acyl 
C Cl
O

Amine Amine N
H

H
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Take for example the molecule that is shown below:

C C

O

OH

H

H

O

H

The molecule contains both the –O-H functional group, which would classify it as an 
alcohol, and also the –COOH functional group, which would classify it as a carboxylic 
acid. In this case, following the table of priority below, the –COOH group has a higher 
priority over the –O-H group, classifying the molecule as a carboxylic acid.

Order of priority Homologous series
1 Carboxylic acid
2 Ester
3 Aldehyde
4 Alcohol
5 Alkenes or alkynes

Since there are so many functional groups, there has to be a way to distinguish between 
different functional groups chemically as well. The table below summarises the 
distinguishing chemical tests for the various functional groups.

Homologous series Distinguishing chemical 
test

Observation

Carboxylic acid Reacting with sodium 
carbonate

Colourless, odourless gas 
evolved

Ester Heating with concentrated 
aqueous sodium hydroxide, 

then sodium carbonate

Colourless, odourless gas 
evolved

Aldehyde Reacting with 2, 4-DNPH Orange precipitate formed
Alcohol Reacting with acidified 

potassium manganate(VII)
Acidified potassium 

manganate(VII) changes 
from purple to colourless

Alkenes or alkynes Reacting with aqueous 
bromine

Bromine changes from 
brown to colourless

Proper Disposal of Organic Chemicals

Because many organic chemicals are highly toxic, certain homologous series cannot be 
stored together within the same area in the science lab. At the same time, care also 
needs to be taken to ensure that organic chemicals are not poured directly down the sink 
but rather stored in proper plastic bottles for disposal by authorised chemical companies. 
The table on the next page summarises the compatibility of chemicals from different 
homologous series.

The molecule contains both the –O-H functional group, which would classify it as a
alcohol, and also the –COOH functional group, which would classify y it as a carboxy
acid. In this case, following the table of priority below, the –COOHH grooupup has a high
priority over the –O-H group, classifying the molecule as a carboxylylici  accidd.

Order of priority Homologogousus ssereries
1 Carboxoxylylyyy icic aacicid
2 EsEsEsEsEsEsEsEsEsEsEsEsEsEsEsEsEsEssEsEsEsssEsEEEsEsEsssEsEEsEEsEsEssEsEEsEsssEsEssssEsEsEEsEEEsEEssEsEsssEsEEEEsEssEEEssEsEEEEsEEEEsEEEsEEsssEEEEEEEEEEsEEEssEsEssssEsEEEssEEsssssssEsEEssssssssssssssssssteteteteteteteteteteteteteteeeeeeteeeeeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeteeeeeeteeeeeeeeeeteeeeeteeeeeeeeeeeeeeteteeeeeeeetttt rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
3 AlAlAAAlAlAlAlAlAAllAlAlAlAlAlAlAlAAAAlAlAlAAlAlAAlAAAAAAlAAAAlAlAlAAAAAlAlAAAAlAAAAAAlAlAAlAlAAlAAllllAAAAlllAllAllllAAlAllAlAlAAAAAAllAAAAAllAAAllAAAAAAAAAAAlAAAAAAAAAAAAllAAAAAAAAAAAAAAAAAlAAAAlAAAAAAAAlAAllAAAllAAAlldedededdddededededededededededededededededeedededededddedeedededededeedddededededededededededdeddededeeddedededededededdedededededddededededededdededeeeededdededeeededddedddeddeddedddededdedddedededddedeeeeedddeeeeddeeddeeeeeeeehyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhyhhhhhyhyhyhyhhhyhyhhhyhhyhyhyhyhyhyhyhyhyhyhyhyhhyhyhyhyhyhhyhyhyhyhyyhyhyhyhyhyyyhyhyhyhyhyhhyhyhyhyhhyyyyhyhhhhyyhyhyhyhyhyhhyhyyyyyhyhhhyyhhhhhhyhyyyyhhhhhyhyhyhhyhyhyhyyhyyhyhyhyhyyyhyhyhyhyhyyhhyyyyhyyyyyyhyyyhhyhhyyhhyhhhhhhhhhhhhhhhhyhhyyyyyyyyyyyy edededddddededddddddddddddddddddddddddddddddddddddddddddddddddddddddddddeddeeddded
4 AlAlAlAlAlAlAAAlAAlAlAAlAlAlAlAlAAAlAlAAAAAAlAAAAAlAAAlAlAlAlAAAAAAlAAAAAAlAAAAAAAAAAAAlAAAAAAAlAAAAAAAAlAAAAAAAlllAlAAlAlAAAlAlAlAlAAlAllllAlAAAAAllAlAAAllAAAAAAllAlAAAllAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA cocccococcccococcococococococoooooocococococcoccocoooococococccococococcococoocoocococococococoooococooocococooococooocoooooococcooccccooocococooooccoccoccccoocoooccoococoocooooocccocooooccoooooccoooohhohohohohohohohhhohhohohhohohohohohhohhohohhhhohoohohhhohohohohhohohhhhhohohohohohhohoohoohhhhohoohohhohhhhohhhhhhohhohooohhhhoooohhoohhooohhohhhhhohhhohhhhh lllllllllllllllllllll
5 AlAlkekekekekkekekkekkeekekekekekekekekekekkekkekkkekekekekekekekkkkekekkkkekeekekekkkkkekekkekekkkekkkekekkkkkkeeeeeeekekekeeeeeeeneneneneneneenenenenenenenenenenenenenenenenneneeneneneeeneeeeeenneneeeneneneneeeennneeneneneenennneeennnnennnenennneenennnennnnenneeeeneennnenennenneneneennneneeneeneeennnneeeeennneneeeeeeeeeeeeneeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss oooooooooorooooooooooo  alkynynees

Since there are so many functional ggroupps, there hass tto o be a way to distinguish betwee
different functional groups chemicallyly as weellll.. ThThee table below summarises th
distinguishing chemical tests for ththe e vavaririouo s fufuncnctitiononalal groups.

Homologous series Distinguguisishih ngng cchehemimical 
tetestt

Observation

Carboxylic acidd Reeacactitingng with sodium 
cacarbrbonate

Colourless, odourless gas
evolved

Esterr HeHeatatinngg with concentrated 
aqaqueueouo s sodium hydroxide,

tht en sodium carbonate

Colourless, odourless gas
evolved

Aldeehyhydede Reacting with 2, 4-DNPH Orange precipitate formed
Alcohoholl Reacting with acidified

potassium manganate(VII)
Acidified potassium

manganate(VII) changes 
from purple to colourless

Alkenes or alkynes Reacting with aqueous Bromine changes from
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Chemical Incompatible with

Ethanoic acid

Chromic acid, nitric acid, 
compounds containing the 
–O-H group, ethene, any

compound containing
manganate(VII)

Bromine and chlorine
Ammonia, ethyne, 

butadiene, butane and 
other petroleum gases

Concentrated nitric acid
Ethanoic acid, alcohols, 
chromic acid, flammable 
liquids, flammable gases

(a) Make use of the molecule below to answer the questions that follow.

C

O

CCCC

O H

HH

H

H H
Molecule A

(i) Give the names of all the functional groups present in molecule A.
Carbon-carbon triple bond, carbonyl, hydroxyl [1]

(ii) Hence, identify which homologous series molecule A belongs to.
Aldehyde [1]

(iii) A student suggested using aqueous bromine to distinguish between propene 
and molecule A. Suggest why this method would not work.
Bromine would react with both propene and molecule A as propene has a 
carbon-carbon double bond and molecule A has a carbon-carbon triple 
bond. [1]

Concentrated nitric acid chromic acid, flammable 
liquids, flammable gases

(a) Make use of the molecule below to answer the questions tthahat t fofollllowow.

CCCCCCCCCCC

OO

CC CCCCCCCCCCC

O HH

HH

H

H H
Molecule AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(i) Give the names of all the functional grooups presennt inn molecule A.
Carbon-carbon ttttttttttttttttttttttriiiiiiiiplpppppppppppppppppppppppp e bobbbbbbbbbbbbbb nd, ccacacaccccacaccaccccccccccaccccccc rbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbbbbbbrbbbonononoonononononononononononoononoonoonoononylylylylylylylylylylylylylylylyylylylylyylylyyyy , hyhhhhhhhhhhhhhhhhhhhhhhhhhh drrrrrrrrrrrrrrrrrrrrrroxoooooooooooooooooooooooo yl [1]

(ii) Hence, identify whichh homoologo ous seseririeses  momolecule A belongs to.
Aldehydedddddddddddddddddddddddddd  [1]

(iii) A student suggested d ususiningg aqaqueueouous s bbromine to distinguish between propen
and molecule A. Suuggggesest t whhy y ththisi mmethod would not work.
Brommmmmmmmmmmininininiiniininiinininininiiiiiininnne eeeeeeeeeeeeeeeeeeeeeee wowwwowowwowwowowwwowwwwowwwowowwwowowoww uluuuuuuuuuuuuuuuuuuuuuuuuu d reeeeeeacacaacacacacacacacacacacacacacacacacacacacacacacacacttttttttttttttttttttttt wiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiiiwithttttttttttttttttttttt  both propene and molecule A as propene has
cacacacaccacacacaccacacacaccacacacacacaacaaarbrrrrrrrrrrrrrrrr on---------cacacacacacacacacacacacacacacacaaacacacaacacacacc rbrrrrrrrrrrrr onnnnnnnn ddddddddddddddddddddddddddddouououououououuououououououououououououuouuououuuuo blbblblblblblblblblblbblblblbbbblblblblbbbbllle eee eeeeeee eeeeeeeeeeee e ee bobobobbobobobobbbobbobbbbobobobobbobobobobobb nd and molecule A has a carbon-carbon trip
bobobobobobobobobobobbobobobobobobobobobobobbboboboboondnnnnnnnnnnnnnnnnnnnnnnn .............. [1[ ]
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(iv) Suggest three chemical tests which could be used to differentiate between
molecule A and the molecule below and describe the results of each test.

CCC

O

O
H

HH

H
Both molecules can be reacted with 2,4-DNPH. An orange precipitate will 
form in the sample containing molecule A but not for the other molecule. [1]

Both molecules can be reacted with acidified potassium manganate(VII). 
Acidified potassium manganate(VII) will change from purple to colourless in 
the presence of molecule A but not in the presence of the other molecule. 
[1]

Both molecules can be reacted with sodium carbonate. A colourless 
odourless gas will be formed with the other molecule but not with molecule 
A. [1]

(b) A student conducted a series of tests on an unknown organic molecule. The results 
are summarised in the table below.

Chemical test Observation
Reaction with 2, 4-DNPH Orange precipitate formed
Reaction with aqueous 

bromine
Bromine changed from 

brown to colourless
Reaction with sodium 

carbonate
Colourless, odourless gas 

evolved

Further tests revealed that the molecule had a relative molecule mass of 100.

(i) Draw the full structural formula of the molecule.

CCC

O

O

C

H

H

H

O

H

[1]

(ii) State which homologous series the molecule belongs to.
Carboxylic acid [1]

(c) A student conducted an experiment involving cracking of octane, C8H18. She
determined that the cracking experiment yielded 1 mole of three different products:
butane, an unknown hydrocarbon, and hydrogen gas.

(i) Give the name of the unknown hydrocarbon.
Butene/Butyne/C4H6 [1]

Both molecules can be reacted with acidified potassiumumumummmumumummumumummmummummumumummumummm manganate(VI
Acidified potassium manganate(VII) will change from pupupupupupupupupuupupupupupupupupupupupupupupupupp rplelelelelleleleeeeeleleleeeeeeeeeeeeee tttttttttttttttttttttttttto colourless
the presence of molecule A but not in the presence ooooooooooooooooooooooooooof fffffffffffffffffffffffff theeeeeeeeeeee ooooootoooooooooooooooooooooo her molecul
[1]

Both molecules can be reacted with sodiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuiuuiuiuuiuiuiui mmmmmmmmmmmmmmmmmmmmmmmmmm caaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrbrrrrrrrrrrrrrrrrrrrr onatatatatatatatatatatatatatatatatatatatatatatatatatatatatteeee.e.ee.e.eeee.eee.eeeeeeeeeeeee AAAAAAAAAAAAAAAAAAAAAAAAAAAA ccccccccccolourles
odourless gas will be formed with the otheeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrr rrrrrrrrr momomomomommomommmmmmomooomomomomomomomommmmomooomomommmmmmmomomoooomomommmmmomoooomommmomomommommmommomomommmomoooomomommmmmommooommoomomomommmmoommmmmmmoommoommmmmmoooomoooommooooommooooomommmmoomommmoooommmooooooommooooooooommooommmmolllelelelelelelelelllelellellleleleleleeelelleleleeeeeeeeeleeleleleleeeeleleeleleeeeleeleleeeeleeeeeleeeeeleleleeeeeeeleeeeeeeeeeeeeeeeeeeleeeeeeleeeeeelllllll ccucccucucucuuuuuuucucuuuuuuuuuuccuuuuuuuucuuuuuuuucuuuuuuuuuuuuleleeeeeeleeeleleleeeeeeleeeeleell  butttttttttttttttttttttttttttt nnnnnnnnnnnnnnnnnnnnnotototototttttotototttottttttottttt wwith molecu
A. [1]

(b) A student conducted a series of tests on an unnknknkkkkknknknkknkknnknknknknknkkkknknknknkkknnnnknknkkknknknknkknknknknknknnknknknknknkknknnnnnknnnnnknknnnknkknknkkkknkkkkkknknnnowowowowowoowowowowowowowowowowowwowwwwowowooowowowowowowowowowowwowooowowoowowooowowwowowoooooowowooowowwowowoooooowooowoowowoowowwowowowwwwwwwwowowowwowwwowowwwowwwoowowwwwowowwowowwwowwwoowowoowwwwowooowoowoowowwoowowwowwo nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn nnnnnnnnnnnnnnnnnnnnnn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  oooooooooorooooooooooo gaannicc mmoleecuculele. The resu
are summarised in the table below.

Chemical test Obseervrvaation
Reaction with 2, 4-DNPH OrOrana ge precipitate formed
Reaction witith aqqueueous 

brommininee
BrBromomine changed from 

brown to colourless
Reaction wwitithh sos didiumum 

carbononatatee
Colourless, odourless gas 

evolved

Further testss revevealled thaat t ththe e molecule had a relative molecule mass of 100.

(i) Drrawa ttheh  fululll ststruructctururalal formula of the molecule.

CCC

O

O

C

H

H

H

O

H

[1]
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(ii) At the end of the experiment, there was octane still left over which was still
very hot. She decided to pour the octane and catalyst mixture into a bottle
containing concentrated nitric acid.

Suggest why this approach is not advisable, giving reasons for your answer.
Since the leftover octane and catalyst mixture was still hot, the reaction
would continue even after the mixture was poured into the bottle. [1]
Hydrocarbons would continue to be produced, which is incompatible with
concentrated nitric acid. [1]

(d) Suggest why it is not advisable for bromine and butane to be stored together.
Butane will react with bromine in the presence of light [1]

[Total: 12]

(d) Suggest y t s ot ad sab e o b o e a d buta e to be sto ed toget e
Butane will react with bromine in the presence of light [1]

[Total: 1
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B9 Bromine and chloride are elements in Group VII of the Periodic Table.

A student carried out an experiment in a laboratory to investigate the reaction between 
bromide ions and chlorine gas.

He bubbled chlorine gas through dilute, aqueous potassium bromide for 6 minutes. He 
took samples of the reaction mixture every 30 seconds and measured the colour intensity 
of each sample using a colorimeter. 

A colorimeter is a device used to measure light absorbed when the light passes through 
a coloured solution. The diagram below shows how a colorimeter works.

The darker the colour of the sample solution, the more light is absorbed and the less light 
is detected by the detector, hence resulting in a higher absorbance reading on the 
colorimeter.

Aqueous bromine absorbs more light than aqueous chlorine or potassium bromide.

The student plotted her results on a graph shown below.

a co ou ed so ut o e d ag a be o s o s o a co o ete o s

The darker the colour of the sample solution, the morere lligight is abbsosorbed and the less lig
is detected by the detector, hencncee reesusulting in aa hhigigheh r absorbance reading on th
colorimeter.

Aqueous bromine absorbs more ligghtht thahann aqaqueueouous chlorine or potassium bromide.

The student plotted her results onon aa ggrraphh sshown below.
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(a) With reference to the reaction, explain the relationship between absorbance and
time in the first minute of the experiment.
Absorbance increases linearly with time/is directly proportional to time. [1]
This is because chlorine is more reactive than bromine and it displaces bromine
from the solution. As aqueous bromine is reddish-brown, the more it is formed, the
darker the solution would be. Hence, the absorbance would increase. [1]

(b) Making use of the Collision Theory, describe and explain the changes in the speed
of reaction shown by the graph.
The speed of reaction is highest at the beginning as the concentration of bromide
ions is the highest. [1]
As time passes, the speed of reaction decreases as the bromide ions are used up, 
causing the concentration to decrease, resulting in a decrease in the frequency of 
effective collisions, until the speed reaches zero in the 5th minute when all the 
bromide ions are used up. [1]

(c) The student carried out four more experiments to determine the time taken for each 
reaction to finish. She used the same volume of potassium bromide solution each 
time. She recorded the time taken and the absorbance reading at the end of each 
reaction in the table shown below. 

Experiment Time taken for reaction 
to finish/mins

Absorbance reading at 
the end of the reaction

1 5.00 0.8
2 6.00 0.4
3 2.50 0.8
4 2.50 0.9

(i) Which experiment uses potassium bromide of a lower concentration than in
experiment 1?
Experiment 2 [1]

(ii) Suggest how the time taken for the reaction to finish relates to the rate of
reaction if the starting concentration of reactants is the same.
Rate of reaction is inversely proportional to the time taken for the reaction to
finish. [1]

(iii) Compare and explain the similarities and differences in the time taken and 
absorbance readings obtained for experiments 1 and 3.
Same absorbance reading was obtained at the end of the reaction as the 
same number of moles/concentration of bromide ions (limiting reactant) was 
used in both experiments. [1]

Experiment 3 took a shorter time (half the time) to finish because the reaction 
was carried out at a higher temperature OR chlorine was pumped in at a 
higher pressure. [1]

[Total: 8]

o s s t e g est [ ]
As time passes, the speed of reaction decreases as the bromide ions are used u
causing the concentration to decrease, resulting in a decreaseseseeseeeeseeeeeeeeeeeseeeeeee iiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnn nnn nnnn thtttttttttttttttttttt e frequency 
effective collisions, until the speed reaches zero in the 5thhhhhhh mmmmmimmmmmmmm nuuuuuuuuuuuuuuuuuuuuuuuuteteeteteeeeeteteteteteeteteteeeeteeeee when all th
bromide ions are used up. [1]

(c) The student carried out four more experiments to detterermiminene tthhe timmee tatakekenn for eac
reaction to finish. She used the same volume of potatasssssssiuiuiuiuuumm brommididee sosolulution eac
time. She recorded the time taken and the absorbrbbbbbbbbbbbbbbbbbbbbbbbbananananannanananananannnnnnnananannananananananannannananaaaaanaanaanaanananaaanananaaaanaaaaaaaaanaanannnnanannnnannnnnaaaaaanaannnnaaannnnnnanaannnnnnnnnnnnnnnnnnnnnncececececececececececccccececececeececececcceccecceceeeeceeececececccceeecececececcecceceececececcececececececccececeeeeececccccceeccceceeecccccceceecccceeeeceeecccceecceeeeceeecececeeeccceeeceeecceecccccc rrrrrrrrrrrrrrrrrrrrrrrrrreeeeaeaeaeaeaeeeeaeeaaaeading aat the end of eac
reaction in the table shown below. 

Experiment Time taken for reaeaaaaaaaaaaaaaaaactctctctctctcttctctctctctctctctctctctctctctctccttctctctcttttttttctctctttctctctctttttctttcttctctcttctcctcttttctctcttctctcttctccctcttctccctcctctccttctcccctccccccccctctcccccctccctctctcttttttioioioioioioioioioioioioioioioiooioioioioioioioioioioooioioioooooiioiiiiioiiiiiiiiiiiiiiiiiiiioiiiiionnnnnnnnnnnnnnnnnnn
to finish/mins

AbAbsosorbanancece reading at
ththee eend ofof tthe reaction

1 5.00 0.8
2 6.00 0.4
3 2.50 0.8
4 2.500 0.9

(i) Which experiment uses potatassssiuium m brbromide of a lower concentration than 
experiment 1?
Expepepepeeepepepeeeeeepeeeeeeeeeeeeeriimemmmmmmmmmmmmmmmmmmmmmmmmm ntnnnnnnnnnnnnnnnnnnnnnnnnnn 2222222222222222222222222222 [1]

(ii) Suuggggesestt hoh w ththee titimeme ttaka en for the reaction to finish relates to the rate 
reacactitiono  if ththee ststarartiingng concentration of reactants is the same.
Rate of rererererererrereerererererererererrrerreerereacacacacacacacacacacacacacaccacacacacacacacacacacacacacctitititititititititititititititititititiitiititit ononononononononononononononoononononononononoonon iiiiiiiiiiiiiissssssssssssssssssssss inversely proportional to the time taken for the reaction 
fififififififififififififififfiffiffiiffiifff nininninininninininininininininnininninininnininin shshsshshshshshshshshshshshshshshshshshshshshshshshsshs . [1[1]]

(iii) CoCompmparare and explain the similarities and differences in the time taken an
absosorbance readings obtained for experiments 1 and 3.
Same absorbance reading was obtained at the end of the reaction as th
same number of moles/concentration of bromide ions (limiting reactant) wa
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EITHER

B10 (a) The table below gives information about the properties of some Group VII elements.

Element Appearance at room 
temperature and pressure

Fluorine Pale yellow gas
Chlorine Yellowish-green gas
Bromine Reddish-brown liquid
Iodine Shiny-black solid

(i) What is the name given to the Group VII elements?
Halogens [1]

(ii) Explain the trend in the physical state of the Group VII elements.
Moving down the group, the melting points increase. [1]
Down the group, the size of the molecules increase, causing stronger
intermolecular forces of attraction. More energy is required to overcome
these forces, resulting in a higher melting point. [1]

(iii) Name the products formed when aqueous bromine is added to aqueous
sodium iodide solution.
Sodium bromide and iodine. [1]

(b) (i) Describe how one could go about preparing a pure, dry sample of lead(II)
chloride from two starting products of your choice. Write an equation for the
reaction you have described.
React (equal volumes) of lead(II) nitrate and sodium chloride together in a
test-tube/beaker. [1]
Filter the mixture and collect the residue. [1]
Wash and dry the residue between pieces of filter paper. [1]

Pb(NO3)2 2 + 2NaNO3 [1]

(ii) Suggest why it would not be possible to prepare lead(II) chloride by reacting
lead(II) carbonate and hydrochloric acid together.
Lead(II) carbonate and lead(II) chloride are both solids. When reacting
lead(II) carbonate and hydrochloric acid together, solid lead(II) chloride
would form on the surface of the lead(II) carbonate. [1]
This would stop the reaction almost immediately. [1]

[Total: 10]

(i) What is the name given to the Group VII elements?
Halogens [1]

(ii) Explain the trend in the physical state of the Groupp VIVIII elelememeents.
Moving down the group, the melting points increaeaeaeaeaeaaeaeaaeaaeaeaeaaaaeaeaeaaaaeaasesesesesesesesesesesesesesesesesesesesesesesesesesesee. [1[1[1[[[[[1[1[[[[[[[[[[[[[[[[ ]]
Down the group, the size of the moleculeeeeeeeeeeeeeeeeeeeeeeeesssssssssssssssssssssssss inininininininininininininininininininininininininncrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrc eaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeease, cacacacacacacacacacacacacacacacacacacacacacacacacacacc ususususususususususususususususuususususususususususininninininininininininninininninninininnininingggggggggggggggggggggggggg strong
intermolecular forces of attraction. More ennnnnnnnnnnnnnnnnnnnnnnnnnnerererereererereerererererereerererererererereererererereeeeeeeeeee gygygygygygygyggygygygygygygygygygygygygygygygygygygygyyyygygygygygyyyyyyyyyyyyyygyyyyyyyyyyyyyyyyyyyyyyyyyyyygyyyyyyyyyyyyyyyyyyyyyyyyyyyy issss s s s s s s sssss s sssss s ssss requuuuuuuuuuuuuuuuuuuuuuuuuuiririririririrrrirrrrrrrirrrrrrrirrredededededededededededededededededededeededededededeed ttttttttttttttttttttttttttoooooooooo ooooooooooooooooo overcom
these forces, resulting in a higher meltinggggggggggggggggggggggggg ppppppopopopoooopoopopopppppopoopopopopopppopopopopopoppppopoopopoppopopopopooopopopppopopopopopopopoooopppopopppopoooooopopopopoopoppopoopoooopoopoppoppopoppopopppopppopppppoppppoppppopppoppoooppppooopppppppppp iniiiinininininininiiiininiininiiininninnnnnnnnnnnnininninnnnininnninnnninnninnnnnninnnninnnnninnnnnnnnnnnnnnninnnnnnnnnnnnnnnnnnnniinnnniniiniiinnniiiinnnnnnnnnt.t.t.t.tttttttttttttttttttttttttttttt.ttttttttttt.ttttttttttttttttttttt.tttt.tt.t.tt.tttttttttttttttttttttttttttt. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[1111111]1]1111111111

(iii) Name the products formed when aqaqaqqqqqqqqqqqqqqqqqqqqqueueueueueuuueueueueueueueuuuuueueueuuuueueueueueuuuuueueeueueueuuuuuueueuuuuueueuueueeeeuuueueueueueueuueeeueeeeueueuuuueueueeeueeueueuuuuueuueuueeeeeuuuuuueueeeueueuueueeeeueueuueeeeueuueuueuueuuuueuuueeeeeeeeeeeeeeeeeeeeouououououououououououuououuouououououououououuuuououuouououoooouoooououoouooouoouooooooooooooooooooooooooouoooooooouooooooouooooooooooouuusssssssssssssssssssssssssssssssssssssssssssssss s sss ssssssssssssssssssssssss sssssssssssssssssss ss s s brbrbrbrbrbrbbbrbrbrbrbrbrbbrbrbbbrbrbrbrbrbbrbrbrbrbrbrbbbbbbrbrbbbrbbbrbbrbrbrrbrbbbbbrbbrrbrbrbbbbbrbbbrbbrbbrbbrbbbbrbbrbbbbbrbrbbbrrrrrbrbrrrrrbrbrbrrrrrbbbbrbrbrrbrbrbrbrrrrrrrrrrrrrrbrbbrbbbbbbbbbbb oooooooooomoomomomomomomomomomomoooomomomomoooooomoooooooommomoooooooooomoo ine isis addddeded to aqueou
sodium iodide solution.
Sodium bromide andddddddddddddd ioddddddddddddddddddddininiiniininiiiininininininiiinininne.e.ee.ee.eee.e.ee.eee.ee.ee.e..... [1]

(b) (i) Describe how one could go about prepararining a purere,, dry sample of lead(
chloride from two startrtining prp odo ucts of f yoyourur cchoice. Write an equation for th
reaction you have descs ribeed..
React (eeeeeeeeeeeeeeeeeeeeeeeeeeeeququuuuuuuuuuuuuuuuuuuuuuualaalalalalaaaaalalaalaaalaalaaaalalala vvvvvvvvvolololololoololololololololoolololoololololololo ummmumumummummmmmumummmummmmmumummmeseeeeeeeeeeeeeeeeeeeeeee ) )))))))))))))))))))))) offofofofofoffofofofoofofofoffofofooooooo lllllllllllllllleaeeeeeeeeeeeeeeeeeeeee d(((d(d((d(((d(d((((((d((d((d((((((IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ))))))))))))))))))))))))))))) ninininininininninninnnnninnniininnin trtrtrtrtrttrtrtrttrtrrtrtrtrttrtrtrtrtrtrtrtrtrrratatatatatatatatatatatatatatatatatatatatatatatattatatatateee eee eeee eeeeeeee e eeee ee eeeee anaaaaaaa d sodium chloride together in
tetetetetetetetetetetetetetetetetetetetteteteteteteteeststststtstststststststststststststststststststtttt-tubeeeeeeeeeeeeeeeeeeeeeee/b/b/bb/bb/b/bb/b/b/b/b/b/b/b/ eaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeeaeaeaeaeaeaeaeeeaaakekekekekekekekekekekekekekekekekkkekekkekekekkkekeker.r.rrrrr.rrrrrrrrrrrr.rrrrr.r [[[[[[[[[[[[1]1]1]1]1]1]1]1]1]1]1]1111]1]1]11]1]]1]1]]]]]]
Fiiiiiiiiiiiiiiiiiiltltltltltltltltltltltltltltltltltlltltltltltltltlttterrrrrrrrrrrrrrrrrrrrrrrr tttttttttthe mmmmmmmmmmixxxxxxxxxxxxxxxxxxxxxxxxxxtututututututututututututututututtututttutt re aaaaaaaaandndndndndndndndndndndndndndndndndndndndddndndndndndndnd ccccccccccccccccccccccccccolololololoololooloololooolololoololoololoollo leeeleleleleeleleeleleleleeleleeleeeleleleleectctctctctctctctctctctctcctctctctctctctctctctctctccctc ttttttttttttttttttttttttttheheheheheheheheheheheheheheheheheheheheheheheheheheeh rrrrrrrrrrrrrrrrrrrrrrrrrresesesesesseseseseseseseseseseseseseseseseseesessese idiiiiiiiiiii ue. [1]
Wasshsshssshsssssshsshshshshssshssshsss aaaaaaaaaaaaaaaaaaaaaaaaaanddddndddnddddddddddddddddd drrrrrrrrrrrrrrrrrrrrrrrrrrrryyyyy the reeeeeeeeeeeeeeeeeeeeeeeeeeesisisisisisisisisisisisisisisisisisisisisisisisissisiidududududududududududududududududududududududuududududud e eeeeeeeeeeeeeeeeeeeeeeeee beeeeeeeeeeeeeeeeeeeeeeeeeeeeetwtwtwtwtwwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwtwwtwtwtwtwtween pieces of filter paper. [1]

PbPbPbPbPbPbPbPbPbPbPbPbPPbPbPbPbPbPbPPbPbPbbbb(N(N(N(N(N(N((N(N(N(N(N(N(N(N(NN(NNNN(NNNNNOO3333333)))))))))))))))))))))))))222222222222222222222222 2 + 2NaNO3 [1]

(ii) Suggg esstt whwhy y iti wwouo ld not be possible to prepare lead(II) chloride by reactin
leleadad(I(II)I) ccararbobonan te and hydrochloric acid together.
LeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeLeeadadadadadadadadaddadadadadadadadadadadadadadaadadadad(((I(((((((((((((((((((( I)I)I)I)I)I)I)I)I)))))I)I)I))))I)I))I)))))) ccccccccccccaraaa bonate and lead(II) chloride are both solids. When reactin
leeeeeeeeeeeeeeeeeeeeeeeeeeeadadadadadadadadadadaadadadadadadadadadadadadadadadadaddd(I(I(I(I(I(I(I(I((I(I(I(I((I(II(I((I(I(I(I(I(III)I)I)I)I)I)I)I)I)II)I)I)I)I))I)II)I)I)))I)I)I)I  carbonate and hydrochloric acid together, solid lead(II) chlorid
woululullululululululululuululuuluuuuuuuuuuu dd form on the surface of the lead(II) carbonate. [1]
This would stop the reaction almost immediately. [1]
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OR

B10 Shale is a sedimentary rock which contains a variety of iron compounds like haematite 
and hydroxides of iron. The colours of some iron compounds are shown in the table 
below. Shale is usually found in areas where there is also a significant quantity of carbon 
buried. Carbon acts as a reducing agent when reacting with the iron compounds in the 
shale, giving it multiple colours.

Name of iron compound Colour
Haematite Red

Iron(II) hydroxide Dirty-green
Iron(III) hydroxide Reddish-brown

Iron(II) oxide Black

(a) When a sample of shale was dug up, it was observed that the sample contained
two different colours.

(i) What were the possible colours of the sample of shale which was dug up?
Explain your answer.
Dirty-green and black [1]
Since carbon is a reducing agent, it is more likely that the compounds of iron
which are present would have the lower oxidation state of iron (iron(II)). This
means that it is more likely that iron(II) hydroxide and iron(II) oxide were
present. [1]

(ii) Suggest what colours would be present in the same sample of shale which
has been left in the open for many years. Explain your answer.
Red and reddish-brown. [1]
Since the sample is left in the open for many years, it is more likely that he
compounds of iron present would have been oxidised by the oxygen present
in the air, causing them to form compounds with a higher oxidation state of
iron (iron(III)). This means that it is more likely that iron(III) hydroxide and
haematite were present. [1]

(b) The extraction of iron involves removing the pure iron from impure haematite. Since
shale also contains haematite, it is possible to extract pure iron from shale also.

(i) Write the balanced chemical equation for the extraction of pure iron from
haematite.
Fe2O3 2 [2]

Correct symbols – [1]
Correct balancing – [1]

The extraction oof f irironon iinvnvolo ves removing the pure iron from impure haematite. Sinc
shalee alalsoso cconontatainins s hahaematite, it is possible to extract pure iron from shale also.

(i) WrWrititee ththe balanced chemical equation for the extraction of pure iron fro
haemematite.

Iron(II) hydroxide Dirty green
Iron(III) hydroxide Reddish-brown

Iron(II) oxide Black

(a) When a sample of shale was dug up, it was observed thaatt ththee sasammple containe
two different colours.

(i) What were the possible colours of the samppleleeleleelleeee ofofoffofoffofofoffffff sssssssssssssssssssssssssssssssshahale wwhihichch wwas dug up
Explain your answer.
Dirty-green and black [1]
Since carbon is a reducing agentnnntnnnnnnnnnnnnnnnnnnnnnnn , itititititititititititititiititiiititiiittttt iiiisssssssssssssss ssssssssss momomomommomomomomomomooomomomomomomomomommmmmmomomooomomomommmmmommmmommmommmmmmmomomomoomoomommmommmmmoomomommmmmommomommmomomooomommmmoooommmomomoooomomommommomomomommommmooomoomommmmmmoomomommmomoommmommmmommmommmmmmmmmmmmmmmmmmmmmmmmmmmmmmoooooorerereeeeeeerererereeeeeerereeeeeeeeereeereeereeereeeeereeerrrerrrrrrrrrerrrrrrreerrreerrrrrrerereerrrrreerrreerrrrrerrrrrrreeerrreerrrrrrerreereeereeeee llllllllllllllllllllllllllllllllllikikikikikkikikikikikkkikikikikikikikkikkikiiikkiikiiiikkiiiiiikkiikikiikikiiiiikikkikiikkikikkkkkkikkkkikkkkkikkikkkkkkikkkkikkkkkkkkkikkkkkkkkkkkikkikkkkiiiikkkkeleleleeeeleleleeeeleleeeleleleeeeleeeeeeeeleeeleeeeeeeleeeleeeeeleeleeleeeeeeleeeeeeeleeeellllellelelleeeleleeeeleeeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee yyyyyy yyyyyy y y y y y y y ttttththhhhtthhhhhhhhhhhhhhhhhhhhhhhhhaaaaatatatatatataaaaaaaaaaaaaaaa tttttttttttttttttttttttthehehehheheheheheheheheheheheheheheheehehehehehehehhe commmmmmmmommmmmmmmmmmmmmmmmmmmpopopopopopopopopopopopopoppopopopopopopopopopopopopop unds of iro
which are present wouldddddddddddddddddddddddddd hahahhhhahahhahhahhahahahhhahahhhahhhahhah ve theeeeeeeeeeeeeeeeeeeeeeeeee lowowowowowowowowowowowowowwwowwowowwwwwwwwwwwer ooxixxixixxxiixxixixixixixiixxiixixiiiixiiiiiixixixixixiixixxixxxxixxxxxixiixxxxxxixxxxxxxixixixxxxxxiixixxixxxxxxxixxxxxixixxxxixxiiiiddddddadadadadadadadadadddddddddadaddddddddddddddddddddddddaddddadaddddddddadddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd tttttititition ssssssssssssssssssssssssssttaaaaaataataataaaaaaaaaaaaaatetetetetetetetetetetetetetetetetetetetetetetetetetet  of iririrrrririrririrrrrrirrrrirrrrrrrronononononononononononononononononononononononnononn ((((((((((((((((((((((((iron(II)). Th
means that it is moorerrerererrererererererrere likikikikikikkikikkikikkkikikkkkkkkkkkkkkelelelelellllllee y yyy y y y yy y yyy yyyyyy yy y yyyyyy that irorororororororororororororororrorrororoooroooon(n(n(n(n(n(n(n(n(n(n(n(n(n(n((n(n(n(n(((((((II) hydroxideeeeee eeeeeeeeeeeeeeeeeeeeee anananananananananananannananananananananananananannd ironononononononononononononononononononnononononoon((((((((I(((((((((((((( I) oxide we
present. [1]

(ii) Suggest what colourss wwouuld be presenentt inin tthe same sample of shale whic
has been left in the opep n fofor mam nyy yeaearsrs.. ExExplain your answer.
Red andddddddddddddddddddddddddddd rererererereeeeeerereereeeereeereereeddddddddddddddddddddddddddddddddddisisisisissisissisissssssssssssshhhhhhhhhhhhhhhhhhhhhhhhh-brrrrrrrrrrrrrrrrrrrrrrrrooowowoooowoooooooooooooowooooo n.nnnnnnnnnnnnnnnnnnnnnnn [[[[[[[[[[[[[[[[[[[[[[1]1]11]1]1]]1]]1]1]1]1]1]1]1]1]]1]1]1]]1]]1]]11
SiSSSSSSSSSSSSSSSSSSSSSSSSSSSS ncncncncncncncncncncncncncncncncncnncncnncccce theeeeeeeeeeeeeeeeeeeeeeee sasasasassasasasasasasasssassasasasassasassasasaaampmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmmpmplelelellelelllellleleelleeeleeeee iiiiiiiiiiiiiiiiiisssssssssssssssssssssssssss lellllll ftff  in thhhthhhthhhthhhthththththththhthhhhhheeeeeeeeeeeeeeeeeeeeeeeeeee opopopopopopopopopopopopopopopopopopopopopopopopopopoppopeneneneneneneneneneneneeneneeneneneneneenennennen ffffffffffffffffffffffffffffor many years, it is more likely that h
coooooooooooooooooooooooooompmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmmpm ouooooooooooooooo ndnddndndndndndndndndndndndndndnddndnddndddddds ofofofofofofofoffofofofofofofofofofofofofooofofooo  iron prprprprprprprprprprprprprprpprprprprprprprprprprprprpreseeseseseseseseseseseseseeseseseseseseseseseseseseseneneneneneneneneneneneneneneneneneneneneneneneneenenent ttttttttttttttttttttttttttt wowowowowowowowowowowowowowowowowowowowowowowowwowowowoulululululululululululululululululululululululululuu ddddddddddddddddddddddddddd haahahahahahahahahahahahahahahahahaahahahaahahahahahavevvvvvv  been oxidised by the oxygen prese
in thehehehehehehehehehehhehehehehhehehhehehehehehehehehe aaaaaaaaaaaaaaaaaaaaaaaaairiiiiiii , cacacacacacacacacacacacacacacacacacacacacacacacacacc usuuuuuuuuuuuuuuu ing thhhhhhhhhhhhhhhhhhhhhhhhhhhhhememememememememememememememmememememmememememmemememm ttttttttttttttttttttttttoooooooooooooooooooooooooo foooofoooofooooooooooooooooooooormmrmrmrmrmrmrmmmrmrmrmmrmrmmmrmrmmrmrmrmmrmrmrmr  compounds with a higher oxidation state
iron (((iriririririririririririririririrriririririrrrrrronnnonononnnononononnonnnonnnnonnonnonno (I(((((((((((((((((((((((( IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII))))))))))))))))))))))))))))))))))))))))))))))))) . Thisisisisisisisisisissisissisisisisisisisisisissisisi mmmmmmmmmmmmmmmmmmmmmmmmmmeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaaeaeaeaeaeae nsnnnnnnnnnnnnn that it is more likely that iron(III) hydroxide an
hahahahahahahahahahahahahahahahahhahahahahahahahahaaememememememeemeememememeememememememememememememmmatttttttttttttttititititititititiitititititititititititiiittitttte eeeeeeeeeeeeeeeeeeeeeeeeee werererererererererererererereererererererererererererere ppppppppppppppppppppppppppprererererererereerererererererererererererererereerereseseseseseseseseseseeseseseseseseseseseseeseseseesesentntntntntntntntntntntntntntntntntntntntntnntntntntntnt. [[[[1[[ ]

(b)

Fe2O3 2 [2]
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(ii) If 100 tonnes of shale was placed in the Blast Furnace, and 30 tonnes of
pure iron was extracted, calculate the percentage purity of the shale which
placed in the Blast Furnace.

(1 tonne = 1 X 106 g)

No of moles of pure iron extracted = 56
1030 6

= 5.36 X 105 mol [1]

No of moles of haematite present = 2
1036.5 5

= 2.68 X 105 mol [1]

Mass of haematite present = 2.68 X 105 X (56 X 2 + 16 X 3)
= 42.9 X 106 g 
= 42.9 tonnes [1]

Therefore, percentage purity = 42.9% [1]

[Total: 10]

END OF PAPER

No of moles of haematite present = 2
1036.5 5

= 2.68 X 105 mol [1]

Mass of haematite present = 2.68 X 105 X (56 X 222222 22222 222 22 22 2 2 222 2 2222 ++++++++++++++++++++++++++++ 1616161616161616161616161616161616161616161616161616616 XXXXXXXXXXXXXXXXXXXXXXXXXXX 33333333333333333333333333333)))))))))))))))))))))))
= 42.9 X 106 g 
= 42.9 tonnes [1]

Therefore, percentage purity = 4444444444444444444444444442.22222222222 9%% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[11111111]1]1]11111]11]11111111]111]]1]1111]1]1]]]1]]]111111]11111]]1]]1]1]1]11]]1]1]1]1]1]1]1]]1]1]1]1]]1]1]1]]1]1]1]]1111]111]1111111111111111111111]]]]]]]]

[Total: 1

END OF PAPER
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1. A gas Y, is less dense than air, very soluble in water and is alkaline.

Which method is used to collect a dry sample of the gas?

2. The table gives data about four substances.

Which substance has particles that are closely packed in a disorderly arrangement at 
room temperature?

3. Which of the following is the best method of obtaining pure water from ink?

A chromatography

B distillation

C filtration

D sublimation

melting point/°C boiling point/°C
A -114 - 80

B -15 45

C 750 1407

D 1610 2230
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4. The following measurements are made on a sample pure water: its boiling point, its 
freezing point, and its pH.

Sodium chloride is now dissolved in the water and the measurements repeated.

How do the measurements change?

5. How many electrons in total are shared between the atoms in a molecule of ethene,
C2H4, and in a molecule of water, H2O?

ethene water
A 6 2

B 10 4

C 12 4

D 14 8

6. Which element forms a positive ion with the same electronic configuration as an atom of 
neon?

A chlorine

B magnesium

C lithium

D oxygen

7. How does rubidium bond with bromine?

A Each atom of rubidium receives an electron from a bromine atom.

B Each atom of rubidium shares a pair of electrons with a bromine atom.

C Each atom of rubidium shares an electron with a bromine atom.

D Each atom of rubidium gives an electron to a bromine atom.

boiling point freezing point pH
A higher lower no change

B higher higher increases

C lower higher no change

D lower lower decreases
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8. Given that 1 mole of oxygen contains 6 x 1023 molecules, what is the number of 
molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

9. When 1 volume of gas X reacts with exactly 5 volumes of oxygen it forms carbon dioxide 
and water only.

What is gas X?

A methane, CH4

B ethane, C2H6

C propane, C3H8

D butane, C4H10

10. Which sulfide contains the greatest mass of sulfur in a 10 g sample?

11. The relative atomic mass of oxygen is 16 and that of hydrogen is 1.

This means that …(i)… of oxygen has the same mass as …(ii)… of hydrogen.

Which words correctly complete the blanks (i) and (ii)?

blank (i) blank (ii)
A an atom thirty-two molecules

B an atom eight molecules

C a molecule sixteen atoms

D a molecule eight atoms

sulfide formula mass of 1 mole/g

A NiS 90

B FeS2 120

C MoS2 160

D PbS 239
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12. A 25 cm3 sample of dilute sulfuric acid contains 0.025 moles of the acid.

What is the hydrogen ion concentration in the solution?

A 0.25 mol/dm3

B 0.50 mol/dm3

C 1.00 mol/dm3

D 2.00 mol/dm3

13. Which statement is most likely to be true for astatine, which is in Group VII of the
Periodic Table?

A Astatine and aqueous potassium chloride react to form aqueous potassium 
astatide and chlorine.

B Astatine reacts with hydrogen to form a compound with formula HAt2.

C Aqueous potassium astatide reacts with aqueous silver nitrate to form aqueous 
silver astatide.

D Sodium astatide is less stable than sodium chloride.

14. Which graph shows the number of electrons in the outer shell of an atom, plotted against 
the proton (atomic) number for the first ten elements in the Periodic Table?  
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15. A chemist puts a sample of dilute aqueous hydrochloric acid into beaker 1. She adds a
sample of zinc and measures the rate of production of hydrogen gas.  

She then puts a different sample of dilute aqueous hydrochloric acid into beaker 2. She 
adds a different sample of zinc of the same mass and measures the rate of production of 
hydrogen gas.  

The rate of the reaction in beaker 1 is slower than the rate of the reaction in beaker 2.  

Which factors could help to explain this observation? 

I The reaction in beaker 1 takes place at a lower pressure than the reaction in beaker 2. 

II The zinc in beaker 1 is in larger pieces than the zinc in beaker 2. 

III The acid in beaker 1 is at a lower concentration than the acid in beaker 2.

A I and II only

B II and III only

C I and III only

D I, II and III

16. A liquid X reacts with solid Y to form a gas. Which two diagrams show suitable methods 
for investigating the speed of the reaction?

A 1 and 3

B 1 and 4

C 2 and 3

D 2 and 4
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17. The table gives information about the reactivity of three metals P, Q and R.

Metal metal reaction with air reaction with steam reaction with dilute
hydrochloric acid

P burns with sparks forms an oxide forms hydrogen

Q slowly forms an oxide no reaction no reaction

R slowly forms an oxide no reaction forms hydrogen

What is the order of reactivity of P, Q and R? 

most reactive             least reactive
A P Q R

B P R Q

C Q R P

D R Q P

18. Which of the following oxides can be reduced by heating with hydrogen?

A copper(II) oxide

B calcium oxide

C potassium oxide

D zinc oxide

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

Which two metals would give this result?

screws strips
A aluminium steel

B copper aluminium

C copper steel

D steel aluminium
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20. Which of the following is not a reaction that occurs when iron is extracted from haematite
in the blast furnace?

