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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 on the OAS in soft pencil.

1 Hydrogen sulfide, H2S, is a colourless and poisonous gas which has an odour similar to 
that of rotten eggs. The melting point of hydrogen sulfide is 82 C and the boiling point is
60 C.

Which statement correctly describes the particles of hydrogen sulfide at 75 C?  

A closely packed, moving freely

B closely packed, vibrating slightly

C far apart, moving freely

D far apart, vibrating slightly

2 The following diagram shows a method to collect a sample of gas Z.

Which information can be deduced about gas Z?

1 Z is acidic.
2 Z is insoluble in water.
3 Z is less dense than air.

A 1 and 2

B 1, 2 and 3

C 3 only

D none of the above

3 Two solutions were mixed in a beaker and the mass of the beaker and contents was then 

potassium 
hydroxide

Z

Z
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recorded at various times. The graph shows the results.

What could the two solutions be?

A aqueous sodium hydroxide and warm aqueous ammonium chloride

B aqueous silver carbonate and aqueous dilute hydrochloric acid

C dilute hydrochloric acid and aqueous potassium hydroxide

D dilute nitric acid and magnesium

4 Three dry test-tubes were filled with different gases of equal volume and placed in a 
trough of water. After a short time, the water had risen in two of the tubes as shown in the 
diagram. 

Which gases could the tubes have contained?

tube 1 tube 2 tube 3

A ammonia carbon dioxide hydrogen

B ammonia hydrogen carbon dioxide

C carbon dioxide hydrogen ammonia

D hydrogen ammonia carbon dioxide

5 The table below shows the information of some pure substances.

mass / g

time / min

tube 1   tube 2 tube 3

water
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Which of the underlined substances has been wrongly classified as an element, mixture 
or compound? 

Property classification

A White solid melts over 56 – 58 °C. mixture

B Green powder on heating leaves black residue and a 
colourless gas is evolved. compound

C Black powder burns in air forming a colourless gas as the 
only product. element

D Colourless substance produces two colourless gases when 
an electric current is passed through it. mixture

6 In an experiment, the boiling point of a substance P was found to be 83 °C, the same as 
cyclohexene. To check its identity, the experiment was repeated by using one part of the 
substance P mixed with two parts of pure cyclohexene. The boiling point of the mixture 
was found to be 90 °C.

What can be deduced from these experiments?

A P is a mixture.

B P is not cyclohexene.

C P is pure cyclohexene.

D P may contain cyclohexene.

7 An element X exists as 2 kinds of isotopes X-55 and X-65. Given that its relative atomic 
mass is 59, which is the correct relative abundance of X-55 and X-65?

X-55 X-65

A 25 % 75 %

B 75 % 25 %

C 40 % 60 %

D 60 % 40 %

8 Oxygen consists of two isotopes, oxygen-16 and oxygen-18.

Which statement correctly describes the two isotopes of oxygen?
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A Both oxygen-16 and oxygen-18 have the same relative atomic mass.

B Both oxygen-16 and oxygen-18 form ions with a charge of -2.

C Oxygen-16 has different chemical properties from oxygen-18.

D Oxygen-16 has electronic configuration of 2.8.6 while oxygen-18 has an electronic 
configuration of 2.8.8.

9 Element X is found in the Periodic Table with atomic number p. It forms an ionic oxide, 
X2O. Element Y has an atomic number of p+3.

What is the formula of the oxide of Y?

A YO

B YO2

C Y2O

D Y2O3

10 The diagram below shows the structural formula of an organic molecule.

What is the total number of shared electrons and number of electrons not involved in 
bonding?

number of shared 
electrons

number of electrons not 
involved in bonding

A 12 2

B 12 6

C 16 2

D 16 6

11 Two isotopes of chlorine are 35Cl and 37Cl.

Using these isotopes, how many different relative molecular masses are possible for the 
compound with molecular formula CH3Cl3?
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A 2

B 3

C 4

D 5

12 The equation below shows the reaction between element X and dilute sulfuric acid.

X (s) + H2SO4 (aq) XSO4 (aq) + H2 (g)

Which particles are responsible for conducting electricity in dilute sulfuric acid and
compound XSO4?

H2SO4 XSO4

A electrons positive ions and negative ions

B electrons electrons

C positive ions and electrons electrons

D positive ions and negative ions positive ions and negative ions

13 Which of the following has 7.2 1023 atoms?

A 0.2 mol of magnesium metal

B 0.3 mol of ammonia gas

C 3.0 mol of carbon dioxide gas

D 4.0 mol of hydrogen chloride

14 Bones contain a complex mixture of calcium salts, protein and other material. When a 
bone is strongly heated in air, the only residue is calcium oxide.

From a sample of 50 g of bone, 14 g of calcium oxide were obtained.
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What is the percentage by mass of calcium in the bone?

A 10.0 %

B 14.0 %

C 20.0 %

D 23.3 %

15 0.2 moles of XSO4 combines with 21.6 g of water to form the hydrated salt of formula 
XSO4.nH2O.  

What is the value of n?

A 3

B 6

C 9

D 12

16 100 cm3 of hydrogen is mixed and burnt in 100 cm3 of oxygen. 

Which diagram represents the particles that remain in the reaction vessel?

17 When 42.0 g of sodium hydrogen carbonate, NaHCO3 (Mr = 84), was strongly heated, 
3.00 dm3 of carbon dioxide gas was released.

2 NaHCO3 2CO3 + H2O + CO2

What was the percentage yield of carbon dioxide?
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[All volumes are measured at room temperature and pressure.]

A 25 %

B 50 %

C 75 %

D 80 %

18 The table gives information about three indicators.

indicator colour at pH 1 pH at which colour
changes colour at pH 12

thymol blue red 3 yellow

congo red blue 5 red

phenolphthalein colourless 10 red

Which colours would be obtained when each indicator was added separately to pure 
water?

thymol blue congo red phenolphthalein

A red blue red

B yellow blue colourless

C yellow blue red

D yellow red colourless

19 The dissociation constant for an acid indicates the extent to which it dissociates into ions. 
The higher the dissociation constant, the stronger the acid.

The dissociation constant for some acids are given below along with two possibly correct 
statements.
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acid dissociation constant

methanoic acid 1.80 × 10 4

ethanoic acid 1.75 × 10 5

propanoic acid 1.34 × 10 5

bromoethanoic acid 1.30 × 10 3

Statement 1: Increasing the length of the carbon chain makes the acid stronger.

