
Sec 4E Chemistry P1 Page 1 of 15 USS PRELIM 2019 

Name Class Index Number

UNITY SECONDARY SCHOOL 
PRELIMINARY EXAMINATION 2019 

SECONDARY FOUR EXPRESS

CHEMISTRY 6092/01

PAPER 1

19 SEP 2019

1 HOUR 

Additional Materials : Optical Answer Sheet

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.
Do not use paper clips, highlighters, glue or correction fluid.
Write your name 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 Optical 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 15. 
The total mark for this paper is 40 marks.  

This paper consists of 15 printed pages, including this cover page.

Downloaded from SingaKids.com



Sec 4E Chemistry P1 Page 2 of 15 USS PRELIM 2019

1 The following diagrams show the arrangement of particles of a substance at 
two different temperatures.

Which substance could the diagrams represent?

Substance Melting point / 0C Boiling point / 0C
A
B
C
D

210
210
100
100

50
10
50
10

2 When concentrated aqueous methylamine, CH3NH2 (Mr = 31) and 
concentrated hydrochloric acid, HCl (Mr = 36.5) are placed at opposite ends of 
a tube, a white ring of solid, methyl ammonium chloride, CH3NH3Cl is formed. 
 
At which position A, B, C or D, will the white ring be found?

3 Which two gases each change the colour of damp red litmus paper?

A ammonia and chlorine
B ammonia and hydrogen chloride
C carbon dioxide and chlorine
D carbon dioxide and sulfur dioxide

-190 ºC -30 ºC
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4 Four students were asked to test a solution for the presence of a cation by 
using various anions. The students obtained these results.

Student chlorides sulfates carbonates
A No precipitate No precipitate Precipitate
B Precipitate Precipitate No precipitate
C Precipitate Precipitate Precipitate
D No precipitate Precipitate No precipitate

Each student concluded that Pb2+ was present. 

Which student had results consistent with this conclusion?

5 Solid samples of ammonium chloride, silver chloride and sodium chloride were 
accidentally mixed together. Which of the following sequences outlines the 
best method to obtain the pure dry sample for each substance?

A dissolving, filtration, sublimation, crystallisation
B dissolving, fractional distillation, filtration, evaporation
C sublimation, filtration, evaporation, crystallisation
D sublimation, dissolving, filtration, evaporation

6 The results of a paper chromatography experiment carried out on an ink  
sample are shown below.

                    

Given that the Rf value of Dye X is 0.40, what is the Rf value of Dye Y?

A 0.50
B 0.57
C 0.69
D 1.73
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7 An imaginary element Unitium (Um) has a proton number of 113 and a nucleon 
number of 237. Which of the following indicates the number of sub-atomic 
particles in the Unitium ion, Um3+?

Number of 
electrons

Number of 
neutrons

Number of 
protons

A 110 124 110
B 110 124 113
C 113 237 113
D 113 124 110

8 The relative atomic mass of naturally occurring chlorine on planet Jupiter is 
found to be exactly 36.0. What cannot be a reason for this?

A All the chlorine atoms on Jupiter have 19 neutrons.
B Half the chlorine atoms on Jupiter have 18 neutrons and the rest have 20 

neutrons.
C There is only one type of chlorine atom found on Jupiter.
D The chlorine atoms on Jupiter have different number of protons but same 

number of neutrons.

9 How many covalent bonds are there in the molecule with the formula 
CH2CHCH3?

A 7
B 8
C 9
D 10

10 The proton numbers of elements, Q, R and Z are 4, 6 and 8 respectively.  
Which of the following lists give the correct formulae of the compounds formed 
between them?

A QZ RZ2 QRZ3
B QZ RZ2 QRZ4
C Q2Z RZ QRZ3
D Q2Z RZ QRZ4
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11 J, K and L are three different elements in the Periodic Table. The electronic 
diagram (showing only the valence electrons) of the compound formed 
between J, K and L is shown below:

Which of the following statements are correct?

I Element K could be nitrogen.
II Element J belongs to Group II of the Periodic Table.
III Element K and element L are bonded together by covalent bond.
IV Element L is a metal.

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

12 A pure compound contains 24 g of carbon, 4 g of hydrogen and 32 g of 
oxygen. What is the empirical formula of the compound?  