A CaCO3 →   CaO   +    CO2

B CO2   +   C  →   2CO

C FeO  +   CO    →    Fe    +   CO2

D CaO    +     SiO2   →   CaSiO3

21. The oxide Pb3O4 reacts with dilute nitric acid to form lead(II) nitrate, lead(IV) oxide and 
another product.

What is the equation for this reaction?

A Pb3O4 + 4HNO3 2Pb(NO3)2 + PbO2 + 2H2O

B Pb3O4 + 2HNO3 2PbNO3 + PbO4 + H2

C Pb3O4 + 4HNO3 Pb(NO3)4 + 2PbO + 2H2O

D 2Pb3O4 + 2HNO3 2Pb2NO3 + 2PbO2 + H2

22. Magnesium oxide is added slowly to a beaker containing hydrochloric acid until the 
magnesium oxide is in excess.

Which of the following statements about this reaction are true?

I The temperature of the mixture increases.

II The pH of the mixture increases till pH 7.

III Effervescence is seen.

IV A white precipitate is observed.

A I and II only

B II and III only

C III and IV only

D I, II and IV only

23. Which reagent, when mixed and heated with ammonium sulfate, liberates ammonia?

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)
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24. The diagrams show three experiments using sulfuric acid. Three different powders are 
added to the acid. The mixtures are stirred.

Which test-tubes will contain aqueous Cu2+ ions?

A 1 and 2 only

B 2 and 3 only

C 1 and 3 only

D 1, 2 and 3

25. Which of the following reactants could be used to prepare a pure sample of potassium 
sulfate safely?

A potassium carbonate and sulfuric acid

B potassium and zinc sulfate

C potassium and sulfuric acid

D potassium nitrate and magnesium sulfate

26. A steel works and a chemical works are built near to a city. Limestone buildings in the 
city begin to crumble.

Which gas is most likely to cause this damage?

A oxygen

B carbon dioxide

C carbon monoxide

D nitrogen dioxide
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27. Which of the following statements is true of sulfuric acid?

A It reacts with aqueous copper(II) chloride to produce a pale blue precipitate.

B It gives a white precipitate with aqueous barium nitrate.

C It reacts with aqueous silver nitrate to produce a white precipitate.

D It releases ammonia from aqueous ammonium sulfate.

28. The presence of nitrates in the soil can be shown by warming the soil with aqueous 
sodium hydroxide and aluminium foil. Which of the following shows that nitrates are 
present?

A A gas that extinguishes a lighted splint with a ‘pop’ sound is produced.

B A gas that turns moist red litmus blue is produced.

C A white precipitate is seen.

D Effervescence is seen.

29. The following electrolysis circuit is set up, using inert electrodes P, Q, R and S.

At which of the electrodes is a Group VII element produced?

A P only B    P and R only C    Q only      D Q and S only

dilute aqueous sodium 
chloride 

molten lead(II) bromide  
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30. Two cells were set up as shown in the diagram. The arrow shows the direction of electron 
flow in the external circuit.
Which set of metals would produce an electron flow in the direction shown?

31. The table compares the strengths of the bonds for reactions of the type below.

X2 + Y2 2XY

Which reaction would be most exothermic?

32. In which reaction is the sign of energy change, H, correctly shown?

equation H
A 2AgCl(s)       2Ag(s)    +    Cl2(g) positive

B CH4(g)       C(g)   +   4H(g) negative

C H2O(l)        H2O(g) negative

D CH4(g)   +    2O2(g)      CO2(g)  +    2H2O(l) positive

33. Which compound contains two different elements with identical oxidation states? 

A HClO B     Mg(OH)2 C     Na2SO4 D     NH4Cl

metal X metal Y metal Z
A Ag Cu Zn
B Ag Zn Cu
C Cu Zn Ag
D Zn Cu Ag

bonds in X2 bonds in Y2 bonds in XY
A strong strong strong

B strong strong weak

C weak weak strong

D weak weak weak

dilute 
sulfuric acid 
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34. In which of the following reactions is the underlined substance reduced? 

A FeCl2 +   Cl2 →   FeCl3

B 3CuO   +   2NH3   →    3Cu   +   3 H2O  +   N2

C MnO2 +   4HCl    →    MnCl2 +   2H2O   +   Cl2

D 2H2S +    SO2    →    2H2O   +    3 S

35. Bitumen is a substance obtained from the fractional distillation of crude oil. What are the 
boiling points and the sizes of the molecules in bitumen?

36. The table shows some properties of four hydrocarbons.

hydrocarbon 1 2 3 4

state at room 
temperature

gas gas liquid liquid

reaction with 
aqueous bromine

decolourises
bromine

no reaction decolourises 
bromine

no reaction

Which of the following statements is true of the hydrocarbons?

A Hydrocarbons 1 and 2 are in the same homologous series.

B Hydrocarbons 2 and 4 are unsaturated.

C Hydrocarbon 1 has a lower relative molecular mass than hydrocarbon 3.

D Hydrocarbon 3 could be ethene.

37. Which of the following conditions are required to produce ethanol by fermentation? 

catalyst temperature Other condition
A phosphoric acid 300°C 65 atm

B enzymes in yeast 35 °C Absence of oxygen

C finely divided iron 450 °C 200 atm

D nickel powder 150 °C none

boiling points sizes of molecules
A high large

B high small

C low large

D low small
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38. Which of the following compounds is produced in a reaction between propanoic acid and 
butanol?

A C2H5COOC3H7

B C3H7COOC3H7

C C3H7COOC4H9

D C2H5COOC4H9

39. 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 oxygen

B nitrogen

C carbon dioxide

D water vapour

40. Which statement is correct about poly(chloroethene)?

A It is formed from the monomer chloroethane.

B It is a polymer formed when unsaturated monomers join together.

C Water molecules are eliminated in the process of polymerization.

D It is a macromolecule which conducts electricity like graphite.
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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 Sulfur and sulfur compounds are common in the environment. 

(a) A sample of sulfur from a volcano contained 88.0% by mass of sulfur-32 and 12.0% by 
mass of sulfur-34.

(i) Complete the table below to show the atomic structure of each isotope of sulfur.

isotope
number of

protons neutrons electrons

sulfur-32

sulfur-34

[2]

(ii) Calculate the relative atomic mass of the volcanic sulfur. Your answer should be 
given to three significant figures.

[2]

(b) One of the gases produced during volcanic eruptions is hydrogen sulfide. Hydrogen sulfide 
is a poisonous, colourless gas which smells of rotten eggs. 

(i) Draw a dot-and-cross diagram to represent the bonding in a hydrogen sulfide 
molecule. Show outer electrons only.

[2]
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(ii) Using ideas of bonding and structure, explain why hydrogen sulfide gas does not 
conduct electricity.

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

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

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

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

(c) Every year, between 20 and 50 million tonnes of sulfur are released into the atmosphere 
from the oceans in the form of DMS, a compound of carbon, hydrogen and sulfur. 

The percentage composition by mass of DMS is 38.6% carbon, 9.7% hydrogen and 51.7%
sulfur. Calculate the empirical formula of DMS, showing your working clearly.

[2]

[Total: 10]
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A2 Zinc (proton number = 30) is not a typical transition element.

(a) State two properties of zinc that are not typical of transition elements.

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

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

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

(b) Name the reagents that can be used to prepare the following zinc salts and briefly describe 
how to obtain the solid product from the reaction mixture.

(i) Salt to be made: zinc carbonate

reagent 1: ……………………………………………

reagent 2: ……………………………………………

I could obtain solid zinc carbonate by: .......................................................................

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

(ii) Salt to be made: zinc chloride

reagent 1: ……………………………………………

reagent 2: ……………………………………………

I could obtain solid zinc chloride by: .......................................................................

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

(c) A student is given a colourless solution T.

(i) Describe one chemical test and its result that would confirm that solution T contains 
zinc ions.

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

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

.............................................................................................................................. [2]
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(ii) To identify the anion present, the student performed the following tests.

1. Add aqueous barium chloride to solution T.
2. Measure height of precipitate formed after 5 minutes.
3. Add dilute nitric acid to the above mixture.
4. Measure height of precipitate formed after 5 minutes.

She presented her results obtained in a graph as shown below.

Deduce the anion present in solution T and explain your deduction with reference 
to the graph.

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

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

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

[Total: 10]

height of precipitate / cm

nion present in solution T a

addition of 
aqueous barium chloride

nd explain your de

addition of 
dilute nitric acid
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A3 Poly(propene) and nylon are synthetic polymers. 
Poly(propene) is an addition polymer. Nylon is a condensation polymer.

(a) Describe two differences between addition polymers and condensation polymers. 

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

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

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

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

(b) Poly(propene) is formed by addition polymerisation of propene. 

(i) Draw the structural formula of propene.

[1]

(ii) Draw the structural formula of the poly(propene).

[1]

(iii) Deduce the maximum mass of poly(propene) that could be produced from 1 kg of 
propene.

.............................................................................................................................. [1]
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(c) The formula of the two monomers used to make nylon are shown below.

HOOC(CH2)4COOH           and           H2N(CH2)6NH2

(i) Draw the repeat unit of nylon formed from these two monomers.

[1]

(ii) During the manufacturing process, the chain length of the nylon is controlled so that 
the nylon polymer molecules have an average relative molecular mass of 30 000.

What is the average number of repeat units in the nylon molecules? Show your 
working. 

[2]

(d) Most synthetic polymers are non-biodegradable. Suggest one advantage and one 
disadvantage of using such polymers. 

advantage:

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

disadvantage:

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

[Total: 10]
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A4 A car manufacturer conducted tests in which the air/fuel ratio in the engine was varied and the 
percentage emission of carbon monoxide, CO and nitrogen oxides, NOx released was
measured.  The results are represented below.

(a) State and explain the effect of increasing the air/fuel ratio on CO emissions.

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

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

(b) Explain why there is an increase followed by a decrease in the percentage emission of 
nitrogen oxides (NOx) as the air/fuel ratio increases from 13 to 16.

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

.............................................................................................................................................

......................................................................................................................................... [2]

(c) Catalytic converters are used in cars to reduce the amounts of carbon monoxide and 
nitrogen oxides produced. 
The equation for one reaction that happens in the catalytic converter is:

2CO + 2NO 2CO2 + N2

(i) Use oxidation states to explain why is this a redox reaction.

...................................................................................................................................

...................................................................................................................................

.............................................................................................................................. [2]

(ii) Explain why this reaction does not remove all the environmental problems caused 
by exhaust gases.

...................................................................................................................................

.............................................................................................................................. [1]

[Total: 7]

air/fuel ratio

pe
rc

en
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m
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on

CO

NOx

15.2
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A5 A student set up two experiments for electroplating steel keychains with copper. She closed 
both circuits for a period of time.

Experiment 1 Experiment 2

(a) Complete the table of information about the experiments.

experiment electrodes ionic equation, for reaction at each electrode

1
carbon rod

steel keychain

2
copper rod

steel keychain

[3]

(b) Describe and explain the observations seen in the electrolyte in each experiment. 

Experiment 1:

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Experiment 2:

.............................................................................................................................................

.............................................................................................................................................

......................................................................................................................................... [4]

electrode
steel 
keychain

electrolyte
dilute copper(II) sulfate

electrode
carbon rod

electrode
copper rod

electrode
steel 
keychain

electrolyte
dilute copper(II) sulfate
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(c) (i) The student repeated experiment 2 with another keychain. However, she left the 
keychain there without closing the circuit. Describe and explain one change she 
would observe.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

.............................................................................................................................. [2]

(ii) Intrigued by what she saw in c(i), the student modified the set-up in experiment 2.
She removed the battery, replacing it with a voltmeter. A deflection in the voltmeter
is seen immediately upon closing the circuit.

Explain why a deflection in the voltmeter is observed, giving the relevant ionic 
equations for both electrodes.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

.............................................................................................................................. [4]

[Total: 13]
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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.

B6 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.

The structural formula of a triglyceride likely to be found in peanut oil is shown below.

A triglyceride is considered a fat if it is a solid at 25 °C; it is an oil if it is a liquid at that temperature. 
These differences in melting points reflect 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 by determining 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.

The table below shows average figures for the percentage fatty acid composition of some 
common fats and oils.

source of fat 
or oil

% saturated 
fatty acids 

(total)

% monounsaturated 
fatty acid % polyunsaturated fatty acids
oleic acid

(C17H33COOH)
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

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.
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Passage is adapted from:
1. https://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-

biological/s20-lipids.html
2. http://vlab.amrita.edu/?sub=3&brch=63&sim=1111&cnt=1

(a) Propane-1,2,3-triol reacts with fatty acids to form triglyceride.

(i) Based on the structural formula given, name the chemical linkage formed in the 
triglyceride.

.............................................................................................................................. [1]

(ii) Name the other product formed in this reaction.

.............................................................................................................................. [1]

(iii) Give the structural formulae of two reactants that are used to produce the 
triglyceride found in peanut oil.

structural formula of propane-1,2,3-triol: 

structural formula of one of the carboxylic acids:

[2]

(b) Deduce, using data given in the table, which fat or oil from the table above has the lowest
iodine number. Explain your answer.

.............................................................................................................................................

......................................................................................................................................... [1]
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(c) Cotton seed oil and corn oil have similar iodine numbers but 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 answer.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

......................................................................................................................................... [2]

(e) A P/S value of greater than 1 is considered beneficial for health. 

Calculate the P/S index of beef fat and soybean oil, giving your answers to 3 significant 
figures. 

Hence determine which oil is more beneficial to health.

P/S index of beef fat

P/S index of soybean oil

......................................................................................................................................... [3] 

[Total: 12]
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B7 A series of experiments was carried out to compare the rate of reaction of acid with magnesium
carbonate under different conditions. 

Excess magnesium carbonate and 25 cm3 of acid were used. The conditions for each 
experiment are shown in the table below.

experiment magnesium carbonate type of acid used
A lumps 0.1 mol/dm3 of HCl
B lumps 0.2 mol/dm3 of HCl
C lumps 0.1 mol/dm3 of CH3COOH
D powder 0.2 mol/dm3 of HCl

The gas given off 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 Graph 1.

Graph 1

(a) Label the curves A and B such that they correspond to the results for experiment A and 
experiment B.                                                                                                                                                         [1]

(b) Sketch and label on graph 1 the curve you would expect for experiment C, assuming that 
the reaction stopped at the tenth minute.                                                                                                [1]

(c) 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]

40

60

20

2 4 6 80 10

volume of gas / cm3

time / min
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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. Graph 2 below shows the results.

Graph 2

In experiment C-2, 0.1 mol/dm3 of potassium hydroxide was added from a burette to 24.0 cm3

of dilute ethanoic acid.

(d) State the pH value of hydrochloric acid used in experiment A-2.     …………………….. [1]

(e) Given that the pH value of the ethanoic acid used in experiment C-2 is 4, sketch the curve
you would expect for this experiment. You are to sketch the curve on graph 2.                      [1]

(f) The acids used in experiment A-2 and C-2 have the same concentration. Explain why 
they have different pH values.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

......................................................................................................................................... [2]

[Total: 8]

volume of KOH(aq) / cm3

pH

A-2

KiasuExamPaper.com



17

5073/02/SCGS/17 [Turn Over

EITHER

B8 Petroleum is a naturally occurring yellow-to-black liquid found beneath the earth's surface. It 
consists of mainly hydrocarbons of various molecular masses.

(a) What is meant by the term hydrocarbon?

.............................................................................................................................................

......................................................................................................................................... [1]

(b) Dodecane is a hydrocarbon with molecular formula of C12H26. It undergoes cracking to 
produce butane and one other molecule X.

(i) Deduce the formula of X.

.............................................................................................................................. [1]

(ii) Draw the structure of 
straight chain X.

branched chain isomer of X.

[2]

(iii) A few drops of aqueous bromine is added to separate samples of butane and X.
Describe your observations.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

.............................................................................................................................. [2]
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(c) The complete combustion of hydrocarbons produces carbon dioxide and water only.

10 cm3 of a gaseous hydrocarbon Y was mixed with an excess of oxygen of volume  
100 cm3. The mixture was ignited. After cooling, the volume of remaining gases is 70 cm3.
When passed over aqueous sodium hydroxide, the total gas volume is further reduced to 
20 cm3.

Deduce the formula of the hydrocarbon Y, showing your workings clearly. All volumes were 
measured at r.t.p..

[4]

[Total: 10]
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OR

B8 Ethanol is a renewable alcohol fuel made from plant material, such as sugar cane. 

(a) Name the process used to produce ethanol from sugar.

......................................................................................................................................... [1]

(b) The complete combustion of ethanol is represented by the following equation.

CH3CH2OH(l) + 3O2(g) 2CO2(g) + 3H2O(l)     ∆H = – 1367 kJ/mol

(i) Draw an energy profile diagram for the combustion of ethanol.

Your diagram should include labels for the reaction enthalpy change and activation 
energy.

[2]

(ii) Explain, in terms of bond breaking and bond making, why this reaction is 
exothermic.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

.............................................................................................................................. [2]

energy

progress of reaction
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(c) Gasohol E10 is a mixture of ethanol and gasoline (petrol). The number after the "E" 
indicates the percentage of ethanol by volume. Most of the gasoline sold in the United 
States contains up to 10% ethanol.

Assume that the other 90% by mass of Gasohol E10 is octane, C8H18. 1.00 kg of this fuel 
mixture was burned. 

CH3CH2OH(l) + 3O2(g) 2CO2(g) + 3H2O(l)     ∆H = – 1367 kJ/mol

C8H18 (l) + 12 O2(g) 8CO2(g) + 9H2O(l)     ∆H = – 5470 kJ/mol

(i) Complete the table by calculating the energy output for 1 g of each fuel, giving your 
answers to 3 significant figures.

name of 
fuel

enthalpy change 
of combustion 
/ kJ per mole

energy output
/ kJ per gram

ethanol – 1367

octane – 5470

[2]

(ii) Calculate the total amount of energy, in kJ, released when 1.00 kg of the fuel 
mixture is completely burned, giving your answers to 3 significant figures.

[3]

[Total: 10]
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Singapore Chinese Girls’ School
2017 Preliminary Exam 
Secondary 4 OLP Chemistry

Suggested answers:

Section A [50 MARKS]

A1 (a) (i) Sulfur-32: 16, 16, 16 [1]

Sulfur-34: 16, 18, 16 [1]

2

(ii) Relative atomic mass

= [1]

= 32.24

= 32.2 (3sf) [1]

2

(b) (i) 1M – sharing of

electrons between

H and S

1M – correct

valence electrons

for S

Allow: 3 shells for

S atom

2

(ii) Hydrogen sulfide has a simple molecular / covalent

structure and exists as neutral molecules. [1] 

There are no mobile charged particles to conduct 

electricity. [1]

2

(c) Element C H S

Number of 

moles / 

mol = 3.2167 = 9.7 = 1.6156

OR

= 1.6036

Simplest 

ratio

1M for correct

number of moles

1M for correct

empirical formula

2

Marker’s Copy
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(ii) Relative atomic mass

= [1]

= 32.24

= 32.2 (3sf) [1]

(b) (i) 1M –– shshararining of

elelecectrtronons s bebetween

HH andd SS

1M – correct

vvalence electrons

for S

Allow: 3 shells for

S atom

(ii) Hydrogen sulfide haass aa sisimpm lee mmolo eculu ar / covalent

structcturu ee anand exexisiststs aass neutral molecules. [1]

ThT erree are nono mmobobilile e chcharged particles to conduct 

electriccitityy. [1[1]]

(c) ElEleme enentt C H S

NuNumber of 

moles / 

1M for correct

number of moles

1M for correct

empirical formula



2017 Sec 4 OLP Chem Prelim Paper 2 Mark Scheme 2

= 2

OR

= 2

= 6

OR

= 6

= 1

OR

= 1

Empirical formula of DMS = C2H6S [1]

A2 (a) Any two:

Zinc does not have variable oxidation state in

its compounds / Zinc has only one (fixed)

oxidation state in its compounds.

Zinc does not form coloured compounds.

Zinc has low melting and boiling points.

1M for each point

Reject: Zinc has

low density / its

elements and/or

compounds are

not catalysts

2

(b) (i) Reagent 1: zinc nitrate (or any other solution 

containing zinc ions)

Reagent 2: sodium carbonate (or any other 

solution containing carbonate ions)

Filter the mixture. (Wash the residue with 

deionised water.) Dry residue with filter papers.

1M for both

reagents

1M for brief

description

2

(ii) Reagent 1: zinc / zinc oxide / zinc hydroxide / zinc 

carbonate

Reagent 2: hydrochloric acid

Filter the mixture. Heat filtrate till saturation. Cool 

to allow crystals to form. Filter and dry crystals with 

filter papers.

1M for both

reagents

1M for brief

description

2

(c) (i) Add a few drops, then in excess of aqueous 

ammonia to solution T. [1]

White precipitate formed will dissolve in excess 

aqueous ammonia to form a colourless solution.

[1]

Ignore test and results 

with NaOH(aq) – no

credit

2

(ii) The height of the precipitate formed remained 

unchanged on adding barium chloride and dilute 

2
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A2 (a) Any two:

Zinc does not have variable oxidation state in

its compounds / Zinc has only one (fixed)

oxidation state in its compounds.

Zinc does not form coloured compounds.

Zinc has low melting and boiling pointstststststs....................

1M for each point

ReRejejectct:: ZiZ nc has

loloww dedensnsity / its

ele emenentsts andnd/o/or

comppououndndss aare

not cacatatalylysts
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containing zinc ions)

Reagent 2: sodium carbonate (or aany other 

solution containing carbonate ions)

Filter the mixture. (Waashsh the resesididueue wwith

ded ionised water.) Dry y reresisidud e wiwithth ffilteter r papers.

1M1M fforor bbotothh

rereagenentsts

1M for brief

ddescription

(ii) Reagent 1: zinc / zincnc ooxixidede // zzininc c hyhydrd oxide / zinc 

carbono atatee

ReReagagene t 2:: hhydydrorochchloloriic acid

FiFiltl erer tthehe mmixixtuturere. Heat filtrate till saturation. Cool 

too aalll oww ccryrystals to form. Filter and dry crystals with 

fifiltlterer pap pers.

1M for both

reagents

1M for brief

description

(c) (i) Add a few drops, then in excess of aqueous Ignore test and results
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nitric acid. This shows that an insoluble barium salt 

that does not react with acid is formed. [1]

Hence, the anion present in solution T is sulfate ion

/ SO4
2-. [1]

A3 (a) Any two:

Addition polymers are formed from

(unsaturated) monomers containing carbon-

carbon double bonds while condensation 

polymers are formed from monomers 

containing carboxyl and hydroxyl groups or 

carboxyl and amine groups.

Only the polymer is formed during the 

formation of addition polymers while the 

formation of condensation polymers produces 

the polymer and small molecules.

The empirical formula of the addition polymer 

is the same as its monomer while the 

empirical formula of condensation polymer is 

not the same as its monomer.

Addition polymers contain long chains of 

carbon-carbon atoms joined together while 

condensation polymers contain amide (or 

ester) linkages. 

1M for each point 2

(b) (i)

 OR 

1

(ii) 1

(iii) 1 kg 1

(c) (i) 1
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carbon double bonds while condensation 

polymers are formed from monomers 

containing carboxyl and hydroxyl groups or 

carboxyl and amine groups.

Only the polymer is formed during the

formation of addition polymers while the 

formation of condensation polymers prprprprprprppppppp ooododododododododododododddddddododdddodododddodododddododododdddoddddoddoddddodddddodddodddddddodddododdoddddodododddodododdoddddododddddodddodddddoddddodododdododdddodddododddoddododdoddoodododododddoodddooooodoodoooooodoooooooooooooooooo uucucucucucucucuccucccucucucucuccucucucucucuccucccuccucuccccucucucucuccucucucucuccucuccucucccccucucucuccuucucccuccucuccccccucuucccccucucuccccucuuucuccuucuucuucucucucccuccccuuuuucuccccucuucuucuuucucuuucucucuuuuucucucuuuucucuuuuuuucuccuuuuucccuuuuucccccuuuuccuuuuccccccucuucuucccccuuuuuuccccuuceseseseseseseseeseseseseeseseseseseseseseeeseeeeseeseeseseseseseseeeseeseseeseseseseseeeseeseseseeeseseseseseseseseeeeseseeeeeseeeseseseseseseeseeeseseeseseeeseseseseseseseeesseeeeeesessssseseseessseeessssssseseeessseesessesesessssssseesssssssssesssssssssssssssssss 

the polymer and small molecules.

The empirical formula of the addition polymymymyyymmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeeeereee  

is the same as its monomer while thee 

empirical formula of condensation polyymemer is 

not the same as itts s monon mem r.

Addition polymers cocontntaiainn longng cchahaininss ofof 

carbon-carbon atooms joioinenedd totogegethther while 

condensation pololymymerers s cocontntaiain n amamide (or 

esesteer)r) llininkages.s.  

(b) (i)

OR 

(ii)
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(ii) Mr of each nylon repeating unit

= (12 x 6 + 8 + 16 x 2) + (14 x 2 + 12 x 6 + 14)

= 226 [1]

Minimum number of repeat units

=

= 132.7

= 132 or 133 (Allow either) [1]

2

(d) Advantage:

The polymers can be used over a long period of 

time. / The polymers are long lasting / durable. [1]

Disadvantage:

More landfills sites will be required for disposal of 

these polymers, which takes up land space. [1]

Accept: Any other 

logical answers

2

A4 (a) As the air/fuel ratio increase, the percentage of CO 

emissions decreases. [1]

This is due to higher concentration of oxygen to 

allow more complete combustion (in car engine). 

[1]

2

(b) As air/fuel ratio increases from 13 to 15.2, the 

amount of air found in car engine increases. As a 

result, there will be more nitrogen and oxygen to 

react in the high temperature of the engine,

increasing the percentage emission of nitrogen 

oxides. [1]

However, as the air/fuel ratio increases from 15.2

to 16, the temperature in engine decreases with 

less fuel burning. As a result, there will be a

decrease in the percentage emission of nitrogen 

oxides. [1]

2

(c) (i) The oxidation state of carbon increase from +2 in 

CO to +4 in CO2. [1]

2

KiasuExamPaper.com

= 132 or 133 (Allow either) [1]

(d) Advantage:

The polymers can be used over a long period of 

time. / The polymers are long lasting / durable. [11]]

Disadvantage:

More landfills sites will be required for didididididiiiiiiiiiiiiiiiiiiiidiidiiiiiiidiiiiiiiiispspspspspspspspsspssppspsppspspspspspspspspspspspspspssssspspspspspspssspspsppspspspsspspspsspsssspspspssppspspspspsspsssspspspspspspsspspspsspspspsspsspssppsppssssspspspssssssspppsppppsspsssspspppsppspsppspspppppppppspppsppppppppppppppppppppppppppppppppppppposososososooosoooooosoosoosososososososososoooosoooososoososososososososooooooooososoososososososssososososoosoososossosososososoosoossssssososooooosoososooooooossssssosoosooosossssosososoososooooososossososssosoosooossosssoooooosossossosossosososooosssososoosssosososossoosooossssosoooooooooo alalalallalaaalalalalalalalaaaaalaalalalaaaalaalalalaalaalalalaaalalaaaaalaaaaaalaaalaaalalaaaaaalalaalaaaalalaallallllllalalllalllaaallaaaaaaaaaaaaaaaaaaaaaalaaaaalaaaaaaaa   ofofffofoffooofoofofffofofofofofofoffofofofofofofofoofofoffofofoffofofoooofofffofoooffofffofofoofofffoffofofofofofofoffffofofofoofofofffoffofofoffffffoooofffofofoofofffooofffofoooofooooooofooofoofooofofooooooooooofoofooooooofooooooooooooooofoofofoofoffffffoff  

these polymers, which takes up land spacacaaaacccccccccccccccccccccccccccccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee..... [1[1[[1[1[1[1[1[1[1[[1[[1[[1[1[[1[1[1[1[1[1[1[[[[1[1[111111[1[1[11111[111[1[11[11[1[1[11[111[1[1[[[1[[11[111[111[1[[1[[[11[1111[111[[[11[[[[[[[[1[11[1[1[1[[[[[[1[1[1[1[[1[11[1[[1[[[111[[11111[11[[[ ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

Acceeptpt:: AnAny y other 

logicaall ananswswers

A4 (a) As the air/fuel ratio increase, the percentatage of CO 

emissions decreases. [1]

This is due to higher r conccenenttration ofof ooxyxygegenn to 

allow more complete cocombmbusu tionon ((inin cacarr enengine). 

[1]

(b) As air/fuel ratio incrcreaeasesess frfromom 13 to 15.2, the

amouuntn oof f aia r foounundd inin ccarar engine increases. As a 

reresusultlt, therere e wiwillll bbee mom re nitrogen and oxygen to 

reeact inin tthehe hhigigh temperature of the engine,

inincrcreae sis ngng tthe percentage emission of nitrogen 

oxoxidideses. [1]

However, as the air/fuel ratio increases from 15.2

t 16 th t t i i d ith
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The oxidation state of nitrogen decreases from +2 

in NO to 0 in N2. [1]

It is a redox reaction as CO is oxidised and NO is 

reduced. 

(ii) Carbon dioxide is produced and it is a greenhouse 

gas. It traps heat on Earth and causes temperature 

to rise / global warming.

1

A5 (a) Experiment 1

Carbon rod: 4OH- 2H2O + O2 + 4e- [1]

Steel keychain: Cu2+ + 2e- Cu 

Experiment 2

Copper rod: Cu Cu2+ + 2e- [1]

Steel keychain: Cu2+ + 2e- Cu

1M for both equations 

at the steel keychain

3

(b) Experiment 1

The electrolyte changes from blue to colourless. 

[1]

This is because the concentration of copper(II) 

ions decreases as the copper(II) ions are reduced 

at the cathode. [1]

Experiment 2

No visible change for the electrolyte. / The 

electrolyte remains blue. [1]

This is because the concentration of copper(II) 

ions remains the same, for every mole of copper(II) 

ions reduced at the cathode, one mole of copper is 

oxidised at the anode. [1]

4

(c) (i) Any one:

1st MP: 

The steel keychain is coated with a layer of 

reddish-brown / pink solid. OR Reddish-brown 

/ pink solids are seen in the solution. OR The 

steel keychain decreases in size.

2nd MP:

2
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A5 (a) Experiment 1

Carbon rod: 4OH- 2H2O + O2 + 4e- [1]

Steel keychain: Cu2+ + 2e- Cu 

Experiment 2

Copper rod: Cu Cu2+ + 2e- [1]

Steel keychain: Cu2+ + 2e- Cu

1M for both equations 

at the ssteteele  keychain

(b) Experiment 1

The electrolyte changes from blue to ccolourless. 

[1]

This is because the  conccenentrt ation ofof ccopoppeper(r II) 

ioions decreases as the e cocopppper(II)) iono ss arare e reduced 

at the cathode. [1]

Experiment 2

NoNo vvisisibi le cchahangnge e fofor the electrolyte. / The 

electrololytyte e reremamainins s blue. [1]

ThThisis iis s bebecac use the concentration of copper(II)

ioionsns reremains the same, for every mole of copper(II) 

ions reduced at the cathode, one mole of copper is 

oxidised at the anode. [1]
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Iron (from the steel keychain) displaces 

copper(II) ions from its solution to form iron(II) 

ions and copper.  

1st MP:

Copper(II) sulfate solution changes from blue 

to pale green.

2nd MP:

Iron (from the steel keychain) displaces 

copper(II) ions from its solution to form iron(II) 

ions and copper.  

(ii) Iron being more reactive than copper, will 

oxidise/lose electrons to form iron(II) ions. [1]

Fe Fe2+ + 2e-

The electrons flow to the copper electrode. 

Copper(II) ions from the electrolyte gain electrons 

to form copper. [1]

Cu2+ + 2e- Cu

The movement of electrons causes the deflection 

in the voltmeter. [1]

1M for equations for 

both electrodes

4

Section B [30 MARKS]

B6 (a) (i) Ester linkage 1

(ii) Water 1

(iii) structural formula of propane-1,2,3-triol:

structural formula of one of the carboxylic acids:

1M each 2

H

H

H
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copper(II) ions from its solution to form iron(II) 

ions and copper.  

(ii) Iron being more reactive than copper, will

oxidise/lose electrons to form iron(II) ions. [1]

Fe Fe2+ + 2e-
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Copper(II) ions from the electrolyte gaiaiaiaiaiainnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn elelelelellleeeleleeelelelleeeleeeeeeleeeleeeeeeeeleeeeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeleeeeleellleeelleeeeeeleeeeeeeeeeeeeeeeeeeeeeeeeeeee ecececececececececeecececececececececececececececececececececececececeeeccecececceceeececececeecececeeeeccceceeeeeeeecececececcccccccceceececccececcccccccccecccccccccceccccceccccccccccccccceeeeeeeeeeeeee trtrtrtrrrtrrttrtrtrtrttttrtrtrtrtrtrtrtrtttrtrtrttrtrrtrtrtrtttrtrtrtrtttttrtrtttrtrttttrtttttrtrtrtrtrtrtrtttttrrtrtttrtttrttttrttrttttrtttttttrttrrttrtttrtrtrrtrrrrrttrtrrrrrrrrrtrrrtrtrrrtrrrrttttrrrrrrrrrttrrtttrtrttttrttttttttt onononoonoonononononononnonononononnnononoonoononononoonnononooononoooononnononoooooooonnnonnnooonoooonoononnononoooonononnnonnnnnonooonononnnonnonnnonnoonnononnnnnnnnononnonnonononnonnnnnnnnnonnnoonnnnnnnnnnooonooononnnooonooooo ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

to form copper. [1]

Cu2+ + 2e- Cu

The movement of electrons causes the defefleection 

in the voltmeter. [1]

1M foror equuatations for 

bobothth eelelectctror des

Section B [30 MARKS]

B6 (a) (i) EsEsteter r linknkage

(ii) Water

(iii)) ststruruccturralal fformula of propane-1,2,3-triol: 1M each

H
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 OR

 OR

(b) Coconut oil, as the percentage of unsaturation 

adds up to 10%, which is the lowest.

1

(c) Both cotton seed molecules and corn oil molecules 

have similar iodine numbers. Hence, their melting 

points is not dependent on the degree of 

unsaturation.

Cotton seed oil molecules have higher molar mass 

/ relative molecular mass than corn oil molecules. 

[1]

Hence more energy is taken in to overcome the 

stronger intermolecular forces / Van der Waals’ 

forces between molecules. [1]

2

(d) A saturated fatty acid with 18 carbon atoms has 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 will 

contain two carbon-carbon double bonds. [1]

OWTTE 2

(e) P/S of beef fat

= = 0.0508 [1]

P/S of soybean oil

= = 4.14 [1] 

Soybean oil is more beneficial to health. [1]

3

B7 (a) Curve A – Produced 30 cm3 of gas at the end of 

reaction

1M for both labels 1

HO

HO

HO
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(b) Coconut oil, as the percentage of unsaturation 

adds up to 10%, which is the lowest.

(c) Both cotton seed molecules and corn oil molecules 

have similar iodine numbers. Hence, their meltinngg

points is not dependent on the degree e e e ofofofofofofoofoooooooooooooooooooooooooooooo  

unsaturation.

Cotton seed oil molecules have higher mmmmmmoloooololololollollolllololloollolololololllolololllllolololoooloolooooloooloolooooooloololloollllllllllararararaaraaraaaaaaaararararararararararaararaaarararaaraarrararararararaaraaararrararaaaraarararraraarararaararaaaaraaararaaaaaaaaraaarraaaaaaarraaaraaarrrraaraarrarraaraaraaarraararaaaaarrrrrraarrrrrrrarrrrrrrarrrarrrrrrrrrrrrrraarrara mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmaaasaaasaaaaasasasasaasasasasasasassasasasasasasasasaaasaaaaasaasasssassasasasasasasaaaaaaasasasasasasaasaaaaaaaasasasasasasasaaaaasasssasasasasasasssasaasssassssaaaaasssssasasasasasssasssasasasasssasasssasassasaassssasssasaaaaasaaasaaaaaaaaaasaaaaaaaaaaaasasaaasasaaaasasasaasassssssssssssssss sss sssss ssssssssssssss

/ relative molecular mass than corn oil molecules. 

[1]

Hence more energy iss takken in to overercocomeme the 

stronger intermoleculalar foorcr ese  / VVanan dderer WWaaa ls’

fof rces between moleccululeses. [1]]

(d) A saturated fatty accidid wwitithh 1818 ccararbobonn ata oms has a 

moleecuc laar foormula a ofof CC1717HH35COOH. [1]

SiSincce e a deecrcreaeasese iin n 22 hydrogen atoms indicates 

the presesenent t ofof onone carbon-carbon double bond in 

eaeachch mmololececule, each molecule of linoleic acid will 

cocontntaiainn two carbon-carbon double bonds. [1]

OWTTE

(e) P/S of beef fat
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Curve B – Produced 60 cm3 of gas at the end of 

reaction

(b) Curve C – In comparison to curve A: (1) initial 

gradient to be more gentle & (2) same height 

1

(c) Experiment B uses lumps of magnesium 

carbonate, which has bigger particle size and less 

exposed surface area. [1]

This decreases the probability of collisions 

between magnesium carbonate particles and the 

hydrogen ions from the acids, which decreases the 

frequency of effective collisions, leading to a 

slower initial rate of reaction. [1]

Accept: Reverse 

argument for 

experiment D

2

(d) pH 1.1 1

(e) Similar curve to A-2, except for an initial pH value 

of 1.1 (same volume of KOH used & same height 

at the end of the reaction)

1

(f) 1st MP:

In experiment A, hydrochloric acid, a strong acid, 

ionises completely to produce hydrogen ions, 

while in experiment C, ethanoic acid, a weak acid, 

ionises partially to produce hydrogen ions.

2nd MP:

Link pH value to concentration of hydrogen ions:

Any one:

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.

Since the concentration of hydrogen ions is 

different, the pH value will be different.

1M for each Marking 

Point (MP)

2
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This decreases the probability of collisions 

between magnesium carbonate particles and the 

hydrogen ions from the acids, which decreases the

frequency of effective collisions, leading to a

slower initial rate of reaction. [1]

(d) pH 1.1

(e) Similar curve to A-2, except for an inititititititialalalalalaalallllaaaaaaaaaalalllllllaaaaaaallllaaaalaaaallaaaaaalaaaaaaaaaaaaaaa pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH vavavavavavvavavavavavavavaavavaavavavavvavavvavvavavaavavavavvvvvavvavavavavavaavavavvvvavavaavvvavaavavaavavaaavavavaaavaavavaavavvavavavavaaavaaaaaaaaaaavavaaavaavaaavavvaavavaaaaavavavaavaaaaavaaaavaaaaaavaavaaaaaavvavvvaaaaavvvaaavavvvvaaavaavvaalullululululululululululuulululululululluuuululullululuuuluulullululullululululllllluuululululllluluululuuuuuuuuuululuuuuuuluuluuuuuluuuuluuluuuuuuuluuuluuluuluululuuuulululuuuuuuuuululululuuuuuluuuuuuuuuuuuuuuuuulluuullllueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

of 1.1 (same volume of KOH used & sameeeeeeeeeeeeeeeeeeeee eeeeeeeee hhhhhhehehehheheheeeehehehehehehhehehehehehehheeheheeeheheheeheeheeheheheeeheheeheheeheeheheheheeeheheeeheeehehhehheeeheeheeheeeheheheheeehehhehhhheheheheehehehehhehhheeheheheheheheeehehehhehhheeehehehheheeheeheehheeehhheheehhhhhhhheeeeeeehhhhheeeehhhehhhheeeeehhheeeeeeeeeeheeeheeeeeeiiiiiiigggigigiggigiggggigigigigiggiggigggigigigggggggggggggggigggggigggggggggggiigiggigigigigigiigggigigiiggggggggggghhhhhhththththththhthtththhhththhhthhhhhhthhhhhhhhhhh  

at the end of the reaction)

(f) 1st MP:

In experiment A, hydrochloorir c c acid, a ststrorongng aacic d, 

ioonises completely to pprorodud cee hhydydrorogegenn ions,

while in experiment C,C, eeththananoioic c acacidid,, a a weak acid, 

ionises partially to pproroduducece hhydydrorogen ions.

22nd MPP::

Linkk pH vvalalueue toto coconcentration of hydrogen ions:

AnAny y onone:e:

EtEthah noic acid has a lower concentration of 

hydrogen ions and therefore has a higher pH

value

1M1M ffor each Marking 

Point (MP)
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E B8 (a) Hydrocarbons are organic compounds containing 

hydrogen and carbon only.

1

(b) (i) C8H16 1

(ii) Straight chain of C8H16 Correct diagram 1

Any branched chain of C8H16 Correct diagram 1

(iii) There will be no visible change when aqueous 

bromine is added to butane. / Aqueous bromine 

remains reddish-brown when added to butane. [1]

Aqueous bromine will change from reddish brown 

to colourless rapidly when added to X.

2

(c) Volume of CO2

= 70 – 20 

= 50 cm3 [1]

Volume of O2

= 100 – 20 

= 80 cm3 [1]

Let the formula of the hydrocarbon be represented 

by CxHy.

CxHy :  O2 :  CO2

 10  :  80 :  50 

     1  :   8    :  5                 [1]

1CxHy + 8O2 5CO2 + __H2O

total no. of C atoms = 5    

total no. of O atoms = 16

no. of O atoms in H2O = 16 – 10 = 6 

total no. of H atoms = 12

Formula of hydrocarbon = C5H12 [1]

4

O B8 (a) Fermentation 1

(b) (i) Correct diagram 1M for Reactants, 

R labelled as

2
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remains reddish-brown when added to butane. [1]

Aqueous bromine will change from reddish brown 

to colourless rapidly when added to X.

(c) Volume of CO2

= 70 – 20 

= 50 cm3 [1]

Volume of O2

= 100 – 20 

= 80 cm3 [1]

Let the formula of the hhydydroocac rbbonon bbe e rereprpresesented

by CxHy.

CxHy :  O2 :  CO2

1010  : 8800 : 5500

1  :   88   ::  55                [1]

11CCxxHHy ++ 88OO2 5CO2 + __H2O

tototatall no. of C atoms = 5    

total no. of O atoms = 16
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CH3CH2OH + 3O2

and Products, P 

labelled as 2CO2 +

3H2O AND correct 

shape of curve (R 

higher than P) and 

1M for correct 

labels for enthalpy 

change (R to P) 

AND activation 

energy (R to tip of 

curve)

(ii) Energy taken in to break bonds in ethanol and 

oxygen is less than energy given out to form bonds 

in carbon dioxide and water. [1]

1M for identifying that 

the energy taken in is 

less than energy 

given out

2

(c) (i) Energy given out for 1 g of ethanol

= = = 29.7 kJ / g (3 sf) [1]

Energy given out for 1 g of octane

= = = 48.0 kJ / g (3 sf) [1]

2

(ii) Energy released when 1 kg of the fuel mixture is 

burned

= ( + (

= 2971.7 [1] + 43183.8 [1]

= 46155.5

= 46200 kJ [1]

3
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change (R to P) 

ANNDD aca tivation 

enenergy (RR to tip of 

cucurve)e)

(ii) Energy taken in to break bonds in ethanol anandd

oxygen is less than energy given out to form bbbbbboooononononnononnononnonnnnononnnnonnnonnnonnnnnnonnnnnnnnnnnnnnnnnnnnnonnnnnnnnnnnnnnnnnnnnnnnnnnnnnonnnnnnnnnnnnnnnnonnonnnnnnnnnnnnnnnnnnonnnnnnoonnondsdsdsdsdsdsdsdsdddsdsdsdsdsdsdsdsdsddsdsdsdsdddsdsdsdddsddddsddsddsddddddddddddddddddddsddddddddddddddddddddsddddddddddsdddddddddddddddddddddddddddddddsdsdddsssssssdssssssdssdddsdddddsdsddsssssddsdddddddddd  

in carbon dioxide and water. [1]

1M1M ffor ideentntififyiyingng tthat

ttttthththttttttttthtththtttthththtttthtththththththththththhhhhhhhhthththhhhhhtthhthhhhhhhttttthhhtthttthhhhhheeeee e enerrrrrrggggggy tttttt kkkkakaken in is 

leleleleleeelellllllleleeelellllllllllellllelllleellllleellleleelleesssssssssssssssssssss  than enererrrrrgygygygygygy 

ggivevenn out

(c) (i) Energy given out for 1 g of ethanol

= = = 29.7 kJ / g (3 sf) [1]

Energy given out for 11 g of f ococtat ne

= = = 48.00 kJ / g g (3(3 ssf)f) [[1]1]

(ii) Energy released whhenen 11 kkg ofof tthe fuel mixture is 

bub rneded

= ( + (

= 292971.77 [[1]1] + 43183.8 [1]

== 46461155.5

= 46200 kJ [1]
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SGSS 2017 ‘O’ Prelims Sec 4E Chem 2

1 The apparatus shows an unsuccessful attempt to prepare and collect dry sulfur 
dioxide. 

Which change would make the experiment successful? 

A removing flask P containing aqueous potassium hydroxide    
B removing flask Q containing concentrated sulfuric acid 
C using upward delivery instead of downward delivery of gas    
D using calcium oxide instead of concentrated sulfuric acid 

2 The solubility curves for four solids, A, B, C and D, in water are shown below.  
Which solid is most suitable to be prepared by crystallisation from its aqueous salt? 

3 The table below shows the properties of some substances. Which substance has 
been wrongly classified as an element, compound or mixture? 

property classification
A A white solid is formed when a silvery metal is burnt in 

air.
compound

B Black powder burns in air to form a colourless gas. element

C Green powder on heating leaves a black residue and a 
colourless gas is evolved.

element 

D White solid melts over 45 °C to 50 °C. mixture

dilute 
hydrochloric acid

sodium 
sulfite, 

Na2SO3

heat aqueous 
potassium 
hydroxide

concentrated 
sulfuric acid

P Q

solubility 
(relative units)

temperature (°C)

A

B

C

D
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4 Most alcoholic drinks are composed primarily of water and ethanol, with some traces 
of impurities and flavourings. Alcoholic drink X is made up of 40% by volume of 
ethanol.  

A sample of alcoholic drink X is distilled using fractional distillation. Boiling points of 
ethanol and water are 78 °C and 100 °C respectively. 

Which graph shows the change in concentration of ethanol in the round-bottomed 
flask as the distillation proceeds? 

A   B 

C   D 

5 20 cm3 of ethene diffused through a porous pot in 40 seconds. How long will it take 
for 40 cm3 of carbon monoxide to diffuse under the same conditions of temperature 
and pressure? 