Statement 2: Replacing a hydrogen by a bromine in ethanoic acid makes the acid 
                      stronger.

Based on the data above, which statement(s) is / are correct?

A both statements

B neither statement

C statement 1 only

D statement 2 only

20 Three elements X, Y and Z belong to the same period in the Periodic Table. The 
properties of their oxides are given below.

oxide of X: soluble in both nitric acid and aqueous sodium hydroxide

oxide of Y: insoluble in water and aqueous sodium hydroxide but 
dissolves readily in nitric acid

oxide of Z: changes acidified potassium manganate(VII) from purple to 
colourless

Based on the statements above, arrange X, Y and Z in order of decreasing atomic 
numbers in the Periodic Table.

A Y, X, Z

B X, Y, Z

C Z, Y, X

D Z, X, Y

21 Which solution contains the greatest concentration of hydrogen ions?

A 1 mol/dm3 phosphoric(V) acid, H3PO4

B 2 mol/dm3 sulfuric acid, H2SO4

C 3 mol/dm3 hydrochloric acid, HCl
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D 3 mol/dm3 ethanoic acid, CH3COOH

22 The scheme below shows some reactions of salt F.

What is the identity of F?

A copper(II) chloride

B copper(II) iodide

C iron(II) chloride

D iron(II) iodide

23 A salt has the chemical formula (NH4)2Fe(SO4)2.12H2O.

Excess aqueous sodium hydroxide was added slowly, with shaking to a hot solution of the 
salt in a boiling tube until there is no further reaction. The boiling tube was then left to 
stand for some time.

Which observation would not be made?

A A green precipitate was produced.

B A pungent gas which turned damp red litmus blue was produced.

C On standing, the precipitate turned brown.

D The precipitate dissolved in excess sodium hydroxide.

24 When testing for a sulfate ion using barium nitrate, the solution must be acidified with 
nitric acid.

What is the purpose of the nitric acid?

A to act as a catalyst

aqueous salt

dissolve in water aqueous 
ammonia

blue precipitate

excess aqueous 
ammonia

dilute nitric acid, 
followed by aqueous 

silver nitrate

white precipitate dark blue solution 

green crystalline salt F
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B to adjust the pH such that it is suitable for the reaction to occur 

C to prevent precipitation of barium carbonate

D to reduce the sulfate ion

25 In which equations are the underlined substances acting as a reducing agent?

I ZnO (s)  +  CO (g)  Zn (s)  +  CO2 (g)
II Cu (s)  +  N2O (g) CuO (s)  +  N2 (g)
III 3 CuO (s)  +  2 NH3 (g) 3 Cu (s)  +  N2 (g)  +  3 H2O (l)
IV H2S (g)  +  Cl2 (g)  2 HCl (aq)  +  S (s)

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

26 Three mixtures are made. 

1 C + Fe2O3
2 Cu + Fe2O3
3 Mg + Fe2O3

The mixtures are heated strongly. 

Which of the elements C, Cu and Mg are reactive enough to reduce the iron(III) oxide to 
iron? 

A C and Cu only

B C and Mg only

C C, Cu and Mg

D Cu and Mg only

27 The table below refers to four metals and some of their compounds.

metal action of dilute acid on 
metal

effect of hydrogen on 
heated oxide

action of metal on a 
solution of sulfate of J

G hydrogen evolved reduced no reaction
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H no reaction reduced no reaction

I hydrogen evolved no reaction J formed

J hydrogen evolved no reaction no reaction

Which one of the following is the order of thermal stability of their carbonate towards 
heating?

highest thermal stability                                          lowest thermal stability

A H G J I

B H J G I

C I J G H

D I G J H

28 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 exposed 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

29 An electric current was passed through molten calcium chloride, producing 
2.00 g of calcium metal at the cathode.

What mass of chlorine was produced at the anode?

A 2.78 g
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B 3.55 g

C 4.00 g

D 8.50 g

30 An aqueous solution T is electrolysed. The current is constant and the cathode is weighed 
at regular intervals. The graph below is obtained when the mass of cathode is plotted 
against time.

Which of the following will not produce the graph above?

cathode anode solution T

A graphite graphite dilute sulfuric acid

B graphite graphite copper(II) nitrate solution

C copper copper copper(II) nitrate solution

D graphite silver silver nitrate solution

31 The formation of liquid water from hydrogen and oxygen occurs in three stages.

Stage I 2 H2 (g) + O2 (g)  4 H (g) + 2 O (g)
Stage II 4 H (g) + 2 O (g) 2 H2O (g)
Stage III 2 H2O (g)  2 H2O (l)

Which stage(s) is / are endothermic?

A I only

B II only

C III only

D I, II and III

32 The equation and energy profile diagram for the reaction between ammonia and dilute 
hydrochloric acid are shown.

mass of 
cathode

time 

NH3 (g) + HCl (g)             NH4Cl (s)                

                           6092/01/4E/PRELIM/19                         [Turn

energy
/ kJ mol-1
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Which statement about the reaction is incorrect?

A The activation energy for the reverse reaction is p – q.

B The activation energy for the forward reaction is p.

C The enthalpy change for the reverse reaction is p – q.

D The enthalpy change for the forward reaction is positive. 

33 Nitrogen exists as the molecule N N. Nitrogen forms a molecule N4 as shown below.

Chemical equation: 2 N2 N4

Structure of N4:

NH3 (g) + HCl (g) NH4Cl (s)

q

p

progression of reaction
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By considering the bonds formed and the bonds broken, what would be the value for the 
energy change, for the above reaction?

[ ]

A 1348 kJ 
B +1028 kJ 

C +1348 kJ

D +2628 kJ

34 In experiment 1, excess zinc carbonate was added to 100 cm3 of 1.0 mol/dm3

sulfuric acid in a beaker. The mass of the beaker and its contents were recorded at 
regular time intervals, and a graph was plotted as shown below.

In experiment 2, excess zinc carbonate was added to 100 cm3 of 2.0 mol/dm3 nitric acid in 
a beaker. At which of the points on the graph shown will the mass in experiment 2 reach a 
constant?

35 In the Haber process for the manufacture of ammonia, which statements are correct?

I The catalyst used is a transition metal.
II Unreacted nitrogen and hydrogen are circulated back into the system.
III Both reactants are obtained from the fractional distillation of liquefied air.
IV The reaction is never complete and yield achieved is only about 

10 – 15%.
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A I, II and III

B I, II and IV

C II, III and IV

D all of the above

36 The diagram shows the manufacture of ammonia using hydrogen and nitrogen in the 
presence of catalyst.

What are the processes P and Q and catalyst Y?
         

process P process Q catalyst Y

A cracking fractional distillation iron

B cracking fractional distillation nickel

C fractional distillation fractional distillation iron

D fractional distillation cracking nickel

37 A sample of air along the Pan Island Expressway (PIE), where there is fast moving traffic, 
is collected and its composition is examined. 