A CHO
B CH2O
C CH4O
D C2H2O

13 When solid sodium hydrogencarbonate (Mr = 84) is heated strongly, the 
following reaction occurs.

                2NaHCO3 2CO3 (s) + H2O (g) + CO2 (g)

What is the loss in mass when 25.2 g of solid sodium hydrogencarbonate is 
heated?

A 2.7 g
B 9.3 g
C 15.9 g
D 18.6 g
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14 In an experiment, 4.0 cm3 of 1.0 mol/dm3 copper(II) sulfate solution are mixed 
with 8.0 cm3 of 1.0 mol/dm3 sodium carbonate solution.

What does the reaction vessel contain?

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

15 Concentrated aqueous iron (II) iodide is electrolysed using platinum electrode. 
Which of the following correctly describes the reactions at each electrode? 

Ions attracted to cathode Observations at anode
A I and OH Colourless gas evolved
B I and OH Grey deposit formed
C Fe2+ and H+ Brown solution formed
D Fe2+ and H+ Colourless gas evolved

16 Four electrolytes are listed. Each is electrolysed using inert electrodes.

1 aqueous copper(II) chloride
2 concentrated aqueous sodium chloride
3 dilute aqueous sodium chloride
4 molten aluminium oxide

Which two of the electrolytes will result in a metal forming at the cathode?

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

17 Which statement describes what happens when hydrogen and oxygen are 
used in a fuel cell?

A Electricity is generated directly.
B Electricity is used to produce water.
C Hydrogen is burned to form steam.
D Hydrogen reacts to form a hydrocarbon fuel.
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18 The energy profile diagram of a certain reaction is shown below. X is a 
catalyst.

       

Which one of the following statements is correct?

A More heat is absorbed in bond-breaking than is released in bond-making.
B The addition of X increases the yield of the products.
C The enthalpy change is decreased by the addition of X.
D The frequency of effective collisions is increased by the addition of X.

19 Gaseous phosphorus pentachloride can be decomposed into gaseous 
phosphorus trichloride and chlorine by heating. 

Given that the bond energy of P-Cl is 330 kJ/mol and Cl-Cl is 240 kJ/mol, 
calculate the enthalpy change for the reaction.

A 420 kJ/mol
B 90 kJ/mol
C +90 kJ/mol
D +420 kJ/mol
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20 When excess calcium carbonate pieces are added to dilute hydrochloric acid, 
the reaction gradually becomes slower and finally stops. 

Which statement best explains why the rate of reaction becomes slower?

A An insoluble layer of calcium chloride is formed on calcium carbonate.
B The concentration of hydrochloric acid gradually reduces to zero.
C The mass of calcium carbonate decreases throughout the reaction.
D The pieces of calcium carbonate gradually become smaller.

21 Which of the following graphs shows the correct change with time when nitric 
acid reacts with excess iron filings?

22 A textbook writes ‘Nitric acid, HNO3, is a strong oxidising agent’.

Which of the following cannot be a product of nitric acid in its reaction with a 
reducing agent?

A N2O5
B N2
C NO
D NO2

23 Which of the following pairs of reactants will not give a neutral solution when 
they are mixed together in equal number of moles?

A Sodium hydroxide and nitric acid
B Calcium hydroxide and sulfuric acid
C Potassium hydroxide and hydrochloric acid
D Barium hydroxide and nitric acid
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24 Solid R is gradually added to aqueous solution S. The changes in pH are 
shown on the graph.

What are substances R and S?

Substance R Substance S
A insoluble metal oxide nitric acid
B soluble metal oxide hydrochloric acid
C soluble non-metal oxide aqueous ammonia
D soluble non-metal oxide sodium hydroxide

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

pH Colour
0 - 3 Red
4 - 7 Green

8 - 14 Dark blue

This indicator will be suitable to distinguish between

A aqueous ammonia and sodium hydroxide.
B aqueous sodium chloride and water.
C aqueous sodium nitrate and sodium hydroxide.
D dilute hydrochloric acid and dilute sulfuric acid.

Downloaded from SingaKids.com



Sec 4E Chemistry P1 Page 10 of 15 USS PRELIM 2019

26 Which of these statements are true in Haber Process?

         I     The hydrogen needed can be obtained by cracking of petroleum. 
         II    The reaction chamber is pressurized to speed up the reaction.
         III   The ammonia formed is removed by condensation.    