A 10 seconds B 20 seconds 
C 40 seconds D 80 seconds 

60

concentration 
of ethanol (%)

time (s)

concentration 
of ethanol (%)

time (s)

60

concentration 
of ethanol (%)

time (s)

40

concentration 
of ethanol (%)

time (s)

40
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6 Two experimental set-ups used to demonstrate diffusion of gases are shown in the 
diagram below. What changes, if any, to the water levels at P and Q would you 
expect to see in both experiments? 

experiment 1 experiment 2
A P is higher than Q Q is higher than P
B Q is higher than P Q is higher than P
C P and Q remain the same P and Q remain the same
D P and Q remain the same Q is higher than P

7 The diagram shows the structural formula of the covalent molecule hydrazine, N2H4. 

Consider all the electrons in a molecule of hydrazine. 
Which description fits the arrangement of these electrons in the molecule? 

total number of 
electrons involved in 

bonding

total number of 
electrons not involved in 

bonding
A 5 4
B 5 8
C 10 4
D 10 8

carbon
dioxide

beaker

porous tube 
containing 

nitrogen 
and oxygen

porous tube 
containing 

nitrogen 
and oxygen

beaker

hydrogen

P Q P Q

experiment 1 experiment 2
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8 The experiment shown is used to test the electrical conductivity of potassium iodide 
crystals. 

The lamp does not light up. 
Distilled water is then added to the beaker and the lamp lights. 
Which statement explains these results? 

A Metal ions are free to move when potassium iodide melts.  
B Metal ions are free to move when potassium reacts with water. 
C Electrons are free to move in the solution when potassium iodide dissolves. 
D Oppositely charged ions are free to move in the solution when potassium  

iodide dissolves. 

9 The models and formulae for some molecules are shown below. 

                                                            

Which of the following, A, B, C or D, is the correct model for a molecule of the 
compound between Y and Z? 

A      B  

C      D  

10 A piece of magnesium does not react when put into a solution of hydrogen chloride in 
chloroform. Which of the following changes will cause a reaction to occur? 

A adding a catalyst    
B adding water and stirring  
C increasing the temperature 
D increasing the concentration of hydrogen chloride in chloroform 

lamp

beaker

electrodes

potassium iodide 
crystals

XY3
ZX
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11 32 g of copper contains x atoms. How many atoms are there in 44 g of carbon 
dioxide? 

A 0.5x     B x
C 2x     D 4x

12 40 cm3 of 1.0 mol/dm3 solution of a magnesium salt contains 4.8 g of the dissolved 
compound. The salt is a __________. 

A carbonate    B sulfate 
C nitrate     D chloride  

13 A solution of sulfuric acid has a concentration of 1 mol/dm3. 
Different volumes of the acid are added to different volumes of aqueous sodium 
hydroxide. The maximum temperature of each mixture is measured. The graph below 
shows the results. 

What is the concentration of the aqueous sodium hydroxide? 

A 0.67 mol/dm3    B 1.3 mol/dm3

C 1.5 mol/dm3    D 3.0 mol/dm3

14 In a test for the presence of lead(II) ions in a solution, aqueous sodium hydroxide is 
added slowly till excess. Which of the following diagrams shows how the mass (m) of 
the precipitate varies with the volume (v) of the aqueous sodium hydroxide added?

A      B 

C      D 

m

v

m

vm

v

m

v

0               10               20               30              40              50
50             40               30               20              10               0

H2SO4 /cm3

NaOH/ cm3

te
m

pe
ra

tu
re

 / 
°C
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15 The diagram below shows a series of tests starting with P. 

Which of the following statement(s) is/are true? 
i. P can react directly with sulfuric acid to produce R. 
ii. Q dissolves readily in water to form a blue solution. 
iii. R forms a blue precipitate which remains insoluble in excess aqueous sodium 

hydroxide. 

A i only 
B iii only 
C i and ii only 
D i and iii only 

16 Gabriel was given four bottles containing colourless solutions of four compounds,
labelled X, W, Y and Z. He mixed two different solutions together and obtained the 
following results. 

solution observations
X and W no visible reaction
X and Z white precipitate
W and Y white precipitate
W and Z white precipitate
Y and Z effervescence

Which of the following correctly identifies each solution? 
solution X solution W solution Y solution Z

A calcium nitrate potassium 
carbonate sulfuric acid barium nitrate

B barium nitrate calcium nitrate potassium 
carbonate sulfuric acid

C sulfuric acid barium nitrate calcium nitrate potassium 
carbonate

D potassium 
carbonate sulfuric acid barium nitrate calcium nitrate

17 Two elements, S and T have proton numbers between 1 and 12. The atom S has two 
electrons less than a noble gas while the atom T has five electrons more than a noble 
gas. Which of the following compounds cannot be formed between S and T? 

A TS     B TS6
C TS2     D TS3

–

P Q Gas S

dark blue solution R white precipitate

heat
+

dilute sulfuric
acid

limewaterexcess 
aqueous 
ammonia
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18 The reaction of manganate(VII) ions with hydrogen peroxide in acid solution may be 
represented by the following equation. 

2MnO4
–(aq) + 6H+(aq) + 5H2O2(aq) → 2Mn2+(aq) + 5O2(g) + 8H2O(l) 

The rate of reaction can be determined by measuring changes in different variables of 
the reaction. 

Which of the following methods of monitoring the rate of reaction are suitable? 
I. volume of gas produced
II. pH of the reaction mixture

III. mass of the reaction mixture
IV. amount of precipitate obtained
V. intensity of the purple colour of the reaction mixture

A I, II and III B I, II and IV 
C I, II, IV and V D I, II, III and V 

19 Titanium reacts with acid and cannot be extracted from its ore by heating with carbon. 
Where should titanium be placed in the reactivity series? 

A below copper 
B between zinc and iron 
C between iron and copper 
D between magnesium and zinc 

20 Which statement about the extraction of iron from its ore is correct? 

A Iron is more difficult to extract than zinc.
B Iron is more difficult to extract than copper. 
C Iron is easy to extract because it is a transition metal.
D Iron cannot be extracted by reduction with carbon. 

21 The diagram below shows the experiment of investigating rusting of iron nails. 

Which of the nail(s) above shows(s) rusting? 
A X only B X and Y only 
C X and Z only  D Y and Z only 

  Nail X                                Nail Y                              Nail Z

iron wrapped 
with copper

iron wrapped 
with zinc

iron coated 
with copper
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22 Four experiments were carried out by adding samples of zinc of different size and 
mass to excess 1.0 mol/dm3 hydrochloric acid in four separate conical flasks. The 
volume of hydrogen gas evolved was collected and measured at regular time interval 
for each experiment.  

The set of conditions for the four experiments are shown in the table below. 

set of conditions particle size of zinc mass of zinc / g
W granular 5.0
X granular 10.0
Y powder 5.0
Z powder 10.0

The graph of the results from the four experiments are labelled 1, 2, 3 and 4 as 
shown below. 

Which of the following correctly matches the graphs of experiments 1, 2, 3 and 4 with 
the set of conditions W, X, Y and Z? 

W X Y Z
A 3 2 1 4
B 3 2 4 1
C 4 1 3 2
D 4 2 3 1

23 An element melts at 1455 °C, has a density of 8.90 g/cm3 and forms a green chloride. 
Where in the Periodic Table is this element found? 

A

D

B

C

volume of 
hydrogen / cm3

time / min

1
2

3

4
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24 Sulfur and selenium, Se, are in the same group of the Periodic Table. From this, we 
would expect selenium to form compounds having the formulae ________________. 

A Se2O, Na2Se and NaSeO4  B SeO2, Na2Se and NaSeO4
C SeO2, Na2Se and Na2SeO4  D SeO3, NaSe and NaSeO4

25 The reaction scheme represents the process for obtaining pure silicon. 

SiO2                            Si                             SiCl4                  SiCl4                     Si

In which stages is silicon reduced? 

A I only B I and II only 
C I and IV only D II and III only 

26 In which of the following experiments will a redox reaction occur? 

A adding zinc granule to silver nitrate solution 
B adding calcium oxide powder to aqueous sulfuric acid 
C adding aqueous sodium hydroxide to aqueous nitric acid  
D adding calcium(II) chloride solution to copper(II) sulfate solution 

27 After adding acidified potassium manganate(VII) solution to a sample of solution X, 
the potassium manganate(VII) solution was decolourised and the resulting solution 
was brown. When starch solution was added to a fresh sample of solution X, the 
solution turned dark blue. What conclusion can be drawn about solution X? 

A It is a reducing agent and it contains iodide ions. 
B It is a reducing agent and it contains bromide ions. 
C It is an oxidising agent and it contains iodide ions. 
D It is an oxidising agent and it contains bromide ions. 

28 Which row shows the correct enthalpy change for its process? 

process enthalpy change, ΔH
A CO2(g) → C(g) + 2O(g) negative
B PbCl2 → Pb(s) + Cl2(g) positive
C C2H4(g) + 3O2(g) → 2CO2(g) + 2H2O(l) positive
D N2(l) → N2(g) negative

I
heat with 
carbon

II
react with 
chlorine

III
distill

IV
heat with 
hydrogen

(impure) (impure) (pure) (pure)
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29 Hydrogen and oxygen react to form steam as shown in the equation below. 

2H2(g) + O2(g) → 2H2O(g) 

The following energy level diagram represents this reaction. 

Which symbols represent the energy involved in the bond breaking and formation? 

energy involved in bond breaking 
only / kJ

energy involved in bond 
formation only / kJ

A ΔH1 ΔH2

B ΔH1 ΔH3

C ΔH2 ΔH1

D ΔH2 ΔH3

30 A piece of litmus paper soaked in concentrated aqueous potassium chloride solution 
was placed on a glass slide. The paper was connected to a battery. 

Which of the following shows the correct observations near the negative electrode 
and positive electrode after the current had flowed for some time? 

at negative electrode at positive electrode
A red blue
B red bleached
C bleached blue
D blue bleached

negative 
electrode

positive
electrode

glass slide

litmus paper soaked in 
concentrated aqueous 
potassium chloride solution
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31 The diagram shows a failed attempt to copper-plate a pan. 

Which action will plate the pan with copper? 

A increasing the voltage from 3 V to 6 V 
B making the pan the cathode and the copper the anode 
C cooling the copper(II) sulfate solution in an ice bath 
D heating the copper(II) sulfate solution to boiling point 

32 Which of the following statements concerning the Haber process is incorrect? 

A A catalyst of finely divided iron is used. 
B Nitrogen and hydrogen are fed into the reactor in the volume ratio of 1:3. 
C The cost of high pressure technology means that the reaction is carried out at 

the more economical pressure of 4 atm. 
D The equilibrium yield of ammonia is favoured by the use of low temperatures,  

although temperatures of around 450 °C are actually used. 

33 To produce ammonia gas, which of the following methods below cannot be used? 

A heating concentrated aqueous ammonia 
B heating ammonium chloride with calcium hydroxide 
C heating ammonium sulfate with sodium hydroxide 
D heating ammonium sulfate with dilute hydrochloric acid 

3 V

copper cathode

copper(II) sulfate solution

pan
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34 The diagram below represents a section of a catalytic converter in the exhaust 
system of a car.  

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 and II
B I and III
C II and III
D I, II and III

35 The diagram shows a ball of steel wool placed inside the end of a test tube. The test 
tube is inverted in a beaker of water, trapping air inside. 

What is the level of water after several days? 

steel wool

air

water

water level at the 
start of experiment

A

B

C

D

hot exhaust 
gases

other gases

platinum and rhodium catalyst
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36 The diagram shows the fractional distillation of crude oil. 

Which row explains why fraction Q is collected above fraction S? 

boiling point of Q average molecular mass 
of Q

enthalpy change of 
combustion of Q (kJ/mol)

A lower than S smaller than S less than S
B lower than S greater than S less than S
C higher than S smaller than S more than S
D higher than S greater than S more than S

37 The structure of propanedioic acid and propanol are shown below. 

 propanedioic acid   propanol 

How many of the following substances can be used to distinguish between the two 
compounds? 

I. aqueous bromine
II. zinc carbonate
III. acidified potassium manganate(VII) solution

A 0 B 1 
C 2 D 3 

fractionating 
column

crude oil

fraction

P

Q

R

S

T

U
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38 Rum flavouring is based on the compound with the formula shown below. 

The compound can be made from ___________________. 

A propanol and methanoic acid
B ethanol and butanoic acid  
C butanol and ethanoic acid 
D propanol and propanoic acid 

39 Poly(ethene) can be manufactured by the process below. 

Which diagram shows the change in molecular size during this process? 

A B 

C D 

octane ethene poly(ethene)
cracking polymerisation

molecular 
size

start     finish

molecular 
size

start     finish

molecular 
size

start     finish

molecular 
size

start     finish
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40 The absorbent material in babies’ disposable nappies is made from the polymer 
shown below. 

 From which monomer could this polymer be obtained? 

A H2C=CHCO2H     
B HO2CCH=CHCO2H 
C HOCH2CH2CO2H     
D CH3CH2CH2CO2H 

End of Paper 1
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Section A [50 marks] 
Answer all questions in the spaces provided. 

A1 (a) Using the Kinetic Particle Theory, explain why liquids and gases both take the shape 
of the container but a gas always fills the container. 

[3]

(b) The following apparatus can be used to measure the rate of diffusion of a gas.

(i) What measurements would need to be taken to calculate the rate of diffusion of 
a gas?

[2]

(ii) Which gas, nitrogen dioxide or sulfur dioxide, would diffuse faster? 
Explain your choice.

[2]

[Total: 7 marks]

constant pressure 
applied gas syringe gas

metal foil, 
gas escapes 
through small 
hole in foil

liquid                                      gas

does not fill 
container but has 
the shape of 
bottom of 
container

fills container
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A2 Use the information in the table below to answer the questions.

element formula(e) of oxide(s) density of element at 
r.t.p (g/cm3)

volume of 1 mole of 
atoms at r.t.p (cm3)

A A2O, A2O2 0.00008 12 000
B None formed 0.00346 24 000
C C2O 0.53 13.20
D D2O 0.97 23.71
E EO2, EO3 2.07 15.46
F F2O3 3.00 15.00
G GO, G2O3 7.86 7.11

 (r.t.p refers to room temperature and pressure)

(a) Which two elements are in the same group of the Periodic Table.
Explain your answer.

[2]

(b) Which element could be argon? Explain your answer.

[2]

(c) Using information in the third and fourth columns, calculate the mass of 1 mole of F
and identify F.

[2]

(d) Write down two observations you would expect to see when element G is added to
dilute nitric acid.

[2]

[Total: 8 marks]
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A3 The diagram below shows a fractionating column for the separation of crude oil.

(a) The properties of three fractions in crude oil are given in the table below. 
Complete the table below by identifying the fractions at A, B and C in the diagram.

number of carbon 
atoms per molecule boiling point (°C) fraction

A 5 to 11 50 to 80
B 7 to 14 90 to 150
C 9 to 16 150 to 240 [1]

(b) Give two pieces of evidence to show why the fractions identified in (a) are classified 
as mixtures.

[2]

(c) Describe the process of separating the fractions A and C by this method.

[2]

crude oil

A

B

C
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(d) Cracking is carried out on B to produce other useful products. The table below shows 
some information on the percentage yield of the products from a cracking plant.

product percentage yield (%)
methane 15
ethene 32

propene 16
C4 hydrocarbons 11

C5 to C8 hydrocarbons 25

(i) Cracking is often described as a key source of alkenes.
Use the information given to support the above statement.

[1]

(ii) Suggest a reason why the data for C4 hydrocarbons and C5 to C8 hydrocarbons 
are grouped together, whereas the data for the first few products are classified 
individually.

[2]

[Total: 8 marks]

A4 An airplane contains many miles of electrical wiring made of copper. This adds to the mass 
of the airplane. It has been suggested that the electrical wiring made of copper could be 
replaced by lighter carbon nanotubes. The diagram shows the structure of a carbon 
nanotube. Like graphite, each carbon atom is joined to three other carbon atoms.

(a) Explain why the carbon nanotube can conduct electricity.

[2]

carbon atom
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(b) Another reason why copper is replaced by the carbon nanotubes is that the copper 
wiring will react eventually with atmospheric oxygen to form copper(II) oxide, 
decreasing its electrical conductivity.

Explain in terms of its structure and bonding why the metal oxide has a poor electrical 
conductivity.

[2]

[Total: 4 marks]

A5 The NASA space shuttle uses fuel cells to generate electricity. The diagram shows a 
hydrogen-oxygen fuel cell.

(a) Identify which electrode above is an anode, and which is a cathode.

[1]

(b) Describe how electricity is generated in the fuel cell.

[3]

(c) Give one source for hydrogen for use in a fuel cell.

[1]

[Total: 5 marks]

external circuit

hydrogen in

electrode 1

oxygen in

electrode 2

water

electrolyte
Na+(aq)

OH–(aq)
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A6 30 cm3 of 1 mol/dm3 dilute hydrochloric acid is added to two different test tubes containing 
substances A and B. The results are recorded in the table below.

substance appearance of 
substance gas produced colour of solution 

formed

A green solid gas formed white 
precipitate with limewater pale blue

B black solid no gas produced pale blue

(a) Suggest the name of substance A and write down a balanced chemical equation for
the reaction between A and dilute hydrochloric acid.

[2]

(b) Substance B is impure copper(II) oxide. The mass of B in the test tube is 3 g. To test
for the purity of substance B, the following is carried out. It is assumed that the
impurities do not react with dilute hydrochloric acid.

(i) The excess hydrochloric acid that did not react with B was titrated with
1 mol/dm3 of dilute sodium hydroxide. The average volume of sodium hydroxide
required for the titration was 10.0 cm3.

Calculate the number of moles of excess hydrochloric acid and hence, calculate
the number of moles of hydrochloric acid that has reacted with substance B.

[3]

(ii) The reaction between copper(II) oxide and hydrochloric acid is given by the
equation below.

CuO + 2HCl → CuCl2 + H2O

Calculate the percentage purity of B in the test tube.

[2]

[Total: 7 marks]
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A7 The table below shows the time taken for the same mass of zinc to react completely with
sulfuric acid of various concentrations at room temperature and pressure. 

concentration (mol/dm3) 0.5 1.0 2.0 4.0

time taken (s) 450 45 22 5

(a) Explain, using collision theory, how the rate of reaction change when the
concentration of sulfuric acid used increases from 0.5 mol/dm3 to 4.0 mol/dm3.

[2]

(b) Suggest a reason why very little hydrogen gas is produced when the concentration of
sulfuric acid used is increased to 10.0 mol/dm3.

[2]

(c) A student repeated the above experiments using calcium while keeping all the other
conditions the same. However, it was observed that the reaction stopped shortly.
Explain why.

[1]

[Total: 5 marks]

A8 Ammonia is manufactured from nitrogen and hydrogen via the Haber process, using iron as 
catalyst. The graph below shows how the amount of ammonia produced (percentage yield) 
varies with both temperature and pressure.

% yield of 
ammonia

pressure (atm)
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(a) (i) From the graph, suggest whether a higher or lower temperature would result in 
more ammonia being formed from the Haber Process.

[1]

(ii) Suggest why this temperature is not used in the Haber Process?

[1]

(b) Explain how using a catalyst in the Haber process has an economic advantage.

[1]

(c) The Haber Process 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. 

Suggest why it is important to ensure that no air is present in the apparatus shown 
above.

[1]

(d) The equation below shows the reaction for the conversion of ammonia to nitrogen(II) 
oxide.

4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)          ΔH = –950 kJ/mol

Is the reaction exothermic or endothermic? Explain your answer, in terms of the 
energy changes that take place during bond breaking and bond making, why the 
reaction is exothermic or endothermic.

[2]

[Total: 6 marks]

End of Section A 

hydrogen gas in 
syringe

nitrogen gas in 
syringe

glass tube with iron wool

heat
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Section B [30 marks] 
Answer all three questions in the spaces provided. 

Question B11 is in the form of an either/or and only one of the alternatives should be attempted. 

B9 The information below is about the extraction of zinc.

The method of extraction of zinc has changed, as different ores containing the 
element have been discovered, and as technology has improved.

Extraction Process 1

In the earliest process, calamine (impure zinc carbonate) was heated with charcoal 
in earthenware pots. This two-stage process gives a low yield of zinc.

ZnCO3(s) ZnO(s)  +  CO2(g)

ZnO(s)  +  C(s) Zn(s)  +  CO(g)

Extraction Process 2

A new two-stage process was developed using zinc sulfide ores. All of the waste 
gases from this process were released into the atmosphere.

2ZnS(s)  +  3O2(g)  2ZnO(s)  +  2SO2(g)

ZnO(s)  +  C(s)  Zn(s)  +  CO(g)

Extraction Process 3

This uses the electrolysis of aqueous solutions of very pure zinc sulfate. The first 
step in this process is the same as the first step in Extraction Process 2. The second 
step uses sulfuric acid made from SO2 collected in the first step. The third step 
involves the electrolysis of zinc sulfate solution to form pure zinc.

2ZnS(s)  + 3O2(g) 2ZnO(s)  +  2SO2(g)

ZnO(s)  +  H2SO4(aq) ZnSO4(aq)  +  H2O(g)

ZnSO4(aq) Zn(s)     [electrolysis]

The electrolysis of zinc sulfate solution can be carried out by using graphite or zinc 
as anode. When zinc is used, the anode needs to be replaced frequently. 

(a) (i) Identify one equation that represents a redox equation.

[1]
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(ii) Explain, in terms of oxidation states, why the equation identified in (a)(i) is a 
redox reaction.

[2]

(b) Suggest which of the three extraction processes is the most environmentally friendly. 
Give a reason for your answer.

[3]

(c) Zinc sulfate solution is electroysed in Extraction Process 3.

(i) If zinc is used as the anode, write the ionic half-equations, including state 
symbols, for the reaction occurring at each electrode.

Anode:

Cathode: [2]

(ii) Explain why the zinc anode needs to be replaced periodically?

[2]

(d) A factory replaced zinc sulfate solution with molten zinc chloride. 
Suggest why molten zinc chloride may not be a good choice to replace zinc sulfate 
solution.

[1]

[Total: 11 marks]
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B10 A student investigate the reactivity of four metals, iron, copper, zinc and metal X.

(a) In experiment 1, the student sees changes happen to both the iron and the solution.
Describe the changes that the student sees and explain why these changes occur.

[3]

(b) Write an ionic equation, including state symbols, for the reaction that happens in
experiment 2.

[1]

(c) The student observes that a reaction happens in all three experiments.

(i) Arrange the four metals in order of increasing reactivity. Explain your answer.

[2]

(ii) Suggest the name of metal X.

[1]

(d) At the end of experiment 3, the student wanted to check if there are any zinc ions left
in the solution. What can the student do to confirm this?

[2]

[Total: 9 marks]

iron zinc metal X

solution 
containing 
aqueous 
copper(II) ions

solution 
containing 
aqueous 
iron(II) ions

solution 
containing 
aqueous 
zinc(II) ions

experiment 1  experiment 2   experiment 3
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Either
B11 Alkenes are unsaturated organic compounds consisting of a carbon-carbon double bond.

Table 1 lists the boiling points of some straight chain alkenes.

alkene boiling point (°C)
ethene –104

propene –47
butene –6

pentene 30
hexene 63

Table 1

Table 2 shows the properties of branched isomers of some of the alkenes.

number of carbon 
atoms in molecule

formula boiling point 
(°C)

branched 
alkene 1 4 –7

branched 
alkene 2 5 20

Table 2

(a) What trend is shown by the data in Table 1?

[1]

(b) Using evidence from Tables 1 and 2, explain how the boiling point of a straight chain
alkene is affected by branching in isomerism.

[3]
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(c) Q is a gaseous hydrocarbon which can decolourise a solution of bromine and has a
density of 1.75 g/dm3 at room temperature and temperature.

(i) Calculate the relative molecular mass of Q.

[1]

(ii) Hence, identify Q. Explain your reasoning.

[2]

(iii) Hence, write a chemical equation for the reaction between Q and bromine
solution.

[1]

(d) Both ethane and ethene can react with chlorine.
Give one similarity and one difference between the two reactions.

[2]

[Total: 10 marks]
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OR
B11 A copolymer is formed from more than one type of monomer unit.

Viton elastomer is a copolymer used in fuel injection seals. The following shows the structure 
of a copolymer, Viton, showing one repeat unit. There is no by-product formed.

(a) (i) What type of polymerisation does it undergo?

[1]

(ii) Draw the structures of the monomers that react to form this polymer.

[2]

(iii) The relative molecular mass of the Viton molecule is about 500 000.
Calculate the minimum number of monomers in one Viton molecule.

[2]

(b) Polyesters are polymers used in the manufacture of numerous products 
such as fabrics and eyeglass lenses. The starting material of one such 
polyester is compound P which has the structural formula shown below:

compound P

n

C           C           C           C           

F           H            F           F           

F           H            F           CF3           
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(i) State the observation when compound P reacts with aqueous bromine and with 
aqueous sodium carbonate

[2]

(ii) Draw the full structural formula when compound P reacts with excess
ethanol.

[2]

(iii) State the condition for the reaction in (ii) above.

[1]

[Total: 10 marks]

End of Section B 
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1 

St Gabriel’s Secondary School
2017 ‘O’ Preliminary Examination 

Sec 4E Chemistry 
Marking Scheme 

Paper 1 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A A C C D A D D B B C B D B D B B D D B

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

A D C C C A A B D B B C D C D A C B C A

Paper 2 Section A 
Question Answer Marks
A1 (a) In liquid, the particles are close together; the strong forces of attraction between 

the particles do not allow them to move apart. Hence, liquid cannot fills up the 
container.

However, liquid particles can slide over each other to take up the shape of the 
container.

In gas, the forces are much weaker and the particles can move in all directions 
/freely to fill the container.

1

1

1

(b) (i) Measure the volume of gas left in the gas syringe (or volume of gas that 
escapes) at regular intervals of time

1
1

(ii) Nitrogen dioxide 

It has lower relative molecular mass / molar mass / mass.

1

1

A2 (a) C and D.

Both elements form oxides of the same chemical formulae, C2O and D2O. This 
shows that the elements formed ions that have a charge of +1 and they both 
belong in Group I of the Periodic Table as they have the same number of 
valence electron.

1

1

(b) B.

Its volume of 1 mole of atoms is 24 000 cm3, indicating that B is monoatomic.
(Reject: it does not form any oxide or reacts with oxygen)

1

1

(c) Mass of 1 mole of F = 3 x 15 = 45 g

F is scandium.

1

1

(d) Effervescence / Bubbles is seen,

pale green solution is formed.

1

1
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In gas, the forces are much weaker and the particles can move in all directions
/freely to fill the container.

1

1

1

(i) Measure the volume of gas leleft in tht e gas sysyriringnge (or volume of gas that 
escapes) at regular intervals of ttimime

1
1

(ii) Nitrogen dioxide 

It has lower relative molecuculalar r mamassss // molar mass / mass.

1

1

C and D.

Both elemeentss formrm ooxixidedess ofo  the same chemical formulae, C2O and D2O. This 
shows thatt tthehe elelememenentsts formed ions that have a charge of +1 and they both
belong in GrGrououp p II ofo  the Periodic Table as they have the same number of 
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1

1
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A3 (a) Petrol;
Naptha;
Kerosene/Paraffin 1

(b) There is no fixed boiling point for each fraction. / Each fraction boils over a 
range of temperatures. 

There is a range in the number of carbon atoms in each fraction. 

1

1

(c) Crude oil is heated and the vapour rises and enters the fractionating column.

Fraction A (petrol) is condensed and collected at higher outlet as it has a 
lower boiling point than fraction C (kerosene).

Fraction C (kerosene) is condensed and collected at the lower outlet of the 
fractionating column.

1

1

(d) (i) For both processes, the yield of ethene and propene alone (excluding the 
alkenes in the C4 to C8 hydrocarbons), accounts for 48%. 1

(ii) From C4 onwards, there are isomers for both the alkanes and alkenes.
Hence there are many compounds with the same number of carbon 
atoms.

The smaller hydrocarbons have no isomers, so they are classified 
individually.

1

1

A4 (a) Each carbon atom uses 3 out of 4 valence electrons for bonding and

has 1 unbonded/free valence electron which is mobile to act as charge carrier.
(Reject: ‘sea of delocalised electrons’ without explaining where these 
electrons come from)

1

1

(b) The metal oxide has a giant ionic lattice structure with strong electrostatic 
forces of attraction between the metal ions and the negative oxide ions.

In the solid state, the ions are held in fixed arrangement/positions and will not 
be able to carry electrical charges.

1

1

A5 (a) Anode: electrode 1
Cathode: electrode 2 1

(b) Hydrogen gas is oxidised and releases electrons and water.
These electrons flow from the anode to the cathode.

Oxygen is then reduced to form hydroxide ions.

The movement of electron flow from hydrogen to oxygen in the cell generates
electricity.

1

1

1

(c) Cracking of crude oil / petroleum / large alkane, alkene, hydrocarbon OR 
Electrolysis of water 1
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be able to carryy eelectriricacall chchaargeg s.

1

1

Anode: eleectctrorodede 11
Cathode: elelectctrorodede 22 1

Hydrogen gas is oxidised and releases electrons and water.
These electrons flow from the anode to the cathode. 1
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A6 (a) Copper(II) carbonate 

CuCO3 + 2HCl → CuCl2 + H2O + CO2 (allow e.c.f. if candidate gives the wrong 
substance)

1

1

(b) (i) NaOH + HCl → NaCl + H2O

Mol of NaOH = 10/1000 x 1 = 0.01 mol 
Mol of excess HCl = 0.01 mol

Mol of HCl added initially = 30/1000 x 1 = 0.03 mol 
Mol of HCl that react with CuCO3 = 0.03 – 0.01 = 0.02mol

1

1
1

(ii) Mol of CuO = 0.02/2 = 0.01 mol 
Mass of CuO = 0.01 x 80 = 0.8 g

% purity = 0.8/3*100 = 26.7%

1

1

A7 (a) As the concentration increases, there are more H+ ions in the same volume of
solution. 

This increases the frequency of the successful collisions between the reacting 
particles and hence increases the rate of the reaction

1

1

(b) When concentration of sulfuric acid is increased to 10 mol/dm3, there is very 
little water present.

Most of the acid molecules do not dissociate to form H+ ions.

1

1

(c) Insoluble calcium sulfate is formed on the calcium carbonate.
This prevent the remaining calcium from reacting. 1

A8 (a) (i) Lower temperature 1

(ii) Lower temperature results in a slower rate of reaction. 1

(b) speeds up the reaction / lowers the activation energy

lowers energy costs / less energy used/only a small amount is needed
(Reject: Catalyst can be re-used and hence save cost as this is not a 
significant contributing economic advantage)

1

(c) This to prevent hydrogen from reacting with oxygen in the air. 1

(d) Exothermic 

More heat energy is given out when bonds between N–O and H–O are formed 
than is taken in for breaking the N–H bonds and O=O bonds.

1

1
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% purity = 0.8/3*100 = 26.7% 1

As the concentration increases, there are more H+ ions in the saamem vvoolume of
solution.

This increases the frequency of the successful collisionnss between the reacting 
particles and hence increases the rate of the reactionnnnnnnnnn

1

1

When concentration of sulfuric acid is increaseddddddddddddddddddddddddddddddddddddddddddddddddddddd ttttttttttttttttttttttttttttttttttttttttttttttttto oooooo oooooooooooooooooooooooooooo oooooooooooooooooooooo 10101001010101001010100010101010101101010101110101010101011010101000110100101010010100101010001000101010001010000100100010000001001000000 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmolololoololollololoooololoolololololololololololoolololoolololololoooolollollolololllololoollollolololooooloooooooolool///d/d/d//d/d//d/d/d/d/d////d/d/d/d//d/d/d/d/d/ddd/dd/d/d//dd/d/d//d/dd/ddd///// mmmmmmmmmm33,, ththerere e iss vvery 
little water present.

Most of the acid molecules do not dissociate to fforo m H+ ionss.

1

1

Insoluble calcium sulfate is formemedd onn theh calciumum ccararbonate.
This prevent the remaining calciiumu ffror mm reactiingng. 1

(i) Lower temperature 1

(ii)) Lower temperature resultts s inin aa slowower rate of reaction. 1

speeds up the e reacaction //  lolowewersrs ttheh  activation energy

lowers eneergrgy y cocoststss / leessss energy used/only a small amount is needed
(Reject: Caatatalylystst canan bbe e re-used and hence save cost as this is not a 
significant coontntriibubutiting economic advantage)

1

This to prevent hydrogen from reacting with oxygen in the air. 1



4 

Paper 2 Section B 
Question Answer Marks
B9 (a) (i) ZnO (s) + C (s) → Zn (s) + CO (g) or

2ZnS (s) + 3O2 (g) →  2ZnO(s) +2SO2 (g)

1

(ii) ZnO (s) + C (s) → Zn (s) + CO (g)
Oxidation state of zinc decreases from +2 in ZnO to 0 in Zn. Hence, 
ZnO is reduced.
Oxidation state of carbon increases from 0 in carbon to + 2 in CO.
Hence, C is oxidised. 
(Accept 2+ or +2)

OR

2ZnS (s) + 3O2 (g) →  2ZnO(s) +2SO2 (g)
Oxidation state of sulfur increases from -2 in ZnS to +4 in SO2. Hence, 
ZnS is oxidised.

Oxidation state of oxygen deceases from 0 in O2 to -2 in ZnO (or SO2).
Hence, oxygen is reduced.

1

1

1

1

(b) Process 3. 
(with at least one reason)

SO2 is used to make sulfuric acid. 

(Any answer)     
No CO is produced, unlike processes 1 and 2.   
CO causes headaches / fatigue /breathing difficulties / death /
Reduces ability of haemoglobin to transport oxygen 

SO2 from process 2 may irritate the eyes / lungs /
Cause breathing difficulties / inflammation of the lungs (bronchitis) /
Reacts with water in the atmosphere to form acid rain, which corrodes 
buildings and harms aquatic life and plants
(R: no air pollutant is released to the environment.)

1

1

1

(c) (i) Anode: Zn(s) → Zn2+(aq) + 2e–

Cathode: Zn2+(aq) + 2e– → Zn(s)
1
1

(ii) Zinc is the reactive anode

and will be oxidised / ionised to from Zn2+ ions (don’t accept zinc oxide
is formed, without stating the oxidation of zinc) and hence needs to be 
replaced

1

1

(d) A high amount of energy is required to maintain the molten zinc chloride, 
increasing the cost of production of zinc.      1
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2ZnS (s) + 3O2 (g) →  2ZnO(s) +2SO2 (g)
Oxidation state of sulfur increases from -2 in ZnS to +4 in SO2. Hence, 
ZnS is oxidised.

Oxidation state of oxygen deceases from 0 in O2 to -2 2 inin ZZnOnO ((or SO2).
Hence, oxygen is reduced.

1

1

) Process 3. 
(with at least one reason)

SO2 is used to make sulfuric acid. 

(Any answer(( )r
No CO is produced, unlike processes 1 and 2.   
CO causes headaches / fatiguee /b/breeathih ng difficucultltieies s / death /
Reduces ability of haemoglobinn to trranansport oxoxygygenen 

SO2 from process 2 may irritate e the eyeyeses // llunungsg  /
Cause breathing difficulties / infnflalammmmatatioionn ofof tthe lungs (bronchitis) /
Reacts with water in the atmossphpherere toto fforo m acid rain, which corrodes 
bub ildings and harmrmss aqaquatitic c lilifefe aandn  plants
(R: no air polllulutatantnt iis releleasaseded ttoo the environment.)

1

1

1

) (i) Anodde: ZZn(n(s)s) →→ ZZnn2+2+(a( q) + 2e–

Cathhodode:e: ZZnn2+2+(a(aq)q) + 2e– → Zn(s)
1
1

(ii) Zinc is ththee reactive anode

and will be oxidised / ionised to from Zn2+ ions (don’t accept zinc oxide

1
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B10 (a) Pink copper metal formed on iron rod; as it is displaced out of the solution by 
iron. 

Blue solution turns pale green; as the Cu2+ ions are being replaced by Fe2+

ions.

Iron is more reactive than copper, iron displaces copper out from its salt 
solution to form copper and Fe2+.

1

1

1

(b) Zn(s) + Fe2+(aq) → Zn2+(aq) + Fe(s) 1

(c) (i) Copper, iron, zinc, X.

Metal X is more reactive than zinc as there is a reaction in experiment 
3. The rest of the arrangement follows the reactivity series.

1

1

(ii) Magnesium or aluminium or calcium 1

(d) Add aqueous ammonia / ammonium hydroxide solution till excess;
(Reject: addition of sodium hydroxide)

If zinc(II) ions are left in the solution, a white precipitate will be formed which 
will dissolve in excess of aqueous ammonia to form a colourless solution.

1

1

B11 Either
(a) The greater the number of C atoms/ the larger the molecule/ down the series,

the higher the boiling point; 1

(b) Branching in isomerism decreases the boiling point of straight chain alkenes;

From the data, the boiling point of straight chain butene (-6 °C) is higher than 
the branched butene (-7 °C);

The boiling point of straight chain pentene (30 °C) is also higher than the 
branched pentene (20 °C);

1

1

1

(c) (i) Volume of Q = no. of mol of Q × 24 dm3

(Mass/density) = (mass/Mr) × 24 dm3

Mr = density × 24 dm3

 = 1.75 × 24
 = 42 (no unit) 1

(ii) Q is propene/ C3H6;
with Mr of propene = (12×3) + (1×6) = 42;

As Q decolourises aqueous bromine, it is unsaturated/ an alkene with 
general formula CnH2n;

1

1

(iii) C3H6 + Br2 → C3H6Br2 (allow e.c.f) 1
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(ii) Magnesium or aluminium or calcium 1

) Add aqueous ammonia / ammonium hydroxide solution till excecesss ;
(Reject: addition of sodium hydroxide)

If zinc(II) ions are left in the solution, a white precipitattee wiwillll bbee formmeded wwhihicch 
will dissolve in excess of aqueous ammonia to form aaaaaaaaaaaaaaaaaaaaaaaaaa  cocococococococococcoccocccococccococococccccococccccccccccccccccoccccccccccococoooccccccoocololoololololoolololooololooooooolooololoololololoolololooolooooolololooooooloooloollollolllllloouuuuuuuururuuuruuuuuuuuuuuuuuuuuuururuuuuuuuu less solution.

1

1

ther
) The greater the number of C atoms/ the larger ththththththththththththththththththththththhththtthththththththtththththththththththhtthhhthhhhhthhhhhhhthhhhhtttttthht eeeeeeeeeeeeeeeeee eeeeee eeeeeee e eeeeeeeeeeeeee eee momomomomomomomommomomomomomomomomoooomomomomomomomomomomomomommomomommomomomommomoomommomomomomoommmooomomomomoomoommmommmommmmoommomomolelelleleeeleeleeleelleeelelelellelllellllelelelelellleelleleleeeleleeleeleeeleleeeeleeeleeeleeeeeeeeeeeeeeleeecccccuccucucucucucucucuccucucuuucccucucucucucuccucuccucuccucucucccccccuccucucccucucuucucuccucuccuccuucccccuccccc leleleleeleleleeleleeleeleeeeelleleleleeelllellle/ / dodownwn tthehe sseries,

the higher the boiling point; 1

) Branching in isomerism decreases the boiling popoint of straighghtt cchain alkenes;

From the data, the boiling pointt oof ststraaight chainin bbututene (-6 °C) is higher than 
the branched butene (-7 °C);

The boiling point of straight chhain pepentntenene e (3( 0 °C) is also higher than the 
branched pentene (20 °C);

1

1

1

) (ii) Volume of QQ == nono. off momoll ofof QQ × 24 dm3

(Mass/dedensnsiti y) = ((mamassss/M/Mr)r) × 24 dm3

Mr = denensisityty ×× 2424 ddmm3

== 1.1.7575 ×× 2424
= 4242 (n(noo unu it) 1

(ii) Q is propene/ C3H6;
with Mr of propene = (12×3) + (1×6) = 42;

1
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(d) Similarity (any one)
both reactions can form dichloroethane (Accept: chloroethane)
both reactions involve formation of C-Cl bond

Difference (any one )
substitution in ethane requires UV light whereas addition in ethene does 
not require.
substitution in ethane involve breaking of C-H bond whereas addition in 
ethene does not.
substitution in ethane produces many products whereas addition in ethene 
produces only one product (dichloroethane).
substitution in ethane produces a byproduct (HCl or H2) whereas addition 
in ethene does not.

or any reasonable answers which include comparison of both reactions.

1

1

B11 OR
(a) (i) Addition polymerization 1

(ii)
  F   H

 C=C 
  F   H  

 F   F
  C=C

 F   CF3

1

1

(iii) Mr of repeating unit = 214

No. of repeating units = 500 000 214 = 2336
No. of monomers = 2336 × 2 = 4672 (or 4673)

1

1

(b) (i) Aq bromine: Reddish brown aqueous bromine is rapidly 
decolourised/turned colourless.

Aq sodium carbonate: Effervescence occurs/ colourless gas produced/ 
bubbling.

1

1

(ii)
      H     H          O    H    H    H    H    O           H    H

H – C – C – O – C – C – C = C – C – C – O – C – C – H

      H     H                 H                 H                  H    H

1: 1 ethyl 
on left

1: 1 ethyl 
on right 

(iii) Warming with concentrated sulfuric acid 1
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R
) (i) Addition polymerization 1

(ii)
F H

C=C
F H

F   F
C=C

F   CF3

1

1

(iii) Mr of repeating unit = 2144

No. of repeating units = 50000 0000 0 21214 4 == 2336
No. of monomers = 23366 ×× 22 == 46467272 ((oror 4673)

1

1

) (ii) Aq bromine:: ReRedddish h brbrowownn aqa ueous bromine is rapidly 
decolouru iiseded/turnenedd cocololoururleless.

Aq ssododiuiumm cacarrbononatate: Effervescence occurs/ colourless gas produced/ 
bubbblilingng.

1

1

(ii)
H     H         O    H    H    H    H    O           H    H

1
o
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1 The apparatus shown in the diagram below was set up by Peter to 
measure the volume of carbon dioxide gas made when different masses of 
marble chips were added to 25 cm3 of dilute hydrochloric acid.

Which other apparatus did he use for his experiment?

A Filter funnel and mass balance

B Filter funnel and stopwatch

C Measuring cylinder and mass balance

D Measuring cylinder and stopwatch

2 The table gives data about four substances.
In which substance are the particles closely packed and arranged randomly 
at room temperature?

Substance Melting point / °C Boiling point / °C

A 15 145

B 40 1407

C -114 -30

D -20 10
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3 The nucleon number and number of electrons of an atom of X and an atom 
of Y are shown.

Atom X Y
Nucleon number

Number of electrons

51

23

51

27

Which statement about X and Y is incorrect?

A An atom of X has fewer protons than an atom of Y.

B An atom of Y has fewer neutrons than an atom of X.

C X is above Y in the same group of the Periodic Table.

D X is in the same period in the Periodic Table as Y.

4 Which of the following statements describes a particle with the following 
electronic structure?

A an anion with an oxidation state of –1

B a cation with an oxidation state of +1

C an atom in the second period

D an inert gas atom

11p
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X3 Z

3-

2

5 The dot-cross diagram (with only the outer electrons) of the compound 

formed between element X and Z is shown.

Which of the following is the correct set of formula of the chloride of X and 

Z?

A XCl, Z3Cl

B XCl, ZCl3

C XCl2, Z3Cl

D XCl2, ZCl3
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6 The diagram shows the molecule propyl ethanoate.

How many pairs of electrons are used in bonding in the molecule?

A 1

B 7

C 14

D 17

 
7 The table below shows the physical properties of substances P, Q, R and

S.

Substance Melting
point /°C

Electrical Conductivity

in solid state in molten state

P High Poor Good
Q High Good Good
R High Poor Poor
S Low Poor Poor

Using the information from the table, which statement is true about 
substances P, Q, R and S?

A Substance R consists of weak bonds between the atoms.

B Substance S exists in a simple molecular structure.

C Substance P contains mobile electrons to conduct electricity when in 
molten state.

D Substance Q consists of strong electrostatic attractions between 
oppositely charged particles.
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8 Chlorine gas is a severe irritant to the eyes and respiratory system. The 
maximum safe toleration level of chlorine gas in air is 0.005 mg dm-3.

How many molecules of chlorine gas are present in 1 dm3 of air at the 
toleration level? (Note: 1g =1000 mg)

A 71
106
005.0

23

B 23106
71
005.0

C 23106
71
1

1000
005.0

D 2310671
1000
005.0

9 Dinitrogen tetroxide, N2O4 is a poisonous gas. It can be disposed of safely 
by reaction with sodium hydroxide. In the experiment, the concentration of 
aqueous sodium hydroxide used is 1.5 mol/dm3.

N2O4 (g) + 2NaOH (aq) → NaNO3 (aq) + NaNO2 (aq) + H2O (l) 

Which of the following is the least volume of aqueous sodium hydroxide 
required to dispose of 300 cm 3 of N2O4 at room temperature and pressure?

A 10 cm3

B 20 cm3

C 200 cm3

D 600 cm3
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10 Sulfuric acid and nitric acid are both strong acids.
Ethanoic acid is a weak acid.

20.00 cm 3 solutions of 0.10 mol/dm3 concentration of each of these three 
acids were separately titrated with a 0.10 mol/dm3 solution of sodium 
hydroxide.

In order to react completely

A all three acids would require the same volume of sodium hydroxide 
solution.

B ethanoic acid and nitric acid would require the same volume of 
sodium hydroxide solution but sulfuric acid would require more.

C nitric acid would require more sodium hydroxide solution than 
ethanoic acid but less than sulfuric acid.

D sulfuric acid and nitric acid would require the same volume of 
sodium hydroxide solution but ethanoic acid would require less.

11 Solution X and solid Y are mixed in a beaker. After mixing, the final mass 
of the substances and the beaker is lesser than the initial mass.

What could solution X and solid Y be?

         
solution X solid Y

A hydrochloric acid iron(III) hydroxide

B nitric acid magnesium oxide

C potassium hydroxide ammonium carbonate

D sulfuric acid copper
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12 The graph below shows the change in pH of a reaction solution during a 
titration of 0.10 mol/dm3 sodium hydroxide solution with 0.10 mol/dm3

ethanoic acid.

Below are the approximate pH changes for a few indicators.

Indicator Approximate pH range for colour 
change

Methyl orange 3.2-4.4
Phenolphthalein 8.2-10
Litmus solution 5.5-8.2
Bromocresol green 3.8-5.4

Which indicator is the most suitable to identify the end point of this 
titration?

A Bromocresol green

B Litmus solution

C Methyl orange

D Phenolphthalein

Titration of 20.0 cm3 0.1 mol/dm3 sodium hydroxide 
solution with 0.1 mol/dm3 ethanoic acid

pH

Volume of ethanoic acid (cm3)
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13 An excess of sodium hydroxide is added to an aqueous solution of salt L
and boiled. Ammonia gas is only given off after aluminium foil is added to 
the hot solution. What could be salt L?

A Ammonium chloride

B Ammonium nitrate

C Sodium chloride

D Sodium nitrate

14 Excess dilute sulfuric acid was added to a fixed volume of aqueous barium 
hydroxide. 

Which graph best represents the variation in the total number of mobile ions 
present in the solution?