Which gas is least likely to be one of the components in the sample of air?

A carbon monoxide

B nitrogen dioxide

C nitrogen monoxide

D sulfur dioxide

oil hydrogen

air nitrogen

ammonia
catalyst Y

P

Q
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38 Which statements about the organic molecule below are true?

1 It will undergo complete combustion to form carbon dioxide and water only.
2 It forms an alcohol in the presence of steam under high pressure and with the 

use of a suitable catalyst.
3 It can undergo both addition and condensation polymerisation.

A 1 and 2 only

B 1 and 3 only

C 2 and 3 only

D 1, 2 and 3

39 How many moles of hydrogen chloride are formed when one mole of methane reacts with
a large excess of chlorine in sunlight?

A 1

B 2

C 3

D 4
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40 The diagram below shows the structural formula of tartaric acid (C4H6O6).

Which salt(s) could be formed upon reacting tartaric acid with potassium hydroxide?

1 C4H5O6K
2 C4H4O6K2

3 C4H3O6K3

4 C4H2O6K4

A 1 and 2 only

B 2 only

C 2 and 3 only

D 1, 2, 3 and 4

– END OF PAPER –
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Answer all questions in the spaces provided.

1 The data in the table below describes two properties of some substances. 
The letters are not the actual symbols of the elements in the Periodic Table.

substance appearance at room 
temperature and 

pressure

products of burning in 
oxygen at 1 atm

A black solid carbon dioxide

B colourless gas water

C colourless gas (does not burn in oxygen)

D yellow solid sulfur dioxide

E colourless liquid carbon dioxide and water

F silvery metal F2O

Use the letters A, B, C, D, E or F to answer the following questions. You may use the 
letters once, more than once or none at all. 

(a) Which substance is most likely to be hydrogen?

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

(b
)

Which substance is most likely to be a compound?

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

(c) (i) Name another oxide that may be produced when substance A burns 
in oxygen.

………………………………………………………………………………... [1]

(ii) State the nature of the oxide from (c)(i).

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

(d
)

(i) Gas C is an element that does not burn in oxygen. Suggest the name 
of this substance C.

………………………………………………………………………………... [1]

(ii) Explain your answer in (d)(i).

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

(e) Predict the electrical conductivity of F2O in the solid state. 
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With reference to its structure and bonding, explain why.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

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

[Total: 8]

2 The structures of diamond and graphite are drawn below.

                        diamond                                                            graphite

(a) Diamond has a melting point of about 3700 °C and graphite has a melting 
point of about 3300 °C.

(i) In terms of structure and bonding, explain why diamond has a high
melting point.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [2]

(ii) Suggest why the melting point of graphite is lower than that of 
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diamond.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [1]

(b
)

When graphite is burnt in air, it produces carbon dioxide.

(i) Draw the electronic structure of carbon dioxide. Only the outer 
electrons are required.

[2]

(ii) In terms of structure and bonding, explain why graphite can conduct 
electricity.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [2]

(iii) Describe how one can determine that the carbon dioxide obtained 
from the burning of graphite is pure.

test …………………………………………………………………………...

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

[Total: 8]
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3 A pupil compared two solutions of monobasic acids, HX and HY, and obtained the 
following results.

0.1 mol/dm3 HX 0.1 mol/dm3 HY
electrical 

conductivity/ mA 90 15

pH     1.0 3.5

(a) What can you deduce regarding the strength of the acids? 
Explain your answer.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

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

(b
)

A pH meter and a data logger are used to monitor the pH changes during a 
series of titrations. In each titration, the same concentration of sodium 
hydroxide solution is added from a burette into a solution of 20 cm3 of HX
and HY acid solutions. During the titrations, the pH does not change 
smoothly. The data logger gives a graph for the titration with HY.

Sketch the graph on the same axes below to show the change in pH 
between sodium hydroxide and HX solutions until the reaction stops. 
Clearly label the graph with HX.

[1]

[Total: 4]

3
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4 This reaction can be used to generate electricity in a cell.

(a) Draw an arrow on the diagram to show the direction of the flow of electrons 
in the wire. [1]

(b
)

Write the ionic equation for the reaction at the copper electrode.

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

(c) The voltage of the cell was measured when the following metals replaced 
the zinc electrode.

copper          iron          silver          zinc

Complete the table by entering the metals in the correct order.

meter reading / V metal

+1.10

+0.78

0.00

0.46
[2]

[Total: 4]

sulfate

zinc electrode
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5 The diagrams below show the structure of propene.

(a) Calculate the mass of bromine liquid required to react with 1 g of propene.

mass of bromine liquid = ……………….. g [2]

(b
)

Propene can undergo addition polymerisation to form polymer X.
Draw the structure of the polymer X.

[1]

(c) A sample of polymer X was analysed and found to have an average 
relative molecular mass of 7350.

How many carbon atoms are present in an average chain?

number of carbon atoms = ……………….. [2]

[Total: 5]
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6 The following experiment was set up to study the electrolysis of dilute hydrochloric 
acid and aqueous copper(II) nitrate using carbon electrodes as shown in the diagram 
below. 

(a) Write the half equations at electrodes P and S.

electrode P ..……………………………………………………………………….

electrode S ..………………………………………………………………………. [2]

(b
)

With reference to the diagram, explain why there is a change in the pH of 
the electrolyte in cell 2 after some time.

……………………………………………………………………………………….

……………………………………………………………………………………….

……………………………………………………………………………………….

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

[Total: 4]

carbon 
electrodes

P Q R S

carbon 
electrodes

aqueous 
copper(II)
nitrate

dilute 
hydrochloric 

acid

cell 1 cell 2
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7 Three methods for preparing salts are listed below:

method 1: precipitation
method 2: reacting excess metal with dilute acid
method 3: titration

(a) Place a tick ( ) in one box in each row to show the correct method to use 
to prepare each of the following salts.

salt method 1 method 2 method 3
ammonium chloride

lead(II) sulfate

sodium sulfate

zinc nitrate 
[2]

(b
)

Copper(II) chloride is a salt that cannot be prepared using any one of the 
three methods shown above.