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

27 Many properties of an element and its compounds can be predicted from the 
position of the element in the Periodic Table.

Which property could not be predicted in this way?

A the acidic or basic nature of its oxide
B the formula of its oxide
C the number of isotopes it has
D its metallic or non-metallic properties

28 A large volume of copper(II) sulfate solution is left in an iron container 
overnight.

Which statement describes what happens?

A The solution evaporates completely and some copper(II) sulfate crystals 
are left behind.

B The part of the container in contact with the solution is coated with 
copper.

C Some fine iron particles are formed in the solution.
D Atmospheric oxygen reacts with the copper(II) sulfate to give black 

copper(II) oxide.

29 The Apple® Watch (Sport) is made up of an alloy comprising aluminium and 
tightly controlled amounts of magnesium and zinc.

Which of the following is not a good reason for alloying metals? 

A It is cheaper to use alloys than pure metals.
B The use of alloys enhances the appearances of the product. 
C The use of alloys enhances the strength of the product.
D The use of alloys makes the product less susceptible to corrosion.
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30 The haemoglobin molecule in our blood contains 0.33% by mass of iron. If the 
molar mass of haemoglobin is 68 000 g, how many iron atoms are there in one 
mole of haemoglobin?

A 4
B 8
C 224
D 401

31 Petrol and diesel are two common fuels used by cars and buses respectively. 
The combustion of these fuels produces air pollutants.

The table shows the mass of pollutants found in exhaust fumes when 1 kg of 
each fuel is burnt. 

pollutant produced mass of pollutant after 
petrol is burnt / g

mass of pollutant after 
diesel is burnt / g

carbon monoxide 240 10

oxides of nitrogen 30 60

sulfur dioxide 1 4

unburnt 
hydrocarbons 25 20

Which of the following statements can be inferred using the data in the table?

A All the pollutants listed can be removed by installing a catalytic converter.
B Carbon monoxide is produced by complete combustion of the fuels.
C Petrol contributes more towards the formation of acid rain.
D The temperature in petrol engine is lower than that in diesel engine. 

32 Which of the following changes does not happen in a catalytic converter?

A carbon monoxide carbon dioxide
B nitrogen dioxide nitrogen
C nitrogen monoxide nitrogen dioxide
D unburnt hydrocarbons carbon dioxide and water
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33 Four alkanes, H, I, J and K were extracted from a fractional distillation sample 
of crude oil.

                   K is more viscous compared to I.
             J burns with a less sooty flame compared to I and K.

                   H is less flammable than K.

Which of the following shows the sequence in which the alkanes were 
collected, in order of increasing boiling point?

A J, H, K, I 
B H, I, K, J 
C K, H, J, I 
D J, I, K, H

34 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 5
B 6
C 7
D 8

35 200 cm3 of methane is burned in 300 cm3 of oxygen.

When cooled to room temperature, what could be the resulting mixture of 
gases?

A CH4, CO, CO2
B CH4, CO, H2O
C CH4, CO2, O2
D CO2, H2, O2

36 Some cooking oils contain a mixture of water with molecules of saturated and 
unsaturated fats. A pure fat molecule has a relative molecular mass of 300. 

75 g of the fat reacts with 120 g aqueous bromine. 

How many double bonds are there in each molecule of the fat?

A 2
B 3
C 4
D 6
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37 A compound X has all of the following properties:

It is a liquid at room temperature and atmospheric pressure.
It does not mix completely with water.
It does not decolourise acidified potassium manganate (VII).

What could X be?

A ethane
B ethanoic acid
C ethanol
D ethyl ethanoate

38 Which prediction about the compound below is not likely to be true?

A It forms salts with bases.
B It reacts with ethanol.
C It reacts with hydrogen to form a saturated compound.
D It can be oxidised by acidified potassium manganate (VII).

39 The reaction between a carboxylic acid, CxHyCO2H, and an alcohol, 
CnH2n+1OH, produces an ester.

How many hydrogen atoms does one molecule of the ester contain?

A y + 2n
B y + 2n + 1
C y + 2n + 2
D y + 2n + 3
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40 Which of the following shows the repeating unit of terylene?