A B

C D
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15 Elements Q, X, Y and Z are found in consecutive groups of the Periodic 

Table starting from group IV. They also belong to the same period.

In which molecule are all the outer electrons of the atoms involved in 

bonding?

A QH4

B XH3

C YH2

D ZH

16 X is a Group I element while Y is a transition element.

Which of the following states the correct similarity and difference in their 

properties?

Similarity Difference

A X and Y have high melting point. Y has higher density than X.

B X and Y have high melting point. Y is harder than X.

C X and Y conduct electricity. X is soluble in water while Y is
insoluble in water.

D X and Y form coloured 
compounds.

X does not conduct electricity 
while Y conducts electricity.
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17 Adrian carried out four experiments to arrange metals X, Y and Z in order 
of decreasing reactivity.

The table shows the results of his experiments:

Experiment X Y Z
Does the metal react with dilute hydrochloric 
acid?

Is the oxide of the metal reduced by heating 
with carbon?

yes

yes

no

yes

yes

no

What is the order of reactivity of the metals?

Most reactive Least reactive
A X Z Y

B Y X Z

C Z X Y
D Z Y X

 
18 Joseph performed four experiments on rusting as shown below.

Which two of these experiments can Joseph use to show that air is needed 
for iron to rust?

A 1 and 2

B 1 and 3

C 2 and 3

D 2 and 4

broken 
stopper

rusts
after 1 day
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19 Which of the following is a redox reaction?

A NH3 H NH4

B N2 3H2 2NH3

C NH4 Cl NH4Cl

D NH4 OH NH4OH

20 A piece of clean copper wire is suspended in a beaker of aqueous silver 
nitrate. Crystals of silver are deposited on the copper wire and the solution 
in the beaker gradually turns blue.

Which deduction is not correct?

A Copper is oxidised.

B Silver nitrate is reduced.

C The total number of negative ions in the solution is unchanged.

D The total number of positive ions in the solution is unchanged.

KiasuExamPaper.com



14

21 Aqueous potassium iodide and acidified potassium manganate (VII) were 
added to separate samples of hydrogen peroxide.

The observations are summarised in the table.

Reagent added to hydrogen 
peroxide Observations

Aqueous potassium iodide Aqueous potassium iodide turns 
from colourless to brown

Acidified potassium manganate (VII)
Acidified potassium manganate 

(VII) turns from purple to
colourless.

Which of the following set of properties is correct for the above 
observations?

Aqueous potassium iodide Acidified potassium 
manganate(VII)

A Oxidising agent Reducing agent

B Oxidising agent Oxidising agent

C Reducing agent Oxidising agent

D Reducing agent Reducing agent

22 In the electrolysis of molten aluminium oxide, 4 moles of aluminium ions 
(Al3+) were discharged at the cathode.

Which one of the following would be discharged by the same amount of 
electricity?

A 4 moles copper(II) ions (Cu2+) in the electrolysis of aqueous copper 
(II) sulfate

B 6 moles of lead ions (Pb2+) in the electrolysis of molten lead(II) 
bromide

C 6 moles of silver ions (Ag+) in the electrolysis of aqueous silver nitrate

D 12 moles of zinc ions (Zn2+) in the electrolysis of molten zinc sulfate
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23 A current is passed through two electrolytic cells, R and T, for some time. 
The electrolyte in both cells is green nickel(II) sulfate solution of the same 
concentration. Cell R has two nickel electrodes, while Cell T has a nickel 
and a platinum electrode.

The results are summarised in the table below.

Which statement about the reactions above is not true?

Cell Cathode Anode
R 4.0 g of nickel is 

deposited.

Nickel dissolves.

T Nickel is deposited. Oxygen evolved.

A The oxygen evolved at the anode of Cell T burns the platinum.

B The cathode in Cell R increases in mass by 4.0 g.

C The concentration of the nickel(II) sulfate solution in Cell R remains 
the same.

D The green colour of the nickel(II) sulfate solution in Cell T fades 
slowly and eventually disappears.

- +

Cell R Cell T

platinumnickel

nickel(II)      
sulfate 
solution

nickel

nickel
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24 Four metals tin, x, y and z were connected in pairs and the voltages were 
recorded.

The results obtained are shown in the table below:

negative terminal positive terminal Voltage (V)
tin y + 1.10

x tin + 0.90

z tin + 2.50

What is the order of reactivity of the four metals with the most reactive 
first?

A x, tin, y, z

B y, tin, x, z

C z, tin, y, x

D z, x, tin, y
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25 The table below shows the differences in the composition of the mixtures of 
exhaust gases from two cars, one fitted with a catalytic converter and one ithout.

% by volume of 
nitrogen 
monoxide

% by volume of 
carbon dioxide

% by volume of 
water vapour

Car without 
catalytic 
convertor

67.60 12.00 11.00

Car with catalytic 
convertor

23.60 32.25 41.10

Which statement does not explain the differences in the data above?

A The percentage of nitrogen monoxide decreases as it is oxidised to form 
nitrogen in the catalytic converter.

B The percentage of nitrogen monoxide decreases as it is reduced to form 
nitrogen in the catalytic converter.

C The percentage of carbon dioxide increases as unburnt hydrocarbons 
undergo complete combustion in the catalytic converter.

D The percentage of water vapour increases as unburnt hydrocarbons 
undergo complete combustion in the catalytic converter.

26 To reduce atmospheric pollution, the following waste gases from a coal burning 
power station are passed through wet powdered calcium carbonate.

How many of the following waste gases will not be removed by the wet 
powdered calcium carbonate?

carbon monoxide carbon dioxide

nitrogen monoxide           nitrogen dioxide

sulfur dioxide   phosphorus(V) oxide

A 1

B 2

C 3

D 4
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27 The enthalpy of vaporization, (∆Hvap) is the amount of energy absorbed to 
convert one mole of a liquid substance into a gas. The ∆Hvap for water is
+40.7 kJ/ mol at 100oC and 1 atm.
Which of the following statements is true?

A The ∆Hvap for water is positive as energy is absorbed to break O-H
bonds.

B 226 kJ of heat is absorbed to convert 100g of water into steam at 
100oC and 1 atm

C Less than 226 kJ of heat is absorbed to convert 100g of water at 25oC
into steam at 1 atm.

D Energy is absorbed to transform water molecules vibrating in fixed 
positions into molecules moving randomly at high speeds. 

28 Which of the following processes are exothermic in nature?

I. Rusting of iron metal
II. Neutralisation of butanoic acid with alkali
III. Thermal decomposition of calcium carbonates
IV. Breaking down of hydrogen chloride into its constituent atoms
V. Combustion of sulfur to form an acidic gas

A I,II and III

B I, II and V

C I, II, III, IV

D All of the above
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29 A piece of zinc foil dissolved completely in 20 cm3 of a dilute sulfuric acid 
solution, and the volume of hydrogen evolved was noted at equal, short 
time intervals.

Another piece of zinc foil of the same surface area and mass was added to 
40 cm3 of the same solution of dilute sulfuric acid.

How will the initial rate of reaction and the total volume of hydrogen 
evolved in this second experiment compare to the first experiment?

initial rate of reaction total volume of hydrogen 
evolved

A no change Increase

B no change no change

C increase no change

D increase increase

30 When sodium thiosulfate reacts with dilute hydrochloric acid, a fine 
suspension of sulfur is formed. 

An experiment was carried out at various temperatures and the time taken 
for the suspension to appear was recorded in the table below.

Temperature / °C Time taken / s
30 97
35 52
40 42
50 24

Which one of the following conclusions about the experiment can be drawn 
from the above table?

A The shorter the time taken, the higher the temperature rise of the 
reaction.

B The longer the time taken, the lower the temperature rise of the 
reaction.

C The higher the temperature, the lower the rate of formation of sulfur.

D The higher the temperature, the higher the rate of formation of sulfur.
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31 In the graph shown below, curve X represents the result of the reaction 
between 2.5g of magnesium ribbon and 50 cm3 of 1 mol/dm3 sulfuric acid 
at 50°C.  

Which reaction could produce curve Y?

A 2.5g of magnesium powder at 50°C

B 2.5g of magnesium ribbon at 60°C

C 12.5 cm3 of 2 mol/dm3 sulfuric acid at 60°C

D 25 cm3 of 2 mol/dm3 sulfuric acid at 50°C
 
32 Which statement about speed of reaction is correct?

A Increasing the concentration of a reactant increases the speed 
because there are more rapidly moving particles.

B Increasing the size of particles of a solid increases the speed 
because there are more particles.

C Increasing temperature increases the speed because it increases 
the number of particles.

D Increasing temperature increases the speed because there are more 
collisions.
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33 Why is it wasteful to add ammonium nitrate fertiliser to soil which has 
recently been treated with slaked lime?

A Ammonium nitrate can be easily decomposed.

B Ammonium nitrate will react with slaked lime and ammonia is
released into the air.

C Slaked lime has made the soil too basic for ammonium nitrate to be 
useful.

D The percentage by mass of nitrogen in ammonium nitrate is low.

34 Which of the following statements about alkanes and alkenes is true?

A Alkanes are unsaturated but alkenes are saturated.

B Alkanes undergo substitution while alkenes undergo addition.

C Alkanes and alkenes belong to the same homologous series.

D Alkanes have a higher percentage composition of carbon than the 
corresponding alkene.

35 The structure of but-2-ene is as shown. But-2-ene undergoes an addition 
reaction with hydrobromic acid, HBr in a similar way that it reacts with 
bromine.

Which of the following statements is true about the reaction between       
but-2-ene and HBr?

A The product is a mixture of two structural isomers

B Both the reactants and products are unsaturated.

C The product has a higher boiling point than the reactant.

D The product can undergo addition reaction with hydrogen.
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36 An open can of beer is left exposed to the air for several days and was 
found to acquire a sour taste. Which of the following statements best 
explains this phenomenon?

A The fermentation of glucose takes place in the can of beer.

B The oxidation of ethanol occurs to form ethanoic acid.

C The decomposition of carbohydrates in the beer occurs to form 
ethanoic acid.

D Carbon dioxide from the fermentation reacts with water to form 
carbonic acid.

37 The smell in citrus fruits is due to an organic compound, limonene, found 
in them. Which of the following statements apply to limonene?

I. Limonene undergoes addition polymerisation.
II. Limonene decolourises brown bromine water.
III. Limonene is saturated hydrocarbon.
IV. Limonene reacts with excess hydrogen gas to form a saturated

product.
V. Limonene reacts with steam under suitable conditions to form an

acid.

A I, II, IV

B II,IV, V
C I,II, III, V
D All of the above.
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38 Ethane undergoes substitution reaction with bromine gas under certain 
conditions to form bromoethane.

Which of the following statements about the above reaction is true?

A The reaction should be carried out at room temperature in darkness.

B The side product of this reaction is hydrogen bromide, HBr.

C There are two possible isomers of bromoethane.

D A suitable solvent for the reactant mixture is water.

39 Which of the following physical property of the alcohols increases when the 
number of carbon atoms increases?

A Boiling Point 

B Fluidity

C Flammability

D Water solubility
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40 The structure shown below is maleic acid. It can be used as a monomer to 
make polymers. Which of the following statements is true?

                                          

A It can undergo addition polymerisation with HN2CH2CH2NH2.

B It can undergo condensation polymerisation with HOCH2CH2OH.

C When maleic acid undergoes addition polymerisation, it loses water 
molecules.

D When maleic acid undergoes condensation polymerisation, 
polymaleic acid is formed.
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Section A (50 marks)

Answer ALL the questions in this section in the spaces provided.

A1 10 cm3 of ethanoic acid of unknown concentration is titrated with 0.10 
mol/dm3 of aqueous sodium hydroxide. It was found that 20 cm3 of the 
sodium hydroxide solution was required for the neutralisation to be 
completed.

(a) (i) Write a balanced chemical equation for the reaction between 
ethanoic acid and sodium hydroxide.

………..……………………………………………………………….[1]

(ii) Calculate the concentration of the ethanoic acid used in the above 
titration.

………..……………………………………………………………...…..

………..……………………………………...…………………………..

…………………..…………………………………………………….....

……….…………………………………………………………..……[2]

(iii) The formula to calculate the pH of a solution is:
pH = - lg [H+]

pH is the negative logarithm to base 10 of the concentration of
hydrogen ions.

For example, if the concentration of H+ ions is 0.1 mol/dm3,
                                    Then pH = - lg [0.1] 
                                                   = 1

It is found that the pH value of 0.1 mol/dm3 ethanoic acid
solution is higher than 1.
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Using the information above, suggest a reason why the pH is
more than 1.

………..……………………………………………………………...…..

………..……………………………………...…………………………..

…………………..…………………………………………………….....

……….……………………………………………………………..…[1]

(b) The titration curves below show the changes in pH that occurs
when a strong acid and a weak acid is titrated with sodium
hydroxide respectively.

The equivalence point is the point where the acid is neutralised 
by the alkali.
(i) Describe two key differences in the two titration curves illustrated

above other than the difference in the pH values at the equivalence
point.

………..………..…………………………………………………………

………..………..…………………………………...……………………

…………………..……..…………………………………………………

……….…………..……………………………………………………[2]
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(ii) What does the pH values at the equivalence points of the
two titrations suggest about the nature of the salt formed in
each of the two titrations?

………..………..…………………………………………………………

………..………..…………………………………...……………………

…………………..……..……………………………………………...[1]

[Total : 7m]

A2 Michael read the following article featured in a newspaper recently. It is 
about increasing global temperatures due to global warming, grounding 
planes at the airport.
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(a) Michael explained that the increase in temperature caused the air 
molecules to disintegrate leading to fewer molecules per unit volume.

Explain, using Kinetic Particle Theory, 

(i) the correct reason for the sparser air molecules.

………..……………………………………………………………...…

………..……………………………………...…………………………

…………………..……………………………………………………...

……….………………………………………………………………[2]

(ii) how cooler periods of the day allow more lift for the airplane to 
take off.

………..……………………………………………………………...…

………..……………………………………...…………………………

…………………..……………………………………………………...

……….………………………………………………………………[2]

(b) One other way of reducing airplane weight is to use carbon fibre (or 
graphite fibre) to make the wings, as the material could be moulded
into a desirable shape. 

Explain, using bonding and structure, why graphite can be easily 
moulded.

………..………..…………………………………………………………...…

………..………..…………………………………...…………………………

…………………..……..……………………………………………………...

……….…………..…………………………………………………………[2]
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(c) Environmental groups think that the shrinking of the ice caps is the 
result of global warming. Satellite images are used to show the area of 
Arctic sea ice as shown in the diagram below. 

(i) Give one consequence of the reduction of Arctic sea ice.

…………………………………………………………………………

………………………………………………………………………[1]

(ii) Describe one possible source of global warming that has led to 
the reduction of Artic ice.

…………………………………………………………………………

…………………………………………………………………………

…………………………………………………………………………

………………………………………………………………………[1]

(iii) Scientists are currently developing a process called carbon 
capture and storage (CCS).

This will reduce the problem of global warming. There are three 
main steps to CCS. Firstly, carbon dioxide is trapped and 
separated from other gases produced in coal-powered 
electricity plants. The captured carbon dioxide is transported to 
a storage location. The carbon dioxide is then stored far away 
from the atmosphere (underground or deep in the ocean). 
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Suggest one reason why some scientists do not support the 
use of CCS. Use the information above to help you answer.

…………………………………………………………………………

……..……………….…………………………………………………

………………………………………………………………………[1]
                                                                                   [Total : 9m]

A3 The following equations show the reactions of some metals and aqueous 
metal ions.

Mg  Fe2 Mg2 Fe
Fe   Ni2 Fe2 Ni
Zn   Fe2 Zn2 Fe
Mg  Zn2 Mg2 Zn

(a) Place the metals in the order of decreasing reactivity.

………………………………....................................................................[1]

(b) Identify the strongest oxidising agent among the metals and aqueous
metal ions shown in the equations. Explain your answer in terms of 
electrons.

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………[2]

(c) Name the type of reaction shown by the equations. State one 
observation for the reaction between zinc and aqueous iron(II) ions.

……………………………………………………………………………………

………………………………………………………………………………...[2]

[Total : 5m] 
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A4 Dilute hydrogen peroxide, H2O2, decomposes to give oxygen and water when 
a catalyst is added.

2 H2O2 (aq) 2 H2O (l) + O2 (g) H = 196
kJ/mol

2 H2O2 (aq) 2 H2O (l) + O2 (g)

(a) Which other method besides changing concentration, can increase the
rate of decomposition of dilute hydrogen peroxide.

…………………………………………………………………………………[1]

(b) Explain, in terms of collision theory, how your answer in (a) increased
the rate of decomposition of dilute hydrogen peroxide.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………[2]

(c) Draw a fully labeled energy profile diagram to show the catalysed and
uncatalysed decomposition of dilute hydrogen peroxide.

[3]

[Total : 6m]

KiasuExamPaper.com



10

A5 The chemical compound, hydrazine (N2H4) is used as a rocket fuel propellant.  
When burned, nitrogen and water are produced as shown in the following 
equation:

N2H4 +   O2    N2 +   2H2O

(a) Draw a ‘dot and cross’ diagram for hydrazine, showing only the valence 
shell electrons.

[2]

(b) Explain, using bonding and structure, why hydrazine exists as a liquid 
while water is in gaseous state at 100°C.

………………………………………………………………………………........

………………………………………………………………………………........

………………………………………………………………………………........

………………………………………………………………………………...…[2]

(c) When 5 tonnes of hydrazine were burned in the rocket reaction chamber, 
104000 kJ of energy were released. Calculate the enthalpy change per 
mole for this reaction.
( 1 tonne = 1000 kg)

[2]

[Total : 6m]
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A6 In the Haber process, the percentage of ammonia present at equilibrium at 
different temperatures and pressures is shown in the table below.

Ammonia present at equilibrium (%)

           
100ºC 200ºC 300ºC 400ºC 500ºC

10 atm 88.2 50.7 14.7 3.9 1.2
25 atm 91.7 63.6 27.4 8.7 2.9
50 atm 94.5 74.0 39.5 15.3 5.6
100 atm 96.7 81.7 52.5 25.2 10.6
200 atm 98.4 89.0 66.7 38.8 18.3
400 atm 99.4 94.6 79.7 55.4 31.9

1000 atm 99.9 98.3 92.6 79.8 57.5

Use information from the table to answer the following questions.

(a) Describe how the composition of ammonia varies with the conditions of 
pressure and temperature.

……………………………………………………………………………………

………………………………………………………………………………...[2]

(b) (i) State the temperature and pressure that will produce the highest 
percentage of ammonia at equilibrium.    

……………………………………………………………………..…....[1]

(ii) Explain why these conditions are not used commercially in 
industries.  

……………………………………………………………………………..

…………………………………………………………………………......

…………………………………………………………………………..[2]
                                                                                                  

Temperature

Pressure

KiasuExamPaper.com



12

(c) Calculate the mass of ammonia produced at equilibrium when 1 tonne of
nitrogen was reacted with excess hydrogen at 200 atm and 400 ºC
[1tonne = 1000kg]

  [3]

[Total : 8m]

A7 (a) The flow chart below shows a series of reactions carried out to produce 
vinegar, ethanoic acid.

(i) State the name of Reaction I.

……..………………………………………………………………….[1]

(ii) Write a balanced chemical equation for Reaction I.

……..………………………………………………………………….[1]

(iii) State the reagents and conditions required in Reaction II to react
with ethanol to form ethanoic acid.

.....................................................................................................[1]

Carbohydrates Ethanol Ethanoic   
Acid

Reaction I

Yeast, 37ºC

Reaction II
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(iv) Methanoic acid reacts with ethanol to form a sweet-smelling 
compound, compound Z, when heated with concentrated sulfuric 
acid. State the name of compound Z and draw its full structural 
formula in the table below. Circle the functional group of 
compound Z.                                                                                [3]

(b) Ethanol is being increasingly used in many areas such as for beverages, 
fuel and solvents. Describe two disadvantages and one advantage of 
the manufacturing process of ethanol by fermentation over the addition 
reaction of ethene with steam.

Name of Compound Z:

Full structural formula:
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NAME: (        ) CLASS
:

Section B (30m)
Answer all three questions from this section. The last question is in the form of
an either / or and only one of the alternatives should be attempted.
Write your answers in the space provided.

B8 Table 8.1 shows some information on the chlorides of elements in Period 3.

Proton 
number of 
element

Formula of 
the chloride

Melting point of the 
chloride/ C

Type of bonding in 
the chloride

11 NaCl 801 Ionic

12 MgCl2 714 Ionic

13 AlCl3 193 Covalent

14 SiCl4 69 Covalent

15 PCl3 94 Covalent

16 S2Cl2 80 Covalent

17 Cl2 102 Covalent
Table 8.1

(a) State the relationship between the proton number of the elements and the 
melting point of their chlorides.

……………………………………………………………………………………..…

…………………………………………………………………………………..…[1]
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(b) Explain your answer in (a) in terms of structure and bonding.

…………………………………………………………………………………..……

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

……………………………………………………………………………………..[3]

(c) Table 8.2 gives data about some physical properties of the elements
calcium, iron and copper, found in Period 4 of the Periodic Table. Use the
data provided to answer the questions.

Element

 Property 
Calcium Iron Copper

Proton number 20 26 29

Atomic radius/ nm 0.197 0.126 0.128

Ionic radius/ nm 0.114 0.075 0.087

Melting point/ C 842 1538 1084

Density/ g cm 3 1.54 7.86 8.92

Electrical 
conductivity/ 

107 S m 1
2.90 1.00 5.90

Table 8.2
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(i) Explain in terms of the number of protons and electrons, why the ionic 
radius of the metal ion is always smaller than its atomic radius.

………………………………………………………………………………..

………………………………………………………………………………..

……………………………………………………………………………...[2]

(ii) The high electrical conductivity of copper makes it a very useful 
element for making electrical components.
Apart from its high cost, suggest why copper is not usually used for 
overhead electrical cables.

………………………………………………………………………………..

……………………………………………………………………………...[1]

(iii) Give one reason why the following metals are unsuitable material for 
making electrical wires.

1. Calcium: …………………………………………………………………..

………………………………………………………………………………...

2. Iron: ……………………………………………………………………….

………………………………………………………………………….…..[2]
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(d) The apparatus shown was used to determine the mass of zinc in brass (an
alloy of zinc and copper).

(i) Use an arrow to show the direction of electron flow on the diagram. [1]

(ii) Write ionic equations for the reaction occurring at the negative and
positive terminals.

………………………………………………………………………………….

……………………………………………………………………………….[2]  

[Total : 10m]

V

Pure copperBrass 

Copper(II) sulfate 
solution
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B9 The follow apparatus can be used to carry out the electrolysis of dilute
aqueous sulfuric acid.

(a) Write the balanced ionic equations for the anode and cathode reactions 
respectively.

……………………………………………………………………………….................

……………………………………………………………………………….............[2]

(b) Suggest one reason why platinum electrodes are preferred over graphite 
electrodes in this electrolysis.

……………………………………………………………………………….................

………………………………………………………………………………………..[1]

YY

XX

Experiment I

Y
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(c) Explain, with the help of the overall equation for this electrolysis, why the 
relative volumes of X:Y is approximately 1:2.

……………………………………………………………………………….................

……………………………………………………………………………….................

……………………………………………………………………………….................

………………………………………………….…………………………………….[2]

(d) In a separate experiment II, the same setup is used as experiment I, but 
concentrated hydrochloric acid is used as the electrolyte in place of 
dilute aqueous sulfuric acid. 

State and explain one similarity and two differences in the 
observations made between experiments I and II.

……………………………………….………………………………………................

……………………………………….………………………………………................

…………………………………………………………………………………………..

……………………………………….………………………………………................

……………………………………….………………………………………................

……………………………………….……………………………………………….[3]

[Total : 8m]
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Either
B10 Short sections of the structural formula of two polymers are shown below. 

   polymer A

 polymer B

(a) Draw the structural formula of all the monomers that react to form the two
polymers above and state the type of polymer that it is.

Monomer(s) from polymer A:

Type of polymer: ________________________

Monomer(s) from polymer B:

Type of polymer: ________________________    [4]  
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OR

(b) (i) Polymer B was broken down into its respective monomers, which are
miscible liquids. Describe the technique that can be used to separate 
the monomers of Polymer B.

…………………………………………………………………………………

…………………………………………………………………………………

……………………………………………………………………………...[2]

(ii) Describe chemical tests to identify the monomers present in Polymer B.

…………………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………....

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

……………………………………………………………………………....[2]

(c) Describe a pollution problem that can be caused by the disposal of these
polymers.

………………………………………………………………………………………

………………………………………………………………………………………

…………………………………………………………………………………….[2]

[Total: 10m]
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B10 The table below gives values for the energy change of combustion (ΔH) for some 
common alkanes and alcohols used as fuels :

Substance
(fuel) Combustion Reaction ΔH

(kJ mol-1)

ethane 2C2H6(g) + 7O2(g) → 4CO2(g) + 6H2O(l) ΔH = -1560

butane 2C4H10(g) + 13O2(g) → 8CO2(g) + 10H2O(l) ΔH = -2874

octane 2C8H18(g) + 25O2(g) → 16CO2(g) + 18H2O(l) ΔH = -5460

ethanol C2H5OH(l) + 3O2(g) → 2CO2(g) + 3H2O(l) ΔH = -1368

butan-1-ol
(1-butanol) C4H9OH(l) + 6O2(g) → 4CO2(g) + 5H2O(l) ΔH = -2671

(a) Using information from the table, describe the relationship between the 
number of carbon atoms in alkanes and enthalpy for the combustion.

………………………………………………………………………………..............

………………………………………………………………………………..............

………………………………………………………………………………..............

………………………………………………….……………………….………....[2]

(b) Based on the information given in the above table, what conclusions can you 
draw about the enthalpy change of combustion for the alkanes and alcohols?

………………………………………………………………………………..............

………………………………………………………………………………..............

………………………………………………………………………………..............

………………………………………………….……………………………….....[2]
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(c) Explain, using bond breaking and bond formation, why the combustion of
ethane is an exothermic reaction.

………………………………………………………………………………..............

………………………………………………………………………………..............

………………………………………………………………………………..............

………………………………………………….…………………………………..[2]

(d) Comparing butane and butan-1-ol, calculate which substance would give a
better energy output when 10 kg of each fuel is used.

[3]

(e) State a reason for butan-1-ol as being a preferred fuel compared to butane.

……………………………………….………………………………………..............

……………………………………….………………………………………..............

……………………………………………………………………………………....[1]

[Total : 10m]
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10 B 30 D
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Paper 2:
Section A

A1 (a)
(i) CH3COOH + NaOH CH3COONa + H2O
(ii) No of moles of NaOH = 10/1000 x 0.1 = 0.002 mol

Mole ratio of ethanoic acid:NaOH = 1:1
Concentration of ethanoic acid = 0.002/ (10/1000)

  = 0.2 mol/dm3

(iii) Ethanoic acid is a weak acid that dissociates partially in 
water to produce H+ ions in water with a concentration 
of lower than 0.1mol/dm3. When –lg of a number lesser 
than 0.1 is calculated, the value is greater than 1.

(b) (i) The vertical section in the titration curve at the 
equivalence point of the strong acid – strong alkali 
titration is longer than that of the weak acid- strong alkali 
titration.

The starting pH of the strong acid solution is 1 while the 
starting  pH of the weak acid solution is around 3.

For a strong acid-strong base titration, pH increases 
steadily increases before the equivalence point, but pH 
rises faster at first but becomes more gentle as it gets 
closer to the equivalence for a weak acid strong base 
titration.

Or
For a strong acid-base titration, the pH increases at an 
increasing rate for the first 25 ml of NaOH added but for 
the weak acid strong base titration, the gradient 
increases at an increasing rate at first and then 
decreases in a decreasing rate until equivalence point.

(ii) The salt formed from a strong acid-strong alkali reaction 
is neutral. (pH7).

The salt formed from a weak acid-strong alkali reaction 
is alkaline/basic. (pH= 8.5).

A2 (a)
(i) As heat is gained by the molecules, they move faster

and further apart
(ii) The molecules lose energy to the surroundings and

slow down in their movement hence coming closer 
together making the air more dense.
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of lower than 0.1mol/dm . When –lg of a number lesser 
than 0.1 is calculated, the value is greater than 1.

(b) (i) The vertical section in the titration curve att tthe 
equivalence point of the strong acid – ststrorongng aallkali
titration is longer than that of the wweaeak k acaciid- ststrorongng aallkali
titration.

The starting pH of the strongggggggggggggggggggggggggggggggggggggggggggggggggggggggg acacacacacacacacacacacacacacacacacacacacacaccacacacacacacacaacacacacacacacacacaaccacacacaccaaccaacccaaaccacacacacacaacacaaacacaaaaacacacaaacccccaaccidididididididiiddidididididididddddididdididddiddididddiddiddiddidddddidididdididddidididdddddddidddidddiddddddddd ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssolololoololololoolololololoololololololololololololoolololooloolololoololooololooolooololololooololooolllololoooooo utututututututututututtutuututuuutuuutuutuututututuutuuututuutuututuututuutttttttttutuututuutuuuuuuuuutttioioioioiooiooi n is 1 while the 
starting  pH of the weak aciddddddddddddddddddddddddddddddddddd sosososososoososososososososososososssososoosososossosoosoososososoososososossosossssosossossosososooososoossoooluulullulululululuululululuuuuululuulululuululuulululuuluuullululluluuluuuuuuuuuuuuuul titititiititittititititititttitiitititititttitittttititttitttittitttttttitttttitititttitttittitttiitiittttttt onoooononoooonoononononoonoononononooononooononooonoonononoooooooonooooononoooooooooooo  is around 3.

For a strong acid-strong basee titration, ppHH increases 
steadily increases before the eqequiu valencncee point, but pH
rises faster at t fifirstt buut becomemess mom re gentle as it gets 
closer to the eqe uivavalel nce foor r aa weweak acid strong base 
titration.

Or
FoFor r aa sts rongng aacicidd-base titration, the pH increases at an 
inncrcreae sisingng rratatee fofor the first 25 ml of NaOH added but for 
ththe weweakak aacicidd strong base titration, the gradient
inncrcreaeaseses s at an increasing rate at first and then 
dedecrcreaeases in a decreasing rate until equivalence point.

(iii)i) ThThee salt formed from a strong acid-strong alkali reaction 
iis neutral. (pH7).

The salt formed from a weak acid-strong alkali reaction
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(b) Graphite has a giant covalent structure with weak attractive 
forces between their layers. Little energy is needed to 
overcome forces and this allows the layers to slide over one 
another making graphite easily moulded.

(c) (i) Flooding of low lying areas leading to catastrophes such
as tsunamis and loss of crops/destruction of animal 
habitats.

(ii) Increase in usage of carbon containing fuels, 
Deforestation /higher usage or presence of cars

(iii) Any of of the following: 
CCS is expensive as it takes a lot of equipment to capture, 
purify, liquefy, transport and bury CO2.
Safety concerns because it is uncertain what the 
consequences will be if there is leakage of large amounts 
of CO2. One might imagine that large amounts of CO2
could escape and incapacitating humans and animals. 
CO2 is a gas that occurs in nature, but can be dangerous in
large concentrated quantities.

A3 (a) Mg, Zn, Fe, Ni

(b) Ni2+ is the strongest oxidising agent. The strongest oxidising 
agent gains electrons most readily and gets reduced.

(c) Type of reaction: displacement reaction
One observation: Zinc metal decreases in size/ dissolves or 
pale green solution turns paler/ colourless or grey deposits/ 
precipitate formed

A4 (a) Increasing the temperature
(b) Increase the temperature:

Particles gain kinetic energy and move faster/move at high 
speeds; more particles have the minimum energy required for 
reaction; increasing the frequency of effective collision

(c) Energy profile diagram showing reactants and products with 
correct ratio, correct axes and an exothermic reaction; label the 
activation energy of catalysed and uncatalysed reaction of 
which the Ea of catalysed reaction is lower than the 
uncatalysed reaction; H of both reactions is labeled and
indicated as the same value.
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A5 (a)

  XX       XX

 H   X     N     X     N      X  H
 O       X     O

  OX            OX

   H   H

(b) Both have simple molecular structure with weak 
intermolecular forces. 
However the intermolecular forces are more weak in water 
than in hydrazine hence at 100°C, the energy is sufficient to 
overcome the forces in water but not in hydrazine.

(c) No of moles of hydrazine =  5 x 106 g
 32    

= 156250 releases 104000 kJ
Therefore, 1 mole releases =666 J

A6 (a) The percentage of ammonia present at equilibrium decreases with 

temperature but increases with pressure.  

(b) (i) 100 ºC and 1000 atm  

(ii) At 100 ºC, the temperature is low causing the rate of reaction to be 
slow. At 1000 atm, the pressure is too high which makes it costly
to maintain such a pressure.

(iii) 1 mol N2 2 mol NH3
28 g of N2 2(17) g NH3
1 tonne of N2 1/28 x 2(17) g = 1.214 tonne of NH3

At 200 atm and 400 ºC, percentage of ammonia is 38.8%

Mass of ammonia produced at equilibrium = 1.214 x 38.8% 
= 0.471 tonne

A7 (a) (i) Fermentation
(ii) C6H12O6 → 2CO2 + 2C2H5OH
(iii) Acidified potassium manganate(VII); heat
(iv) Ethyl methanoate
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However the intermolecular forces are more weak in water 
than in hydrazine hence at 100°C, the energy iiss susufficient to
overcome the forces in water but not in hydraazizine.

(c) No of moles of hydrazine = 5 x 106 g
32    

= 156250 releases 104000 kJ
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(b) Advantages: ( Any one of the following)
The cost for fermentation is lower as compared to hydration of 
steam.
It uses renewable resources as glucose comes from sugar cane and 
corn which can be grown, ethene comes from petroleum which is a 
non-renewable resource.
Disadvantages: (Any two of the following)
The process takes a longer time.
The yield is a lot lower than the hydration of steam.
Ethanol needs to be separated from the liquid mixture by fractional 
distillation which is an additional process.
Fermentation produces carbon dioxide gas, which contributes to 
global warming.

Section B

B8 (a) As the proton number increases, the melting point of the chlorides 
decreases.

(b) As proton number increases, the type of bonding in the chlorides 
changes from ionic to covalent. Their structures changes from giant 
ionic to simple molecular. More energy is needed to overcome strong 
electrostatic forces than the weak intermolecular forces.

(c) (i) There is lesser number of electrons than protons in the metal 
ion; giving rise to stronger attraction of the nucleus.

(ii) It is very heavy/ has high density.
(iii) For Calcium: electrical conductivity is low / its melting point is 

lower than copper.

For iron: electrical conductivity is low.
(d) (i) An arrow from brass to copper via the wire

(ii) Negative terminal: Zn Zn2+ + 2e

Positive terminal: Cu2+ + 2e Cu

B9 (a) Anode: 4OH 2H2O + O2 + 4e 
Cathode: 2H+ + 2e H2
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It uses renewable resources as glucose comes from sugar cane
corn which can be grown, ethene comes from petroleum which is
non-renewable resource.
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(c) (i) Thherere e isis llesesser number of electrons than protons in the met
ioionn;; gigiviving rise to stronger attraction of the nucleus.

(i(ii)i) Itt iis s very heavy/ has high density.
(iiii)) FoF r Calcium: electrical conductivity is low / its melting point

lower than copper.
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(b) Graphite electrodes can react with the oxygen gas produced at the 
anode and become worn out while platinum electrodes do not react 
easily with oxygen gas.

(c) Overall equation: 2H2O 2H2 + O2
From the overall equation of the electrolysis, water is broken down to 
form 1 mole of oxygen and 2 moles of hydrogen gas at the anode (X)
and cathode (Y) respectively. Hence, resulting in the relative volumes 
of X:Y to be 1:2.

(d) Similarity
A colourless gas/ effervescence of colourless gas is observed at the 
cathode.
Reason: Hydrogen ions are discharged at the cathode in both 
experiments to form hydrogen gas.

Differences:
A colourless gas is formed at the anode for experiment I, but a 
yellowish green gas is formed at the anode for experiment II.
Reason: Unlike expt I where hydroxide ions are discharged to produce 
oxygen gas at the anode, in expt II, the high concentration of the 
chloride ions cause Cl to be selectively/ preferentially discharged 
to form chlorine gas.

The relative volumes of X:Y in expt II is 1:1 instead of 1:2 in expt I.
Reason: Hydrogen ions and chloride ions are discharged in a 1:1 mole 
ratio or at the same rate at the cathode and anode respectively to form 
hydrogen and chlorine gas.

EITHER
B9 (a) Monomers from polymer A:

Addition Polymer

Monomers from polymer B:

Condensation Polymer
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(b) (i) Separate the mixture of monomers using fractional distillation 
as they have different boiling points. The monomer with the 
lower boiling point will vapororise and condense first forming the 
distillate. The monomer with the higher boiling point will remain 
in the flask.

(ii) Add magnesium (non group 1 metal and not Cu, Ag) ribbon or 
a metal carbonate to the mixture, if effervescence of a 
colourless gas is produced, then the monomer contains the 
carboxyl group.
Add acidified potassium manganate (VII) to the mixture, if it 
changes from purple to colourless, then the monomer/diol 
containing the hydroxyl groups is present.

(d) The polymers formed are non-biodegradable.

They will take up space at land-fill sites which could be used for 
other purposes.
OR
When the polymers are burned, toxic gases like carbon 
monoxide may be released which when taken in by humans, 
causes death.
OR
When the polymers are disposed into the water bodies, they are 
consumed by fish and suffocate them to death. 

OR
B9 (a) As the number of carbon atoms increases in alkanes from 2 in ethane 

to 8 in octane,the enthalpy for the combustion increases from -1560 kJ 
/ mol  to -5460 kJ / mol.

(b) Enthalpy change of combustion for alkanes is greater than alcohols for 
the same number of carbon atoms.
For both alkanes and alcohols, enthalpy change of combustion 
increases as number of carbon atoms increases.

(c) Energy absorbed to break bonds in ethane and oxygen is less than
the energy released in the formation of bonds in carbon dioxide 
and water.

(d) 10 000 g of butane, moles = 10000/58
Energy released = 2874x10000/58 = 495 517 kJ

10 000 g of butan-1-ol, moles = 10000/74
Energy released = 2671x10000/74 = 360 946 kJ

As butane releases more energy, it is a better fuel.

(e) It is preferred as it is a renewable resource compared to butane which 
is a finite resource. OR
Butan-1-ol burns with less oxygen than butane. It burns more cleanly 
than butane.
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1 A gaseous mixture of ethene, oxygen and carbon dioxide is passed through the 
apparatus shown. Only one of the gases is collected.

What is a property of the gas collected?

A gas extinguishes burning splint

B gas forms a white precipitate when bubbled through limewater

C gas relights a glowing splint 

D gas turns acidified potassium manganate (VII) solution colourless

2 A porous pot contains chlorine gas. 

What would happen to the water level at X when a beaker of carbon dioxide was 
inverted over the pot?

A X would fall only.

B X would rise only.

C X would fall, then rise after some time.

D X would rise, then fall after some time.

aqueous 
sodium 

hydroxide

aqueous 
bromine

water

mixture of 
ethene, oxygen 

and carbon 
dioxide

X

chlorine

Water carbon 
dioxide
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3 Deuterium is an isotope of hydrogen and has the symbol D. 
Which formula is incorrect for a deuterium compound?

A BaOD

B CD3CO2D

C C2D4Br2

D D2O2

4 Which one of the following represents the most likely structural formula for the covalent 
compound disulfur dichloride, S2Cl2? 

A Cl–S–S–Cl

B S–Cl–Cl–S

C S–Cl–S–Cl

D Cl=S–S=Cl

5 The diagram shows part of the structure of the compound silicon carbide.

  
Which set of information about silicon carbide is correct?

empirical formula when strongly heated in oxygen

A SiC burns, giving a solid residue only

B SiC burns, giving a solid residue and a colourless gas

C Si2C burns, leaving no solid residue

D SiC2 burns, giving a solid residue and a colourless gas
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6 In an experiment, excess of 0.100 mol/dm3 dilute sulfuric acid was added to 25.0 cm3

of 0.100 mol/dm3 aqueous barium hydroxide as shown in the diagram below.

The acid was added from the burette in portions of 5 cm3 until 40 cm3 of the acid was 
added. After each addition, the solution was stirred and the ammeter reading was 
noted. 
Which one of the following graphs correctly represents the relationship between the 
ammeter reading and the volume of acid added?

 
0.100 mol/dm3

dilute sulfuric acid

burette

25.0 cm3 of 0.100 mol/dm3

aqueous barium hydroxide

ammeter

 carbon electrodes
Stir    
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7 Naturally occurring iridium has a relative atomic mass of 192.2 and consists of two 
isotopes, Ir191

77 and Ir193
77 . The percentage of the lighter isotope is

A 80% 

B 60%

C 40%

D 20%

8 1 mole of an organic compound requires 3 moles of oxygen gas for complete 
combustion to form carbon dioxide and water.

What could be the formula of the compound?

A CH3CHO

B CH3CH2OH

C CH3CH3

D CH3CO2H

9 20 cm3 of an aqueous 1.0 mol/dm3 solution of the hydroxide of metal X, exactly
neutralises 40 cm3 of aqueous 0.5 mol/dm3 sulfuric acid. 

What is the formula for the sulfate of X? 

A X2SO4

B XSO4

C X2(SO4)3

D X(SO4)2
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10 Zinc oxide is produced by heating zinc carbonate. 

ZnCO3 ZnO + CO2  

What is the percentage yield of zinc oxide if 125 g of zinc carbonate on heating 
produces 75 g of zinc oxide? 

11 Rubidium, Rb, is an element in the same group of the Periodic Table as lithium, 
sodium and potassium. 

Which statement about rubidium is likely to be correct?

A It forms a dichromate(VI) Rb2Cr2O7.

B It forms an insoluble hydroxide.

C It is produced during the electrolysis of aqueous rubidium chloride.

D It reacts slowly with cold water.

12 When solid Y was added to dilute sulfuric acid, effervescence was observed and a 
colourless solution was obtained. When solid Y was warmed with aqueous sodium 
hydroxide and potassium nitrate, a pungent gas which turned damp red litmus blue 
was evolved. What could Y be?

A Copper

B Zinc

C Aluminum

D Aluminium carbonate
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13 The flow chart below shows the reaction of compound X.

What can compound X possibly be?

A aluminium carbonate

B calcium carbonate

C lead (II) sulfate

D zinc carbonate

14 Zinc is heated in oxygen. The product obtained is yellow when hot and white when 
cold. 
Which of the following will neutralise the product?

 I aqueous sodium hydroxide

II dilute hydrochloric acid

        III dilute sulfuric acid

A I only

B II only

C II and III only

D I, II and III

X

Add excess 
HNO3 (aq)

Gas which forms a white precipitate in limewater 

Add NH3 (aq)Colourless 
solution

White ppt, 
insoluble in excess 

NH3 (aq)
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15 A salt has the chemical formula (NH4)2Fe(SO4)2.12H2O. Excess aqueous sodium 
hydroxide was added slowly, with shaking, to a hot aqueous solution of the salt in a 
boiling tube until there is no further reaction. The boiling tube was then left to stand for 
some time.

Which observation will not be observed?

A A green precipitate was produced.

B A precipitate formed which dissolved in excess aqueous sodium hydroxide.

C A strong smelling gas was produced which turned damp red litmus paper blue.

D The precipitate slowly turned brown.

16 The mass of an iron strip decreased from 10 g to 8 g after being placed in a beaker of 
solution X for some time. The mass of an identical iron strip remained the same after 
being placed in a beaker of solution Y for the same amount of time. Predict the identity 
of the solutions X and Y. 

X Y

A Copper(II) sulfate Lead (II) nitrate

B Calcium chloride Zinc sulfate

C Silver nitrate Magnesium sulfate

D Sodium chloride Copper(II) chloride

KiasuExamPaper.com



9

17 N is an unknown metal.

A student did the following experiments to compare the reactivity of magnesium, 
copper and metal N. 

Six tubes were arranged as shown in the diagrams below. Each tube contained a piece 
of metal half immersed in an aqueous solution containing ions of one of the other two 
metals. The following observation were made:

There was a deposit seen in only three tubes including tube V. 

There was no deposit in tube VI. 

Which of the two tubes, besides tube V contain a deposit? 

A I and II

B II and III

C II and IV

D III and IV

18 Which of following reactions does not occur in a blast furnace in the extraction of iron?

A CaO + CO2 CaCO3

B CaO + SiO2 CaSiO3

C CO2 + C 2CO

D Fe2O3 + 3CO 2Fe + 3CO2
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19 Which of the following metals requires the least energy to be extracted from its ore?

A copper

B iron

C lead

D zinc

20 A student carried out two experiments to investigate the rusting of iron. Ferroxyl 
indicator turns blue when Fe2+ ions are present.

After a short while, what would be observed?

A Blue colour does not appear at both P and Q.

B Blue colour appears around Q but not around P.

C Blue colour appears at both P and Q.

D Blue colour appears around P but not around Q.

21 Which one of the following changes is endothermic?

A 6CO2 + 6H2O C6H12O6 + 6O2

B HCl + NaOH NaCl + H2O

C CH4 + 2O2 2H2O + CO2

D 2H H2
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22 Hydrogen reacts with chlorine according to the equation below. 

H2 +   Cl2      2HCl        -184 kJ/mol

The H-H bond energy is 436 kJ/mol and the Cl-Cl bond energy is 242 kJ/mol. 

What is the H-Cl bond energy?

A 862 kJ/mol 

B 678 kJ/mol 

C 431 kJ/mol 

D 247 kJ/mol 

23 In which reaction is the pressure least likely to affect the rate of the reaction?

A C(s) + CO2(g)  2CO(g)

B 2SO2(g) + O2(g)  2SO3(g)

C N2(g) + 3H2(g)  2NH3(g)

D NaOH(aq) + HCl(aq)  NaCl(aq) + H2O(l)
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24 The rate of reaction between pieces of zinc and 1.0 mol/dm3 hydrochloric acid was 
investigated. The total volume of gas produced every minute was recorded over a 
period of time. The zinc had completely reacted in the reaction and the results are 
shown in the graph below.

What would be expected if the experiment was repeated using the same mass of zinc 
and the same volume of 2.0 mol/dm3 hydrochloric acid?

Maximum volume of                 
gas produced                          

Time at which maximum 
volume is obtained

A 40 cm3 less than 4 minutes

B 40 cm3 longer than 4 minutes

C 80 cm3 less than 4 minutes

D 80 cm3 longer than 4 minutes
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25 The reaction represented by the equation below occurs by collisions between X2 and
Y2 molecules.

X2 (g)   +   Y2 (g)     2XY (g)

Which of the following statement(s) is/are correct about this reaction?

I: All collisions between X2 and Y2 molecules produce XY molecules.