(i) Explain why copper(II) chloride cannot be prepared by any one of the 
three methods shown above.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [2]

(ii) Suggest an experimental procedure to prepare a dry sample of 
copper(II) chloride using suitable reagents commonly found in a 
laboratory.

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………...

………………………………………………………………………………... [3]

[Total: 7]
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8 Sulfur dioxide is used to manufacture sulfuric acid, by a three-stage process called 
the Contact Process. The first stage is to convert sulfur dioxide to sulfur trioxide. 
During this process, sulfur dioxide gas and sulfur trioxide gas are released to the 
environment.

2 SO2 (g) + O2 (g) 2 SO3 (g) H = – 197 kJ/mol

(a) The above reaction takes place at a moderate temperature of 450 °C.
Suggest why this temperature is used in the Contact Process instead of a 
lower or higher temperature.

……………………………………………………………………………………….

……………………………………………………………………………………….

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

(b
)

Complete the energy profile diagram for the forward reaction in the 
production of sulfur trioxide.

Your diagram should include
the formulae of the reactants and products of the reaction,
a label for the activation energy of reaction,
a label for the enthalpy change of reaction.

[2]

(c) Using ideas about colliding particles, state and explain how the rate 
changes when the pressure is increased. 

……………………………………………………………………………………….

……………………………………………………………………………………….
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………………………………………………………………………………………. [2]
(d
)

The product of the Contact Process is concentrated sulfuric acid (98%) with 
only 2% of the mass being water. 

Explain why it is possible to transport sulfuric acid of such high 
concentration using steel tanks but not for dilute sulfuric acid.

……………………………………………………………………………………….

……………………………………………………………………………………….

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

(e) Suggest a possible metal that can be used as a catalyst for this reaction, 
stating your reason clearly.

……………………………………………………………………………………….

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

(f) Draw in the box below, the particulate diagram showing the particles of 
sulfur trioxide.

[1]

[Total: 10]
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SECTION B: FREE-RESPONSE QUESTIONS [30 MARKS]

Answer all the 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.

9 The Drive for Cleaner Emissions by John Uhrich

The air pollutants emitted by a car come from undesirable chemical reactions that  
occur during fuel combustion inside the engine. In the most common type of 
combustion reaction, gasoline or diesel, reacts with oxygen to form water and 
carbon dioxide. During this reaction, the chemical energy of the fuel is released and 
harnessed to run the engine.

CxHy + (x + ) O2 x CO2 + H2O

Petrol and diesel are both obtained by fractional distillation of crude oil. However,  
they differ in their composition. Diesel is a fraction of crude oil that is removed at a 
higher boiling point than petrol. 

In petrol engines, oxygen (from the air) and fuel are designed to be almost exactly 
stoichiometrically balanced, so that, ideally, there is no excess of either reactant at 
the end of the reaction. Car manufacturers must ensure that the reactants are 
balanced as the reactants can have a large effect on the amount of pollution a car 
produces. For instance, the presence of too little oxygen can result in incomplete 
fuel combustion, which produces carbon monoxide and unburnt hydrocarbon, both 
of which are considered pollutants when present in the air at ground level. Also, 
nitrogen from the air is quite inert, but if too much oxygen is present (more than the 
stoichiometric amount) at high temperatures, the extra oxygen can react with the 
nitrogen to produce other pollutants, called nitrogen oxides.

To reduce the potentially harmful pollutants that are created as by-products of 
combustion, the exhaust passes through a catalytic converter, which converts 
carbon monoxide, unburnt hydrocarbons, and various nitrogen oxides into less-
harmful chemical compounds before they are released into the air. 

There are two kinds of catalytic converter – two-way catalytic converter and three-
way catalytic converter.

A two-way catalytic converter has two simultaneous reactions:

a) Conversion of carbon monoxide to carbon dioxide

2 CO + O2 2 CO2

b) Conversion of unburnt hydrocarbons to carbon dioxide and water 

CxHy + (x + ) O2 x CO2 + H2O

A three-way catalytic converter has three simultaneous reactions:
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a) Decomposition of nitrogen oxides to nitrogen and oxygen:

2 NOx x O2 + N2

b)  Conversion of carbon monoxide to carbon dioxide:

2 CO + O2 2 CO2

c) Conversion of unburnt hydrocarbons to carbon dioxide and water:

CxHy + (x + ) O2 x CO2 + H2O

The chart shows pollutants in grams per kilometre at 80,000 kilometres.

Sources: https://www.catalyticconverters.com/types/ ,
               http://www.explainthatstuff.com/catalyticconverters.html

(a) Octane, C8H18, is a common hydrocarbon found in gasoline.

(i) Write a balanced chemical equation to show the complete 
combustion of octane.

…………………………………………………………………………… [1]

(ii) Calculate the minimum volume of oxygen gas required to 
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completely react with 3 moles of octane at room temperature and 
pressure.

volume of oxygen gas = ……………….. dm3 [2]

(iii) Using the chemical equation in (a)(i), show that the combustion 
of octane is a redox reaction. 

……………………………………………………………………………

……………………………………………………………………………

……………………………………………………………………………

…………………………………………………………………………… [2]

(b) The article says “Petrol and diesel are both obtained by fractional 
distillation of crude oil. However, they differ in their composition. Diesel 
is a fraction of crude oil that is removed at a higher boiling point than 
petrol.”

Based on the statement, what can you infer about the difference in the 
number of carbon atoms in petrol and diesel fraction? 

How does the number of carbon atoms have effect on the boiling point?

Explain your reasoning.

…………………………………………………………………………………...

…………………………………………………………………………………...

…………………………………………………………………………………...

…………………………………………………………………………………...

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

(c) A car manufacturer has plans to install a catalytic converter in the
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manufactured car. Which of the two catalytic converters would you 
recommend the manufacturer to install?

Explain your reasoning.

……………………………………………………………………………….......

…………………………………………………………………………………...

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

(d) What additional environmental problem does a two-way catalytic 
converter cause?

…………………………………………………………………………………...

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

[Total: 10]

10 Nitrogenous fertilisers are soluble salts used to increase crop yield. Two commonly 
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used nitrogenous fertilisers are ammonium chloride and ammonium phosphate.

(a) Ammonium chloride can react with sodium hydroxide.
Write an ionic equation for this reaction.   