End of Paper 1
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Section A

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

A1 The diagram shows part of the Periodic Table. Only some of the elements are 
shown.

(a) Answer each of the following questions using only the elements shown in 
the diagram.
Each element may be used once, more than once or not at all.
State one element which

(i) has a melting point below room temperature but a boiling point 
above room temperature

……………………………….

[1]

(ii) has an atom with three occupied electron shells, the outer of which 
has only five electrons.

……………………………….

[1]

(iii) is colourless, diatomic gas

……………………………….

[1]

(b) Chlorine was passed through a tube as shown below. After some time, 
coloured substances were seen at P, Q and R.

State the observations seen at each of the region.

[3]
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Region Observations

P

Q

R

(c) Arsenic reacts with oxygen to form arsenic(III) oxide, As2O3.
Arsenic(III) oxide is slightly soluble in water. A weak acid, arsenous acid, 
H3AsO3, is formed.

Use the kinetic particle theory to explain why a 0.05 mol/dm3 solution of 
arsenous acid reacts much more slowly with magnesium ribbon than a 0.05 
mol/dm3 solution of hydrochloric acid.

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

[2]

A2 The chemical equation for the thermal decomposition of calcium nitrate is shown 
below.
                         2 Ca(NO3)2 (s) 2 CaO (s) + 4 NO2 (g) + O2 (g)

(a) What is the total volume of gases produced at room temperature and 
pressure when 49.2 g of calcium nitrate undergoes thermal 
decomposition?

[2]
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(b) State the oxidation state of nitrogen in calcium nitrate.

……………………

[1]

(c) Explain, using oxidation state, whether the nitrogen in calcium nitrate is 
oxidized or reduced during the reaction.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

A3 The graph below shows the first ionisation energy of the atoms of elements in 
the Periodic Table. The first ionisation energy is the amount of energy needed 
to remove the most loosely held electron in the atom to form a positive ion.

Example of the first two elements is given as follows:

H H+ + e First ionisation energy = 1250 kJ/mol

He He+ + e          First ionisation energy = 2300 kJ/mol
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(a) Based on the graph,

(i) which element is the least reactive between the proton number of 10 
to 20?

…………………………

[1]

(ii) estimate the first ionization energy of Krypton.

…………………………

[1]

(iii) suggest an explanation for the difference in the first ionization energy 
between beryllium and magnesium.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(b) Oxygen contains two isotopes, O-16 and O-18. Do you think that the first 
ionization energy of both the isotopes is the same? Give a reason for your 
answer.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[1]

A4 Sodium phosphate is a soluble salt used as a water softener in detergents. It 
can be prepared by reacting phosphoric acid, H3PO4, with sodium hydroxide in 
a neutralization reaction. 

(a) Give the formula of sodium phosphate.

…………………………

[1]

(b) Write a chemical equation for the reaction between phosphoric acid and 
sodium hydroxide.

……………………………………………………………………………………..

[1]
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(c) 50.0 cm3 of 1.0 mol/dm3 phosphoric acid reacted completely with sodium 
hydroxide to form sodium phosphate solution.

(i) Calculate the mass of sodium phosphate formed. [2]

(ii) Describe how you would obtain pure, dry crystals of sodium 
phosphate from the salt solution.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[3]
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A5 Experiments were carried out on the rate of reaction of zinc with dilute sulfuric 
acid. In each experiment, excess sulfuric acid was used. The results are shown 
in the following graphs.
In Experiment 1, 0.26 g of powdered zinc were used. All three experiments 
were carried out at room temperature.

(a) The x-axis has been labelled for you. Suggest the label for the y-axis.

……………………………………………………………………………………..

[1]

(b) Suggest, with a reason, how the condition might have been altered to 
produce the results for Experiment 2.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(c) In Experiment 3, some copper(II) sulfate was added. Suggest two reasons 
for the results obtained for this experiment.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(d) Explain why attaching a piece of zinc to an iron pipe prevents the pipe from 
rusting.

……………………………………………………………………………………..

……………………………………………………………………………………..

[1]
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A6 The diagram shows an electric cell.

            

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

(ii) Write a half-equation with state symbols for the reaction taking place 
at the negative electrode. Explain why it happens that way.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(b) The zinc electrode is now replaced by iron.