II: The frequency of collisions is increased by raising the concentration of X2

and Y2 molecules in the reaction mixture.

III: The frequency of collisions is unaffected by raising the pressure exerted 
on the reaction mixture.

IV:  The frequency of collisions is increased markedly by even a small rise in    
the temperature of the reaction mixture. 

A IV only

B II and IV only

C I and III only

D I, II and III only

26 Which statement best explain why coal dust forms an explosive mixture with air?

A Coal dust catalyse the explosion.

B Crushing coal breaks chemical bonds.

C Coal dust have a large surface area.

D Crushing coal releases hydrogen from compounds in coal.
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27 Some crystals of sodium carbonate were added to an excess of sulfuric acid at room 
temperature. The volume of carbon dioxide produced was measured over a period of 
time. The results are shown in graph Y. The experiment was repeated and graph Z
was obtained. 

Which one of the following changes was made to obtain the results shown in graph Z?

A Acid of half the original concentration was used.

B A lower temperature was used.

C Half the amount of sodium carbonate was used.

D Larger crystals of sodium carbonate were used.

28 Which of the following pairs of compounds react together to produce ammonia?

1. solid calcium nitrate, solid lead(II) hydroxide and aluminium foil

2. solid calcium nitrate, aqueous sodium hydroxide and aluminium foil  

3. solid ammonium sulfate and aqueous calcium hydroxide

4. solid ammonium sulfate and aqueous calcium nitrate

A 1 and 2 only

B 1 and 4 only

C 2 and 3 only

D 3 and 4 only
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29 Which reaction does not involve oxidation and/or reduction?

A Cl2 + 2Br- 2Cl- + Br2

B Ag+ + Cl- AgCl

C Mg + 2HCl MgCl2 + H2

D 2Na + Cl2 2NaCl

30 A portion of acidified potassium manganate (VII) solution was added to a sample of 
solution X. 

Solution X decolourised the potassium manganate(VII)  solution. The resulting solution
Y was brown. When starch solution is added to a sample of solution Y, the solution 
turned dark blue. 

What conclusion can be drawn about solution X? 

A It is a reducing agent and it contains bromide ions.

B It is a reducing agent and it contains iodide ions.

C It is an oxidising agent and it contains bromide ions.

D It is an oxidising agent and it contains iodide ions.

31 When dilute aqueous sodium chloride is electrolysed between platinum    
electrodes,

A sodium is produced at the cathode.

B the mass of the anode decreases.

C the concentration of sodium chloride increases.

D the pH of the electrolyte decreases.
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32 The apparatus shown in the diagram below was set up.

Which one of the following represents the correct half equation taking place at  the 
positive and negative electrode respectively for the above set up?  

Positive Electrode Negative Electrode

A 2H+ + 2e  H2 Mg Mg2+ + 2e

B Cu2+ + 2e Cu Mg Mg2+ + 2e

C 4OH- 2H2O + O2 + 4e Mg2+ +  2e  Mg

D Cu Cu2+ + 2e 2H+ + 2e  H2

33 The following quantities of ions were discharged during electrolysis. Which of the 
following options required the passage of the largest quantity of electricity? 

A 1 mole of Cu2+ ions

B 2 moles of Al3+ ions

C 2 moles of Br – ions

D 4 moles of OH– ions

Dilute sulfuric acid 
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34 In the following experimental set up, the lamp lights up, but there are no 
decomposition products at the electrodes.

What is X? 
A aqueous sodium chloride

B bromine

C molten sodium chloride 

D mercury 

35 The structures of three compounds are shown below.

  

H C

H

H

C

Cl

H

H

1          

H C

H

C

Cl

H

H

Cl
2         

ClH C

H

H

C

Cl

H

3     

Which compound(s) can be product(s) of addition reaction of ethene with chlorine?

A 1 only

B 2 only

C 2 and 3 only

D 1, 2 and 3
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36 The general formula for alkene is CnH2n.

Which physical property does not increase as n increases?

A boiling point

B density

C percentage of carbon by mass

D viscosity

37 The diagram below shows how the structural formula of butene can be simplified:

The simplified structural formula of benzene is shown below:

What is the empirical formula of benzene?

A CH

B CH2

C CH3

D CH4
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38 The diagrams show four monomers.

How many of the monomers above would react with the molecule below to form a 
polymer?

A 1

B 2

C 3

D 4

39 The absorbent material in babies’ disposable nappies is made from the polymer 

shown.

From which monomer could this polymer be obtained?

A H2C=CHCO2H

B HO2CCH=CHCO2H

C HOCH2CH2CO2H

D CH3CH2CH2CO2H
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40 A food chemist wants to create the fragrance of pineapples for a product. An ester with 
this fragrance has the formula C3H7CO2C2H5.

Which pair of reactants would produce this ester?

A propanoic acid and propanol

B ethanoic acid and butanol

C propanoic acid and ethanol

D butanoic acid and ethanol

-----end of paper-----
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Section A [50 marks] 
Answer all questions in the spaces provided.  

A1 The positions of six elements, represented by letters, A, B, C, D, E, F and G are shown 
in the Periodic Table below. These letters A, B, C, D, E, F and G are not symbols of 
elements in the Periodic Table.

E G
A D F

B C

Use the letters A, B, C, D, E, F and G to answer the following questions. You may use 
each letter once, more than once or none at all.

(a) An element which combines with F to form a very volatile compound.

___________

[1]

(b) An element which has an insoluble hydroxide that is soluble in excess sodium
hydroxide to form a colourless solution.

___________

[1]

(c) An element which is the strongest reducing agent.

___________

[1]

(d) An element which is chemically unreactive.

___________

[1]

(e) An element that can be obtained by heating its oxide with coke.

___________

[1]
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A2 The figure below shows how ammonia is manufactured by the Haber process.

(a) Complete the table below about the gases used in the Haber Process.

Gas source obtained by

nitrogen fractional distillation

hydrogen crude oil

[2]

(b) Ammonia is used to produce nitrogenous fertilisers such as ammonium nitrate
which is a source of nitrogen needed by the crops. Fertilisers like ammonium
nitrate are added to the soil to increase crop yield.

Read the information given below on how to increase the crop yield with
respect to using ammonium nitrate.

- Calcium carbonate may be added to reduce the acidity of a fertilised
soil.

- Avoid adding calcium hydroxide to recently fertilised soil.

Explain why calcium carbonate may be added to fertilised soil to reduce the 
soil’s acidity but adding calcium hydroxide to recently fertilised soil to reduce 
the soil’s acidity should be avoided.

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

[2] 
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A3 The reactivity of metals can be compared by their reactions with water, steam and 
displacement reactions. Some data of the experiments are recorded in table below.

metals displacement 
reactions

reaction with 
water and 

steam

observations 
during reaction 

with steam
mercury mercury does not 

displace any of the
other metals

has no reaction 
with steam

silvery metal 
remains 

unchanged
magnesium Mg  +  Zn(NO3)2

Mg(NO3)2 +
Zn

reacts slowly 
with cold water 

but 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) From table above, arrange the metals in ascending order of their chemical 
reactivity. 

_____________________________________________________________ 

[1]

(b) (i) Solutions containing nickel(II) ions are usually green.  What would you 
expect to see if magnesium is added to nickel(II) nitrate solution?

_________________________________________________________

[1]

(ii) Write an ionic equation, with state symbols, for the reaction in (b)(i).         

_________________________________________________________

[2]

(c) The figure below shows an apparatus set up where steam was first passed 
into tube A and zinc and the nickel(II) oxide were then heated.

(i) Write a balanced chemical equation with state symbols, for the reaction 
that occurs in tube A. 

_________________________________________________________

[2]
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(ii) Nickel lies in between iron and lead in the reactivity series.  What would 
you observe in tube B?  Explain your answer.                     

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]

A4 Haematite is an iron ore which is mainly made up of iron(III) oxide. The process of 
extracting iron from haematite occurs in a blast furnace.

           Fe2O3 +  3CO 2Fe  +  3CO2

(a) 2000 g of haematite was used to produce 1300 g of iron. Find the percentage 
purity of iron(III) oxide in haematite.

[2]

(b) There are a number of reactions occuring in the blast furnace. Write a 
balanced chemical equation with state symbols, for the reaction which is a
thermal decomposition reaction.

_____________________________________________________________

[2]

(c) State the chemical name of the main molten waste product from the 
extraction of iron from haematite.  

_________________________________________________________

[1]
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A5 A toilet detergent contains the acid salt - sodium dihydrogen phosphate, NaH2PO4.
Sodium dihydrogen phosphate can be made by reacting sodium hydroxide solution with 
dilute phosphoric acid, H3PO4. 

(a) Explain why sodium dihydrogen phosphate is both an ‘acid’ and a salt.

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

[2]

(b) Suggest the chemical formula of another possible salt formed from sodium 
hydroxide solution and dilute phosphoric acid.

_____________________________________________________________

[1]

A6 A student found a solid sample of ammonium carbonate in a laboratory. The 
following steps were carried out. Record the observations in the table below
including the test for gas  (if any).

[5]

Step Observations and test for gas (if any)

1. Aluminium foil and 
aqueous sodium hydroxide 
were added to an aqueous 
solution of the solid sample 
and warmed.

2a. Excess hydrochloric 
acid was added to the solid 
sample to form solution G. 

2b. Silver nitrate solution 
was added to a portion of 
solution G.
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A7 A student carried out an experiment to investigate the relationship between the mass of 
zinc used in a reaction and the volume of hydrogen gas liberated.
In the experiment he added pieces of zinc to 50 cm3 of hydrochloric acid and recorded 
the volume of the gas collected. The table shows the student’s results.

mass of zinc /g volume of hydrogen 
collected / cm3

0.1 33
0.2 66
0.3 99
0.4 132
0.5 165
0.6 198
0.7 225
0.8 225

The reaction of zinc and hydrochloric acid is 

             Zn       +      2HCl        ZnCl2     +      H2

(a) (i) Using the equation, calculate the theoretical volume of hydrogen
liberated when 0.5 g of zinc was used. 

[2]

(ii) Using information from the table, suggest why the answer in a (i) is
different from the one obtained in the experiment assuming that there is
no loss in gas collected.

_________________________________________________________

_________________________________________________________

[1]

(b) Suggest why the volume of the hydrogen collected is different for 0.1 g to
0.6 g of zinc but remains the same for 0.7 g and 0.8 g.

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

[2]
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(c) Using information from the table, calculate the concentration of the acid used 
in this experiment.

[3]

(d) The experiment was repeated using hydrochloric acid which was warmed to 
60ºC. Using the collision theory explain why a shorter time was observed to 
collect the hydrogen gas.

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

[2]
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A8 Ethanol can be manufactured by two processes. The flowcharts outline the
sequence of steps for producing ethanol.

                    Process 1                                              Process 2        

                                     step 2

                                       step 3

(a) Name the process in step 2
            
_____________________________________________________________

[1]

(b) State 2 conditions for step 3.

_____________________________________________________________

_____________________________________________________________

[2]

petroleum

Step 1
fractional 
distillation

petroleum 
fractions

ethene

ethanol

glucose

ethanol

fermentation
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A9 Four reactions of ethanoic acid CH3COOH, are shown below. 

(a) Name substance A that is added to ethanoic acid.

_____________________________________________________________

[1]

(b) Name substance B and the catalyst in the spaces below.

Substance B __________________________________________________

Catalyst______________________________________________________

[2]

(c) Name substance C, and state the reagents and/or condition(s) for the
oxidation reaction that C undergoes in the laboratory to form ethanoic acid.

_____________________________________________________________

_____________________________________________________________

[2]

(d) Write the balanced chemical equation, including state symbols, for the
formation of substance D.

_____________________________________________________________

[2]

End of Section A

CH3COOH (aq)

C

D
CH3COONa (aq) + 
H2O(l) + CO2 (g) 

B

A

propanol

NaOH(aq)

oxidation
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Section B (30 marks)

Answer ALL 3 questions from this section.  

The last question is in the form of an either/or and only one of the alternatives should 
be attempted.

B10 Ozone, O3 is a much less stable triatomic form of oxygen.

The diagram below shows the bonding in ozone molecules.

    
    
          
It is a pale blue gas present at low concentrations throughout the atmosphere (around 
0.375 parts per million for O3 compared to 21% for O2).
In the troposphere, ozone is an air pollutant which can damage the respiratory systems 
of humans and other animals. The ozone in the stratosphere however is beneficial.
The diagram below shows how the concentration of ozone varies in the troposphere and 
stratosphere.
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Ozone is formed as part of a natural cycle similar to nitrogen and carbon cycle. The first 
step in the formation of ozone is the decomposition of an oxygen molecule into two 
atoms by low energy ultraviolet (UV) light (reaction 1). The higher the altitude, the faster 
is this reaction. Each of these oxygen atoms can combine with another oxygen molecule 
to form an ozone molecule (reaction 2). The rate of reaction 2 is faster where the 
pressure is higher. The ozone molecule formed absorbs UV radiation and splits to form 
an oxygen atom and oxygen molecule which produces a lot of heat (reaction 3). For 
every mole of ozone that splits up, 90 kJ of energy is given off. Reactions 2 and 3 rapidly 
interconvert oxygen atoms and ozone. There is another slow reaction, though, which is 
known to destroy both oxygen atoms and ozone (reaction 4).
Reactions 1 to 4 are summarised in the figure below.

dotted arrow  ------> indicates a molecule or an atom from one reaction goes on to take 
part in another reaction
solid arrow                indicates reactions
         - indicate one oxygen atom

Chlorofluorocarbons, CFCs, destroy ozone in the upper atmosphere. Once the CFC 
vapour reaches the upper atmosphere the following reactions occur in order.
Reaction 5:   CFC  +  UV light    CFC fragment   +  Cl
Reaction 6:   Cl  +  O3    ClO   +  O2

Reaction 7:   ClO   +   O         Cl + O2  

One example of CFC is the compound CFC 113. CFC 113 is an inert, synthetic 
compound used in the electronics industry. The figure shows the structure of CFC 113 
below.
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Some data about the bond strength in these molecules are given below.

Bond bond strength/ kJ per mole
C – Cl
C – C 
C – F 
C – H

330
346
450
412

(a) Calculate the percentage of ozone in the atmosphere. [1]

(b) At which altitude is the rate of ozone formation maximum?

______________________________________________________________

[1]

(c) With the help of information provided, suggest why the stratosphere is a
warmer layer than the troposphere.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

[2]

(d) Which two reactions, 5, 6 or 7, when taken together are equivalent to reaction
4 which destroys the ozone and oxygen atoms?

______________________________________________________________

[1]

(e) The energy of the UV light is equivalent to 400 kJ per mole.
(i) When CFC 113 is decomposed by UV light, are chlorine atoms or

fluorine atoms formed? Explain.

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]
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(ii) Suggest a further bond change you would expect to occur in CFC 113
molecule.

________________________________________________________

________________________________________________________

[1]

(f) The formation of ozone in the upper atmosphere can be represented
by a single equation shown below.

3O2 (g)     2O3 (g)

What is the value for enthalpy change for the reaction shown?

[1]

(g) Draw the full structural formula for ozone molecule. [1]
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B11 (a) The ionization energy of an atom describes the minimum amount of energy 
required to remove an electron (to infinity) from an atom.
The data below shows a plot of ionisation energy against the number of the 
electron removed for sodium.

        

Use the information above to explain the trend in ionisation energy for sodium 
with reference to its electronic structure.

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

[3] 

(b) The table below shows the first ionization energy (energy required to remove 
the first electron from the atom) of elements in Period 3. 

element Na Mg Al Si P S Cl Ar

first 
ionisation 
energy/ 
kJ /mol

496 738 577 786 1060 1000 1256 1520

formula of 
the 
hydride of 
the 
element

NaH MgH2 AlH3 H2S HCl

(i) Complete the table above by filling in the formulae of the 2 hydrides. [1]

Number of electron removed
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

Ionisation 
Energy/KJ
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(ii) Explain why there is a great difference in the first ionization energy of 
sodium and argon.
  
_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]

(iii) Draw a ‘dot and cross’ diagram to show the bonding in sodium hydride.
You need to show all the electrons. 

[2]

(iv) Suggest one similarity and one difference in physical property between 
sodium hydride and hydrogen chloride.

Similarity:_________________________________________________

_________________________________________________________

_________________________________________________________

Difference:________________________________________________

_________________________________________________________

_________________________________________________________

[2]

KiasuExamPaper.com



17

EITHER

B12 The diagrams show the electrolysis of four different electrolytes, using graphite 
electrodes.

(a) Explain why sodium metal can be extracted from molten sodium chloride
solution using Cell 1.

_____________________________________________________________

_____________________________________________________________

[1]

(b) The gases produced at the electrodes in Cell 2 and Cell 3 are collected and their
volumes are measured.

(i) Name the gas formed at the anode of Cell 3 and describe a test to
identify the gas.

_________________________________________________________

_________________________________________________________

_________________________________________________________

[1]

(ii) Explain why the gases collected at the anode in Cells 2 and Cell 3 are
different.

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]

Cell 1 Cell 2 Cell 3 Cell 4

molten 
sodium 
chloride

concentrated 
sodium chloride 

solution

dilute sodium 
chloride solution 

dilute copper(II) 
chloride solution 
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(iii) The volume of gas collected at the cathode in Cell 3 is twice the 
volume of gas collected at the anode. By giving equations for the 
reactions that take place at the two electrodes, explain why this is so.

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]

(c) (i) Explain what happens to the ions as they arrive at the cathode in Cell 
4. 

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]

(ii) Explain why the reading of the current meter in Cell 4 decreases when 
a few drops of lead (II) nitrate solution were added to the electrolyte.

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]
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OR
B12 In 2002, Swedish scientists found high levels of acrylamide in starchy foods that had 

been cooked above 120 C. Acrylamide, which is thought to be toxic to human health, 
has the following structure as shown in the figure below. 

      
C C

H

H

CONH2

H
       

(a) Acrylamide polymerises to polyacrylamide. Interestingly, polyacrylamide is non-
toxic and is used as an ingredient in a variety of cosmetic and beauty products, 
including skin cleansers, moisturisers, lotions and creams. Small polyacrylamide 
beads may also be used in skin cleansing products as an abrasive.

(i) Draw the structure of polyacrylamide. [1]

(ii) What type of polymerisation is this?

_________________________________________________________

[1]

(iii) Calculate the maximum mass of polyacrylamide that can be made from 
13 000 moles of acrylamide. 

[2]

(iv) A student comments that the percentage by mass of nitrogen in 
acrylamide is the same as that in polyacrylamide.   
Explain why the student is correct.  

_________________________________________________________

_________________________________________________________

_________________________________________________________

_________________________________________________________

[2]
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(b) Acrylamide reacts with water to form acrylic acid and ammonium ions.
The structural formula of acrylic acid is shown in the figure below. It forms
compounds called acrylates.

C C
H

H

COOH

H

(i) Acrylic acid is a weak acid.
How can Universal Indicator show that acrylic acid is a weak acid?

_________________________________________________________

_________________________________________________________

[1]

(ii) Acrylic acid reacts with ethanol to make an ester.
Draw the structure of this ester.

[1]

(iii) Deduce the name of this ester.

_________________________________________________________

[1]

(iv) Acrylic acid reacts with aqueous bromine.
Draw the structural formula of the product of this reaction.

[1]

End of Section B

-----END OF PAPER-----
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b Calcium carbonate does not react with ammonium nitrate. [1]
Calcium hydroxide reacts with ammonium nitrate to produce 
ammonia which results in the loss of nitrogen. [1]

2

A3 a Mercury, nickel, zinc, magnesium 1 8
b i Green solution turns colourless   OR

Silvery  solid forms    OR
Grey magnesium dissolves

1

ii Mg (s) +  Ni2+ (aq)  Mg2+ (aq)  +  Ni (s) 2

c i Zn(s) +  H2O (g) ZnO (s) +  H2 (g) 2

ii Silvery solid coated on green solid [1]

Green nickel (II) oxide has been reduced by hydrogen to form silvery
nickel metal. [1]

2

A4 a No of moles of Fe produced: 1300/56 = 23.2 mol

moles of Fe : moles of Fe2O3

2  :  1

No of moles of Fe2O3= 23.2/2 = 11.6mol [1]

% purity of Fe2O3=[(56 x 2 + 16 x 3) x 11.6]/2000 x 100% 

            = 1856/2000 = 92.8% [1]

2 5

b CaCO3 (s) CaO (s) + CO2 (g) 2

c Calcium silicate (NOT: slag) 1

A5 a It is an acid as it can produce hydrogen ion, H+, when dissolved in 
water [1]
It is a salt as it is a compound formed from the reaction of an acid 
and a base [1].

2 3

b Na2HPO4 or Na3PO4 1

A6 Step Observations and test for gas (if any)

1. Aluminium foil and
aqueous sodium hydroxide
were added to an aqueous
solution of the solid sample
and warmed.

Effervescence/bubbles[0.5]
Gas turned damp [0.5]red litmus blue [0.5] 

2a. Excess hydrochloric
acid was added to the solid 
sample to form solution G

Effervescence/bubbles[0.5]
Gas pass through limewater [1]
White ppt [1]

2b. Silver nitrate solution 
was added to a portion of 
solution G.

White ppt [1]

5 5

KiasuExamPaper.com

Green nickel (II) oxide has been reduced by hydrogen to form silv
nickel metal. [1]

a No of moles of Fe produced: 1300/56 = 23.222 mmmololol

moles of Fe : moles of Fe2O3

2  :  1

No of moles of Fe2O3= 23.2/2 == 111111111111111111111111111111111111111111111111111111111111111111.111111.1111111.11.1.1111111.111.11.1111111.11.11.111111111.1.1.1111.11111.111111.11111.1.111.111.11111111 6m6m66m66m66m66m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m6m66m666m6m6m6m6m6m6mmmm6mm6m66m666m6m66m6mm6m6m6m6m6m6m6m6m6666m6666m6m6m6m6m6m6m6666m6m6mm6m66m6m6m6m6m6mm6m6m6m6m6mmm66m6m6m6m6m6m66m6m6m6m666m6m666m6m6m666mm66m6m6m6m6m6m6m66m66mm6m6m6m6mmmmmmm6m66mmmmmm66m66mmm66m6mmmmm6 olololololololololooollooolololololololololooololololoololoolololololooololoololoololololololololoololololololooolooloololololooolooooooolooooolloloooolllololololololollolooolloooolloooooooooooloooloooooooooooooooooool [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[1]1]1]1]1]111]11]1]1]1]1]1]1]1]11]1]]11]1]1]11111111]1]1]1]1]1]111]1]111]1]]1]1]11111]1]]1]1]1]1111]]]111]1]11]1]1]11]1]111]1]]]1]]]1]1]]1]11]]]1]1]1]1]1111]1]111]111111111111]11111111]]]]]]]]]]]]]

% purity of Fe2O3=[(56 x 2 + 16 x 3))3)3)333)3)))3)3))3)))3)33 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 111111111111111111111111111111111111111111.11111111111 6]/2/220000000 x x 101010000% 

= 1856/2000 = 929 .8% [1]

b CaCO3 (s) CaO (s) + CO2 (g)

c Calcium silicate (NOT: slag)

a It is an acid as it can produce hydrogen ion, H+, when dissolve
water [1]
It is a salt as it is a compound formed from the reaction of an 
and a base [1].

b Na2HPO4 or Na3PO4

Step Observations and test for gas (if any)

1. Aluminium foil and
aqueous sodium hydroxide 

Effervescence/bubbles[0.5]
Gas turned damp [0.5]red litmus blue [0.5] 
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A7 a i Moles of  0.5 g of zinc   =    
65

5.0

      =    0.007692
Mole ratio: 1mole Zn:1 mole H2
Moles of H2         = 0.007692 [1]
Volume of H2       = 0.007692  x 24000

      = 184.6 cm3

= 185 cm 3[1] or 0.185 dm3 (3 sf)

2 10

ii The zinc samples are impure. 1

b In the experiments when 0.1 g to 0.6 g of zinc were used , zinc is the 
limiting reagent. Or HCL is in excess[1]
From 0.7 g of zinc, HCl is the limiting reagent. Or zinc is in excess [1]

2

c Moles of H2 =
24000

225

   =  0.009375 [1]
Moles of HCl  =  0.009375 x  2

     =  0.01875 [1]

Concentration of HCl  =  
50

1000 x  0.01875

=  0.375 mol/dm3 [1]

3

d increase in frequency of effective collisions [1]

increase in kinetic energy/move faster/ more particles that possess 
the minimum activation energy[1]

2

A8 a cracking 1 3
b heat, 60 atmospheric pressure and phosphoric (V) acid

any 2 (1m each)
2

A9 a sodium carbonate/sodium hydrogencarbonate 1 7
b propyl ethanoate [1]

concentrated sulfuric acid [1]
2

c Ethanol [1]
add acidified potassium manganate(VII),[0.5] reflux/heating [0.5]

2

d CH3COOH(aq)  +  NaOH(aq)  CH3COONa(aq)  +  H2O(l) 2
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From 0.7 g of zinc, HCl is the limiting reagent. Or zinc is in excess
c Moles of H2 =

24000
225

=  0.009375 [1]
Moles of HCl  =  0.009375 x  2

=  0.01875 [1]

Concentration of HCl  =  
50
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d increase in frequency of effective collisions [[1[1]

increase in kinetic energy/move faster/ more pppaarticles that posses
the minimum activation energy[1]

a cracking

b heat, 60 atmospheric pressure and phosphoric (V) acid
any 2 (1m each)

a sodium carbonate/sodium hydrogencarbonate

b propyl ethanoate [1]
concentrated sulfuric acid [1]

c Ethanol [1]
dd idifi d t i t (VII) [0 5] fl /h ti [0 5]
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PAPER 2 Section  B 

B10 a 0.375 / 1000 000 x 100 %   =  0.0000375 % 1 10
b 23 km (accept 22 to 24) 1

c Energy produced by splitting of ozone [1]
Comparison of stratosphere and troposphere – higher conc of ozone, 
UV shield, faster reaction 3 as pressure lower at higher altitude [1]

2

d Reactions 6 and 7 (both correct) 1

e i Chlorine atoms [1]
The UV light has sufficient energy to break the C-Cl bond(330 
kJ/mol) but not able to break the C-F bond (450 kJ/mol) [1]

2

ii The C – C bond will also break. 1

f 2 x 90 kJ/ mol = +180 kJ/mol 1

g O = O – O 1

B11 a Increase in ionisation energy [1]
Decreasing Distance/shell [1]
Increasing charge [1]

3 10

b i Formula of the 
hydride of the 
element

SiH4 PH3 -----

      0.5 mark each

1

ii 3rd shell same [0.5]; decreasing atomic radius [0.5]; closer nucleus 
and electron [0.5]; stronger electrostatic force of attraction for argon 
[0.5]

2

iii

   sodium hydride

2

iv Similarity: NaH and HCl are both soluble in water.c [1]
Difference: NaH has high melting point and boiling point/solid

        HCl has low melting and boiling point/gas [1]
Must have correct comparison to earn the mark

2

Na H

xx

xx

xx
xo

x
x

x
x

----+
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The UV light has sufficient energy to break the C-Cl bond(330 
kJ/mol) but not able to break the C-F bond (450 kJ/mol) [1]

ii The C – C bond will also break.

f 2 x 90 kJ/ mol = +180 kJ/mol

g O = O – O

1 a Increase in ionisation energy [1]
Decreasing Distance/shell [1]
Increasing charge [1]

b i Formula of the 
hydride of the 
element

SiH4 PH3 -----

0.5 mark each
ii 3rd shell same [0.5]; decreasing atomic radius [0.5]; closer nucleu

and electron [0.5]; stronger electrostatic force of attraction for arg
[0.5]

iii

Na H

xxxxxx

xxxxxx
xoxoxo

xxx
xxx

xxx
xxx

----+
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EITHER

B12 a The molten sodium chloride contains Na+ ions [½],which are the only 
cations present, and will accept electrons/be discharged[½] at the 
cathode of Cell 1. 

1 10

b i Oxygen gas [½]. It relights a glowing splint [½]. 1

ii Cell 2 contains concentrated sodium chloride. The chloride ions will 
be preferentially discharged [½] as chlorine gas [½], instead of 
the hydroxide ions. Cell 3 contains dilute sodium chloride and the 
hydroxide ions are preferentially discharged [½] instead, forming 
oxygen gas [½].

2

iii Cathode: 2H+(aq)  +  2e  H2(g) or 4H+(aq)  +  4e  2H2(g) [½]

Anode 4OH-(aq)  2H2O(l)  +  O2(g)  +  4e [½]

For the same number of electrons [½], the volume of hydrogen gas 
produced is twice the volume of oxygen gas produced. [½]

2

c i H+ and Cu2+ ions [½] both arrive at the cathode in Cell 4. Since 
copper is less reactive than hydrogen in the reactivity series
[½], it will be preferentially discharged [½] instead at the cathode, 
forming copper metal [½].

2

ii An insoluble salt of PbCl2 [1] is formed

It does not contain delocalised ions [1] to conduct electricity. OR
it removes Cl- ions [1]

2

OR

B12 a I 1 10

ii Addition Polymerisation 1

iii Mr of acrylamide = 12x3 + 5x1 + 16 +14  = 71  [1]
Mass of 13 000 moles of acrylamide = maximum mass of 
polyacrylamide that can be formed = 13 000 x 71 
= 923 000 g [1]

2
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Anode 4OH-(aq)  2H2O(l)  +  O2(g)  +  4e [½]

For the same number of electrons [½], the voluluumemm ooof hydrogen
produced is twice the volume of oxygen gasss ppprororodududucececed. [½]

c i H+ and Cu2+ ions [½] both arrive at ttthehehehhhhh ccccccccatatathodedede iiinnn CeCCell 4. S
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forming copper metal [½].

ii An insoluble salt of PbCl2 [1] is foro med

It does not contain delocalised ions [1] to conduct electricity. OR
it removes Cl- ions [1]

OR

2 a I



6

iv The calculation for both the monomer and polymer is based on the 
formula of the monomer, same empirical formula [1]  

There are no other molecules being eliminated or produced  OR 
All the elements in the monomers become the polymer product. [1] 

2

b i When it shows colours of yellow and orange 1

ii 1

iii Ethyl acrylate 1

iv 1

iii Ethyl acrylate

iv
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PRELIMINARY EXAMINATION 2017

LEVEL & STREAM : Secondary 4 Express

SUBJECT (CODE) : Pure Chemistry (5073)

PAPER : 1 

DATE / DAY   : 28 July 2017, Friday

DURATION  : 1 hour

READ THESE INSTRUCTIONS FIRST 

Write your name, index number and class on all the work you hand in.
Write in dark blue or black pen.
You may use a soft pencil for any diagrams, graphs, tables or rough working.
Do not use staples, paper clips, highlighters, glue or correction fluid.

There are forty questions in this section. Answer all questions. For each question, there are four 
possible answers, A, B, C and D. 
Choose the one you consider correct and record your choice in soft pencil on the separate OMR 
Answer Sheet.

DO NOT TURN OVER THE QUESTION PAPER UNTIL YOU ARE 
TOLD TO DO SO.

Name Index Number Class

This document consists of 16 printed pages including this cover page
Setter : Mdm Shuryati

40
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2 
 

Answer all the questions on the OMR answer sheet provided.

1 A sample of air is passed through the apparatus shown below.

What would be the composition of gas A after passing air through aqueous 
sodium hydroxide and then concentrated sulfuric acid?

A Noble gases only
B Carbon dioxide, nitrogen, oxygen
C Nitrogen, oxygen, water vapour
D Nitrogen, noble gases, oxygen 

2 Camphor is a substance used in skin ointments and a sample of it is found to 
contain impurities like iron(III) oxide, iron and sodium chloride.

The table below shows the effect of three different types of liquids on these 
substances.

Substance Water Ethanol Dilute nitric acid
Camphor no effect dissolves no effect

Iron no effect no effect reacts to give solution

Iron(III) oxide no effect no effect reacts to give solution

Sodium chloride dissolves no effect dissolves

Which is the best method to obtain pure camphor from the sample?

A Add ethanol, filter, rinse and dry.
B Add dilute nitric acid, filter, rinse and dry.
C Add dilute nitric acid, filter and crystallise.
D Add water, filter, add dilute nitric acid to filtrate and crystallise.
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3 The following apparatus set-up could be used to determine rate of reaction.

Which of the following reaction is not suitable using the above apparatus set-
up?

A CaCO3 + 2HNO3 Ca(NO3)2 + CO2 + H2O
B Mg + 2CH3COOH (CH3COO)2Mg + H2
C Na2SO3 + 2HCl 2NaCl + SO2 + H2O
D NH4Cl + NaNO2 N2 + NaCl + 2H2O

4 This reaction scheme shows the reactions of a compound G.

Which of the following could be a possible identity of compound G?

A Zinc oxide
B Zinc carbonate
C Lead(II) carbonate
D Calcium carbonate

balance

cotton wool

reactants

electronic 
balance

Gas forms a white 
precipitate with 

limewater

Compound G

Heat

White residue

Excess sodium 
hydroxide solution

Colourless solution

Excess 
hydrochloric 

acid
Colourless 

solution
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5 A sample of an alloy containing two metals was subjected to the following 
tests. 

What are the two metals present in the alloy?

A Copper and zinc
B Iron and copper
C Iron and lead
D Iron and zinc

6 Which row about the ions CO3 , Cl and SO4 , is correct?

observations CO32
Cl SO42

A produce a white precipitate with lead(II) ions
B produce a white precipitate with barium ions X
C produce a white precipitate with calcium ions X
D produce a white precipitate with silver ions X X

7 50 cm3 of carbon monoxide gas diffused through a porous pot faster than 50
cm3 of gas Y under the same conditions of temperature and pressure.
What could gas Y be?

A Nitrogen
B Methane
C Ammonia
D Argon

Alloy Solution P

Precipitate 
formed

Quantity of 
precipitate 
decreases

add H2SO4

add aq NH3

add excess aq NH3
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8 The heating curves (not drawn to scale) of oxygen and nitrogen over a period 
of time is shown in the graph. 

At which temperature will there be two different states of matter co-existing 
at the same time, in a mixture of oxygen and nitrogen under similar 
conditions?

A -180 oC
B -200 oC
C -215 oC
D -220 oC

9 Which one of the following occurs when iodine vapour comes into contact with
a cold glass surface?

A The iodine particles slow down and eventually come to a fixed position. 
B The iodine particles start to form covalent bonds with each other. 
C The distance between the iodine particles increases.
D The iodine vapour condenses into liquid iodine. 

10 An element P with a relative atomic mass of 152.4 exists in three isotopic 
forms as shown below.

Isotope 150P 155P 157P
Isotopic abundance 60% x% y%

What is the value of x?

A 10
B 15
C 20
D 25

ill h b diff f

–183
–196

–210
–218

temperature / oC

time / minutes

N2 O2
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11 An ion with a charge of 3+ has 18 electrons. Its nucleon number is 50. How 
many neutrons does it contain?

A 18
B 21
C 29
D 35

12 An atom can be represented by 29 X.
                                                   14 

Which statement about this atom is correct?

A It has a smaller atomic radius as compared to that of carbon atom. 
B It has one more proton than neutron in the nucleus of the atom. 
C It is likely to be found in Group III and Period 4 of the Periodic Table. 
D It is likely to form a compound with formula, XO2.

13 Three substances, R, S and T, have physical properties as shown below.

What could be the identities of R, S and T? 

substance melting 
point/oC 

boiling 
point/oC 

electrical conductivity
of solid of liquid

R 801 1413 poor good
S 2852 3600 poor good
T 3550 4827 good unknown

R S T
A NaCl MgO graphite
B NaCl Fe diamond
C MgO NaCl graphite
D NaCl diamond MgO

14 The descriptions of three substances are given as follows :

Substance Descriptions
P It is made up of identical molecules which when burnt in 

excess air form carbon dioxide and water
Q It is a gas which when burnt in excess air forms only water.
R Its solution can be separated into three dyes by paper 

chromatography.

Which of the following correctly classifies substances P, Q and R?

P Q R
A element element compound
B compound compound mixture
C compound element mixture
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D element mixture element
15 Elements X and Y form an ionic compound with the formula X3Y.  What could 

the atomic numbers of X and Y be?

X Y
A 3 7
B 8 4
C 11 6
D 13 9

16 The equation below shows the reaction between the oxide of a metallic 
element X and dilute sulfuric acid.  

XO(aq)   +  H2SO4(aq)                  XSO4(aq)   +    H2O(l)

Which set of particles is responsible for the electrical conductivity in X, XO
and XSO4?  

X XO XSO4

A electrons electrons ions
B electrons ions ions
C ions electrons electrons
D ions ions electrons

17 Element G has n protons and forms an ion with a charge of 2-.
Element H has (n + 3) protons. 
What type of compound is formed when element G reacts with element H?

A A covalent compound HG2
B A covalent compound H2G
C An ionic compound HG2
D An ionic compound H2G

18 The following compound is made up of hydrogen and the elements X, Y and 
Z. 

Which groups of the Periodic Table are these elements likely to come from? 

X Y Z
A Group II Group II Group I
B Group IV Group II Group I
C Group VI Group VI Group VII
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D Group IV Group VI Group VII
19 In which substance does one of the atoms not achieve the electronic 

configuration 2,8?

A Cl2
B N2
C Na2O
D O2

20 Which one of the following oxides is most readily reduced to the metal by 
heating in a stream of hydrogen?

A Aluminium oxide
B Lead(II) oxide
C Calcium oxide
D Zinc oxide

21 The chemical equation for the complete combustion of methane is as shown 
below.

CH4 (g) + 2 O2 2 (g) + 2 H2O (g)

50 cm3 of methane gas is mixed with 40 cm3 of oxygen gas in a sealed vessel 
and burnt.
What are the volumes of the gases remaining, at the original temperature and 
pressure?

Volume of 
methane/ cm3

Volume of 
oxygen/ cm3

Volume of 
carbon dioxide/ 
cm3

Volume of 
steam/ cm3

A 0 0 50 40
B 0 20 20 40
C 30 0 20 40
D 40 40 40 40

22 Which change in conditions in the Haber process results in a decrease in 
activation energy?

A Addition of iron
B Increase in the concentration of the reactions
C Increase of pressure
D Increase of temperature

23 Which of the following does not involve the release of energy?

A Mixing concentrated sulfuric acid with water
B Synthesis of carbohydrates during photosynthesis
C Mixing dilute solutions of hydrochloric acid and sodium hydroxide
D Formation of one mole of hydrogen molecules from two moles of 

hydrogen atoms
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24 Two experiments were carried out in which dilute hydrochloric acid was 
added to aqueous sodium thiosulfate.

Na2S2O3 (aq) + 2HCl (aq) 2NaCl (aq) + H2O (l) + SO2 (g) + S (s)

Experiment I:
400 cm3 of 1.0 mol/dm3 dilute hydrochloric acid
400 cm3 of 1.0 mol/dm3 aqueous sodium thiosulfate

Experiment II:
100 cm3 of 4.0 mol/dm3 dilute hydrochloric acid
100 cm3 of 4.0 mol/dm3 aqueous sodium thiosulfate

The initial rate of formation of sulfur and the total mass of sulfur were 
measured in each experiment. How do the results in Experiment I compare 
with those in Experiment II?

Rate of formation of sulfur Total mass of sulfur formed
A slower in I the same in I and II
B faster in I less in I
C the same in I and II the same in I and II
D the same in I and II more in I

25 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 Fe2(SO4)3   +   2KI   2FeSO4 +   K2SO4   +   I2
C Cl2 +   2NaOH      NaCl +   NaOCl +   H2O
D 2Pb(NO3) 2    2PbO   +   4NO2 +   O2
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26 Ammonia is produced by the reaction of the elements hydrogen and nitrogen 
in the Haber Process.

One of these elements is obtained from crude oil.
The ammonia formed can be reacted with substance Q to form a salt. 
Ammonia can be displaced from this salt by reacting with substance R. 

Which row correctly shows the element obtained from crude oil and the type 
of substances corresponding to Q and R?

Element obtained 
from crude oil

Substance Q Substance R

A hydrogen acid base
B hydrogen base acid
C nitrogen acid base
D nitrogen base acid

27 A spoon is silver-plated using the set-up shown below.

Which of the following statements is correct?

A The spoon is the anode and is connected to the negative terminal of the 
battery.

B The spoon is the cathode and is connected to the negative terminal of 
the battery.

C The spoon is the anode and is connected to the positive terminal of the 
battery.

D The spoon is the cathode and is connected to the positive terminal of the 

battery

silver metalspoon
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battery.

28 Which of the following salts cannot be prepared by reacting a metal with a 
dilute acid?

A Silver nitrate 
B Zinc sulfate 
C Iron(II) chloride
D Magnesium chloride 

29 Arsine (AsH3) is a gas that behaves like ammonia.

Which of the following ions would be produced when arsine dissolves in 
water?

A AsH3+ and H+

B AsH3+ and OH-

C AsH4+ and H+

D AsH4+ and OH-

30 Rubidium is an element in Group I of the Periodic Table. A student made the 
following statements about rubidium.     

I It reacts explosively with cold water.
II It forms a soluble carbonate salt.
III It forms a sulfate with the formula RbSO4.
IV It can be extracted via electrolysis of concentrated aqueous rubidium 
           chloride.

Which statements about rubidium are incorrect?

A I and II
B I and III
C II and III
D III and IV
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31 The table below shows the properties of some elements W, X, Y and Z in 
Period 3. 

Properties W X Y Z
Appearance 
at room 
temperature

Grey solid Yellow solid Grey solid Yellowish-
green gas

Reaction 
with cold 
water

Extremely 
violent 
reaction

No reaction Vigorous 
reaction

Slow reaction

Nature of 
oxide

Reacts with 
acids

Reacts with 
bases

Reacts with 
acids and 
bases

Reacts with 
bases

Which of the following shows the increasing order of how the elements are 
arranged in the periodic table, from a smaller group number to a bigger group 
number?

A W, X, Y, Z
B W, Y, X, Z
C Y, W, X, Z
D Z, X, Y, W

32 The table below shows the results of adding 5.0 g pieces of iron to aqueous
salt solutions of four metals, P, Q, R and S.

Metal Initial mass of iron/g Mass of iron after 15 mins/g
P 5.0 4.0
Q 5.0 4.5
R 5.0 0.0
S 5.0 3.5

Which of the statements below is correct?

A The metal R could be iron.
B The metal R is higher than iron in the reactivity series.
C The metal P is higher than the metal Q in the reactivity series
D The metal S can displace the metal R from its aqueous salt solution
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33 The following equation and statements describe three metals, X, Y and Z.

Based on the equation and statements, deduce the reactivity of the three 
metals, starting from the most reactive.

A X, Y, Z
B Z, X, Y
C Y, X, Z
D Z, Y, X

34 Three experiments to compare the reactivities of three metals are shown in 
the diagram.

                     cobalt                   manganese                   cobalt

                   
aqueous tin sulfate     aqueous tin sulfate     aqueous

manganese sulfate

result:        tin deposited    
on  cobalt                   

tin deposited
on manganese           

no reaction

What is the correct order of reactivity for the three metals?  

       most reactive                                                       least reactive
A cobalt manganese tin
B manganese cobalt tin
C manganese tin cobalt
D tin cobalt manganese
    

35 Which atmospheric pollutants, emitted by internal combustion engines, are 
reacted together to convert them to less harmful products?

A Nitrogen dioxide and sulfur dioxide
B Carbon monoxide and nitrogen dioxide
C Sulfur dioxide and unburnt hydrocarbons
D Carbon monoxide and unburnt hydocarbons

X2SO4 + Y YSO4 + 2X
ZSO4 decomposes readily at room temperature to form Z. 

X2SO4 and YSO4 decompose only at temperatures above 250 OC.

KiasuExamPaper.com



14 
 

36 The table shows the composition of four different types of petroleum (crude 
oil).  

Fraction Arabian 
Heavy

(%)

Arabian Light
(%)

Iranian Heavy
(%)

North Sea
(%)

gasoline 18 21 21 23
kerosene 12 13 13 15
diesel 18 20 20 24
bitumen 52 46 46 38 

Which type of petroleum is most suitable for the land motor vehicle industry?

A Arabian Heavy
B Arabian Light
C Iranian Heavy
D North Sea

37 A student investigated the reaction of different vegetable oils with hydrogen. 
100 cm3 of hydrogen was passed through 1 g samples of vegetable oils 
containing a suitable catalyst. The volume of hydrogen remaining after each 
reaction was recorded.

vegetable oil
volume of 
hydrogen 

remaining / cm3

P 100
Q 87
R 63
S 0 

Which vegetable oil(s) is/are unsaturated? 

A P only
B S only
C Q, R and S only
D Q and R only

38 Which property of the petroleum fractions does not increase as relative 
molecular mass increases?

A Boiling point
B Flammability
C Melting point
D Viscosity
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39 The diagram shows some properties that substances may have.
To which labelled part of the diagram does ethanoic acid belong?

40 Which natural resource is being depleted by the manufacture of plastics?

A Air
B Water
C Metal ores
D Fossil fuels

End of paper
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Section A

Answer all questions in this section in the spaces provided.
The toatal mark for this section is 50.

1 (a) Table 1.1 shows a list of ions.

chloride ammonium  copper(II)             iron(II) hydroxide

carbonate iron(III)             manganate(VII) nitrate hydrogen

Table 1.1

Choose an ion from the list above which

(i) produces ammonia gas only when warmed with both sodium hydroxide 
and aluminium,

_____________________________________________________ [1]

(ii) forms green precipitate when added to aqueous sodium hydroxide,

_____________________________________________________ [1]

(iii) when added to an acidic solution, forms a gas which gives white 
precipitate with limewater,

_____________________________________________________ [1]

(iv) is commonly used to convert propanol to propanoic acid,

______________________________________________________ [1]

(v) is formed when sulfur dioxide dissolves in water.

______________________________________________________ [1]
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(b) The structures of diamond, graphite and silicon carbide are shown in Figure 
1.1.

                                            Figure 1.1

(i) Using the bonding and structures of the macromolecules,

(I) explain why both silicon carbide and diamond are used as abrasives,

_________________________________________________________

_________________________________________________________

_________________________________________________________

______________________________________________________ [2]

(II) explain why graphite conducts electricity but silicon carbide does not.

_________________________________________________________

_________________________________________________________

_________________________________________________________

______________________________________________________ [2]

diamond

       =  carbon atom
       =  silicon atom   

graphite

silicon carbide
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(ii) Are all three macromolecules allotropes of one another?
Explain your answer.

_________________________________________________________

______________________________________________________ [1]

2 A sample of black ink contains a mixture of red, blue and yellow dyes. Usually, the 
solvent used to separate the dyes in black ink is a mixture of ethanol and water. 
The coloured dyes have different Rf values in solvents with different proportions of 
ethanol in the mixture as shown in Figure 2.1. 