…………………………………………………………………………………… [1]

(b) Calculate the percentage mass of nitrogen in ammonium chloride.

percentage mass of nitrogen = ……………….. % [1]

(c) A metre-long tube was set up with a plug of concentrated ammonia 
solution at the left end and a plug of concentrated hydrochloric acid at 
the right end. After a while, the two gases (ammonia and hydrogen 
chloride gas) met and a white solid of ammonium chloride was produced 
as shown. 

(i) Explain why the white solid ring of ammonium chloride is formed 
at the specific location. 

……………………………………………………………………………

……………………………………………………………………………

…………………………………………………………………………… [2]

(ii) Explain the change in time taken for the white solid to appear 
when the above setup is carried out at a higher temperature.

……………………………………………………………………………

…………………………………………………………………………… [1]
(d) Aqueous ammonium chloride was added to aqueous bromine. State the 

observation for this reaction, if any, and suggest a reason for the 
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outcome.

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

(e) Suggest in steps, a method to separate a mixture of solid ammonium 
chloride and solid sodium chloride. You may draw a labelled diagram to 
support your answer.

……………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… [2]

(f) State a trend in physical properties of the halogens.

……………………………………………………………………………………

…………………………………………………………………………………… [1]

[Total: 10]

EITHER
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11 Organic acids are commonly used in the preservation of food.

Organic acids can be made from the atmospheric oxidation of aldehydes in air. 
The names and structural formulae of the aldehydes are shown in the table below. 

aldehyde chemical formula structural formula

methanal CH2O

ethanal C2H4O

butanal C4H8O

(a) (i) Complete the table above to show the name, chemical formula and 
structural formula of the aldehyde that occurs between ethanal and 
butanal. [1]

(ii) Using the data given, explain in two ways how you can tell that these 
compounds are from the same homologous series.

……………………………………………………………………………………...

……………………………………………………………………………………...

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

(b) Give the name of an oxidising agent that can oxidise methanal to methanoic 
acid. Explain what you would observe when the oxidation process is completed.

oxidising agent …………………………………………………………………………..

observation ……………………………………………………………………………… [2]

(c) The organic acids made from aldehydes can then undergo condensation 
reactions with alcohols to make esters. One such example is butyl ethanoate,
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which gives an apple smell present in perfumes.

(i) Explain the term ‘condensation reaction’.

……………………………………………………………………………………...

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

(ii) Draw the full structural formula of butyl ethanoate.

[1]

(d) Terylene, a synthetic polyester, is also made from the condensation reaction of 
organic acids and alcohols. It contains the ester linkage which is strong and 
durable and is commonly used in the manufacture of sleeping bags and 
clothings. The structure of Terylene is shown below. 

(i) Give one similarity and one difference between the condensation reaction 
of the formation of butyl ethanoate and the formation of Terylene.

similarity …………………………………………………………………………..

……………………………………………………………………………………...

difference …………………………………………………………………………

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

(ii) The strength and durability of Terylene can also cause environmental 
problems. Suggest why.

……………………………………………………………………………………...

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

[Total: 10]
OR
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11 Chromatography is the general name applied to a series of separation methods that 
employ a system with two phases of matter; a mobile phase and a stationary phase. 
Analytes in a mixture to be separated interact with the stationary phase with different 
affinities. While moving through the system, carried along by the mobile phase (solvent), 
analytes with a low affinity for the stationary phase will tend to move along rapidly, while 
those with a high affinity will tend to lag behind. Thin Layer Chromatography (TLC) is a fast 
and inexpensive form of chromatography that has many uses in the organic laboratory. 
The retention factor (Rf) is simply the fractional distance the solute spot moves along the 
plate relative to the solvent front. The stationary phase in TLC is typically an adsorbant 
made of silica gel.

Analgesics are substances that relieve pain. The most common of these is aspirin. Other 
common analgesics include acetaminophen. In many cases these analgesics are used in 
combination to enhance or complement their individual affects; e.g., acetaminophen. 
Additionally, to counteract the acidic properties of aspirin, an inorganic buffering agent is 
added to some preparations. In some cases, caffeine is added to counteract the sedative 
effects of the analgesic. 

acetaminophen aspirin caffeine

TLC will be used to analyse a commercial analgesic tablet. The above-mentioned 
compounds will also be run on the same TLC for comparison. The retention factor value for 
each standard and each analyte spot produced by the commercial analgesic tablet will be 
determined. This will then allow the compounds used in the analgesic tablet to be 
identified.

Literature values of the compounds are listed as followed.

compound melting point / C retention factor

acetaminophen 168.0 0.333

aspirin 136.0 0.639

caffeine 236.1 0.125

The retention factor values are obtained after each of the components, X, Y and Z, are 
isolated and were analysed using TLC.
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compound melting point / C retention factor

X 132.1 – 132.2 0.676

Y 166.2 – 168.2 0.378

Z 234.3 – 235.5 0.189

Source: https://infohost.nmt.edu/~jaltig/TLC.pdf

(a) Use the literature information provided to name the components, X, Y and Z.

X ……..…………………….....        Y ……..…………………….....

Z ……..……………………...... [2]

(b) Based on the literature Rf values, which compound has the highest affinity to the 
stationary phase, silica gel? 

Explain your reasoning.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

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

(c) What can you conclude about the literature melting points and the experimental 
melting points?

Explain your reasoning.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

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

(d) A way to produce acetaminophen is to react two molecules to form an amide 
linkage. This process is similar to the process of esterification.

(i) Name the conditions required to produce acetaminophen.

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

(ii) Draw the structure of the two molecules that can form acetaminophen.

[2]

(iii) In practice, when the two molecules react in (d)(ii), the yield of 
acetaminophen is never 100%.

Suggest a reason why.

……………………………………………………………………………………...

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

[Total: 10]

– END OF PAPER –
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6092 Chemistry Preliminary Examination 2019 Marking Scheme

Multiple-Choice Questions [40 M]

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

11 12 13 14 15 16 17 18 19 20
C D B C B B B D D D

21 22 23 24 25 26 27 28 29 30
B A D C D B C A B A

31 32 33 34 35 36 37 38 39 40
A C B D B A A C D B

Section A: Short-Structured Questions [50 M]
1 (a) B [1]

(b) E [1]
(c) (i) Carbon monoxide [1]

(ii) neutral [1]
(d) (i) Any noble gas (e.g. helium, neon, argon, etc) [1]

(ii) It has a complete valence shell / complete outermost shell / noble gas 
configuration and does not need to gain / lose / share electrons. [1]

(e) It is an ionic compound. Since its ions are held / fixed in an ionic lattice structure, no 
mobile ions are available to act as charge carriers. Hence F2O does not conduct 
electricity in the solid state.