(i) State and explain the change in the ammeter reading obtained.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(ii) State one other observation that will be different from the original 
set-up.

……………………………………………………………………………….

[1]

Downloaded from SingaKids.com



Sec 4E Chemistry P2 Page 9 of 21 USS PRELIM 2019
 
 

A7 The table below shows the enthalpy of combustion of three fuels.

fuel enthalpy change of combustion 
(kJ/mol)

ethanol 1370
hydrogen 256

octane 5510

(a) Using ideas about bond-breaking and bond-forming, explain why the 
enthalpy change of combustion for ethanol is negative.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(b) Ethanol and octane both undergo combustion to produce carbon dioxide. 
The equation for the combustion of ethanol and octane are given below.

          combustion of ethanol: C2H5OH + 3O2 2CO2 + 3H2O

combustion of octane: 2C8H18 + 25O2 16CO2 + 18H2O

(i) Calculate the volume of carbon dioxide that will be produced when 
ethanol undergoes combustion to produce 200 kJ of energy.

[2]

(ii) Calculate the volume of carbon dioxide that will be produced when 
octane undergoes combustion to produce 200 kJ of energy.

[2]
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(iii) Green fuel is a fuel that produces lesser carbon dioxide when burnt.
An example of green fuel is biogas.

Is ethanol “necessarily” a greener fuel? Explain.

……………………………………………………………………………….

……………………………………………………………………………….

[1]

A8 Acyl chlorides belong to a class of organic compounds that are analogous to 
carboxylic acids. Methanoyl chloride and ethanoyl chloride are the first two 
members of the acyl chloride homologous series.

(a) (i) Define the term homologous series.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[1]

(ii) Describe and explain how the boiling point of ethanoyl chloride 
compares with that of methanoyl chloride.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]
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(iii) Draw the full structural formula of the fourth member of the acyl 
chloride homologous series.

[1]

(b) Acyl chlorides undergo the same type of reaction with alcohols as their 
carboxylic acid counterparts to form the same ester.

For example, methanoic acid and ethanol react to form ethyl methanoate.
Methanoyl chloride reacts with ethanol to also form ethyl methanoate.

Using your answer from (a)(iii), draw the full structural formula of the ester 
formed between the fourth member of the acyl chloride homologous series 
and methanol. Name this ester.

Name of ester: …………………………………………………..

Full structural formula of ester:

[2]
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Section B

Answer all three questions in this section.

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

B9 Glass is a mixture of oxides, made up of three components: formers, fluxes and 
stabilizers.

Formers make up the largest percentage of the mixture to be melted to 
produce the glass.
Fluxes lower the temperature at which the formers will melt.
Stabilizers make the glass strong and weather resistant.

The composition of a type of glass (percentage by mass of their components) is 
shown in the table below.

chemical present soda lime silica 
glass

silica, SiO2 73.6%
soda, Na2O 16.0%
potash, K2O 0.6%

alumina, Al2O3 1.0%
Note: not all the components of glass are shown in the table above

(a) (i) Identify the chemical that serves as the former.

……………………………………………………………………………….

[1]

(ii) Explain, based on structure and bonding, why the chemical in (a)(i)
can withstand high temperatures.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]
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(b) Soda and potash are commonly used as fluxes. These fluxes have to be 
thermally stable. 

Which flux, soda or potash is more thermally stable? Explain your answer. 

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(c) The Gorilla Glass is a type of scratch-resistant glass made by the company, 
Corning. Glass sheets are dipped into a molten potassium salt bath at 
about 400 ºC, where the potassium ions undergo an exchange with the 
sodium ions (see diagram below). 

The larger potassium ions now present in the glass structure exert a 
“compressive effect” on the glass (similar to what happens in an alloy) that 
strengthens it.

particle ionic radii / 10-12 m

sodium ion 116

potassium ion 142

(i) Explain why the molten potassium salt bath has to be at 400 ºC.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]
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(ii) Explain, using data, how the ion-exchange process strengthens the 
glass through the “compressive effect”. 

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(iii) As part of the quality control process, a sample of Gorilla Glass was 
immersed in two solvents and the weight loss per unit surface area 
was measured after some time.

time / hours weight loss / mg cm-2

HCl 24 0.12 
NaOH 6 1.42

Explain the results in the table above.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[1]
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B10 The diagram shows the electrolysis of three different solutions using inert 
electrodes.