Figure 2.1

(a) Deduce the Rf value of blue dye on the chromatogram when the solvent is a
mixture of 32 cm3 of ethanol and 168 cm3 of water.

________________________________________________________ [1]

Rf value

Percentage of ethanol in solvent

0 20 40 60 80 100

0.2

0.4

0.6

0.8

1.0

blue

red
yellow
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(b) Using evidence from the graph, explain why a pure solvent of either water or 
ethanol is not suitable for the separation of the black ink using this method.      

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

________________________________________________________ [2]

(c) A student carried out chromatography on the black ink using a mixture of 
ethanol and water as solvent. He discovered only one spot forming on the 
resulting chromatogram. Using evidence from the graph, explain why he 
cannot conclude that the black ink is a pure substance.                                      

_____________________________________________________________

____________________________________________________________ 

____________________________________________________________ 

________________________________________________________ [2]

3 Zinc carbonate thermally decomposes to form zinc oxide and carbon dioxide. 
            
    ZnCO3 2(g)

In an experiment, a sample of zinc carbonate is heated in a test-tube using a 
Bunsen burner. The total volume of carbon dioxide formed is measured every 10 
seconds. The results are plotted on the graph in Figure 3.1. 

(a) How is the graph used to find out when the decomposition has finished?

_____________________________________________________________

________________________________________________________ [1]

volume of 
carbon 

dioxide/cm3

Figure 3.1
time/s

KiasuExamPaper.com



6 
 

(b) The same mass of zinc carbonate is heated using a hotter Bunsen flame.
Using the same axes in Figure 3.1, draw the graph you would expect from 
the results of this experiment and label it B. Explain your answer.

_____________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

________________________________________________________ [4]

(c) The experiment is repeated with different metal carbonates.

The Bunsen burner flame is not altered and the same number of moles of 
metal carbonate is used for each experiment.

Table 3.1 shows the time taken for complete decomposition.

metal carbonate time for decomposition to finish / s
CaCO3 360
FeCO3 60
ZnCO3 70

                                               Table 3.1

Predict and explain the time it would take magnesium carbonate and lead(II) 
carbonate to decompose.

Magnesium carbonate: ________________

Lead(II) carbonate: ________________ [1]

Explanation: ___________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

________________________________________________________ [2]

KiasuExamPaper.com



7 

(d) One of the metal oxides formed from the decomposition of the metal
carbonate can be used to treat excess acidity of soils in agriculture.

Using a ‘dot-and-cross’ diagram, show the bonding present in this metal
oxide. Only outer-shell electrons need to be shown.

[2]

4 Table 4.1 shows the colours of manganese in different oxidation states.   

(a) Fill in the missing oxidation state of manganese in the following
ions/substances.

ion / substance colour oxidation state of
manganese

MnO4- purple

Mn2+ light pink

MnO42- green +6

MnO2 black
[3]

Table 4.1

(b) When solid manganese(II) nitrate, Mn(NO3)2, is heated, the products are
solid manganese(IV)  oxide, MnO2,  and a brown gas, NO2, only.

(i) Write a balanced chemical equation, including state symbols for the
above reaction.

___________________________________________________ [2]

(ii) Using the change in oxidation state, explain whether manganese(II)
nitrate is oxidised or reduced.

________________________________________________________

________________________________________________________

___________________________________________________ [2]
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(iii) Describe any colour change observed when manganese(II) nitrate is
heated.

________________________________________________________

___________________________________________________ [1]

5 (a) Table 5.1 shows a list of elements and their atomic and mass numbers.

Element A B C D E F G H
Atomic 
number

8 11 16 17 18 28 30 35

Mass 
number

16 23 32 37 40 59 65 80

Table 5.1

A to H are not the symbols of the elements.
Using the letters, A to H, from Table 5.1, choose an element which

(i) forms coloured compounds,

___________________________________________________ [1]

(ii) forms an anion with a charge of 2- most readily,

___________________________________________________ [1]

(iii) has lower density than potassium and reacts vigorously with
water,

___________________________________________________ [1]

(iv) forms a diatomic molecule which displaces bromine from sodium
bromide solution.

___________________________________________________ [1]
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(b) Figure 5.1 shows the percentage yield of ammonia in Haber Process at 
different temperatures and pressures.

Figure 5.1

State one advantage and one disadvantage of manufacturing ammonia at a
high temperature.

Advantage: ___________________________________________________ 

_________________________________________________________ [1]

Disadvantage: _________________________________________________

_________________________________________________________ [1]

6 (a) Researchers in Europe and the United States have found acrylamide in 
certain foods that were heated to a temperature above 120 oC. Potato chips 
and french fries were found to contain higher levels of acrylamide compared 
to other foods. The World Health Organisation and the Food and Agriculture 
Organisation of the United Nations stated that the levels of acrylamide in 
foods pose a risk to human health. Acrylamide has the structure shown in 
Figure 6.1.

Figure 6.1

Yield of 
ammonia/ %

Pressure/atm
100 200 300 400

10

30

50

20

40
450°C

500°C

600°C
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(i) Acrylamide readily polymerises to polyacrylamide. Draw the structural 
formula of the polymer formed. 

[1]

(ii) Foods are commonly stored in food containers. One common polymer 
used for such purpose is poly(3-hydroxybutyrate-co-3-hydroxyvalerate), 
commonly known as PHBV. It is a type of polyester that is obtained from 
renewable sources and is biodegradable. The structure of this polymer is 
shown in Figure 6.2.

Figure 6.2

Draw the structural formulae of the two monomers used to make 
PHBV.

[2]

g
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(iii) The two polymers are made by different polymerisation processes.
Describe two differences between the two types of polymerisation
processes.

1.______________________________________________________

_______________________________________________________

_______________________________________________________

2.______________________________________________________

_______________________________________________________

___________________________________________________ [2]

(b) Acrylamide hydrolyses to form acrylic acid. The structural formula of acrylic
acid is shown in Figure 6.3.

Figure 6.3

(i) Write the equation for the reaction between acrylic acid and aqueous
bromine, showing the structural formulae of the organic compounds.

[2]

(ii) Acrylic acid reacts with sodium hydroxide to give a sodium salt. Write
an ionic equation for this reaction.

____________________________________________________ [1]
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(iii) Deduce the molecular formula of the salt formed in the reaction in 
(b)(ii).

_________________________________________________ [1]

(c) The burning of polyacrylamide in a factory near the agriculture farms
caused damage to their crops.
Explain why this happened.

_____________________________________________________________

_____________________________________________________________

________________________________________________________ [2]

End of Section A
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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.

7 A study was conducted on some organic compounds with similar smells.

organic molecule boiling point / °C 

H3C — CH2 — CH2
           | 

Br

1-bromopropane

71.3

H3C — CH2 — CH2 — CH2 — CH2
   | 
  O — H 

pentanol

139

H3C — CH2 — CH2 — CH — CH3
|

O — H 

pentan-2-ol

119.3

Table 7.1: Sweet and pleasant

organic molecule boiling point / °C 

H3C — CH2 — CH2 — CH2 — CH2 — CH2
             | 
            O — H 

hexanol

158

H3C — CH2 — CH2 — CH2 — CH2 — CH2 — CH2
           | 
          O — H 

heptanol

175.8

H3C — CH2 — CH2 — CH — C = O 
   |          | 

        CH3  H 

2-methyl pentanal

119

Table 7.2: Freshly cut grass
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organic molecule boiling point / °C 

             cyclohexane 80.74

            cycloheptane 118.4

benzene 80.1

Table 7.3: Sweet and greasy

organic molecule number of carbon boiling point / °C 
Propanoic acid 3 141.15
Pentanoic acid 5 187
Hexanoic acid 6 205.8

Table 7.4: Rancid and sour

organic molecule boiling point / °C 
pentyl hexanoate 186.3
hexyl propanoate 190
benzyl pentanoate 250
2-methyl propyl pentanoate 122

Table 7.5: Fruity
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Figure 7.1: Flowchart on the Synthesis of 1-bromopropane and
di-bromopropane.

* Processes 1 to 4 are one-step reactions.

Figure 7.2:  Apparatus set-up for preparation of molecules in Table 7.5.

Cold water out

dodecane, C12H26,
from crude oil 

cyclohexane C3H8 molecule W 

molecule Z molecule Y molecule X 

Process 2 Process 3

Process 1

Process 4

Heat

Cold water in

Reactants and concentrated 
sulfuric acid catalyst
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(a) 1-bromopropane molecule from Table 7.1 can be manufactured from 
dodecane from crude oil as shown in Figure 7.1.

(i) Write a balanced chemical equation to show the reaction in Process 1.

_____________________________________________________ [1]

(ii) Which molecule X, Y or Z is 1-bromopropane?
Name the type of reaction that took place during the formation of  
1-bromopropane. Give also the reagent and condition required for this 
reaction.

molecule:__________________________________________________

type of reaction:_____________________________________________

reagent and condition:________________________________________

_____________________________________________________ [2]

(b) Are hexanol and 2-methylpentanal from Table 7.2 isomers of each other?
Explain your answer.

______________________________________________________________

_________________________________________________________ [1]

(c) “It was observed that all the molecules in Table 7.3 have a cyclic structure. 
These molecules are in the same homologous series.”
Do you agree with this statement?
Explain and support your answer with evidences from the Table 7.3.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

_________________________________________________________ [2]
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(d) Figure 7.2 shows the apparatus set-up on how the fruity smelling
molecules in Table 7.5 can be prepared.

(i) Identify one molecule from Table 7.5 that can be prepared by 
reacting two molecules found in Table 7.1 to 7.4.  

Draw the full structures of the reactants and the identified 
molecule from Table 7.5 to show the formation of this fruity 
smelling molecule. Include the names of the structures drawn.

[3]
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(ii) Explain why the condenser in the set-up is placed vertically above the
reaction flask.

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

____________________________________________________ [2]

8 Three different experiments were carried out using metal carbonates and acids.
Table 8.1 shows the reactants used in each of the experiment. Figure 8.1 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)

Table 8.1

Figure 8.1

Volume of carbon 
dioxide/cm3

time/s

Q

R 

S

KiasuExamPaper.com



19

(a) (i) Identify the limiting reagent in experiment Q. Show all your workings.

[3]

(ii) From Figure 8.1, calculate the volume of carbon dioxide gas produced
in experiment R and hence calculate the volume, v cm3 used. Show all
your workings.

Volume of carbon dioxide:______

v:___________________________ [3]

(b) From the graph, deduce the concentration of sulfuric acid used in
experiment S.

_________________________________________________________ [1]

(c) 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.

_________________________________________________________ [2]
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ANSWER EITHER

9E Figure 9E.1 shows an experimental set-up of two cells, Cell One and Cell Two
connected together. Both electrodes X and Y are made of graphite.

9E.1

When the switch is closed, reactions occur in both cells

(a) Which cell is an electric cell? 
State a reason for your answer. 

____________________________________________________________

____________________________________________________________

____________________________________________________________

________________________________________________________ [2]

(b) Name all the ions present in aqueous copper(II) nitrate in Cell One.

____________________________________________________________

________________________________________________________ [1]

(c) Write a half equation for the reaction that occurs at each of the electrodes in 
Cell One.

zinc electrode: ________________________________________________

copper electrode:__________________________________________ [2]

switch

zinc

Cell One Cell Two

copper

aqueous copper(II) nitrate

electrodeX

concentrated 
aqueous 
potassium 
chloride

electrode Y
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(d) A gas is produced at each of the electrodes in Cell Two.

(i) What gas is produced at electrode Y?
Explain your answer using ideas of selective discharge.

_______________________________________________________

_______________________________________________________

_______________________________________________________

___________________________________________________ [2]

(ii) A student draws Figure 9E.2 for Cell Two after the switch is closed 
for a period of time, to show the volume of the gas collected at each 
electrode.   

9E.2 

Do you agree with the student’s drawing? Give a reason for your 
answer.

___________________________________________________________________ 
 
___________________________________________________________________ 
 
______________________________________________________________ [1]
 

(iii) After the electrolysis has been running for some time in Cell Two, a
new product is formed at electrode Y. Explain why. 

_______________________________________________________

_______________________________________________________

_______________________________________________________

___________________________________________________ [2]

electrode Yelectrode X
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OR

9O
group.

(a) The first member of the alkynes homologous series is ethyne. The molecular
formula of ethyne is C2H2.
Suggest the the molecular formula of the second member of the alkynes
homologous series.

_________________________________________________________ [1]

(b) All the members of the alkyne homologous series have a low boiling point.
Explain this in terms of bonding and structure.

_____________________________________________________________

_____________________________________________________________

[2]

(c) Ethyne reacts with oxygen in an exothermic reaction.

(i) Explain why the combustion of ethyne is an exothermic reaction.
Use ideas about the energy changes that take place during bond
breaking and bond forming.

_______________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________

___________________________________________________ [2]
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(ii) Complete the energy profile diagram in Figure 9O.1 for the 
combustion of ethyne by

• drawing in the reaction pathway for the reaction,
• showing the activation energy, Ea, 
•

[3]

Figure 9O.1

(iii) The complete combustion of one mole of ethyne releases 1410 kJ of 
energy.
Calculate the energy released when 1000 dm3 of ethyne, measured 
at room temperature and pressure, is completely combusted.

_______________________________________________________

_______________________________________________________

_______________________________________________________

___________________________________________________ [2]

End of Paper
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WOODGROVE SECONDARY SCHOOL
PRELIM EXAM 2017
PURE CHEMISTRY

SEC 4E1
MARKING SCHEME

SETTER: MDM SHURYATI

Qn Marking Scheme Marks 
1ai Nitrate [1] 

1aii Iron(II) [1] 

1aiii Carbonate [1] 

1aiv Manganate(VII) [1] 

1av Hydrogen [1] 

1bi I: Both are very hard due to an extensive network
of strong covalent bonds between the silicon and carbon atoms

II: In graphite, 3 out of 4 valence electrons of each carbon atom are 
bonded, the unbonded valence electrons are mobile to carry
current 
while in silicon carbide, there are no mobile electrons 

[1]
[1]

[1]
[1]

1bii No. (no marks)
Silicon carbide is not as it contains another element, silicon. [1]

2a 0.72 [1]

2b The black ink will not be completely separated into its components ;

If pure water is used, yellow is not soluble/ if pure ethanol is used, red is 
not soluble.

[1]

[1]

2c He used 80% ethanol where 

all three colours have the same Rf value of 0.4 [1], hence showing only 
one spot.

[1]

[1]

3a First time when the line is horizontal /has gradient zero [1]

3b Graph starts at the origin and ends at the same volume 
Graph has same shape as original but always to the left and does not go 
above the final volume 

The higher the temperature, the particles have more kinetic energy,

The particles move faster

More particles with energy greater than Activation energy, reaction is 
faster

[1]

[1]

[1]

[1]

KiasuExamPaper.com

1aiii Carbonate [1]

1aiv Manganate(VII) [1]

1av Hydrogen [1]

1bi I: Both are very hard due to an extensive network
of strong covalent bonds between the silicon and caaaaaaarbrbrbrbrbrbrbbbononononononononnnnnn aaaaaaatototototototoms

II: In graphite, 3 out of 4 valence electrons offff eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeacacacccaccacacacacacacacacacaacacacaacacacacacacacacacacaaaaaacacaccacaccacacacaaaacacacacacacaacacacaaacaccaacaacaaaaaaaacacacacaaaaaaacacacaacacaacacacccacaaaaacaaaccccaaccacaaccaacccccaaaacccccaaccaaacccccccaaaccccccccaccccccccccccccccccccccccccccchhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh cacacacacccaccacaccacaccacacacaacacacacaacacacacaccaccacacacacacacacacacacacacacaacaccacacacacacacaacaacacacacccacaccacacacacacacacacacacaaccacaacaacaccacaaaaaaaccaacacacaaaaccaccacacaaaaaaccacaacaaaaacaaaaaaacaaaaacaaacaaaaaaaaacaacaacaaaccacacccacccaaaaacaaaccaaaccaaacaaarbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbrbbbrbrbrbrbrbrbrrbrbrbbrbbrbbbbbrbbrbrbrrbrbbbrbrrrbbbrbbrbbbbrrbrbbrbbbbbbrbrbrbrbrbrbbrbrbbrbbrbrrbbrbbrbrbrbrbrbrbbbbbbrbbrrrrbbrbbbbrbrbrrrbbbrbrbbbbrbbbbbrbbbbbrbrbbbrbbrbrrbbrbrbrbrbrbbrbbbbbbbbbbbbbbrrrrrbrbrbrbrrbrbrbrbrrrrrrrbbrbrbrrbrrbbrbbrrbbrbbbbbbbbboooooooonononononooooooooonooooonoooooooooooooooooooooooooooooooooooooooooooooooonononooooooooonnoooooooooonoonooooooooooooon aaaaaatom ararararararreeeeeee
bonded, the unbonded valence electronsnsnsnsnsnsnssssssssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarererererrererrerererererererererererrerrrrrererererererrerrrrrererrerrerrrerrerererrrrerrrrererrerrererrrrrrreererrrererrrrerrerreeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerereeeeeeeeeeeeeeeeeeeee mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoboboboboboooboboboboobbobobobobboboboboboboboboboobobobobbbobobooboboboboboobobobobobobobobobooboobobobobobobobobobooobbbobboboboobobobbobbobobbboboobboboboboboooboobobobobbbbobobobboboobboboboboobobbbbobbooobbbbboboooobobobooooobbbobbobooooooobooobbobooboboobooobboooooooooooooooboobooooobbobbboobbbbobbbobbooooo iiiiilillililiiiiiiiiiliilililililllillilillilililliililiiiiii eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeee tototototototo cccccccarararararararryryryryryryry
current 
while in silicon carbide, there are no mobile electrons

[1[1[1[1[1[111]
[[[[1]

[1]
[1]

1bii No. (no marks)
Silicon carbide is not as it conontainns ana other r elelememe ene t, silicon. [1]

2a 0.72 [1]

2b The black ink will not be compmpleletetelylyl ssepepararatateded into its components ;

If pure water isiss uusesed,d, yellow w isis nnoto  soluble/ if pure ethanol is used, red is 
not solublle.e

[1]

[1]

2c He used 80% etthahanonoll whwherere 

all thhrerer ee cocololoourrss hahavve the same Rf value of 0.4 [1], hence showing only 
one sppotot.

[1]

[1]

3a First time when the line is horizontal /has gradient zero [1]

3b Graph starts at the origin and ends at the same volume
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Qn Marking Scheme Marks 
3c MgCO3 any time greater than 70 and less than 360 and 

PbCO3 any time less than 60 
(both must be right to get 1m)

The more reactive the metal is, the stronger the ionic bond in the 
compound, the more less readily its compound will decompose upon 
heating. 

Magnesium is more reactive than zinc but less reactive than calcium, 
thus time taken should be between 70s to 360s.

Lead is the least reactive thus time taken should be the shortest.

[1]

[1]

[1]

3d

-correct calcium ion
-correct oxide ion

[1]
[1]

4a ion / 
substance

colour oxidation state of 
manganese

MnO4- purple +7

Mn2+ light pink +2

MnO42- green +6

MnO2 black +4

1 m each  for correct answer

[1]

[1]

[1]

4bi Mn(NO3)2 (s)  MnO2 (s)  +  2NO2 (g)
- correct formulas and balanced
- correct state symbols

[1]
[1]

4bii Manganese has been oxidised.

The oxidation state of manganese increases from +2(in Mn(NO3)2)
to +4 (in form MnO2). 

[1]

[1]

4biii Solid changes from light pink to black. [1]

KiasuExamPaper.com

Lead is the least reactive thus time taken should be the shortest. [1]

3d

-correct calcium ion
-correct oxide ion

[1]
[1]

4a ion /
substance

colour oxoxidation ststatate e ofof
mamangnganannesesee

MnO4- purple +7+77

Mn2+ light pink +2

MnOO442- grreeeenn +6

MnO2 blblacackk +4

1 m eaaachch  fofor r cocorrect answer

[1]

[1]

[1]

4bi Mn(NO3)2 (s)  MnO2 (s)  +  2NO2 (g)
- correct formulas and balanced

b l
[1]
[1]
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Qn Marking Scheme Marks 
5ai F [1]

5aii A [1] 

5aiii B [1] 

5aiv D [1] 

5bi Advantage: The higher the temperature the faster the reaction

Disadvantage: The higher the temperature, the yield is lower.

[1]

[1]

6ai

H H
I I
C ______ C
I I
H CONH2 n [1]

6aii [1]

[1]

6aiii 1. Addition polymerisation involves many monomers of the same
type/unsaturated/alkenes joined together while condensation
polymerisation involves monomers of different functional
groups/dicarboxylic acid and alcohol-amine.

2. Addition polymerisation: all monomers join together without any
loss of atoms while condensation polymerisation involves the
loss of small/water molecules.

*answers should show parallel comparisons
*No need to be specific in terms of functional groups

[1]

[1]

6bi
+ Br__Br

Correct structure of reactants [1]
Correct structure of products [1] 

Br Br
l l

H _ C ___ C _ H
l l
H COOH

[2] 

KiasuExamPaper.com

Disadvantage: The higher the temperature, the yield is lower. [1]

6ai

H H
I I
C _______ ___ C
I I
H CONH2 n [1]

6aii [1]

[1]

6aiii 1. Addition polymerisation innvovolvlveses mamanyny mmonomers of the same
type/unsaturated/alkeneses jojoininede ttogogetetheer while condensation
polymerisationo iinvnvolo ves momononomem rs of different functional
groups/didicarbrboxoxylicc aacicidd anandd alcohol-amine.

2. Addition poolylymemeririsasatitiono : all monomers join together without any 
loss oof f atatomoms s whwhilile condensation polymerisation involves the
loss oof f smsmala l//wawateter molecules.

*answerssssssssssssssssss sssssssssssssssssssssssshohhhhhhhhhhhhhhhhhhhh uld show parallel comparisons
*No need to be specific in terms of functional groups

[1]

[1]
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Qn Marking Scheme Marks 
6bii H + (aaq)  +  OH-(aq) H2O(l) [1]

6biii C2H3COONa [1]

6c Oxides of nitrogen formed
can dissolve in rain water to form acid rain which can damage 
crops

[1]
[1]

7a (i) C12H26 C3H8 + C6H12 + C3H6 [1]

(ii) molecule: Molecule X
type of reaction: Substitution reaction

[1]

reagent and condition: Gaseous / aqueous bromine and 
Ultraviolet light

[1]

7b No, they have different molecular formula, C6H14O and C6H12O.

*accept hexanol has 2 more H atoms/2-methypentanal has 2 less
H atoms

[1]

7c No, they are from different homologous series. *no mark
Cyclohexane and cycloheptane has the general formula of CnH2n
but
benzene has the general formula of CnHn/ 
OR
Cyclohexane and cycloheptane are saturated hydrocarbons with
single C-C bonds while benzene is an unsaturated hydrocarbon
with C=C double bonds.
[MP1] – different general formulae/saturated and unsaturated
[MP2] – evidence of CnH2n and CnHn / C-C and C=C

[1,1]

KiasuExamPaper.com

(ii) molecule: Molecule X
type of reaction: Substitution reaction

[1]

reagent and condition: Gaseous / aqueous bromine aaaaandndndndndndnd  
Ultraviolet light

[1]

7b No, they have different molecular formula, C6H14444444OOOOOOOOOOOOOOOOOOOOOO ananananananannnnannnnnnnnnnnnnnnnnnnnnnannnnnnnnnnnnnnnnnnnnndddddddddddddddddddddddddddddddddddddddddddddddddddddddddd CCCCCCC6H12222222O.O.O.O.O.O.O.

*accept hexanol has 2 more H atomsssssssssssssssssss/2/2/2/2/2/2/2/2/2/2/2/2/2/2/22/2/2/2//sssssssssssssss -methththththhhthththththhhthhhypyyypypyypypypypypypypypypyypypyppypypypypypypypypypyppypyppppypypypyypypypypppypypypypppypypypppypypppyppypypypypypypypypypypypyppppypypypypyyppppyppyppyppyypppypypppypyppyyypppypyyppppyppypyypypypypyyyypypyyyyypyyyyyypypyyyyypyyypyyypyypyyyppyyyypppyyyppypyypppypyyyppyyypyppppyyppppypppppyppppppyypyppppypppppppppppppeneneneneneneneneneneneneneneneneneneneneenenennenenenenenenennenennnnenenenenenenenenenennnenenenenenenenennnnenenenenennenenenenenenenneneeneenennnneneneeenneneeeenneneeeeenenneneneneneeenenneneenennnnneenennnnnnnenenenennnnnnenenennnnnnnenennnneeneneenneeeennnnnneeennennnneeeenneeneeeennnnnnnnennnen atatatatatatatatataatatatatatatatatataatatatatatatatatatatatatatataatatataatatatatatatatattaatatatatataatatatatatatatatatatatttatttttaatttattttatttatattattatttttttattatatatatattaaatataaaataaaaaaaaaaaaaaaaaataaaaaaaaaaaaanananananananananananannananananananananaananananananannannnananannanananananananananannannanaananaanaanannnnnnananananaaananananannnanaaanananananannnanannaaananananananannnnnnaaaaanananannnnaanananaanaanannnaanannannanaaaaannnnaaanaanaannnnaanaananananannnnnnannannanannnnnnnannnnaannnnannnnnnaaaaalllllllllllllllllllllllllllllllllllllllll lllllll l lllll llllllllllllllllllllllllllllllll lllllllll hahhhahahahaahahhahaahahahhhhahahahhahahahhahahhhhahhahhahahhhahhhhhhahhhhhhhhhhhhhhhhhhhhahahhhhhhhhhhhhhaahhhhhhhhhhhhahahhhhhhhhahhhhhhahhahhahhhaahhhhhhhhhhhhhhahhhhhhhhhhhhhhhhahahhhhhhhhhhhahhhhhhhhhhhhhhhhhhhhhhhh s s s s s s ss s s ssssss 2 lesssssssss
H atoms

[1]

7c No, they are from different hoh mologous seriees. *no mark
Cyclohexane and cycloheptane has the geneeeral formulaaaaa aa ofoofofoffof CnH2n
but
benzene has the general foormrmulula ofo  CnHn/ 
OR
Cyclohexane and cycloheptaanene aaarer  sasatuturaraateted d hyh drocarbons with
single C-C bonds while benzene e isis aannn ununsas turated hydrocarbon
with C=C double bonds.
[MMMMMMMMMMMMP111111111111] – dididididididiiiiiiffffffffffffffffffffffferrrrrrrrrrrreneeeeeeeeee t t t t tt t t tt t tt geeeeeeeeeeeeneral fofofofofofofofofofofofofoformrmrmrmrmrmrmrmrmrmrmrrmmulululululululululululululaeaeaeaaeaeaeaeaeaeaae/s/s/s/s/s/s/s/s/s/s/s/s/s/ atatatatatatatatatatatatataturattttttttttted and unsaturated
[MMMMMMMMMMMMP2P2PP2P2P2P2P2PP2PP ] – eviddddddddddddddeneneneneneneneeeeee cecececececececececececece oooooooooooooff fffffffff CnHHHHHHHHHHHHH2n2n2n2n2n2n2n2n22n2nnnHHHHH ananananananananaanananana dddddd dddddddd CnHnHH / C-C and C=C

[1,1]
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Qn Marking Scheme Marks 
7di

1m for each correct structure and name
Accept also hexyl propanoate (hexanol and propanoic acid)

[3]

pentanol

pentan-2-ol

pentyl hexanoate

pentyl hexanoate

hexanoic acid

hexanol

propanoic acid

propyl hexanoate

KiasuExamPaper.com

pentanol

pentan-2-ol

pepepepepepepepepepepeeeepeepepepepepepepepepepepepeepeepeepepepeppepeepeepepeppepepepeepepeeppeepepepepeppepepepeppepepepppppepppppepppeppeppepepepepepepepepppepepppeppppepepepepppepppppepppepepepepeppeeepeeeepeppeepepppeepepeppepeeeepepeeeepepeeeepeppppeeepppeeeeeeepeeepppppepeeeeeepeeeeeeeepppppp ntntntntntntnntnnttntntntntntntntntntntnntntntnntntntntnntnntntntntnntnntnnntntnntntntntnntnnntnntntntntnttntnntntntntntnntntntntnttntnnntnntttnntntnntnnnnnntttnntnntnntntttnntntnnnntttntntntnntnttnttntntnnnnnntnttnttttntntntntntnnnntntntnntnnttttntnttnttnnntnntttntnnttntntnntnnnnntnnnnnnnnnnnnnnn ylylylyyyylylylylylylyylylylylylylylylylylylylylyylylylylyyyylylylyyyylylylylylylylylylyyylylylylylylyylylylyylyylyylylylylylylyylylylyylylyyylyyylyyyyylylylyyylllyyyllyylyllllylllylyyllllylylylllyylyylyyyllyyyylyyyllyyylyyylylylyyylylyyyyyyyyyyyyyyylyyylyyyyyyylyyyyyllllllyyyylyyyyyyyyyyy hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhexexexexexexexexexexexexexexexexexexexexexexexexexexxxxxexexexexexexexxexexexexexexexexeeexexexexxxeexxxexeeexexeeeeexexexexexeeeexeexeexeexexeeeexexexeexxexexexeeeexxxexexeeeeexxxexeexexeexeeexexxxxxexxexeeeexxexxexeexexexexxexexeeeeexexxxeeeexeexexxxeexexexeeeexxxeeeexxxxxxxxexeexxxxxxxxeeeeexxxxxxeeeexxxxxxananaananaanananananaaanaaanaaaaaaaaaaaaaaaaaaaaaaaanaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaanaannnnaaaaannnnaaa oaoaoaoaoaoatetetetetete

pentyll hhexexananoaatetep yyyyyyyyyyy

hexanol

propanoic acid
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Qn Marking Scheme Marks 
7dii Pentanol has a low boiling point of 139 °C / 119.3 °C.

The condenser helps to ensure that the volatile pentanol
condenses and falls back into the flask for reaction.

*Answer should give specific boiling point of pentanol.
Boiling points of hexanoic acid and pentyl hexanoate is not
required as these chemicals are not as volatile.

[1]

[1]

8a (i) No. moles H2SO4

= 0.15 x 2
= 0.3 mol

No. moles Na2CO3

= 26.5/106
= 0.25 mol

mol of H2SO4 : mol of Na2CO3

1                    : 1

0.3 mol acid needs 0.3 mol Na2CO3 but 
there is only 0.25mol of Na2CO3, hence Na2CO3 is the 
limiting reagent.
*Mole ratio must be shown to obtain the MP [1]

[1]

[1]

[1]

(ii) *the idea of no of mole of CO2 in R should be half of no of
mole of Na2CO3 in Q = half of no of mole of CO2 in Q ,
since volume of gas produced in R is half of Q.

*In R, no. of mol of CO2 = 0.5 x No. moles Na2CO3 in Q
produced

 = 0.125mol
Volume of CO2 for R              = 24 x 0.125

  = 3 dm3

vol. of H2SO4 = 0.125 / 1.0 
= 0.125 dm3/ 125 cm3

v: 125 cm3

*allow e.c.f from (a)(i)

[1]

[1]

[1]

8b 2.0 mol/dm3 [1]

8c Ca(NO3)2 (aq) + Na2SO4 (aq)             CaSO4 (s) + 2NaNO3 (aq) 
*allow any soluble sulfate solutions and any soluble calcium salt
solutions for the reactants,
– correct formulas and balanced chemical equation;
– correct state symbols

[1]
[1]

9Ea Cell One.
The electrodes are made up of two different substances/metals 
OR

[1]
[1]

KiasuExamPaper.com

= 0.3 mol

No. moles Na2CO3

= 26.5/106
= 0.25 mol

mol of H2SO4 : mol of Na2CO3

1              : 1

0.3 mol acid needs 0.3 mol Na2CO3 buuuuuuuuutttttt t tttttttttttt ttt 
there is only 0.25mol of Na2CO3, hence e NaNaNaNaNaNaNaNaNaNaNaNaNaNNNNaNaNaNaNNaNaNaNaNaaNaNNNaNaNaaaNaNaNaNaNNNaNaNaNNNNNaNaNNNaNaNaNaNaNaNaNaNaNaNNaNaNaNaNaNaNaNaNaNaNaNNNaaNaNNNNNaNaNaNaNaNaNaNaNNNNNaNNaNaNaNaaaNNNaaNaNaNNaNaaNaNaNNaaNNNNaaaaaaaaNaNNaNaNNNaaaNNNNNaaaaNNNNaaaNNaNNNNNaaNNNNaaaaaaaaaaaaaaaaaaaaaaNaaaaNNNaNNNaaaa222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222COCOCCOCOOCOOCOOCOOCOCOCCOOOCOCOCOCOCOCOCOCOCOCOOOOCOCCOCOCOCOCCOCOCCCCCOCCOOCOCOCOOOOCOCOCOCCOCOCOCOCCOCOCOCOCOCOCOOCOCOCOCOCOCOOOOCCCOCCOCOCCOCOCOCCOCOCOCOOCOCOCOCOOOCCOCOCOOCOCOCCOCOCOOOCCCCOOCCCCOOOCOOOOOCOOCCCOCOCOOOOOCCCOOOOOCCCCOOCCCCCOOOOOOOOOCCOOCOOOOCCOOOOOOOOOOCCOOOOOCCCOOOOCOOOCOOOOCOOOOOOOOOOOOOOCCOOOOOOOCCOOOOOOOOCOOOOCOOCOCOOCOOOCCOOOOCO33333333333333333333333333333333333333333333333333333 iiiiisisisisisisisisisisisisisisisissisisisisi thhhhhehh  
limiting reagent.
*Mole ratio must be shshshshshshshshshshshshs owowowowowowowowowowowownnn tottotototototototot oooooooooooobtain ththththththththththththhe eeeeee MP [1]

[1]

[1]

[1]

(ii) *the idea of no of fff f f fffff ffffff momomomomomommommmomomommomoleeeeeeeeee ooooooooooooooooof fffffffffffffff COCOCOCOCOCOCOCOCOCOCOCOCOCOOCCO22222222222222222 inininininiininiininininiininn R RRRRRRRRRRRRRRRR shshshshshshshshshshshshshshshshhouoooooooooooooooo lddddddddddddddddd bebebebebebebebebebebebebebebebbebe half offfffff nnnnnnnnnnnnooooo oo of
mole of NaNaNaNaNaNaNaNaNaNaNaNaNaNaaN 2222222222222CO3 ininininininininininininininin QQQQQQQQQQQQQQQQ ================ hahahahahhahhahahahahhahhh lflflflflflflflflflflflflflfflfff of fff fffffff fffffff no of momomomomomomomomomomomomomomomomoleleleleleleleleleleleleleleleeel ooooooooooooooooof fff fff ff f f ff fff COCCCCCCCCCCCCCCCC 2 in Q ,
since vollumumumumumumumumumumumumumumumuu e ofofofofofofofofofofofofoofoffoo ggggggggggas pppppppppppppppprorororororororororororororoororoodudd cececececececececececececeeceeceedddddddddddddd in RRRRRRRRRRR  isisisississsssssisssiss hhhhhhhhhhhhhhhhhalalalalalalalalalaalalalalalalala f ffffffffffffffff ofofofofofofofofofofofofofofofoff QQQQQQQQQQQQQQQQQQ.

*In R, no. of mol of CO22 == 0.0.0.5 5 x x NoN . moles Na2CO3 in Q
produced

== 0.0 125mol
Volume ofoo CCOO2 forr R R = 24 x 0.125

= 3 dm3

vovol. ooof HH2SOSO44 == 0.0.121 5 / 1.0
== 0.0.1212555 dmdm33/ / 12125 cm3

vv:: 1212555 cmcm33

*allllllllllllowowowowowowowowowowowowoww eeeeeeeeeeeee.c.f from (a)(i)

[1]

[1]

[1]

8b 2.0 mol/dm3 [1]
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Qn Marking Scheme Marks 
The electrodes are not inert.

9Eb Copper(II) ions, nitrate ions, hydrogen ions, hydroxide ions
[Must get all the name of ions correct]

[1]

9Ec At zinc electrode:   
Zn(s) Zn2+ (aq) +  2e

At copper electrode:   
Cu2+ (aq) +  2e  Cu(s)

[1]

[1]

9Edi Chlorine gas is produced at electrode Y.

Due to the higher concentration of chloride ions, chloride ions are 
preferentially discharged/discharged in preference to hydroxide 
ions.

[1]

[1]

9Edii Disagree.
The volume/number of moles of hydrogen gas produced at 
electrode X is the same as the volume of chlorine gas produced at 
electrode Y. 
Or: 
The volume/number of moles of gas produced is the same at both 
electrodes. [1]

9Ediii Oxygen gas is produced at electrode Y.

Since concentration of chloride ions has decreased, hydroxide ions
are preferentially discharged/discharged.  

[1]

[1]

9Oa C3H4 [1]

9Ob A small amount of heat energy is required to overcome 
the weak intermolecular forces of attraction. 

[1]
[1]

9Oci More energy is released in bond forming (i.e. O-H and C=O bonds) than 
absorbed for bond breaking (i.e. C- . 

* More energy is released in bond forming than absorbed for bond
breaking
* The idea that bond forming in O-H and C=O bonds and bond breaking
in C- .

[1]

[1]

KiasuExamPaper.com

9Edi Chlorine gas is produced at electrode Y.

Due to the higher concentration of chloride ions, chloride iononononononons arrrrrrreeeeeee
preferentially discharged/discharged in preference to hhhhhhhydydydydydydydrrorororororoxixixixixixixiddddededede 
ions.

[1]

[1[[[[[[ ]

9Edii Disagree.
The volume/number of moles of hydrogen ggagagagagagaagagagagagaagagagagagagagagagagaagagagagagagaaagaagagaagagagagaagaaagagaaaagagagagaaagagagagagagaagagagagagaagaaggagaggggagagagaggagaagggaagaagagagaggagaggagggaaggaggggagaggagaaaaaagggaagaaaaggaaaaaaggaaaaggg sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss prprppprprprprprprprprprprprprprpprprprprprprprpppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp ododoodoododooodoooodooooo uceddddddd aaaaaaat 
electrode X is the same as the volume of chlhllllllloooororororrrorororororrrrorororrrororororrrororororrorororrrrorororrroooroooorrrorooooooooorrrrrororooorrrororrorooooorrroooorroroooororooooooooooororooooooooorooooooooooooooo innininnnnniininininininininnninnnininininnininininininininininininiinininiiiiiniiininiiiiiininiininnininiinninnninninnnnnnnnnnninnnnnnnninnnnnnnnnnninnnnnnnninnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnininneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeee eeeeeeeeeeeee eeeeeee eeeeeee e eeeeeeeeeee eeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeee gagagagagagagagagagaagaaaaagagagagagagagagagagaagaagaagagaaagagagagagagagagagagaagagagagagagaagagaggagaaagagaagagagaggagagaaaagagaagagagaagagagagagaagagggagggaaagaagaggggggagaggagagaaaaagaagaggagagaggagaggaggggggagaagaagaaaaagagagaggaaaaaaggaggagaaaaggggaaaaaaaggaaagaggaagaggagagaggggagagagaggggggggaaaggaaaaaaaaaaaaaagggggggg sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss ppppprppprprprprprprprpppppprprppppprprpppppppppprpppppppppppprprppprppppprprppppppprpprppppppprpppppppppppprpppppppppppppppppppppppppppprppppppppppppppppppppppppppppp odododododododoooooooooo uced attttttt 
electrode Y. 
Or:
The volume/number of moles of gas produced is the samememememememe aaat boooooooththththththth 
electrodes. [1]

9Ediii Oxygen gas is produced at eelelecttrorr ded  Y.

Since concentration of chlorididee ioioonsn hahass dedeecrcreaeases d, hydroxide ions
are preferentially discharged/d/didischahargrgedede ..  

[1]

[1]

9Oa C3H4 [1]

9Ob A small ammouo ntntt oof f heatat eenenergrgy y isiss rrequired to overcome 
the weak inintetermr olececulularar ffoorcececess of attraction. 

[1]
[1]

9Oci More enenerergygyg iis s reeleeasaseded in bond forming (i.e. O-H and C=O bonds) than 
absorbrbr edede  fofor r r boondndn bbreaking (i.e. C- . 

* More enenenenenenenenenenenennerererererererererererererggggygg  is released in bond forming than absorbed for bond
breaking
* The idea that bond forming in O-H and C=O bonds and bond breaking

[1]

[1]
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Qn Marking Scheme Marks 
9Ocii

correct reaction pathway for exothermic reaction
correct labelling of activation energy, Ea

correct labelling of enthalpy change for reaction, H

[1]
[1]
[1]

9Ociii No. of mol. of C2H2 = 41.7 mol

Energy released = 41.7 mol x 1410 kJ = 58797 kJ

[1]

[1]

C2H2+ 21/2O2

activation energy (E
a
)

H

H2O+2CO2

En
er

gy
 

Progress of reaction
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Qn Marking Scheme Marks
9Ocii

correrectct rreacttioion n papaththwaway y for exothermic reaction
correct laabebelllliningg ofof aactc ivation energy, Ea

ccororrerectct llababelellilingng oof enthalpy change for reaction, H

[1]
[1]
[1]

9Ociii No. of molol. ofof CC22HH2 = 41.7 mol

Energy released = 41.7 mol x 1410 kJ = 58797 kJ

[1]

[1]

CC2H2+ 21/2O2

activaaaaaatitititititititititttttttititititttttttitttttttittittitititttitttttittittttitttittttttttttittiitititiititiitiiiiiiiiiiiiiiiiiiiiiiiiiiiononononononononononooonoonononononononononononnnnonoonoononooooononnonononoooooooooonoononononoonooonnnnonoooooooonononnnonooooonnnoonnnonnnoooonnnnnonnononoonnnnoonnnnnnnooooonnnoooonoooooooononoooooononoonoooonoonnnoononnnonnnnn eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnennnnnnenenenennnnennnnnnnnnnennnnnennnnnnnnnnneennnnnnnnnneneneennnnnnnneneeennenenenennnnnneennnnneeeennnnnnnnnnnnnennneeeenneneennnnnnnneeneeeerrrrrgrrrrrr yy y ((((((EE
a
))

HH

H2 +2COCO+ 2

En
er

gy
 

Progress of reaction
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3

1 A sample of solid X was heated until it was 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 only are correct. 
B I and III only are correct. 
C II and III only are correct. 
D II and IV only are correct. 

2 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 gas
B Carbon Monoxide Nitrogen gas
C Oxygen gas  Neon
D Fluorine gas  Argon 

Te
m

pe
ra

tu
re

 (
C

)
P

Q R

S

Time (minutes)
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4

3 The figure below shows excess copper(II) oxide powder after it has dissolved in 
dilute sulfuric acid. Starting from the beaker, which is the correct set of steps to 
obtain copper(II) sulfate crystals?

   

Step P Step Q Step R
A filtration evaporation cooling
B cooling filtration evaporation
C evaporation cooling filtration
D filtration cooling evaporation

4 The diagram below shows the experimental set-up for fractional distillation of 
petroleum. However, there is an error in the set-up.

  
What is the error?

A The thermometer should be placed at the junction of the glass tube.
B The test-tube should be placed higher up from the cold water.
C The glass wool should be placed above the petroleum.   
D The stopper should be removed to prevent pressure from building up. 

5 Which of the following statements concerning molecules is not correct?

A A molecule can be attracted to another separate molecule with intermolecular 
forces.   

B A molecule always contains two or more atoms from different elements. 
C The atoms in a molecule achieve stable valence electron configurations by 

sharing of electrons.  
D Molecules by themselves do not conduct electricity. 

copper(II) oxide
powder

Step P Step Q   Step R

          Petroleum
             
         Glass wool

Heat                  Cold water 

Thermometer

Glass tube

Test tube

Stopper

[Turn over
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5

6 When magnesium reacts with oxygen to form magnesium oxide, which of the 
following is not true?

A A magnesium atom loses two electrons.     
B An oxygen atom gains one electron.  
C Forces of attraction between ions of magnesium and oxygen are strong. 
D The chemical formula of the compound is MgO. 

  
7 The figure shows the electron arrangement of a molecule of compound XY2. (Only 

the valence electrons are shown).

                        Y                           X                          Y

                                                                                                                                        

What are the possible identities of X and Y? 

X Y
A carbon chlorine
B carbon oxygen 
C carbon hydrogen
D oxygen carbon

8 Chlorine and oxygen react to form a compound. The compound formed
   

A has the formula OCl2.  
B will be able to conduct electricity by itself.
C is insoluble in organic solvent.   
D has a high melting point.

9 A hydrocarbon compound contains 86% carbon and 14% hydrogen by mass. The 
likely molecular formula is

        
A CH4  
B C4H8
C C6H6   
D C8H18  
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10 If x electrons are needed to deposit 108 g of silver from a solution containing silver 
ions, how many electrons are needed to deposit 27 g of aluminium from a solution 
containing aluminium ions? 

A  x
B 2x
C 3x
D 4x

11 Dilute sulfuric acid was added to aqueous barium hydroxide until the acid was in 
excess. Which graph best represents the variation in the total number of ions in 
solution?

A               B         C             D

12 The diagram below is a set-up used to obtain carbon monoxide.

What is the main purpose of the charcoal?

A To remove the oxygen present 
B To remove the excess acid
C To reduce the carbon dioxide present
D To remove moisture from the carbon monoxide

KiasuExamPaper.com
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excess 
aqueous 
ammonia

13 Substance X is mixed with ammonium chloride and heated. The equation below
represents part of the reaction. 

X +   ammonium chloride   ammonia gas

Substance X could be:
          

A sodium metal.   
B zinc carbonate.  
C calcium hydroxide.   
D sulfuric acid.  

14 The best substance that can be used to differentiate hydrochloric acid and nitric acid 
solutions is

A zinc metal.    
B barium nitrate solution.
C silver nitrate solution.    
D sodium carbonate solution.

15 The diagram below shows a series of tests starting with substance P. 

  
Which of the following statements is true? 

           
A P can react directly with dilute sulfuric acid to give R.  
B Q reacts with acids to liberate hydrogen gas. 
C Substance R is also green in colour  
D R forms a green precipitate with aqueous sodium hydroxide.  

16  The equation shows the reaction between copper(II) oxide and carbon.

2 CuO (s)  + C (s) 2 Cu (s)  +  CO2 (g)

What is the function of the copper(II) oxide in the reaction? 

A catalyst   
B oxidising agent
C reducing agent     
D dehydrating agent

Green 
powder P heat

Black powder Q
+

carbon dioxide

sulfuric acid

Dark blue 
solution Substance R
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17 Small portions of aqueous potassium iodide and acidified potassium manganate(VII)
solution were added to four solutions. The colour changes are seen as shown in the 
table. 

solution potassium 
iodide

potassium manganate 
(VII)

1 colourless to brown purple to colourless
2 colourless to brown no change
3 no change purple to colourless
4 no change no change

  
Which solution/s contain/s an oxidising agent only? 