[1]
[1]

2 (a) (i) Each C atom is bonded to 4 other C atoms by strong covalent bonds in a
tetrahedral structure; large amount of energy is needed to break these strong
bonds, resulting in a high melting point

[1]
[1]

(ii) The network of covalent bonds is less extensive than diamond / each carbon 
atom is bonded to 3 carbon atoms in graphite while each carbon atom is 
bonded to 4 carbon atoms in diamond [1]

(b) (i)

[1]: Electrons involved in bonding are drawn correctly 
[1]: No other valence electrons are drawn [2]

(ii) Each C atom is bonded covalently to 3 other atoms in a hexagonal structure. 
Free moving electron from each C atom can act as charger carriers to move 
across layers to conduct electricity.

[1]
[1]

(iii) test: measure the melting point / boiling point of carbon dioxide
observation: melting point / boiling point is fixed OR melting point / boiling 
point matches the recorded melting point / boiling point in scientific data.

Award [1] only if both test and observation are correct.

[1]

38
CC D

e
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3 (a) 1.HX is a strong acid due to its: lower pH; higher electrical conductivity OR
   HY is a weak acid due to its: higher pH. lower electrical conductivity; 

2. Strong acid dissociates completely in water to form H+ ions. Weak acid 
dissociates partially in water to form H+ ions. 

3. The higher concentration of H+ ions contributes to its high conductivity; The low 
concentration of H+ ions contributes to its low electrical conductivity.         

  
Answers like difference of pH2 or higher or lower pH did not score marks.

[1]

[1]

[1]

(b)

Graph should show the same volume of NaOH ;
Starts at pH 1 ; Ends at pH 12 [1]

4 (a) zinc to copper in the wire [1]
(b) Cu2+ (aq) + 2e Cu(s) [1]
(c) meter reading / V metal

+1.10 Zinc
+0.78 Iron
0.00 Copper
-0.46 Silver

Award [1] for every 2 correct answers

[2] 

5 (a) Mr of propene = 3(12) + 6(1) = 42
Number of moles of propene
= 1/42
= 0.0238095238 mol
Number of moles of bromine = Number of moles of propene

mass of bromine 
= 0.0238095238 x 2(80)
= 3.80952380952    

3.81 g (3 s.f.)

[1]

[1]

of prprprprprprprrprprprprrprprprrrrrrrrrrrrrrrrropopoooopoooopoopooooopoopopoopopooppppppenennennnnennnnenennennnenenennnnneenennenenennnennnennnnnnnnnnenneneeeeee eeeeeeeeeeeeeeeeeeeeeeee = 3(3(((121212121212) ) ) )) ) ++++++ 6(66666 1) = 4
berrrrrrr ooof moooooleleleleees s s s s s ofofofofofof prope

8095238

memememememememeememmemememmemeemmemememmemeemememememmmmemmmmmmmm tetetetetetetetetetetetetetetetettttttttttt r rrrr r r r r r r rr r rererereererererererereeererereerreeerereeeeeeeeeeeeeeeeeeeeadadadadadddadadaddadadadadadadadaddaddddddddddddddddddddddddddininiiiiiiiniiiiiiiiiiiiiininiininniinni g g / ////////////////////////////// VVVVVVVVVVVVVVVVVVVVVVVVVVVV meeeeeetatatatatatallllll
+1.11111111111110000000000000000000000000000000 ZiZiZiZiZiZincnnnnnn
+0.78888888888888888 Iron
0.0.0.0.0.00.0.00.0.0.00.00.0000.000000000.000000.00000.00000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000 C
---------0.0.0.0.0.0.0.0.0.0.00000000 4646464646464646464646464646464646464444666666666

)
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(b)

or [1]
(c) Mr of propene = 42

Number of propene molecules
= 7350 / 42
= 175
Number of carbon atoms
= 175 x 3
= 525

[1]

[1]
6 (a) electrode P: 4OH-

2O (l) + O2 (g) + 4e
electrode S: Cu2+

[1]
[1]

(b) Hydroxide ions are discharged at electrode R (anode) to give oxygen gas.
Hence, with the decrease in concentration of hydroxide ions, the pH decreases as 
the solution becomes less alkaline.

[1]
[1]

7 (a) salt method 1 method 2 method 3
ammonium chloride

lead(II) sulfate

sodium sulfate

zinc nitrate 

Award [1] for every 2 correct answers
[2]

(b) (i) Copper(II) chloride is soluble, so cannot use method 1
Copper cannot react with dilute acid, so cannot use method 2
Copper oxide, hydroxide and carbonate are all insoluble, so cannot use
method 3

Deduct [1] for every 1 mistake [2]
(ii) Add excess copper(II) oxide/hydroxide/carbonate to dilute hydrochloric

acid
Filter the mixture
Heat the filtrate until saturated
Cool the hot filtrate to allow it to crystallize
Collect crystals and wash with cold deionised water

Award [1] for every 2 correct steps
Award [3] for all correct steps [3]

8 (a) When the temperature is too low, the speed of reaction is too low; 
when the temperature is too high, the cost of maintaining the high temperature is 
too high;
(also accept: when the temperature is too high, the yield is too low)

[1]
[1]

r
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e.
meeeeeeeeeeeeeeeththhthhhththhhhhhthhododododddddddddddddddddddddddddddddddddddddddddddddddd 1111111111111111111111111111111111111111111111111111 mmememememmmemmmemememmememememememememememememememmmmemmemememmmememeeeeeeeeeeeeththththtttthththththhthhhhhththhththththhhththhthththhthththththhhthhththththththhhhhhhhhhoooododododoododoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 222 memeththod 3

chlorididdddddddddidddddddddddddddddddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
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(b)

the formulae of the reactants and products of the reaction,
a label for the activation energy of reaction,
a label for the enthalpy change of reaction.

Deduct [1] for every 1 error. [2]
(c) When pressure increases, there are more molecules of sulfur dioxide and oxygen 

per unit volume;
frequency of effective collisions increases so rate increases

[1]
[1]

(d) In the absence of water (or little amount of water), most of the sulfuric acid 
molecules do not ionise to form hydrogen ions, hence it would not react with steel;
in dilute sulfuric acid, the hydrogen ions from the acid ionises completely, reacting 
with the iron in steel tanks;

[1]

[1]
(e) Any transition metal (e.g. copper, silver, gold) that is below hydrogen in reactivity 

series.
It has multiple oxidation state.