        

(a) (i) Write equations for the reactions that happen at each electrode in cell 
B during electrolysis. Include state symbols.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(ii) Describe two observations that take place at cell B.
Explain your observations.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[4]
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(b) 6.0 dm3 of oxygen is liberated from cell A, at room temperature and 
pressure.

(i) Calculate the increase in mass of the cathodes in cells A and C. [2]

(ii) What is another observation in cell A?
Explain your observation.

……………………………………………………………………………….

……………………………………………………………………………….

[2]
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B11 EITHER

The diagram shows four monomers.

(a) Monomer B was formed by reacting propenoic acid, CH2CHCOOH with 
another compound, X. State the conditions of the reaction and name 
compound X.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[2]

(b) (i) Which of these monomers can be used to produce a polymer through
condensation polymerisation by itself?

……………………………………………………………………………….

[1]

(ii) Which of these monomers will undergo polymerisation without a 
change in percentage composition? Explain your answer.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[1]
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(c) (i) Using two monomers above, draw a repeat unit of the polymer 
formed, which has the same linkages as found in nylon. [1]

(ii) Explain why the polymer formed in (c)(i) should not be disposed by 
burning.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

(d) A student has four solutions containing monomers A to D each. Describe
chemical tests the student could do to identify the four solutions.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[3]
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B11 OR
Haematite and coke are used to make iron in the blast furnace. A series of 
chemical reaction occurs within the furnace before molten iron is collected. Iron 
from the blast furnace contains carbon and silicon as impurities.

(a) Explain, with the help of equations, why coke is essential to the process of 
making iron from haematite.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[4]

(b) Three beakers were set up to study the reactivities of iron, lead and an 
unknown metal X.

After some time, it was observed that the metal pieces in beakers 1 and 3 
decreased in size. However, the metal piece in beaker 2 remained the 
same.

Fe 

Fe2+ 
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Deduce the order of the reactivities of iron, lead and metal X, starting with 
the least reactive metal. Explain your answer.

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

……………………………………………………………………………………..

[3]

(c) Iron was reacted with dilute sulfuric acid to obtain a solution. Adding some 
aqueous ammonia to the solution in a test-tube resulted in a green 
precipitate. After some time, the green precipitate started to turn reddish-
brown.

(i) Write an ionic equation for the formation of the green precipitate. 

……………………………………………………………………………….

[1]

(ii) Name the brown solid and explain how it was formed.

……………………………………………………………………………….

……………………………………………………………………………….

……………………………………………………………………………….

[2]

End of Paper 2
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UNITY SECONDARY SCHOOL
PRELIMINARY EXAMINATION 2019
SECONDARY 4 CHEMISTRY

Paper 1

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

Paper 2

A1 ai Br 1
ii P 1
iii N or H 1

b P – brown gas is seen 1
Q – purple fumes/vapour seen 1
R – purple-black solid condensed on surface of tube 1

c Arsenic acid being a weak acid ionises to form a few hydrogen ions 
only. At any time, there are only a few hydrogen ions colliding with the 
magnesium ribbon causing little reaction. 
Lesser number of colissions result in a lower proabability of effective 
colissions with magnesium. Thus rate of reaction is slow.

1 

1 

A2 a 49.2 g of calcium nitrate
Number of mol = 49.2/164 = 0.3

0.3 mol of calcium nitrate produces 0.6 mol of NO2 and 0.15 mol of 
O2. 

Total volume of gases = (0.6 + 0.15) x 24 dm3

= 18 dm3

1 

1 

b +5 1

i

C 33133333
AAAAAA 332333

23 DDDDDD 3333333
24 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 343434343434

C 255 CCCCCCCCCCCCCCCCCCCCCCCCC 3333335
BBBBBBBBBBBBBBB 26262626262626666666666666666662626666626266626666666662666666666666666666666666666666666666666 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 363636363636 B
AAAAAAAAAAAAAAAAAAA 2272222222222222222222 CCCCCC 373737333 D

18 DDDDDDDDDDDDDDDDDDDDDDDDD 28288888888888888888888888888888888888888888888888888 BBBBBB 38 D
19 DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 2922222222222222222222222222222222222222222222222222222222 AAAAAA 393939393939