A 1  
B 2 
C 2 and 4   
D 1 and 3

18  Chromatography was used to identify four substances. The solvent used for one of 
the chromatography was water while the other was ethanol. Which substances are 
the same?

  
A P and Q  
B Q and X
C Q, R and X   
D P, Q and X

  
19     A   +   B     C    +    D

The equation above represents a certain type of chemical reaction.  Which of the 
following is true regarding this reaction? 

A The reaction produces heat and light when C and D are formed. 
B As C and D are formed, they will react to produce A and B. 
C A and B require a large amount of activation energy to produce C and D. 
D The rate of reaction to give C and D will be very slow.

P      Q      R     X P     Q     R     X
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20 To reduce the effect of acid rain, the best way is to

A introduce more ammonia into the atmosphere.
B ensure all power stations using fossil fuels adopt flue gas desulfurisation. 
C stop using fossil fuels.
D enforce a total ban coal-firing power stations.

21 The diagram shows the structure of a synthetic polymer P. 

Which of the following air pollutants could be released when polymer P is burnt in 
air? 

A sulfur dioxide   
B soot particles and methane
C nitrogen dioxide and carbon monoxide    
D carbon monoxide, oxygen and hydrogen gas

22 Going down Group I from lithium to caesium, 

A the reactivity decreases.   
B the number of electron shells increases.  
C the number of valence electrons increases.   
D the melting point increases.  

23 The table below represents 8 elements P, Q, R, S, T, U, V and W across Period 2 of 
the Periodic Table.  

P Q R S T U V W 

Which of the following is correct? 
  
A The chloride of T has a high melting point whereas the chloride of P has a low 

melting point.  
B The oxide of S is alkaline whereas the oxide of Q is acidic.  
C P and Q are metals whereas V and W are non-metals.  
D Element W forms the most stable compounds.   

24 In the fractional distillation of crude oil, bitumen is collected at the bottom of the 
fractionating column.  This is because

A it is the first substance to condense from a gas to a liquid in the column.  
B it was never vaporized in the heating chamber.
C bitumen is a substance that has little or no commercial value.
D bitumen is not flammable.
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25 Steel is harder than iron because steel has

A larger atoms.  
B atoms that are more closely arranged. 
C atoms of different sizes. 
D stronger bonds between the atoms.

26  Three metallic oxide powders containing metals R, S and T are heated strongly in a 
hard glass tube as shown below. At the same time carbon monoxide gas is directed 
through the tube.  

Oxide of R reacts slowly, oxide of T glows strongly while oxide of S does not undergo 
any changes.

Based on these observations, arrange R, S, T and carbon in descending order of 
reactivity (most reactive first) is

A R, S, T, carbon
B T, R, carbon, S
C S, carbon, R, T  
D T, carbon, R, S  

27 The table below shows an experimental set-up.

Which of the following correctly describes the experimental setup? 

A If a wire is connected between the magnesium and zinc rods, electrons will 
flow from zinc to magnesium. 

B Bubbles of a colourless gas will appear next to the magnesium rod. 
C The concentration of the zinc ions in the solution will increase. 
D Greyish deposits can be immediately observed at the zinc rod.

zinc rod magnesium rod

solution containing zinc sulfate

carbon 
monoxide gas    

oxide of R oxide of S oxide of T
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28 The diagram shows different energy paths, P and Q, and energy levels for a reaction 
represented by the following equation : 

                               W   +   X

Which of the following conclusions can be made based on the diagram?

A the temperature of the surrounding increases when Y and Z are formed  
B enthalpy change of the reaction equals (R – S) kJ/mol  
C more products Y and Z are formed through path Q than through path P
D the pathway Q is achieved by using a catalyst

29 Hydrogen reacts with oxygen forming water according to the equation : 
                        

 2H2 + O2 2H2O 

Using the bond energies given below, calculate H of the reaction. 

  
The enthalpy change for the reaction is:

A –440 kJ/mol   
B +90 kJ/mol  
C –350 kJ/mol    
D –90 kJ/mol

Chemical Bond Bond Energy, kJ/mol
O – H 110
O = O 142
H - H 104

P

Q
P

Y + ZP P

S kJ
R kJ

W + X

Energy

Progress of reaction
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             P                                         Q 

                                                        dilute sulfuric acid

30 The figure below shows the set-up of an electrolytic process.

  
What is the half-equation for the reaction at the anode?

A 4OH– (aq)   O2 (g)   +   2 H2O (l)   + 4e
B 2 H+ (aq)   +   2e   H2 (g)  
C Cu2+ (aq) +   2e    Cu (s)  
D Cu (s)   Cu2+ (aq)   +   2e   

31  The diagram below shows a simple electrochemical cell.

Which of the following electrodes will give the smallest potential difference (voltage)
for this electric cell?   

P Q
A magnesium copper
B zinc silver
C zinc copper
D lead silver

                                 

                            

copper
electrode

     carbon 
     electrode

     dilute copper(II)
     sulfate solution

+ -
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32  When concentrated sodium chloride solution is electrolysed, gas X is formed at 

the anode followed by gas Y. Identify gas X and gas Y. 

gas X gas Y
A chlorine oxygen
B oxygen chlorine
C hydrogen oxygen
D oxygen hydrogen

33 Which statement about the characteristic of catalysts is not true? 

A Catalysts increase the rate of a reaction.  
B The effect of catalysts depends on the amount of the catalyst used. 
C The mass of catalysts does not change after a reaction.  
D Catalysts increase the final amount of products of a reaction. 

34 The rate of reaction increases as the temperature increases. Which of the following 
statements provides the best explanation for this?

A At lower temperatures, the proportion of particles having sufficient energy to 
react is greater.  

B At higher temperatures the particles move faster and collide less often.
C Increasing the temperature increases the number of moving particles, so they 

collide more often.  
D Increasing the temperature allows more particles to possess the minimum 

activation energy required when they collide.

35 The graph below shows the rate of decomposition of potassium chromate(V) to
release oxygen gas using copper (II) oxide as a catalyst.  There were three 
experiments conducted (I, II and III). 

Volume of 
  oxygen
  released 
  (cm3)

          Time (min)

I adding copper(II) oxide powder to 10 cm3 of 2.0 mol/dm3 potassium 
chromate(V) solution 

II adding copper(II) oxide pieces to 20 cm3 of 1.0 mol/dm3 potassium 
chromate(V) solution

III adding copper(II) oxide powder to 20 cm3 of 2.0 mol/dm3 potassium 
chromate(V) solution

     

X

Y

Z
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Which of the curves, X, Y, Z in the graph are associated with experiments I, II 
and III?

I II III
A X Z Y
B X Y Z
C Y Z X
D Z Y X

36 A neutral organic liquid is burnt in air completely, producing carbon dioxide and 
water.  Which of the following is most likely to be that liquid?

37  The diagram below shows the apparatus set-up used to produce gas Z.

Which of the following is a property of the gas Z? 

A reacts with ethanol to form an ester   
B soluble in water
C forms white precipitate with limewater 
D  decolourises bromine water

38 What is the formula of the ester formed when propanoic acid reacts with ethanol?

A CH3CO2C3H7  
B C2H5CO2C2H5
C C4H9COOH  
D  C5H9OH 

Gas Z
glass wool moistened 
with decane (C10H22) ceramic catalyst

heat water
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39 A polymer formed by addition polymerisation has the following structure:

What is the structure of the monomer?  

40  The following are monomers of a few compounds. Which of them can be used to 
produce a polymer via condensation polymerisation?

A I and III only  
B II and IV only 
C I, II and IV only 
D II, III and IV only 

End of Paper
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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 Magnesium is best known for burning with a characteristic brilliant white light. The metal 
itself was first produced by Sir Humphry Davy in 1808 by the electrolysis of a molten 
mixture of magnesia (MgO) and mercury oxide. Mercury oxide was added as an impurity 
to lower the melting point of magnesia, and inert electrodes were used during the 
electrolysis.

(a) (i) Davy obtained magnesium at the cathode. 
Write an ionic equation to show how magnesium was formed at the cathode.
Suggest a reason why the magnesium was obtained as a mixture at the cathode. 

ionic equation …………………………………………….

reason ……………………………………………………………………………
[2]

(ii) What product did Davy obtain at the anode?
Write an ionic equation for the reaction at the anode.

product …………………………………………….

ionic equation ……………………………………………………………………
[2]

(b) Table 1.2 below lists the natural abundances for the three stable isotopes of magnesium.

Table 1.2

isotope 24Mg 25Mg 26Mg

natural 
abundance (%) 78.99 10.00

(i) Calculate and complete Table 1.2 with the natural abundance of 26Mg. [1]

(ii) Using the values in the Table 1.2, calculate the average relative mass for
an atom of magnesium. Leave your answer in 3 significant figures.

            [2]
[Total 7 marks]
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A2 X, Y and Z are organic compounds from three homologous series.

X can be converted to Y by oxidation.
Z and water are produced when X and Y react together.
Z is an isomer of ethanoic acid. 

(a) Using the information provided, complete the boxes by drawing the structures of X, Y
and Z.           [3]

(b) Suggest a reagent in the laboratory that can be used to convert compound X to
compound Y.

 …………………………………………………………………………………………………….. 
            [1]

(c) Draw a ‘dot-and-cross’ diagram for compound X. Show the outer shell electrons only.
    

            [2]

        Mr of compound X = 32 

        Mr of compound Y = 46 
        Mr of compound Z = 60 
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(d) The reaction mole ratio for X : Y : Z = 1 : 1 : 1.

Calculate the mass of Z produced when 100 kg of X reacts with 100 kg of Y.

[3]
[Total 9 marks]

A3  
(a) A reactivity series can be established by measuring the voltage of simple cells.

The diagram shows a simple cell.

Results from cells using the metals tin, cadmium, zinc and copper are given in the table.

cell electrode 1
( ) 

electrode 2
(+) 

voltage / volts

1 cadmium copper 0.74
2 tin copper 0.48
3 zinc copper 1.10
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(i) What is a simple cell?

……………………………………………………………………………………………... 

…………………………………………………………………………………………….. 
[2] 

(ii) Place the four metals in order of increasing reactivity and explain how you used
the data in the table to arrive at this order.

least reactive …………………………………………. 

…………………………………………. 

…………………………………………. 

most reactive …………………………………………. 

……………………………………………………………………………………………... 

…………………………………………………………………………………………….. 

……………………………………………………………………………………………... 

…………………………………………………………………………………………….. 
[3] 

(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 marks]
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A4 One of the main stages in the manufacture of sulfuric acid is the reaction between 

sulfur dioxide and oxygen to produce sulfur trioxide, SO3. The reaction is reversible.

(a) Write a balanced chemical equation for this reaction.

 …………………………………………………………………………………………………….. 
            [2]

(b) The percentage yield of sulfur trioxide against temperature is shown in Graph 4.1.
Graph 4.1

(i) Using information from the graph, describe how the percentage yield of sulfur 
  trioxide changes with temperature.

  ……………………………………………………………………………………………... 

  …………………………………………………………………………………………….. 
            [1]

(ii) Using ideas about collisions between particles, explain how the rate of sulfur 
  trioxide production changes with temperature. 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………...
            [3] 

Percen
tage yi

eld of s
ulfur tr

ioxide 
(%) 

Temperature ( C) 
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 (c) The enthalpy change of reaction ( H) for the conversion of sulfur dioxide to sulfur 

trioxide is ‘ 196 kJ / mol’.

(i) Use ideas about breaking and forming bonds to explain why the value is 
  negative. 

……………………………………………………………………………………………... 
   

……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 
            [3] 

(ii) Draw the energy profile diagram for this reaction, clearly indicating the formulae
  of the reactants and products, and the enthalpy change and activation energy in 
  your diagram.

             
            [3]

[Total 12 marks]

Energy
 

Progress of reaction 
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A5 Graph 5.1 shows the solubility of sodium carbonate and sodium chloride in water at 

different temperatures.
Graph 5.1

The table gives the solubility data of sodium bromate in water at different temperatures.

Temperature
( C) 0 10 20 30 40 50 60

Solubility
(g per 100g of 

water)
25 29 35 41 48 55 64

  

sodium carbonate sodium chloride 

Solubil
ity (g p

er 100g
 of wat

er) 

Temperature ( C) 
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(a) Use the information from the graph and the table to answer the following questions.

(i) Determine the order of solubility of the three sodium compounds in water at
temperatures below 20 C.

most soluble …...................................................................

………………………………………………….. 

least soluble …………………………………………………..  [1]

(ii) A student makes a comment about the solubilities.
‘Between room temperature and 60 C, the solubility of all three sodium
compounds increases with temperature.’ Explain whether the student is correct.

…………………………………………………………………………………………... 

……………………………………………………………………………………………... 

……………………………………………………………………………………………... 
[2] 

(b) Aqueous sodium carbonate and aqueous sodium chloride are both colourless solutions.
An unlabelled bottle of a colourless solution has been found. You are told that the
bottle contains either sodium carbonate or sodium chloride.

Describe a chemical test you can perform to identify the contents of the bottle, stating
clearly the reagent(s) used and giving an equation for any reaction that occurs.

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 
[3]

[Total 6 marks]
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A6 Oxides of nitrogen in the upper atmosphere cause damage to the ozone layer.

Nitrogen monoxide, NO, damages the ozone layer by reacting with ozone in a two-step 
reaction.

NO   +   O3   NO2 +  O2 step 1
NO2 +   O3 NO   +   2O2  step 2

(a) Use oxidation states to identify which element is oxidised in step 1.

element   ………………………………………….

change in oxidation state …………………………………………. [2] 

(b) One nitrogen monoxide molecule can destroy thousands of ozone molecules.
Use the equations for steps 1 and 2 to explain why.

…………………………………………………………………………………………….............. 

……………………………………………………………………………………………..............

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 
[2]

(c) Using the equations for steps 1 and 2, derive the equation for the overall reaction.

…………………………………………………………………………………………….............. 
[1] 

(d) Oxides of nitrogen are removed from car exhaust emissions by catalytic converters.
In a converter, the oxides of nitrogen react with carbon monoxide.
Nitrogen and carbon dioxide are produced and released into the atmosphere.

Suggest two potential environmental hazards that may arise from the car exhaust
emissions, should the catalytic converters fail to work.

……………………………………………………………………………………………..............

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 

…………………………………………………………………………………………….............. 
[2]

[Total 7 marks]
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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.

B7 Ionisation energy is the amount of energy needed to remove an electron from an atom or 
ion. It is usually measured in kilojoules (kJ). The closer the electron to be removed is to 
the nucleus, the higher the ionisation energy.

The ionisation energies for sodium are listed in Table 7.1.

Table 7.1

Ionisation energy number Energy needed (kJ)

1st 495.8

2nd 4562

3rd 6910.3

4th 9543

5th 13354

6th 16613

7th 20117 

8th 25496

9th 28932

10th 141362

11th 159075

Source: https://www.webelements.com/sodium/atoms.html

Typically, the nth ionisation of an atom or ion (X) can be expressed as:

Xn-1 Xn+   + e
where e represents electron removed

Thus for the 1st ionisation of sodium:
Na   Na+ + e energy needed = 495.8 kJ

 2nd ionisation of sodium:
Na+ Na2+ + e energy needed = 4562 kJ

 3rd ionisation of sodium: 
Na2+ Na3+ + e energy needed = 6910.3 kJ
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(a) The electronic configuration for a sodium atom may be written as 2,8,1.

  State, in a similar way, the electronic configuration for a 
  

Na+ ion ………………………………….. 

Na2+ ion …………………………………..    [1] 

(b) Based on your understanding of ionisation energy and electronic configurations, suggest 
why the value for the 2nd ionisation energy of sodium is much higher than the 1st. 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ………………………………………………………………………………………………………
            [2] 

(c) (i) Write an expression for the 10th ionisation of sodium, in a manner similar to the
  first three ionisations of sodium as shown in the given data. 

  ……………………………………………………………………………………………... 
            [1]

(ii) By considering the location of the electron to be removed, explain why the
  value for the 10th ionisation energy for sodium is much higher than the 2nd to 9th

  ionisation energies. 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 
            [2]
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Table 6.2 lists the 1st ionisation energy (in kJ) for the first twenty elements in the Periodic Table.

Table 6.2

H 
1312

He
2372

Li
520

Be
900

B 
801

C 
1087

N 
1402

O 
1314

F 
1681

Ne
2081

Na
496

Mg
738

Al
578

Si
787

P
1012

S
1000

Cl
1251

Ar
1521

K 
419

Ca
590

Source: http://www.sciencegeek.net/tables/IonisationNRG.pdf  

(d) Describe the trends in the 1st ionisation energy across a period and down a group in 
the Periodic Table.

(i) Across a period:

  ……………………………………………………………………………………………... 

(ii) Down a group:

  ……………………………………………………………………………………………... 
            [2]

(e) Explain why the 1st ionisation energy is generally higher for non-metals than metals.

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 

 ……………………………………………………………………………………………………… 
            [2]

[10 marks]
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B8 Aspirin is a medicine that is used as a painkiller. It is made from salicylic acid.
(a) A student makes a sample of aspirin. He thinks it contains some impurities.

(i) The student tests the melting point of his sample of aspirin.

  Explain how he can use the result of the test to find out whether his sample 
  contains impurities.

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………...
            [2]

(ii) The student uses chromatography to produce a chromatogram.
  He uses his own aspirin and pure samples of aspirin and salicylic acid.
  The diagram shows his chromatogram.

   
  Is the student’s sample of aspirin pure? Explain your answer.
  
  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 
            [2] 

  

student’s sample aspirin salicylic acid 
start line 

solvent front 
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(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 8.1

Substance aspirin salicylic acid

Rf values 0.56 0.654

Using the Rf values provided in Table 8.1, calculate the distance travelled by 
aspirin. 

[1]

(b) The student tests some aspirin tablets bought from a store.
He 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 8.2 shows the results of the student’s titration.

Table 8.2

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)

[3]

COOH 
COOH COONa 
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(ii) Some tablets that contain aspirin also contain citric acid.

  The student does another titration using one of these tablets.
  Explain why the mass of aspirin he calculates from his titration results is 
  incorrect. 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 
            [2]

[10 marks]
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EITHER 
B9 A student carried out some experiments to place four metals, V, W, Y and Z in order of 

reactivity. 
Table 9.1 shows the results.
Key shows a reaction happened

  shows no reaction happened
  shows the experiment was not performed

Table 9.1

metal V metal W metal Y metal Z

solution of V nitrate

solution of W nitrate

solution of Y nitrate

solution of Z nitrate

(a) Place the metals in order of reactivity, starting with the most reactive.

 ……………………………………………………………………………………………………… 
            [2]

(b) Metal Z reacts with nitric acid.
What would you see when metal Z reacts with nitric acid?
Explain your reasoning.

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

            [2]

(c) The student carried out further experiments to place metal N in the list.
She used dilute nitric acid and samples of the metals.
She found out that metal N is the second most reactive metal.
Describe the experiments that the student carried out. Your answer should include

the experiments that she carried out using dilute nitric acid and the samples of the 
metals,
the measurements that she made,
how the results showed that metal N is the second most reactive metal.

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 
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 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 
            [3]

(d) The five metals, V, W, Y, Z and N are extracted from their ores in three different ways. 
Two of the metals are extracted from their ores by electrolysis.
Two of the metals are extracted by heating their ores with carbon.
One of the metals occurs uncombined.

 (i) Suggest which metal occurs uncombined. Explain your answer. 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 

 ……………………………………………………………………………………………............ 
            [2]

(ii) Suggest the name of metal Z. ……………………………………………….. 
            [1]

[10 marks]
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B9 Polystyrene and Kevlar are examples of useful synthetic polymers.

Polystyrene is an addition polymer used as a foam material. 

Kevlar is a condensation polymer used to make bullet proof vests.

(a) Describe the differences between addition polymers and condensation polymers.

……………………………………………………………………………………………............ 

……………………………………………………………………………………………............ 

……………………………………………………………………………………………............ 

……………………………………………………………………………………………............

……………………………………………………………………………………………............ 

……………………………………………………………………………………………............ 

……………………………………………………………………………………………............ 
[3]

(b) Diagram 9.1 shows the repeating unit of Kevlar.

Diagram 9.1

Source: http://web.mit.edu/3.082/www/team2_f01/chemistry.html  

(i) Draw the structures of the two monomers that react to form Kevlar.

monomer 1

monomer 2

[2]
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(ii) During the manufacturing process, the chain length of Kevlar is controlled so that 

the Kevlar polymer molecules have an average relative molecular mass in the 
range of 12 000 to 20 000.

  Each   (known as a benzene ring) is made up of 6 carbon atoms and
  6 hydrogen atoms.
   

What is the range of the average number of repeating units in the Kevlar molecules? 
Show your working.

            [2]

(c) Proteins are also condensation polymers.
Diagram 9.2 shows the structure of a protein, which is made from two monomers.

Diagram 9.2

 
 (i) Draw the structure for one of the monomers of the protein in diagram 9.2.

            [1]
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(ii) Give one similarity and one difference between the structures of Kevlar (diagram 

  9.1) and protein (diagram 9.2).

  one similarity …………..………………………………………………………………….

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 
  

  one difference …………………………………………………………………………….

  ……………………………………………………………………………………………... 

  ……………………………………………………………………………………………... 
            [2]

[10 marks]

******************** End of Paper ********************
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Answers and Marking Scheme Preliminary Examination 2017 Secondary 4 Express / 5073 Chemistry (SPA) / Paper 2 (as at 17 Aug) 
A1 (a)(i) Mg2+ +  2e    Mg [1]       Mercury was obtained with the magnesium [1] 

(ii) oxygen [1] 
2O2-    O2  +  4e [1] 

(b) (i) 11.01% (exact) or 11.0% (to 3 s.f.) [1] 
(ii) ( . × ) ( . × ) ( . × )  24.3 (to 3 s.f.) 

Award 1m for correct method. 
Award 1m for answer correctly left in 3 s.f. [2] 

[7 marks] 
A2 (a) Structural formula forcompound X (methanol) compound Y (methanoic acid)

compound Z (methyl methanoate) 

Award 1m for each correct structural formula drawn.  
Naming of compound X, Y and Z is not required. [3] (b) Award 1m for any oxidising agent found in chemistry lab.

E.g. acidified potassium manganate(VII) / acidified potassium dichromate (VI) /
hydrogen peroxide [1] 

KiasuExamPaper.com

(ii) ( . × ) ( . × ) ( . × )
24.3 (to 3 s.f.)

ward 1m for correct method.
ward 1m for answer correctly left in 3 s.f. [2]

[) Structural formula forcompound X (methanol) compouuuundndndndndndndndndndndndndnndndndndnnndndnddnnndndndndnddnndnnnnnn  Y (mmetethhanooicc aacid)

compoundnd ZZ (m(metethyhyll methanoate)

ward 1m for each correct structural formula drawn. 
aming of compound X,XX Y and Z is not required. [3]



A2 (c) ‘Dot-and-cross’ diagram for X: [2] 

Award 1m for correct pairs of shared electrons. 
Award 1m for octet for O atom.  (d) 100 kg of X = 3.125  103 moles 100 kg of Y = 2.174  103 moles Limiting reagent is Y (or that X is in excess) Mass of Z produced = ( 2.174  103 )  60  =  130 kg (to 3 s.f.) 
Award 1m for calculating number of moles in 100 kg of X or Y. 
Award 1m for correctly identified which reagent (X or Y) is in excess / is the limiting reagent. 
Award 1m for final answer.        [3] 

[9 marks] 
A3 (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] (ii) Cu Sn Cd Zn (i.e. all 4 in correct order) [1] relates order to voltage [1] one relevant comment from: [1] higher reactivity metals form the negative electrode or pole / copper is least reactive because it is the positive electrode or pole in all the cells / the bigger the difference in reactivity, the bigger the voltage / zinc has highest voltage because it is most reactive / more reactive metals give higher voltage (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). [4] 

[9 marks] 
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ward 1m for correct pairs of shared electrons. ss
ward 1m for octet for O atom.) 100 kg of X = 3.125 103 moles100 kg of Y = 2.174 103 molesLimiting reagent is Y (or that X is in excess)Mass of Z produced = ( 2.174 103 ) 60 =  130 kg (t(t(t(t(t(t(tt(tttt(( ooo o oooooo oo oooooooooo oooooooooooooo o oooooooooooooooooo o ooooooooooo oooooooo 33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333 ss.s.s.s.s.ss.sss.sssss.sss.s.ss.s.ss.s.ss.s.s.ss.s.s.s.ss.s.s.sss.s.s.s.ssssss.sssssssssss...ssssssssssssssss ffffff.fffffffffff.f.ffffffff.ff.fffff.f.f.ffffffffffff.ff.f.ffffffffff.ffffff.ffffffffffffffffffffffffff.f.ff.f.f )))))))))))))))))))))))))))))))))))))))
ward 1m for calculating number of moles in 100 kgkgkgkgkgkgkgkgkgkgkgkkkkkkkkkgkgkkkkkkggg oooooooooooooooooooooooooof ffffffffffffff XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX orroororoororororororooroooroororrrrooroororrrorrorrrorrororrroorrrrorrorrrorororororroororororrorrroorrororrororrooroororroooorooororooooooroorrroooooroororrrrooorroorr  YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY. YYYYYYYY
ward 1m for correctly identified which reaggagaggagagagaggaggagagagaggggaggagagagagagagagagagagagga eneeeeeeeeeeeeeeeeeee t (X(( orororoooroorooroooroooroooorrrr YYYYYYYYYYYYYYYYYYYYYYYYY))))))))))))))))))))))) is iiiiiiiiiiiiiiiiinnnnnnnnnnnnn nnnnnnnnnnn exexexexexexeeexeexexexexexexexexexexexeeeexexexexexexexexeeeexexeexexexxeexexexxxexxxexeeexexxxexxexxeeexexxexexeexxeeeexexexexeeexexxxeexeeeexxxexxxexxxxxxxxxxexeexxxxxxxxxxxxxxexxxxxcececececececececcecececccccecececececcccecececccececeeceess / iiiiiiiiiiiiisssss sssssssss ththhhhthththhhhhhe limimimimimimimimimimimmiimmititititititititititiititingngnngngngngnngngnnnn  reagent.YYYYYYYYYYYYYYYYYY
ward 1m for final answer.        [3]

[

device whichh changes chemical ennere gyy [1[1]] inintoto eelectrical energy; [1]ORproduces a voltage / potential ddififfefererencce e / / electricity [1] due to difference in reactivmem tals; [1]ORproduces a vololtatageg  / ppototenentitialal ddifference / electricity [1] by redox reactions [1]) Cu Sn Cd ZZn n (i(i.ee.. alalll 4 4 inin ccorrect order) [1]relates ordederr toto vvololtatage [1]one relevantt ccomomment from: [1]higher reactivity metals form the negative electrode or pole / copper is least reactivit is the positive electrode or pole in all the cells / the bigger the difference in reactiv



A4 (a) 2SO2  +  O2     2SO3 [2] 
Award 1m for all correct symbols and balanced equation.
Award 1m for the ‘ ’ reversible arrow.(b) (i) Percentage yield decreases as temperature increases.  [1] 

Accept any answers to the same effect. (ii) Reacting particles have more energy and move faster /More reacting particles have energy to overcome the activation energy [1]Particles collide more frequently / Frequency of collision increases [1]Rate of reaction increases / Reaction goes faster [1] [3] (c) (i) Energy absorbed in breaking bonds is less than [1[ the energy released [1] in forming  bonds. Hence the reaction is exothermic. [1]    [3] (ii)

  [3] 
Award 1m for correct energy profile diagram. 
Allow for ECF from (c)(i). 
In event ‘endothermic’ reaction is stated in (c)(i), the profile for (ii) must match. 
Award 1m for correctly labelling enthalpy change or H (including  arrow) and activation energy 
(including  arrow). 
Award 1m for correctly labelling reactants and products. 

[12 marks] 
A5 (a) (i) (most) sodium chloride, sodium bromate, sodium carbonate (least) [1](ii) Student is partially correct / incorrect (no mark)While the solubility of sodium chloride and bromate increases [1], the solubility of sodium carbonate decreases after 40 C [1] [2] (b) Method 1:Add dilute hydrochloric acid (or any named acid) to a sample of the contents in the bottle.[1] If effervescence observed, the bottle contains sodium carbonate. If no effervescence observed, the bottle contains sodium chloride. [1] Na2CO3 + 2HCl  2NaCl + CO2 + H2O [1] Method 2: Add acidified silver nitrate to a sample of the contents in the bottle. [1] If a white precipitate is seen, the bottle contains sodium chloride.  [1] If no precipitate is seen, the bottle contains sodium carbonate. AgNO3 + NaCl  AgCl + NaNO3 [1] 

Note:  Use of silver nitrate solution is not accepted as silver carbonate (also a white  
precipitate) will be produced with sodium carbonate solution. 

 [6 marks] 

En
er

gy

Progress of reaction 

2SO2 + O2  

SO3  

activation energy 

H =  196 kJ/mol 
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  [3]
ward 1m for correct enerrrrrrrrrrrrrrrrrrrrrrrgygggygggygggyggyggggggggygggygygggg ppppppppppppppprororooororoorororororororooooooooooooofifififififffiffififififffifffifffiffffffffff le diaaaaaaaaaaaaaagrgrgrgrgrgrgrgrgrgrggrgrgrgrggrgggrggrgggrggrgrgggrggrammmmmmmmmmmm.............
low for ECF from (((((((((((((((((((((((c)c)c)c)c)c)c)c)c)c)c)c)c)c)c)cc)c)c))c)cc)c)))c)))(i).
event ‘endotherrererrererererererererererrrerrrerrrreerereereeree mimimmimimimimimimimimiiiiiiiic’c’cccccccccc rrrrrrrrrrrrrrrrrrrrrrreaeeeeee cttttttttttttttttttttttiioiiiiiiiiiiiiiiiiiii n nnnnnnnnnnnnnnnnnnnnnnnnn isisisiisisisiisisiiisisiiiissssss ssssssssssssssssssssstatatatatattattttattattataataaaaaaaaaaaaaatettttetttttttettttttttttttttted d dd dd ddd dd dddd dd dd dddddd dd inininininiininiinnnnnnnnnn ((((((((((((((((((((((c)cccc (i(i(i(i(i(i(i(i(ii(i(i(i(iii(i(i(i(i(i(i(i((i(((i(i((i( ),),),),),),),),),)))),),),),),),),),)),))))),),)),),)),,) tttttttttttttttttttttthehehehehehehehehehehehehehehehehehehehehhehehehheheheheehehhehh ppppppppppppppppppppppprorororororoooroororoorororororoororororororororrorororrr fiffffffffffffffffffff le for (ii) must match.

ward 1m for cccccccccccccccccccccccccorrrrrrrrrrrrrrrrrrrrectlyylylyylylyllylylylylyllylylyllylylylyyyyyyyyyyyyy lababababaaababababaaaaabababababaaabbbellllllllllllllillllllllllllllllllllllllllll ngnggnggggggggggggggggggggggggg enthaaalplplplplplplpplplpplplplplplplplplplplpplpllplplpllpllllplplpppy yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy chchhchchchchchchchchchcchchhchhhhhhchhhhhhanaaaaaaaaaaaaaaaaaaaaaa gegegegegegegegegeeegegegegeegggegeegegegegeggegeegeeegeeggg oooooooooooooooooooooooooooooor rrrrrrrrrrrrrrrrrr H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH (including arrow) and activation en
ncludinggngngnggggngggngngngnggngnggnggngngnggngnggggnngngg arrrrrrrrrrrrrrrrrrrrrrrrrroooooooooooooooooooow).
ward 1mmmmmmmmmmmmmmmmmmmmm ffffffffffffffffffffffororororrorororrrrrrrrrrrrrrrr cccccccorrerererrerereeeeererereeeeeeeectctctctctcctctctcccctctccctctttttttttlylylylylylylylylylylylylylylyyyyyyyyyyyyyy labbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbelelelelelelleleleeleleelelelelllelllleeeelle lillillilillilllllllillililllillllillllllll ng rrrrrrrrrrrrrrreaeaeaeaeaeaeaaeaeeaeeeaeaeeeaeaeaeaeaeaeaeeaeaeaeaeaeaeeeaee ctctctctctttctcttcttctctctctttctctttcttttctctcttcctanananananananannnannnnananananannnannnananannanntststststststsststststststtstststsssstssssstssstsss aaaaaaaaaaaaaaaaaaaaaaaaaaaandnnnnnnnn  products.

[1) (i) (mmosost)t) ssododiuium m chchlol ride, sodium bromate, sodium carbonate (least) [1](ii) Studdenent t isis ppartially correct / incorrect (no mark)While ththe solubility of sodium chloride and bromate increases [1], the solubisodium carbonate decreases after 40 C [1] [2]

En
er

gy

  
prorrrrorrrr file diagram

Progress oof f reaca tit on

2SO2 + O2

SO3

activation eneerrgy

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH ===================================================== 1111991911919191919191919191911119191919191919111191911111191919111911119111119111911111911119119119111191111191119191919191111111111999966666666666666666 kJ/mmmmolooo



A6 (a) Nitrogen [1]; from +2 (in NO) to +4 (in NO2) [1] [2] (b) No loss in NO molecules. [1] The NO molecules removed in step 1 (after reacting with ozone) are regenerated in  step 2 (in reaction with more ozone). [1] (c) 2O3    3O2 [1] (d) ‘Catalytic converters fail to work’ means release of oxides of nitrogen and carbon
monoxide into the atmosphere.
Accept any valid health or environmental hazards due to oxides of nitrogen and carbon
monoxide.Suggested answers:Release of carbon monoxide poses danger of carbon monoxide poisoning. Inhalation ofcarbon monoxide prevents haemoglobin from absorbing oxygen and may lead tosuffocation / organ failure / headaches. [1] Release of oxides of nitrogen may result in formation of acid rain, which leads to corrosion of buildings / structures. [1] 

[7 marks] 
B7 Compulsory Data-Based Question (10 marks) (a) Na+ ion : 2, 8 [ ½ ]  Na2+ ion : 2, 7 [ ½ ] (b) 1st ionisation energy is the energy required for a sodium atom to lose 1 valence electron, andobtaining a stable octet / stable electronic structure.     [1] 2nd ionisation energy is the energy required to remove an electron from the stable octet. This 

disrupts the stable electronic configuration. Hence more energy is needed. [1] (c) (i) Na9+    Na10+  +  e [1] (ii) The 10th ionisation energy involves the removal of an electron from the 1st shellThe 2nd to 9th ionisation energy involves removing electrons from the 2nd shell. Electrons in 1st shell are closer to the positively charged nucleus than those in  the 2nd shell; Attraction (between electron and nucleus) is stronger; A larger amount of energy is needed to remove that electron (in the 1st shell). [2] 
Award 1m for describing removal of electrons from 1st / 2nd shell. 
Award 1m for stating being closer to nucleus requires larger amount of energy. 
Allow 1m should student describe shielding effect instead of proximity to nucleus. (d) (i) Increases across the period [1] (ii) Decreases down the group [1] (e) Metals tend to lose electrons (to gain stability with full most outer shell) and form positivelycharged ions (or cations);non-metals tend to gain electrons and form negatively charged ions (or anions).Removing electrons from an atom of non-metal makes its electronic structure less stable.[2] 

[10 marks] 
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Release of carbon monoxide poses danger of carbon monoxide poisoning. Inhalacarbon monoxide prevents haemoglobin from absorbing oxygene and may lead tosuffocation / organ failure / headaches. [1]Release of oxides of nitrogen may result in formation of acid rarararararain, , ,,,, whwwwww ich leads tocorrosion of buildings / structures. [1]
[

ompulsory Data-Based Question (10 marks)a+ ion : 2, 8 [ ½ ]a2+ ion : 2, 7 [ ½ ]t ionisation energy is the energy required for a sodium atom to loseeeeee 1 vvvvavv lence electron, andbtaining a stable octet / stable electronic structure.     [1]d ionisation energy is the energy required ttoo rer move aan n elelecectrtt on from the stable octet. Thi
srupts the stable ele ectronic configuuraratitionon. HeHencnce e momorere energy is needed. [1]Na9+    Na10+  +  e [1]) The 10th ionisation energy invvololveves s tht e rer moval of an electron from the 1st shellThe 2nd to 9th ioionisasatitioon enenerergygy iinvnvolo ves removing electrons from the 2nd shell.Electrons in 11stst shshell arare ee clclososerer tto the positively charged nucleus than those inthe 2nd shele l;l;;Attractionn ((bebetwtwweeenn elelectron and nucleus) is stronger;A larger amooununt t t ofo  energy is needed to remove that electron (in the 1st shell).[2]

A ard 1m for describing remo al of electrons from 1st / 2nd shell



B8(a) (i) If his sample is pure, the melting point should be a fixed temperature. [1] If his sample is not pure, the aspirin should melt over a range of temperatures. [1] 
or Look up the melting point of aspirin. [1] If the melting points are the same, the sample is pure. / Impure aspirin would have a different (lower) melting point. [1]      [2] (ii) Sample is not pure. (no mark)Sample contains two impurities.       [1]The impurities are salicylic acid and an unidentified/unknown substance.  [1](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 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] (ii) Citric acid (in the tablets) will also react with / be neutralised by sodium hydroxide  during the titration. [1] Hence more sodium hydroxide would be used / the calculated mass of aspirin will be 
greater than actual. [1] 

[10 marks] 

EITHER B9 (a) (most reactive) V, Z, Y, and W [2] 
Award 1m for at least 2 metals in correct order. (b) Effervescence / Bubbling of gas seen. [1] 
Z will displace / produce hydrogen from the acid. [1] (c) [New order: V, N, Z, Y, and W] Add a fixed mass of each metal sample to a fixed volume of HNO3 (aq).  [1] Measure the volume of gas collected over regular time intervals (i.e. reaction rate). [1] Rate of reaction of N with the acid should be slower than V but faster than Z. [1] (d) (i) W [1] 

W is the least reactive of the 5 metals. Unreactive metals are usually found uncombined. [1] (ii) zinc / iron [1] 
 [10 marks] 

KiasuExamPaper.com

p ( q )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 mmmmmmmmmmmmmmmasasasasasasssasasasasassasssssss ssssssss momomomommomomommomomommmm les’.
Award 1m for giving final answer in mg and 3 s.f. [3]) Citric acid (in the tablets) will also react with / be neuutrtrtrtrtrtrralalalalalala isisisisisisisissisisssissssssssssssssssssssssssssssssssssssedededededed by ssssssododododododiuiuiuiuiuiummmmmm hhydroxidduring the titration. [1]Hence more sodium hydroxide would be used //////// ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttthehehehehehehehehehhehehehhhhehehehehehehehehhehehehehehehehhheeheheheheheheeeheheheheheheheheheheehehehehehehehehehehhehhehehhehehehehehehheheheeeehehehhhehehehehehehhehehheheeehhhehhehhhhhhhhhhhhhhhhhhhhhehhhhhhheehhh cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccalalalalaalalaaalalalalalaallalalalallalalalalalalalalalaaalalalaalaalaaalallalaalaaaaaaalalallaaallalaalalaalaaalalaaalalalaaaalalalaaalaalalaaallalallaaallaaaaaaaaaaaaaa cucucucucucucucuccucucucucucucucucucucucucucucucucucucucucucucucucucucucucucucuccuucucucuccuccuuucucccucucuucucccucucuucucucucucuuuuuuuucuucucuuuuuuucucuucucucuuuuuuccuuuccuccucucuucuccuuccuuuuucculalaalalalalaalaalalalalalalaalalallalallalalllalalalalalallllallalalalalalalalalalalallalallllalllllaalallaalaaaalaalaaalaaalalaaalaalalaaaalaalalaaallllllllllllaalaaaaaalaaaaaatetetetetetetetetetetetttetteteetetttetetetettettt d d d d d ddddddddddddddddddddddddd mamamamamamassssssssssss oooooof f f f f f asasasasasaspippppp rin will b
greater than actual. [1]

[1

B9most reactive) V, Z, Y, and WW [2]
ward 1m for at leasasasasasasasasaasasasaasaaast tttt 2222222222222222 metatatatatatatatattatttatttttalsssslslssslsssssssss iiiiiiiiiiiiiiinnnnnnnnnnnnnnnnn cocococoocooocococococoococoococ rrrrrr ececececececececececececeecececececect ttttttt order.rr.r.r.r.r.r.r.rr.r.r.r.rfervescence / Bubbling of gas seen. [1]will dissplace / produce e hyhydrdrogo en ffrorom m ththe acid. [1]New order: V, N, Z, YY, anand d W]Wdd a fixed mass of eachh memetatall sasas mpmpplel  to a fixed volume of HNO3 (aq). [1]easure the voluumemee oof f gagass cocollllecectet d over regular time intervals (i.e. reaction rate). [1]ate of reaction of f NN wiwiithth ttheh acid should be slower than V but V faster than Z. [1]

WW [1]
W is the least reactive of the 5 metals. Unreactive metals are usually found uncombi



OR B9 (a) For clarity of marking scheme, the answer is presented in a table.
Any 3 points

Addition polymer Condensation polymer Monomers must be unsaturated / contain C=C double bond. [1] Monomers contain 2 functional groups (e.g. COOH, OH, NH2). [1] 
No loss in atoms during polymerisation. [1] 
or Only 1 product is formed. [1] 

Loss of small molecules (e.g. water) during polymerisation. [1] 
or 2 products formed (i.e. polymer and small molecules). [1] Mass of addition polymer equals sum of its monomers’ masses. [1] Mass of condensation polymer is less than sum of its monomers’ masses. [1] 

Polymer contains C -C linkages. [1] Polymer contains ester or amide linkages. [1] [3] (b) (i)

 [1] [1] 
(ii) Formula of repeating unit for Kevlar  =  C14H14N2O2Mr of repeating unit for Kevlar  =  (14  12) + (14  1) + (2  14) + (2  16)  =  242Number of units if average mass is 12 000  =  (12 000   242)  =  49.6    50Number of units if average mass is 20 000  =  (20 000  242)  =  82.6    82Range is between 50 to 82 repeating units.

Working [1]
Answer [1]         [2](c) (i) Either one of the following monomers:

[1] (ii) Similarity – Both contain amide linkages. / Both are polyamides. [1] Difference – Absence of benzene ring in protein. / Amide linkage is in the same order in protein but not in Kevlar.       [1] 
Vague answer such as ‘The structures are different.’ is not accepted.  

 [10 marks] 
******************** End of Answers and Marking Scheme ******************** 

CH3 
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ass of addition polymer equals sum of itsonomers’ masses. [1] Mass of condensation polymmerer iis less thansum of its monomers’ massseses. [[1]1]
lymer contains C -C linkages. [1] Polymer contains eeststerer oorr amidide e lilinknkagages. [1][3]

[1] [1]
) Formula of repeating unit for Kevevlalarr ==  CC1414HH1414NN2O2Mr of repeating unit for Kevlar == ((141  1212) + (14 1) + (2 14) + (2 16)  = 242Number of unniti s iff aaveveragege mmasa ss isis 112 000  =  (12 000  242)  =  49.6   50Number of unitits s iif aveveraragege mmasass is 20 000  =  (20 000 242)  =  82.6   82Range is bebetwtweeeen n 5050 too 8822 repeating units.

Working [1[1[1[11[1[1[1[1[1[1[1[1[[1[1[[1[[1[1[1[1[111[111111111111]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]
Answer [1]         [2]
Either one of the following monomers:
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1 The apparatus shown can be used to measure the rate of some chemical reactions.

For which two reactions would this apparatus be suitable?

reaction 1   AgNO3(aq) + HCl(aq) AgCl(s) + HNO3(aq)

reaction 2   2H2O2(aq) 2H2O(I) + O2(g)

reaction 3 MgO(s) + 2HCl(aq) MgCl2(aq) + H2O(I)

reaction 4 ZnCO3(s) + 2HCl(aq) ZnCl2(aq) + CO2(g) + H2O(I)

A 1 and 2 B 1 and 3 

C 2 and 4 D 3 and 4

2 Camphor is a white solid isolated from camphor tree and has medicinal properties. It 
has a penetrating smell and has to be kept in closed containers in a cool place to 
prevent the crystals from “disappearing”. It is sparingly soluble in water but readily 
dissolves in ether, an organic solvent.

Glauber’s salt is isolated from mineral ore and consists of hydrated sodium sulfate. 
(Na2SO4.10 H2O).

A sample of camphor was found to be mixed with sand and Glauber’s salt.

How may the components in the sample be separated and recovered?

A heating dissolving in water filtration crystallisation of filtrate

B dissolving in ether filtration  crystallisation of filtrate and heating of residue

C dissolving in a mixture of ether and water using of separating funnel 
crystallisation

D dissolving in ether  filtration  crystallisation of filtrate 
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3 Liquid nitrogen, with a boiling point of -196oC, is often used as a coolant. It is observed 
that ice forms at the opening of a tank of liquid nitrogen after it is opened.

Which of the following is the best explanation for this observation?

A Water trapped in the liquid nitrogen escapes and freezes.

B Water vapour at 0oC is colder than liquid nitrogen and so it freezes.

C The nitrogen boils in contact with air and then condenses to form a solid.

D Water vapour in the air surrounding the opening of the liquid nitrogen freezes.

4 A molecule of arsenic bromide, AsBr3, has the structure shown. 

Which properties could be correct for arsenic bromide? 

melting point / °C electrical conductivity at room temperature

A 31 does not conduct

B 39 conducts

C 650 conducts

D 755 does not conduct

5 What do the ions 36S2- and 37Cl- have in common?

A
B
C
D

Both ions contain the same number of nucleons in their nuclei.

Both ions have the same number of protons.

Both ions have more electrons than neutrons

Both ions have 20 neutrons,

KiasuExamPaper.com



4

   [Turn over 

6 Shakudo is a Japanese alloy of copper and gold. The information in the table was 
obtained by mass spectrometry of a sample of shakudo.

mass number 63 65 197

% abundance 65 29 6

What is the average relative atomic mass of copper?

A 59.8 B 63.5 C     63.6 D 71.6

7 The atomic structures of atoms P and Q are as shown in the diagram below.

P and Q react to form a compound. Which of the following gives the correct type of 
bonding, molecular formula and the mass of one mole when P and Q combine to 
produce a compound?

type of bonding molecular formula of compound

A covalent P2Q

B covalent PQ2

C ionic P2Q

D ionic PQ2

8 A mass of 10.4 g of magnesium nitrate is completely thermally decomposed. The 
products are magnesium oxide and a mixture of two gases. 
One gas is acidic while the other gas is neutral. The equation below shows the reaction.

2Mg(NO3)2 2MgO + 4NO2 + O2

What is the mass of the neutral gas formed?

A 1.12 g B 1.93 g C 2.24 g D 6.45 g
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9 An element forms a diatomic molecule, P, which has a relative molecular mass, x. The 
Avogadro constant is L.

How many atoms are present in 1.0 g of P?