[1]

(f)

[1]

Section B: Long-Structured Questions [30M]
9 (a) (i) 2 C8H18 + 25 O2 2 + 18 H2O [1]

(ii) Mole ratio of      [allow ecf for mole ratio]
2 C8H18 : 25 O2

3   :   37.5
Number of moles of O2 =

2
x 25

= 37.5 mol    [1]
Volume of O2 = 37.5 x 24.0

= 900 dm3                      [1] [2]

2 SO2 (g) + O2 (g)

2 SO3 (g)

of the reaactctctctcc ion,,
ion,

eaction.
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ute sulfuricccccccccccccccccccccccccccccccccccccccccccc aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaciciciciciciciciccccccccccccccccccccccccccccccccc d,dd,d,d,dd,dd,d,dd,d,d,dddd,d,ddd,dddd,dddddddd,dddddddddd,, the hydydyyyyyyyyyyyyyyyyyyyyyyyy rogegeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnn ions froooooooooooooooooooooooooooooooom m mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ththtthththththththhttththhthththththhththththhhhhthththhhthhththt eeeeeeeeeeeeeeeeeeee acid ioniseeeeeees s s s ss cocococococompmmmmm letel
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sesssssssssssssssss riiiiiiiiiiiiiiiesesesesesesesesesseesesseesesseseeesesessessesesessssesssssssss.
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(iii) 2 C8H18 + 25 O2 2 + 18 H2O
C8H18 loses H atom / gains O atom to form CO2, hence C8H18 is reduced.
O2 gains H atom / loses O atom to form H2O, hence O2 is oxidised.

[1]
[1]

(b) Diesel contains a higher number of carbon atoms than petrol [1].

As the number of carbon atoms increases, the molecular size of the 
hydrocarbons increases. The intermolecular forces of attraction between 
the hydrocarbons increases. [1]

Hence more energy is needed to overcome the intermolecular forces of 
attraction between the hydrocarbons. Hence diesel is a fraction of crude oil 
that is removed at a higher boiling point than petrol. [1] [3]

(c) Three-way catalytic converter.

Based on the chart, the three-way catalytic converter produces the lowest 
mass of hydrocarbons, carbon monoxide and nitrogen oxides as compared to 
two-way catalytic converter. Hence the three-way catalytic converter is a more 
effective catalytic converter. [1]

OR

Three-way catalytic converter can remove hydrocarbons, carbon monoxide 
and nitrogen oxides while two-way catalytic converter can only remove 
hydrocarbons and carbon monoxide. Hence the three-way catalytic converter 
is a more effective catalytic converter.

[1]
(d) Nitrogen oxides are not converted in a two-way catalytic converter.

As a result, the nitrogen oxides react with oxygen and dissolve in rainwater to 
form acid rain, which corrodes limestone buildings, destroys aquatic life and 
plants. [1]

10 (a) NH4
+ (aq) + OH- (aq) NH3 (g)+ H2O (l) [1]

(b) Percentage mass of nitrogen in ammonium chloride
= 14 / (14 + 4 + 35.5) x 100
= 26.2% (3 s.f.) [1]

(c) (i) Ammonia has a relative molecular mass of 17, and is less dense than
hydrogen chloride gas, with a relative molecular mass of 36.5.

Hence ammonia gas diffuse faster than hydrogen chloride gas, forming
the white solid ring closer to concentrated hydrochloric acid.

[1]

[1]
(ii) The white solid would appear faster as the rate of diffusion is faster; [1]

(d) No visible change will be observed.
Bromine is less reactive than chlorine and is unable to displace chloride from 
ammonium chloride.

[1]

[1]
(e) Step 1: In an evaporating dish, heat gently to sublime ammonium chloride.

Step 2: Place an inverted filter funnel over the evaporating dish to cool down 
and condense the gaseous ammonium chloride to form white solid.

Diagram drawn must be labelled properly to be awarded [1]. Student will 
need to state step 2 to get full credit.

[1]

[1]

(f) As we go down the group, the boiling point or melting point increases / 
density increases / colour intensity increases / changes from gas to liquid to 
solid. 

[1]

oduces
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11 Either
(a) (i) aldehyde chemical formula structural formula

propanal C3H6O 

Award [1] only when all answers are correct

[1]

(ii) These molecules have the same functional group of CHO./
These molecules have the same general formula, CnH2nO./
Each member’s molecular formula differs from the next member by 
CH2. 

Award [1] for each correct answer.

[2] 

(b) Oxidising agent: acidified potassium manganate
Observation: Violet potassium manganate decolourises.

[1]
[1]

(c) (i) Condensation reaction occurs when the molecules join with one
another covalently to form a new product, with the elimination of small
molecules such as water. [1]

(ii)

[1]

(d) (i) Similarity:
Both reactions eliminate / release / produce water molecules / involve 
esther bond formation [1].

Difference:
Ethyl pentanoate is a simple molecule but Terylene is a macromolecule 
/ Terylene has more than one ester linkage but ethyl pentanoate has 
only one. [1] [2]

(ii) Terylene is non-biodegradable and will remain on Earth for a long time. 
Hence, Terylene will take up space in landfill sites, causing land pollution. [1]

11 Or
(a) X: aspirin

Y: acetaminophen
Z: caffeine
Award [1] for 1 or 2 correct answer
Award [2] for all correct answers [2]

(b) Based on the Rf values, caffeine has the highest affinity for the silica gel. [1]

Caffeine has the lowest Rf value as compared to aspirin and acetaminophen, 
this shows that the distance moved by caffeine on the TLC plate is the shortest 
distance. Hence this shows that caffeine has high affinity for silica gel. [1] [2]

ses.
moleculessss jjjjooioioinnnn wiwiwiwithththth one

oduct, withhhh tttthehehehe elelimimininaation of s

(d) (i(iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii( )))))))))))))))) SiSiSiSiSiSiSiSiiiiSiiSimimimimimimimimimimimimimimimmmmmm lalllll ritytytyttytytytyttytytyttttytytttytytytttytyttttttttttyyyyyy::
Bothththththththththththththth rrrrrrrrrrrrrreaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactctctctctttctcttctttctcttttcttcttttctctc ioiiiiiiiii ns eliiiiiiiiiiiiiiiiiiiiiiiimimimimmmimimimmmimimmmmimmimiiimimimimmmmmmmmmmmmm nannananananananananananaanaaaanaaaaaaaaaaaaaaaateteeteteteteteteteetettetettetteteteteeeteteeetettettetteteeeeetettttt ///////////////////////////////// rrrrrrrrrrrrrrrrrrrrrrrrreleleleleleleleleleleleleleeeeeleeeeeeeeeeeeeeeeelleee eaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaeaaaeaeeeeeeeeeeeeeeeeee sssssssssssssssesesssssssssssssss / prprododucucee wate
esthherereeeeeeeeeeee bbbbbbbbbbbbbbononoonoonoononoononononooonoooonooooonoonooonononononnonoooooooo ddddddddddd formrmmmmrmmmmmrmmmmmmmmmmmmmmmmmmmmmmmmr atatatatatatatatatatatatatataaaaaaaaaaaaaaaaaaa ioiioioioioioiooioioiioioioiooiooooiioiioooooooooooooooonnnnnnnnnnnnnnnnnnnnn [1]]]]]].]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