A     L B    2L
        x                                                                    x

C L D    2Lx
       2x

10 Ammonia and carbon dioxide can react to form urea, CON2H4 in the reaction as follows:

                            2NH3 + CO2 CON2H4 + H2O

Urea is a useful compound as it can be used to provide nitrogen in fertilisers for plants.

What is the volume of carbon dioxide required to produce 120 g of urea given that the 
process is only 80% efficient at room temperature and pressure? (Mr CON2H4 = 60)

A 38 dm3 B 48 dm3

C 60 dm3 D 150 dm3

11 0.5 mol/dm3 dilute sulfuric acid is added gradually to a flask containing 20 cm3 of 
2 mol/dm3 sodium hydroxide solution.

What is the total volume, in cm3, of the mixture in the flask when the solution reaches 
pH 7?

A 30 B 40 C 60 D 100

12 Methylamine is a gas with the formula CH3NH2. It undergoes the following reaction 
in water: 

                                 CH3NH2 + H2O    CH3NH3
+ + OH-

Which of the following is/are true about aqueous methylamine? 

1 It turns litmus paper blue. 
2 It consists of CH3NH3

+ and OH- ions only. 
3 It forms a blue precipitate with copper(II) sulfate. 

A 1 only B       1 and 2 only

C    1 and  3 only D 2 and 3 only
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13 An unknown solid X has the following properties. 

X is stable to heat. 
When dilute acid is added to X, effervescence of a colourless gas is observed. 
X dissolves in water to form a colourless solution. 
When aqueous sodium hydroxide is added until in excess to the solution, no 
visible reaction is observed. 

What is X likely to be? 

A calcium metal B sodium carbonate 

C zinc metal D zinc carbonate

14 The diagram shows the positions of elements Q, R ,S, T, U and V in the Periodic Table

Which of the following statements is correct? 
 
A The valence shell of an atom of R has an octet structure.

B The metallic character of the Period 2 elements increases from S to U.

C T forms an ionic compound with U. 

D U is a stronger oxidising agent than V.

15 Which of the following statements correctly shows the general trend of the oxides of 
Period 3 elements from sodium to chlorine?

A The melting points of the oxides increase.

B The electrical conductivities of the molten oxides increase.

C The bonds of the oxides show a trend from ionic to covalent.

D The oxides show a trend from acidic to amphoteric and then to basic.

U

R

T
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16 A Group I metal, francium is below caesium in the Periodic Table.  

What is a likely property of francium?

A It does not conduct electricity.

B It has a higher density than iron.

C It is more reactive than the rest of the Group I metals in the Periodic Table.

D It has the highest melting point than the rest of the Group I metals in the 
Periodic Table.

17 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 red-brown gas violet gas black solid

C yellow-green gas red-brown gas violet gas

D yellow-green gas violet gas brown gas

to pumpchlorine gas in

potassium 
bromide

cotton wool plug

gel beads containing 
blue litmus solution

potassium iodide
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18 Which three salts are all prepared by precipitation?

A barium sulfate, calcium nitrate, lead(II) sulfate

B barium sulfate, calcium nitrate, silver chloride

C barium sulfate, lead(II) sulfate, silver chloride

D calcium nitrate, lead(II) sulfate, silver chloride

19 In which reaction does the oxidation state of iron remain unchanged?

A 2FeCl2 + Cl2    2FeCl3
B FeCl2  +  Mg      MgCl2   +  Fe

C Fe + 2FeCl3 3 FeCl2
D Fe2O3 + 6HCl    2FeCl3 +  3H2O

20 Compound R can be produced from Compound P, via a 2-stage reaction. 

The following stages were involved.
stage 1:   P Q; ∆H, negative

        stage 2:   Q R; ∆H, positive 

Which reaction profile fits these data?
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formula fuel
molar 

mass/g
density
kg/ litre

enthalpy change 
of combustion /

kJ/ mol
CH4 methane 16 6.4 X 10 -4 – 891

C2H5OH ethanol 46 0.79 – 1360

H2 hydrogen 2 8.4 X 10-5
– 285

C8H18 petrol 114 0.69 – 5460

Refer to the following table to answer questions 21 and 22.

21 Which of the following shows the correct order of fuels which produce decreasing 
amounts of carbon dioxide per mole of fuel?

A petrol, methane, ethanol, hydrogen

B petrol, ethanol, methane, hydrogen

C methane, ethanol, petrol, hydrogen

D ethanol. petrol, methane , hydrogen

22 Methane in the form of compressed natural gas (CNG) is being used as a fuel for cars.
Which of the following show the advantages of using methane as a car fuel compared 
to petrol?

1 Produces more heat per unit mass

2 Enables car to travel longer distance for each tank of fuel

3 Produces lower level of carbon dioxide per unit of energy released

A 1 and 2 B 1 and 3 

C 2 and 3 D 1, 2 and 3

23 Which statements about the production of iron from iron(III) oxide in the blast furnace is 
correct?

A The reaction between iron(III) oxide and carbon monoxide liberates carbon 
dioxide. 

B The iron is obtained using carbon monoxide as an oxidising agent. 

C Molten iron floats on slag at the base of the furnace. 

D The iron(III) oxide is reduced by carbon dioxide.
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24 Element X displaces element Y from the aqueous chloride of Y.
Element Z reacts with cold water to give hydrogen. 
Element X gives off hydrogen only when heated with steam. 

What could elements X, Y and Z be?

X Y Z

A copper zinc sodium

B calcium copper silver

C copper silver calcium

D zinc copper calcium

 

25 Ammonia gas is produced industrially by the Haber process. 

Which of the following statements is not true with regard to the Haber process?

A Nitrogen is obtained from the air.

B A catalyst is added to increase the yield of ammonia.

C High pressure is applied to increase the yield of ammonia.

D High temperature is applied to overcome the activation energy.

26 Some properties of four elements P, Q, R and S are listed.

P is the most abundant elements on earth and forms an acidic oxide PO2.

Q has a high density and is easily drawn into wire.

R acts as a catalyst and its oxide reacts with acids.

S is a red brown solid used to form alloys.

Which of the elements are metals?

A P and R only B Q and R only

C Q and S only D Q, R and S
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27 A block of magnesium and a block of copper are attached to underground steel tanks, L
and M, as shown in the diagram below. 

Which of the following statements is not true?

A The magnesium block will need to be replaced more regularly than the 
copper block. 

B Steel tank M will rust faster than steel tank L. 

C Both the magnesium and copper block will be oxidised. 

D The magnesium block will be oxidised by losing electrons to steel tank L. 

28 In what way do methane, nitrogen dioxide and chlorofluorocarbons affect the 
atmosphere and the environment?

methane nitrogen dioxide chlorofluorocarbons

A depletion of ozone layer greenhouse gas acid rain

B acid rain global warming depletion of ozone layer

C greenhouse gas acid rain depletion of ozone layer

D depletion of ozone layer acid rain global warming
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29 A rocket can be fuelled by hydrazine burning with dinitrogen tetroxide. The reaction in 
the rocket engine is shown in the following diagram.

Which of the following take(s) place in the rocket engine? 

1 The oxidation state of nitrogen increased from -2 in hydrazine to 0 in nitrogen.

2 3.5 moles of gaseous products were produced when 1 mole of hydrazine is 

used.

3 Endothermic reaction occurs.

A 2 only B 1 and 2 only

C 2 and 3 only D 1, 2 and 3

30 Two experiments were carried out in which dilute hydrochloric acid was added to 
excess calcium carbonate.

experiment 1:  100 cm3 of 5.00 mol/dm3 dilute hydrochloric acid was used 

experiment 2: 400 cm3 of 1.25 mol/dm3 dilute hydrochloric acid was used

The initial rate of production of carbon dioxide and the total volume of carbon dioxide 
were measured in each experiment. 

How do the results in Experiment 1 compare with those in Experiment 2 when all other 
conditions are identical?

rate of production of carbon dioxide total volume of carbon dioxide

A faster in 1 greater in 1

B faster in 1 same in both

C slower in 1 greater in 1

D slower in 1 same in both
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31 Aqueous hydrogen peroxide decomposes to form water and oxygen gas.  Two 
experiments were carried out to measure the rate of production of oxygen from aqueous 
hydrogen peroxide.

Which graph shows how the how the volume of oxygen gas varies with time in each 
experiment?

experiment reagent used

1 400 cm3 of 0.2 mol/dm3 hydrogen peroxide

2 100 cm3 of 1.0 mol/dm3 of  hydrogen peroxide

32 Metal X forms a chloride XCl2. X is between copper and silver in the reactivity series. If 
a concentrated aqueous solution of XCl2 is electrolysed, which reactions will occur at 
the cathode and anode?

cathode anode

A X+ + e X 2Cl- - 2e   Cl2

B X+ + e X 4OH- - 4e- 2H2O  + O2

C X2+ + 2 e X 2Cl- - 2e   Cl2

D X2+ + 2e X 4OH- - 4e- 2H2O  + O2

A B

C D
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33 An experiment is set up as shown in the diagram below. Both electrodes P and Q are 
made of graphite. 
Which of the following gives the correct results as electrolysis proceeds?

electrolytes mass of P mass of Q
A aqueous sodium chloride remains unchanged increase

B aqueous potassium chloride increase remains unchanged

C aqueous copper (II) sulfate remains unchanged increase

D aqueous silver nitrate increase remains unchanged

34 The figure below shows a galvanic cell in which the particles being oxidised is in one 
part of the cell; that being reduced is in the other.

Which of the following is true?

A Electrons flow through the voltmeter from Cu to Zn.

B The reaction is   Cu2+(aq) +  Zn(s) → Cu(s) +  Zn2+.(aq)

C Zn is reduced.

D Cu is the anode. 

Zn2+ (1 mol/dm3) Cu2+ (1 mol/dm3)

salt bridge

voltmeter

Zn Cu
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35 The reaction of different vegetable oils with hydrogen was investigated.

100 cm3 of hydrogen was passed through 1 g samples of vegetable oils containing a 
suitable catalyst. The volume of hydrogen gas that remained after each reaction was 
recorded in the table below.

vegetable oil volume of hydrogen gas that
remained after the reaction / cm3

P 100

Q 87

R 63

S 0

Which vegetable oil(s) is/ are unsaturated?

A P only B Q, R and S

C P, Q and R D S only

 

36 Bees use 2-methylbutyl ethanoate as an ‘alarm’ pheromone. When disturbed, individual 
bees on guard will raise their abdomen and emit the alarm pheromone, fanning their 
wings to aid its dispersal

                                                   2-methylbutyl ethanoate

Which starting materials would be required to form 2-methylbutyl ethanoate?

A CH3CH2OH and CH3CH2CH(CH3)CO2H

B CH3CO2H and CH3CH2CH(CH3)CH2OH

C CH3CH2OH and CH3CH2CH(CH3)CH2CO2H

D CH3CO2H and CH3CH2CH(CH3)CH2CO2H

37 The compound C6H10 is a member of a hydrocarbon homologous series. What can be 
the first possible member of this series with the smallest relative molecular mass? 

A C2H2 B C2H3 C C2H4 D C2H6
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                                              *********  end of paper  ************** 

38 In which of the following processes will carbon dioxide be produced?

1 fermentation of glucose solution

2 formation of ethanoic acid from ethanol

3 photosynthesis by green plants

4 treatment of car exhaust gases in catalytic converter

A 1 and 2 B 1 and 4 

C 1, 3 and 4 D 4 only

39 Which of the following monomers can be used to produce condensation 
polymers?

A 1 and 3 B 2 and 4 

C 1, 2 and 4 D 2, 3 and 4

40 0.1 mole of a polyunsaturated hydrocarbon reacts with 9.6 dm3 of hydrogen gas.
If the compound has 21 carbon atoms in its structure. 

What is the chemical formula of the hydrocarbon?

A

C

C21H36 B C21H40

C21H42 D C21H44

1 

2

3

4
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Section A (50 MARKS)

Answer all the questions.
Write your answers in the spaces provided on the question paper.

A1 The diagram below shows part of the Periodic Table. 

Answer these questions using only the elements shown in the diagram. Each element can be 
used once, more than once or not at all.

(a) Which two elements form the gas released when aqueous sodium nitrate is warmed with
aqueous sodium hydroxide and aluminium foil?

[1]

(b) Which two elements in Period 3 form an ionic compound with the formula of the type
Y2Z?

[1]

(c) Which two elements form the compound with a giant molecular structure?

[1]

(d) Which element can be used as a reducing agent in the extraction of iron from iron(III)
oxide?

[1]

(e) Which two elements form a solution used to test for an oxidising agent?

[1]

[Total: 5]
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A2 A student conducted an experiment to determine the molar mass of an unknown metal, X. The 
student reacts iodine with an excess of the metal to form a water-soluble compound, XI2.

The equation can be represented below:

X + I2 XI2

The reaction proceeds until all of the iodine is used up. The XI2 solution is collected and heated 
to remove the water and the product is dried and weighed to a constant mass. The 
experimental steps are represented and the results are tabulated below.  

mass of beaker / g 125.46

mass of beaker + metal X / g 126.55

mass of beaker + metal X + I2 / g 127.57

mass of XI2 (first weighing) / g 1.28

mass of XI2 (second weighing) / g 1.28

(a) Calculate the number of moles of I2 used.

[2]

126.55 g 127.57 g

add X add I2

add H2O

125.46 g

reaction

occurs

solution

collected

XI2(aq) excess X

heat

XI2(aq)

XI2(s)

reheat
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(b) Calculate the molar mass of the unknown metal, X. Identify metal X.

  

Metal X is [3]

(c) The student hypothesized that

“the compound formed in the synthesis reaction is ionic” 

Propose an experimental test the student could perform in the laboratory to test the
hypothesis. Explain how the results of the test would support the hypothesis if the 
compound is ionic.  

[2]

(d) The student also hypothesizes that chlorine gas will react with metal X more vigorously 
than solid iodine at room temperature. 

Explain, in terms of structure and bonding, why iodine is a solid at room temperature 
while chlorine is a gas. 

[3]

[Total: 10]
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A3 A group of students were investigating the effects of 'acid rain'.
They decided to look at the effect of acid on metals used as building materials.
Lead and copper are used as materials for roofing and iron and aluminium can be used for 
window frames.

They learnt that the order of the reactivity of the metals as:

aluminium > iron > lead > copper

The students went on to test on the metals by adding dilute sulfuric acid to pieces of each 
metal to simulate the effects of ‘acid rain’ on the metals. It is found that only the iron seemed to 
give a reaction.

(a) Explain why the students deduce that aluminium did not react with the acid, even when
aluminium is known to be more reactive than iron.

[1]

(b) As the reaction was carried out with sulfuric acid, there were no reactions for both lead
and copper. It did not prove that lead was more reactive than copper.

(i) Explain why the students cannot prove the reactivity of lead and copper using
sulfuric acid.

[2]

(ii) Briefly describe an experiment the students can carry out to show that lead is more
reactive than copper. Explain how the above experiment can prove that lead is
more reactive than copper.

[3]

[Total: 6]
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A4 Three experiments were carried out to study the speed of reaction between dilute acid and 
granulated zinc. 

The table below shows the amount of acid, mass of zinc used, drops of copper(II) sulfate used 
and the time taken to collect 50 cm3 of hydrogen gas for each experiment.

experiment
amount of 
dilute acid 

used

mass of 
granulated zinc 

used /g

drops of 
aqueous copper 
(II) sulfate used

time taken /s

I 
25.0 cm3, 

1.0 mol/dm3

sulfuric acid
2.5 0 28.0

II
25.0 cm3, 

1.0 mol/dm3

hydrochloric 
acid

2.5 0 52.0

III
25.0 cm3, 

1.0 mol/dm3

sulfuric acid
2.5 `5 17.0

(a) Explain, in terms of collision theory, why the time taken for Experiment I is shorter than 
Experiment II.

[4]

(b) Using the information from the table, explain the role of aqueous copper (II) sulfate in 
Experiment III.

[2]

Further experiments of the reaction between zinc and sulfuric acid were carried out. In 
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these experiments, various volumes of aqueous copper(II) sulfate were added to the 
sulfuric acid. 

The graph below shows the volume of hydrogen gas collected when various volumes of
aqueous copper (II) sulfate (1.0 mol/dm3) were added to excess sulfuric acid and a fixed 
mass of zinc. The volume of hydrogen was measured at room temperature and pressure. 

(c) Explain why the volume of hydrogen formed decreases as the volume of aqueous 
copper(II) sulfate added increases.

[2]

(d) Predict the change in the volume of hydrogen gas produced when aqueous magnesium 
sulfate is used in place of aqueous copper (II) sulfate. Explain your answer.

[2]

[Total: 10]

Volume of copper (II) sulfate /cm3
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A5 Methanol, CH3OH, is manufactured from carbon dioxide and hydrogen.

CO2(g) + 3H2(g) CH3OH(g) + H2O(g) –49 kJ 

The reaction is carried out in the presence of a catalyst containing copper. The conditions used 
are 70 atmospheres pressure and a temperature of 250 °C.

(a) Explain, using collision theory, what happens to the speed of the reaction if the 
temperature of the reaction mixture is increased to 400 °C,

[2]

(b) In the reaction when 3.0 moles of hydrogen gas react, 49 kJ of heat energy is released.
Calculate how much heat energy is released when 500 kg of hydrogen gas react.

[2]

(c) Complete the energy profile diagram using the given axes to show the production of 
methanol. The diagram should show:

the activation energy, Ea; 
the energy change for the reaction, H;
the reaction pathway for the reaction

[2] 

[Total: 6]

energy/kJ

progress of reaction
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A6 Ammonia is prepared industrially from hydrogen and nitrogen in the presence of a suitable 
catalyst according to the equation below.

N2 (g) + 3H2 (g)  2NH3 (g)

The graph below shows the variation of the equilibrium yield of ammonia with pressure at 
different temperatures.

(a) A particular industrial plant uses a pressure of 400 atm and a temperature of 500°C. From
the graph, determine the percentage yield of ammonia under these conditions.

[1]

(b) Deduce from the graph whether the production of ammonia from hydrogen and nitrogen is
an exothermic or an endothermic reaction. Explain your reasoning.

[2]

(c) Temperatures less than 400°C are not used for this industrial reaction even though such
temperatures give a greater equilibrium yield of ammonia. Give a possible reason why
this is so.

[1]

[Total: 4]
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A7 A chemist has discovered a cure for smelly socks. Small particles of silver are attached to a 
polymer, poly(propene), and this is woven into the socks.

(a) Draw the full structural formulae of the monomer and the polymer, poly(propene).

monomer polymer [2]

(b) Suggest whether the monomer or the polymer will react with aqueous bromine. Describe 
what you would see and explain your observations with the help of a full structural 
equation. 

[4]

(c) To show that the polymer, poly(propene), contains silver the following test was carried 
out.

The polymer fibres were chopped into small pieces and warmed with nitric acid. The silver 
atoms were oxidised to silver(I) ions. The mixture was filtered to get the filtrate. The filtrate 
contains silver nitrate. 

(i) The above test is incomplete. Using the test above, briefly describe the steps you 
will take to show that the polymer contains silver. State the reagent(s) you would 
use to help you identify the presence of silver ions.

[2]

(ii) Write an ionic equation with state symbols described in (c)(i) for the above test to 
identify the presence of silver ions.

[1]
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[Total: 9]

Section B (30 MARKS)

Answer all three questions, the last question is in the form either/or.
Write your answers on the separate answer papers provided

B8 Part 1

A coal-fired power station is fitted with a Flue Gas Desulphurisation (FGD) plant, which 
removes sulfur dioxide from the waste gases. In the FGD plant, the waste gases are treated 
with powdered limestone (CaCO3). The limestone reacts with sulfur dioxide producing calcium 
sulfite (CaSO3) and carbon dioxide. 
     
    CaCO3 + SO2 3 + CO2

The calcium sulfite is then oxidised by air to form solid calcium sulfate.

The diagram below shows the masses of substances used, and produced, by such a coal-fired 
power station with an FGD plant in one year. 

107 tonnes of CO2

5 104 tonnes of NOx
SO2

flue gases

chimney

excess air

5 106 tonnes of coal

3 105 tonnes of limestone

calcium sulfate 

other solid products 

Power station
+

FGD plant
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Part 2

FGD plant operators have used combustion flue gas analysis for decades as a method of 
optimizing boiler combustion fuel/air ratios. By measuring the amount of excess oxygen and/or 
carbon monoxide (CO) in the flue gases, the plant can be tuned to operate at the best heat rate 
and lowest oxides of nitrogen levels. Operation at best efficiency also inherently produces the 
least amount of carbon dioxide.  

Combustion at stoichiometric point as seen in the graph above occurs when all of the fuel is 
reacted with just the right amount of oxygen in the combustion air so that no fuel is left 
unburned and no oxygen remains in the flue gas. Any air that is not used to combust the fuel is 
called "excess air". 

(a) Using the information given in Part 1, calculate the maximum mass of sulfur dioxide which 
could be removed by the given amount of limestone in the FGD plant.

[3]

(b) Using the information given in Part 1, briefly describe the reaction that provides the 
energy used in the power station.

% of gases

O2

area of maximum 
combustion efficiency

rich
(deficient air)

lean 
(excess air)stoichiometric 

point

CO due to poor mixing of 
air and fuel

Flue gases containing 
CO2, NOx and SO2 

KiasuExamPaper.com



13

Total marks: 

[1]

(c) Using the information given in Part 2, describe and explain the percentage of carbon
monoxide and oxygen at stoichiometric point.

[3]

(d) Explain why the percentage of flue gases are at their maximum at stoichiometric point.

[3]

[Total: 10]
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B9 Banana oil, 3-methylbutylethanoate, CH3COOCH2CH2CH(CH3)2, is a sweet smelling liquid 
that gives bananas their characteristic odour. 
A chemist working for Wow Bananas Pte Ltd has proposed the following reaction pathway for 
the synthesis of banana oil.

(a) Name compound A and reagent B. Describe what you see when reagent B is used. 

compound A: reagent B:

[3]

(b) Draw the full structural formula of compound C.

[1]

(c) Identify reagent D and name the process in reaction I.

reagent D:

name of process: [2]

sodium hydroxide reagent B

compound A

compound C

reagent D

oxidation

reaction I
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(d) The chemist decided to separate the final product from the reaction mixture. 

State the separation technique he can use to obtain a pure product and explain how it
can be separated using this technique. 

[2]

(e) Give two uses of the pure product obtained in part (d).

[2]

[Total: 10]

EITHER

B10 Three electrolytic cells are set up in series as shown below.
All of the electrolytes have a concentration of 1.00 mol/dm3. 

(a) Write the half ionic equations with state symbols in the table below to show the 
reactions that happen in Cells 2 and 3.  

cell electrode half ionic equation

2 
copper anode

copper cathode

3 
graphite anode

graphite cathode
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[4]

(b) Calculate the mass of copper produced at one of the electrodes in cell 2 if the tin 
electrode in cell 1 decreased in mass by 0.034 g.

[2]

(c) Describe the colour and the pH of the solutions in cells 2 and 3 after the electrolysis set-
up has been running for some time Explain your answers.

[4]

[Total: 10]
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B10 Metal-air cells are a relatively new type of portable energy source consisting of a metal 
anode, an alkaline electrolyte paste that contains water, and a porous cathode membrane 
that lets in oxygen from the air. 

A schematic of the cell is shown above. The half ionic equations that take place at the
cathode and at the three possible metal anodes are given in the table below.

electrode half ionic equation

cathode O2 (g) + 2H2O (l) + 4e- 4OH- (aq)

zinc anode Zn (s) + 2OH- (aq) ZnO (s) + H2O (l) + 2e-

sodium anode 2Na (s) + 2OH- (aq) Na2O (s) + H2O (l) + 2e-

calcium anode Ca (s) + 2OH- (aq) CaO (s) + H2O (l) + 2e-

(a) Early forms of metal-air cells used zinc as the anode. Zinc oxide is produced as the cell
operates.

Using the half ionic equations from the table above, write the overall equation that takes
place in zinc-air cells.

[1]

(b) The electrolyte paste contains OH ions. On the diagram of the cell above, draw an
arrow to indicate the direction of migration of OH ions through the electrolyte as the cell
operates.

[1]

KiasuExamPaper.com
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Total marks:   

 

(c) Metal-air cells need to be lightweight for many applications. A fresh zinc-air cell is 
weighed on an analytical balance before being placed in a hearing aid for use.  

(i) As the cell operates, does the mass of the cell increase, decrease, or remain the 
same? Using the overall equation in (a), explain your answer. 

[2]

(ii) In order to transfer more electrons with a smaller mass, sodium and calcium 
metals are investigated as potential anodes. 

Which of these 2 metals would transfer more electrons if 1 g of metal anode is 
used? Justify your answer with calculations. 

[4]

(e) Draw the ‘dot and cross’ diagram of sodium oxide formed when sodium anode is used 
in metal-air cells. Include all the electrons. 

[2]

[Total: 10]
 

END-OF-PAPER 
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Total marks:   

 

“The difference between a successful person and others is not a lack of strength, not a lack of knowledge, but rather a lack in will.” 
Vince Lombardi Jr.
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2017 Sec 4E Chemistry PRELIMINARY EXAMINATIONS
5073 Paper 2 Answer Scheme

SECTION A 

A1 (a) N & H [1]

(b) Na & S [1]

(c) Si & C or Si & O [1]

(d) C [1]

(e) K & I or Cl or Br or H & O [1]

[Total: 5 marks]

A2 (a) Mass of I2 = 127.57 – 126.55 = 1.02 g

Number of moles of I2 = 1.02/ 2(127) = 0.00402 (3.s.f)
(no mark given if answer is 0.004)

[1]

[1]

(b) Number of moles of I2 = number of moles of X

Mass of X = 1.28 – 1.02 = 0.26 g

0.00402 mol of X  0.26 g
1 mole of X  0.26/ 0.00402 = 64.7 g (3.s.f)

Therefore, Ar of X is 65. Identity of metal X is zinc

[1] 

[1]

[1]

(c) (1) The student could dissolve the compound in water and test electrical
conductivity of the solution formed.

If it conducts electricity, the compound has mobile ions in aqueous state,
thus the compound is likely to be ionic.

[1]

[1]

(d) Both iodine and chlorine are simple molecules.

Iodine molecules are larger in molecular sizes compared to chlorine 
molecules.

Iodine molecules have greater intermolecular forces of attraction than
chlorine molecules. More energy is required to overcome the forces of 
attraction.  

[1]

[1]

[1]

[Total: 10 marks]
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(d) C

(e) K & I or Cl or Br or H & O

[T[[[[[ otal: 5 mark

(a) Mass of I2 = 127.57 – 126.55 = 1.02 g

Number of moles of Ir 2 = 1.02/ 2(127) = 0.0040022222222222222222222222222222222222 (3(3(3333(33(3(3(3(3(3(3(33(3(3(3(3(3(3(3(3(3(33(3(333333(3(33(3(3(333(3(3(3(333(3333(3(3(3(3(33(3(3(3(((3(((3(3(((3(3(((3(3(33(3333(3(3(33333333333333333(3(333333(3333333333(((((((((((((( .s.s.ss.ss.ssss.s.s.ss.s.s.sssssss.s.s.sssss.ssssss.s.ss.s.s.s.s.ssss.sssssssssssssssssssssssss.sss.sssssssss.. .f.ff.ff.ffff.ff.f.f.f.f.fff.fffff.ffffffff.f.ff.ffff.ffffff.f.ff.f.ff.ffffffffffffffffffffff.fffffffffffff)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
(no(( mark given if answer is 0.004)

(b) Number of moles of I2 = numbmber of moles of X

Mass of X = 1.28 – 1.02 = 0.26 g

0.00402 mol of X  0.26 g
1 mole of XX  0.26/ 0.00402 = 6464.7.7 g (3(3.ss.f.f)))

Therefore, Ar of X is 65. Idenntitityty oof f memem tatall X X isis zinc

(c) (1) The studentnt cououldld diissssololveve ttheh  compound in water and test electrical
conductiviityty ofof ttheh  sollututioionn foformrmed.

If it condducctstss eelelectctriricicityty, tthe compound has mobile ions in aqueous state,
thus thehe ccomompopounundd isiss llikely to be ionic.

(d) Both iodine and chlorine are simple molecules.
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A3 (a) aluminium forms a protective (insoluble) oxide layer which react with the 
acid to form salt and water only. Hence no effervescence seen. 

[1]

(b) (i) Lead reacts with sulfuric acid to form an insoluble lead(II) sulfate 
coating around lead. This forms a physical barrier prevent further 
reaction between the acid and lead. 

Copper is an unreactive metal. It does not react with acid to form salt 
and hydrogen gas. 

[1]

[1]

(ii) Conducts a metal displacement reaction by dipping a piece of lead 
metal and a piece of copper metal in separate solutions of 
copper(II) nitrate. 

Lead metal in copper(II) nitrate: blue copper (II) nitrate solution turns 
colourless/ reddish brown deposits  

This shows that lead is a more reactive metal than copper and lead can 
displace the less reactive metal (copper) from its solution.

[1]

[1]

[1]
[Total: 6 marks]

A4 (a) Sulfuric acid used in Experiment I is dibasic. Every mole of sulfuric acid 
ionise completely to form 2 moles of hydrogen ions.

Hydrochloric acid in Experiment II is monobasic. Every mole of 
hydrochloric acid ionize completely to form 1 mole of hydrogen ions.

In Experiment I, there is a twice the concentration of hydrogen ions per 
unit volume than in Experiment II.

Hence, there is a higher frequency of effective collision in Experiment I 
than in Experiment II.

As a result, there is a higher rate of reaction in Experiment I than in 
Experiment II.

[1]

[1]

[1]

[1]

(b) Copper(II) sulfate acts as a catalyst

It increases the speed of reaction by reducing the time taken to collect 
50 cm3 of hydrogen gas. Experiment I takes 28s while experiment III 
takes only 17s. 
(must support with data readings)

[1]

[1]

(c) When aqueous copper (II) sulfate is added, a side reaction occurs. Zinc
displaces copper from copper (II) sulfate

Less zinc is available to reacts with sulfuric acid to produce less 
hydrogen.

Hence, the greater the volume of aqueous copper (II) sulfate added, the lower 
the volume of hydrogen produced.

[1]

[1]
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metal and a piece of copper metal in separate solutions of 
copper(II) nitrate.

Lead metal in copper(II) nitrate: blue copper (II) nitrateeeeee ssssssolututututttiiiiioi n turns
colourless/ reddish brown deposits

This shows that lead is a more reactive metal thhhhhhanananananan ccccccopopopoppoppper anananananand d d d d d leleleleleleadadadadadad can 
displace the less reactive metal (copper) frrrrrromomomomomommmomomomomommomomomommmmmommmmommmmommmmommmmmomommommmmmmmmmmmmmmommmmmmmmmmmomommmommommmmmmmmmmmmmmoommmmmoommmommommmmm iiiiiiiiiiiiiiiiiiiiiiiiiiiiitstststststststststststssststsststsstststsststssstsssststssstssststsstststssststststsssstssstsssststtttsttstsststttsssttstttstttttttttttttttttsttttttsssst sssssssssssssssssssooooolo utioioioooion.

[T[T[T[T[T[Tototototototalaaaa : 6 mark

(a) Sulfuric acid used in Experiment I is dibasic. Evvvvverererererereeerererrrererererererererereeeeerererrereeerereereeeererereeereeeerererereeeereeeeereeeeererrrereererreerrreeerrrererrerrerrrrrrrry yy yyyy yy y yyy yy yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy yyyyyyy yyyyyyyyyy y yyyyyyyyyyyyyyyyyyyyyyyyyyyy mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoloololooolololololololololololooooolololooo e ofofofofofof ssssssuuuuuulfuriririririic cccc c acacacacacacid 
ionise completely to form 2 moles of hydrogen iions.

Hydrochloric acid in Experiment II is monobasic. Every moooooolelelelelele ooofoo  
hydrochloric acid ionize completely to form 11 mmole of hydrogen ions.

In Experiment I, there is a twiccee ththee cconcncenentrtratatioion of hydrogen ions per 
unit volume than in Experimementnt III.

Hence, there is a higher freeququenenncyc oof f efeffeectcc ive collision in Experiment I
than in Experimem ntn III..

As a result, ttheherer  is a a hihih ghgherer rate of reaction in Experiment I than in
Experiment II.

(b) Copperr(I(II)I) ssululu faatete aacts as a catalyst

It increases s ththe speed of reaction by reducing the time taken to collect 
50 cm3 of hydrogen gas. Experiment I takes 28s while experiment III
takes only 17s
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(d) No (no marks)
Zinc, being less reactive than magnesium is unable to displace 
magnesium from magnesium sulfate.
Hence, mass of zinc reacting with sulfuric acid remains the same.

[1]

[1]

[Total: 10 marks]

A5 (a) The speed of reaction increases

More reacting particles gain energy, move faster and will attain energy equal 
or more than the activation energy  

Higher frequency of effective collisions of the reacting particles

[1]

[1]

(b) Number of moles of hydrogen gas = 500 x 103 / 2(1) = 250 x 103

Energy released = (250 x 103 / 3) x 49 = 4.08 x 106 kJ

[1]

[1]

(c)

[2] 

[Total: 6 marks]
A6 (a) 30% [1]

(b) Exothermic reaction

The percentage yield of ammonia increases with lower applied 
temperature. The lower applied temperature favors the forward reaction of 
ammonia production.  

[1]

[1]

(c) Slows down the rate of production of ammonia [1]

[Total: 4 marks]

progress of reaction

energy/kJ

CO2 (g) + 3H2 (g)

CH3OH(g) + H2O(g)

KiasuExamPaper.com

More reacting particles gain energy, move faster and will attain energy equal 
or more than the activation energy

Higher frequency of effective collisions of the reacting partticcles

(b) Number of moles of hydrogen gas = 500 x 103 / 2(1) = 252500 x x 1103

Energy released = (250 x 103 / 3) x 49 = 4.08 x 106 kJkJkJkJkJkJkJkJkJkJkJJJJkJkJkJkJkJkJkJJJJkJkJkJJkJJJJkJkJJJJJJkJJkJJJJJJJJJkJJJkJJJJkJkJJkJkJkJJJJJkJJkJJJJJJJJkJkJJJJJJJJJJJJkJJJJJJkJkJJkkkJJJkkkkkkkkJJkkkkJkkk

(c)

[Total: 6 mark
( ) 30%

progress of reaction

energy/kJ

CO2 (g) + 3H2 (g)

CH3OH(g) + H2O(g)
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A7 (a) Propene Poly(propene)

[2] 

(b) The monomer will react with aqueous bromine.

Reddish brown bromine solution will decolourise when added to 
monomer.

Monomer (propene) has a C=C bond (OR is unsaturated) which can 
undergo addition reaction with aqueous bromine to form 1,2 
dibromopropane. 

[1]

[1]

[1]

[1]

(c) (i) Add sodium chloride (or any suitable chloride solution) to the filtrate.

A white precipitate, AgCl is formed. (must identify the white 
precipitate)
Since a white ppt is formed, this shows that the polymer contains silver. 

[1]

[1]

(ii) Ag+ (aq) + Cl- (aq) AgCl (s) [1]

[Total: 9 marks]

n
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Reddish brown bromine solution will decolourise when added to 
monomer.

Monomer (propene) has a C=C bond (OR is unsaturaaateteteteteted) whwwwww ich can
undergo addition reaction with aqueous bromininininnne e e ee e totototototo form 1,2 
dibromopropane.

(c) (i) Add sodium chloride (or any suitable chlhh oride solutiiiiionononononon)))))) to the filtrate.

A white precipitate, AgA ClC is formemed.d. (m( ust identify the white 
precipitate)
Since a white ppt is formed,d, tthihih s shshowowss ththatat the polymer contains silver.

(ii) Ag+ (aq) ++ CCll-- (a(aq) AgAggClCl ((s)

[Total: 9 mark



5 

SECTION B

B8 (a)
No. of moles of CaCO3 = 9

65

103
100

10103

From the given equation, 1 mole of CaCO3 removes 1 mole of SO2

No. of moles of SO2 removed = 3 109

Max. mass of SO2 removed = 3 109 64 = 1.92 105 tonnes

[1]

[1]

[1]

(b) The combustion of coal (or fuel) is exothermic which produces the energy 
needed in the power station. 

[1]

(c) Carbon monoxide – 1% (from graph)
Poor mixing of oxygen in air and coal (fuel) caused incomplete combustion 
of coal, hence producing traces of carbon monoxide

Oxygen – 0% (from graph)
All the coal (fuel) has reacted with the oxygen so that no fuel is left 
unburned and no oxygen remains in the flue gas

1 mark for quoting the right % values of carbon monoxide & oxygen

[1]

[1]

[1]

(d) Carbon dioxide
All the coal (fuel) is combusted completely to form high amount of carbon 
dioxide gas

Sulfur dioxide
Coal contains sulfur as an impurity. When coal burns completely, a high 
amount of sulfur dioxide is produced.

Oxides of nitrogen
The furnace in FGD plant is at high temperature, nitrogen and oxygen from 
the air will react/ combined to form oxides of nitrogen

[1]

[1]

[1]

[Total: 10 marks]
B9 (a) Compound A – ethanol

Reagent B – acidified potassium manganate (VII)/ acidified potassium 
dichromate (VI)

In acidified potassium manganate (VII), purple solution decolourised/ in 
acidified potassium dichromate (VI), orange solution turns green. 

[2]

[1]
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(b) The combustion of coal (or fuel) is exothermic which produces the energy 
needed in the power station. 

(c) Carbon monoxide – 1% (from graph)
Poor mixing of oxygen in air and coal (fuel) caused incococoooompmpmpmpmpmplelelelelelettetttt  comomomomomombuuuuuuststststststioioioiii n 
of coal, hence producing traces of carbon monoxide

Oxygen – 0% (from graph)
All the coal (fuel) has reacted withh ththeee oxoxoxoxoxoxooxoxoxxoxooxoxxxoxoxxoxoxoxxxoxoxoxxxxxxxxxxxoxoxxxooxxxoooxoxooxooxooxoxooxoxooxoooxoooxooooxooxoooooxoxoooxooxxxxoxoooxxoxxxxoxooxxxxxxxxxoxxxxxygygyggggyygygygygygygygygygygygygygyygyygygygygyygygygygygygygygygygygyyyygygyygygygygyygyyyygygygygygygygggggygygygygygygygyygggygyygyygygggyggyyggygyyygygygygyygygygygygygygyyggggyygyggyygggygygyygggggygyygygygygyggyyggyyygygyyyygygggygyyyy eneneneneeneneneeneneenenenenenenenenenenennenenenenenenenennnneneneneneneenenenenenenenenneneeneneeneneeeeennnenenneneeneneeeeenneeneeenennnnnnnnneenennnnnnnneennnenenennnenennnennneneeeneneenenenneeeneeeeee sosososososoososososososososososssoososososososososososososoososososososososososoosososssososososososossosoosososososososoosssososoossossssssoooooossosoooooossosoossooosososossosoooossososossosooosooossssss tttttttttttttttttttttttttttttttttttttttttttttttthahahahahahhhhhhhhhhhhhhhhhhhhhhhhh t t t t t nonononono fffffueueueueuelll isisisisis left 
unburned and no oxygen remaiains in ththee flf ueeeeeeeeee gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggaasasasasasassasssasasasasasasasasasssasasasssasasaasasasaaasaassaaasasasaasasaaasaasaasaaasaaaassasaaaasasaaasasaasaaasaassaaaaaaassaaaaaaaaaaasaasaaaaaaaasasaaaaaaaaasaaassssasss

1 mark for quoting the rrigightht %% vala ueues of ccarrbon monoxixxxx dedededede & oxygen

(d) Carbon dioxide
All the coal (fuel) is combustedd commplpletely y too fforormm hihighg  amount of carbon 
dioxide gas

Sulfur dioxide
Coal contains sulfur as an impmppururiti yy. WWhen coal burns completely, a high 
amount of sulfurur ddioioxixided  is s prprododucuced.

Oxides of nnititrorogenn
The furnace e in FFGDGD pplalantnt iis at high temperature, nitrogen and oxygen from 
the air wiwillll rreaeactct/ / cocombmbinined to form oxides of nitrogen

[Total: 10 mark
(a) Compound A – ethanol

f ( )/ f
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(b)

[1]

(c) Concentrated sulfuric acid

Esterification

[1]

[1]

(d) Fractional distillation

Heat the mixture to vaporize the fractions

The final product will be distilled as it has different boiling point with 
lower boiling point will be collected as distillate first,

Followed by the fraction with higher boiling point

[1]

[1]

(e) The two uses of esters are:

Food flavourings/ Solvents used in perfumes/ manufacture of soaps 
(choose any 2)

[2]

[Total: 10 marks]

EITHER

B10 (a) cell electrode half ionic equation

2 
copper anode Cu (s) Cu2+ (aq) + 2e

copper cathode Cu2+ (aq) + 2e Cu (s) 

3 
graphite anode 4OH- (/) O2 (g) + 2H2O (/) + 4e

graphite cathode Cu2+ (aq) + 2e Cu (s) [4] 

(b) Sn (s) Sn2+ (aq) + 2e

Number of moles of Sn = 0.034/ 119 = 0.00028571

Every 2 moles of electrons, 1 mole of Sn is oxidised and 1 moles of Cu is 
formed.

Mass of Cu =  0.00028571 x 64 = 0.0183 g

[1]

[1]
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Esterification

(d) Fractional distillation

Heat the mixture to vaporize the fractions

The final product will be distilled as it has differerererererrrrrrrrrreeenenenenenenenenenenenenenenenenenenenenenneneneneneeenenennnnenenennenenennenennenenneneneeeneneeneeneneeeeneeeeeeeeneeenennenenneeennnennee ttttttttttttttttttttttttttttttttt tt ttttt t t tttttttt ttttttttt t ttt t tttttttttt tttt ttttttttt ttttttttttttt ttt bobobobobbbobobbobobobobobobobobobobobobbobobobobobobobbobobobobbobobobobobobobobbbobobobbobbbbbbbbobbbbbbbbbobbbbobbooobobbooobbbbbbbbbbbooobbbobbboobboobooooooooiiililililiiliiliiiliiliiiiiilllll ninininiininiiiiiii g pooooooininint with
lower boiling point will be collected as distilllllllllllllllllllllaaatatatattttattaaaatatatatatttttattattatatatattatattatatttaaattattatatatattatatttattatatatatatattatatatatatatataaaaaaaaaaataataaataataaataaatttttattttttteeeeeeeeeeeeeee e eeeeee eeeeeee eeeeee eee e ee eeee eeeeee eeee ee ee eeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeee fiffifififififififififififffiffffffffififffifffifffiiiiiifififififififfifififfffiiiififiifififififififfififffifiififfffffififfffffififfffiffffffifififiirsrsrsrsrsrsrsrsrsssrsrsrsrsrsrsrsrsrssrsrsrsrssrsrsrsrsrssrsssrsrsrsrsrsrsrssrsrsrssssrsrsrssrsrsrsrssrssrssrssssrsrsrssrsrssrsrsssrsssrsrrrrrsrsrssrrsrsssrsrrsrsssssssrrsrrsrsrsssrrsssssssrsssssrrrssrsstttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Followed by the fraction with higher boiling pointt

(e) The two uses of esters are:

Food flavourings/ Solvents usesedd inn pere fumes// mmananufu acture of soaps
(choose any 2)

[Total: 10 marks]

HER

(a) cell ele ectrododee half ionic equation

2
copppperer aanonodede Cu (s) Cu2+ (aq) + 2e

cocoppppeer ccathode Cu2+ (aq) + 2e Cu (s) 

3
grgraaphite anode 4OH- (/) O2 (g) + 2H2O (/) + 4e

graphite cathode Cu2+ (aq) + 2e Cu (s)
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(c) The electrolyte remains blue in cell 2 and the blue colour fades in cell 3;

positive Cu electrode (anode) is oxidized to replace the Cu2+ ions in the 
electrolyte in cell 2 

pH does not change in cell 2 and decreases in cell 3;

solution becomes acidic as hydroxide ions are preferentially discharged at 
the anode, leaving behind H+ ions in the electrolyte. 

[1]

[1]

[1]

[1]

[Total: 10 marks]

OR

B10 (a) 2Zn (s) + O2 (g) 2ZnO (s) [1]

(b) Arrow should point left in the electrolyte [1]

(c) Mass decreases

Oxygen in the air reacts with zinc in the cell to form zinc oxide which weighs 
more than the original mass of zinc

[1]

[1]

(d) For Na: 

Number of moles of Na = 1 / 23 = 0.0434

Number of moles of electrons = 0.0434

For Ca: 

Number of moles of Ca = 1 / 40 = 0.025

Number of moles of electrons = 2 x 0.025 = 0.05

The cell with calcium anode will transfer more electrons

[1]

[1]

[1]

[1]

(e)

[2]

[Total: 10 marks]
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(a) 2Zn (s) + O2 (g) 2ZnO (s)

(b) Arrow should point left in the electrolyte

(c) Mass decreases

Oxygen in the air reacts with zinc in the cell too foffoffoffoofofofofofoffofofofofofofoffofofofofofofofofofoffofooofofofffoofofffoffofffofofffffffofofoffffoofofofooffoofoffoofoooofoofooofoooooooooooormrmrmrmrmrmrmrmrmrmmrmrmrmrmrmrrmrmrmrmmrmmrmrmrmrmrmrmmmrmmrmmrmrmrmrmmmmmrmmrmrmmmmmrmmrmmrmmmrmrmrmmrmrmrmmmrmmrmmrmmrmmmrmmrmmrmmmrmrmrmmmrmmmrrrrmrmmmmmmmrmrmmmmrmmrmrrmrrrrmrmmmmmrrrrmrmrrmrrmrmrmmmmm zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzziininininininininininininininininni c oxoxoxoxoxoxiddddddeeeeee whhhhhhicicicicicichhhhhh wwwwwweighs 
more than the original mass of zinc

(d) For Na:

Number of moles of Na = 1 / 23 = 0..0434

Number of moles of electronss = 0.0 04043434

For Ca:

Number oof f mom lelel s s of CCaa == 11 // 4040 = 0.025

Number of molees s ofof eelelectcttrons = 2 x 0.025 = 0.05

The ceellll wwitith h h caalcciuium anode will transfer more electrons

(e)



KiasuExamPaper.com


	Kiasu ExamPaper
	Anglo Barker SA2
	Bedok Green SA2
	Bendemeer SA2
	Bukit Batok SA2
	CHIJ Katong SA2
	CHIJ St Nic SA2
	CHIJ St Theresa SA2
	Fuhua SA2
	Geylang Methodist SA2
	Methodist Girls SA2
	Nan Chiau SA2
	Nan Hua P2 SA2
	Nanyang SA1
	Presbyterian SA2
	Queenstown SA2
	Queensway SA2
	Spore Chinese SA2
	St Gabriel SA2
	St Joseph SA2
	St Patrick SA2
	Tanjong Katong Girls SA2
	Woodgrove SA2
	Xinmin SA2
	Zhonghua SA2
	Untitled