D ffffififffffffffffffffffffffffffffefffffffffffffff rencncncnccccncncncncncnccncccncncnncnncnncnnccnccncnnccnccnccce:e:e:e:e:e:e:ee::e:e::e:e::e:e:e:e::e:e:eeeeeeeeeee
EtEtEEEEEEEtEEEEEEEEEEEEtEEEEEEEEEEEEtEtEEEEEEEEEEtEEEEthyhyhhhhhhyhyhhyhyhyhhyhyhyhyhyhyhhyhyhyhyyhyhhyhyhyhyyhyhyhyhyyhyyll llllll lll lll l lllll l l ll lllllll pepepppepepepppeppepppppepeppppeppeepepppp ntntttnntntnttntntnntntntntntnnntntttnttnttttntnttnntnttttnn ananananananananannnnanannnanananannnanananananannaaananaaanannananaaa oaoaoooaooaooooaoaoaoooooooooooooooo te iiiissss aaaa sisisisimmmmple mo
/ / // /////////// /// TeTeTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT ryryryryryryryryryryryryryyryryryryryryryryryrryyryryyrryryryryyrryyyleleeleleleeleleleleleeleeeleleeeleleleleeeleeeeeeeeeeeeenenennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  hassss mmmmorororore eee tttthan o
onononononononononononononnononoooo lylylyylylylyyylylylylylyylylylylylylylylylyyyyylyylyyly oooooone.. [1[1]]
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(c) The experimental melting points for all three compounds are lower than the 
literature values. [1]

A possible reason is that compounds X, Y and Z are not 100% pure [1]

Or

the compounds may contain impurities. 

[2] 

(d) (i) Concentrated sulfuric acid, warm/heat (under reflux) [1]
(ii)

Award [1] for each correct answer

[2]

(iii) The process is similar to esterification, which is a reversible process. 
Hence some of the product, acetaminophen, formed is converted back 
to reactant particles.

[1]

e lowewewewewewerrrrr ththththththan

Z are not 1010101010100%0%0%0%0%0% ppppppuru e eeeee [1[1[1[1[1[1]]

mpuritititiititititiititititititttttttttttt eseseeeeeeeeseeseeeeeeeeeeeeseeseeeseseseeeeeseeeses.

sulfuric c acacacacacacacacacacacacacacacaaccaccccccccccacccccccccccccccccccididdiidddidddiddididididdddddiddidddddddddddddidddddiiiii , wawawawawawawawawawawawawawawawawawwwwwwwwwwwwwwwwwwwwwwwwwwwww rmmmmmmmmmmmmmmmmmmm/h/h/hhhhhhhhhhhhheae t (uuuuuuuuuuuuuuuuuuuuuundndndndddndndndndddndnddddnddddnddddddddndddddddddddndnddddnddddddddder reflux) [1]

AwAwAwAwAwAwAwAwAwAwAwwAwAwAwAwAwAwAwAwAwwAAwAwAwAwAwwAwAwAAAAAAAAwAAAA aaaaararaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa d [1] fofofofofofofofofofofofofofofofofofor rrrrrrrr eaeaaaaeaaeaeaaaaeaeaeaaaaaaaeaaaaaaeaaaaaaaaaaaaaaaeaaaaae chchcccchchccchchchchcchhchhhhhhhhhchhhchhhhhhhhhhhhhhhhhhhc  correrectctctctctctctctctctctctcttttctctctt aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnsnsnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn wewewweweweweewewewewewewewewewweweeeweeweweewweweeeweeewewweweeeeeweeeeweewwwwwwww rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

[

iii) ThThTThThThThThThThThTTThThTTThThTTTTThTTTTThThTTTTTTThThTTThTTThThTTTTThThhhhhhhhhhhhhhheeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeee prprprprpprprprpprpprprppprppprprppppppppprppppppppppp ococococococococoocococoocococoococococococoococoocooooccccccccccccccccceseseeeeeeeeeeeeeeeeeeeeeeeeeeee ssssssssssss isisisisisisissisisisisissssissssssssssissisis simmmmililillillilililililillllilllllliiiii arararararararrrarararrrarrarrraraarararaaaaaaaararaaaaaaaraaaaraaarararaaaaraaraaaaaa ttttttttttttttttttttttttttttooooooooooooooooooooooooo esesesesesesesessesesesesesessessseseeeeeeee tetttttttttttttt rificationonononono , whwhwhwhwhwhich is
HeHeHeeHeHeeHeHeeeHeHeeeeeHeeeeeHHHH ncn e sosososososoooooosoooooooooooooooooooooooooooooooooomemmmmmmmmmmmmmm oooooooooooooooooooooof f ff fffffffffffffffffffff ffffffffff ththttththththtttththtthtththtthththtthtththhthththhhthththhhhhhhhththhhhhhhhe e e eeeeeeeeeeeeeee ppprprpppppppppppppppp ododododododododododododododododododoooducucuucucucucucccccuuccucccuucccccuucccuuuu t,t  aceeeeeetatatatatatamimmmmm nonnnnn phen
toooooooooooooo rrrrreaeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ctctttcttctctttcttctctctctctcttctctctttanannt t papappappapapapapapappapppapappapppaappaapappppaapapapappppppappapapppppppppppppppp rtrrtrtrtrtrttrtrtrttrtrtttrtrtrtttttttrttttrttrtrtrtrtrrrtrttttttttticicciciciciciciciccccciccccicicicccccccciciccccciccccicciiiiccicccccleleleleleleeleleeelelelelellellllelllllllllelleell s.s.ss.s.s.s.ssss.s.s.s.sssssssssssssssssssssssssssssss
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