A 202202220220202202022202022020220202020222222220222020222202020000000000000 BBBBB 30303330330330303303030300030303030300000330303030303000030303000330000003000 AAAAAA 404

er 2r

ai BrBrBrBrBrBBrBrBrBBBBrBrBrBrBrBBrBrBrBrBrBBrBrrBrBrBrrBrBrBrrrrBrrrrBrBrBB
i PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP

NNNNNNNNNNNNNN ororoooooororrororororooooorooooooooooooorrrrr HHHHHHHHHHHHHHHHHHHHHHHHHHH

P –––– brbbrbbbbrbrbrbrbrbbbbbbbbrbbbbbbrbrbbbrbbbbbbbrrrrrbbrrrowowowowowowowowowwwowowwwowowowowwowowwwwwowwwowwwowowwwwwwwwwwwwowownnnnnnnnnnnn gaaaaaassssss isisisisisis sssssseeeeeeeeee n
Q – pup rppppppleeeeee  fufufufufufumemmmmm s/va

puuuuurprprprprprplelelelelele-black
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c Oxidation state of nitrogen in calcium nitrate (+5) decreased to +4 
nitrogen dioxide; decrease in oxidation state; so reduced 1 

1
A3 ai Argon 1

ii 1375 kJ/mol

[Range: 1300 – 1400 kJ accepted] 

1

iii
The two valence electrons of magnesium is in the third shell that is 
further away from nucleus as compared to beryllium’s valence electron 
in second shell which is nearer to the nucleus.

Hence, attraction between the valence electron and the positively 
charged nucleus is less strong in magnesium and needs lesser 
ionization energy. 

1 

1 

b Should be the same; as the difference between the two isotopes is 
only the number of neutrons. The number of protons is the same and 
hence the attractive force will be the same.

1

A4 a Na3PO4 1
b H3PO4 +   3NaOH  Na3PO4   +   3H2O 1

ci Number of mol of H3PO4 = 0.05 x 1 = 0.05 mol

0.05 mol acid 0.05 mol of sodium phosphate

Mass of sodium phosphate = 0.05 x 164 
                                            = 8.2 g

1 

1 

ii Pour the solution into an evaporating dish and heat it till the saturation 
point.
Let the hot saturated solution to cool for crystals to form.
Filter to get the crystals, rinse with distilled water and dry by pressing 
between filter papers.

1

1 

1 

A5 a y-axis : Volume of hydrogen gas/ cm3 1

b The volume of hydrogen gas produced is double that of expt 1.

Since zinc is the limiting reactant, they used double the mass of zinc;
0.52 g of zinc was used

1

1 

c
1

Pooouurururururrruuururuurrrrruururrrrrrrrrrrrrrrrrr tttttttttttttttheheheheeheheeheheehehehehehehheheheheheheeeeeheeeeeeeeeehehe solututututututioioioioioionnnnnn inininininintttto an
ointt.tttttttttttttttttt

on and tttttthehehehehehe ppppppooooosoo itiv
esium annnnnndddddd neneneneneneededededededssssss less

differererrrrrrrrrrrrrence bbbbbbbetetetetetetetetetetetetetetetetetettetetetetettttwewewwewewewwwwewewwwwewewwwwweweweweweweweweweweweweeeeeeeeeeeeeeeeeneeneeneneneneeneeeneneneneneneneneneneneneneneneeeeneneneneneeneneeneneneeeeeeeeneneeenennnennnnnnnnnnnnnnnnnnnnnnnnnnnn ttttttttttttttttthehehehehehehhhhhhhhhhhhhhh  twowowowowowo iiiiiisosososososototototototopes is 
utrons. Thehehehehehehehehehehehehehe nnnnnnnnnnnnnnnnnnumumumumumummmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmbbebebebebeebebebebebebebbebebebebebebebebebbbebebbbebebebebebebebbebebebebebbbebebebebebebebebbebebebbbbbebbbebbebebebbebebebeebbebebebeebeeeebebeebebeebeeeeeebeebebeeeeeeebbeebbeebebbeebbeeebeeeeebeeeeeeebeeeerrrrrrrrrrrrrrr rrrr rrrr r r r r r r ofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofof ppppppppppppppppppppppppppppppppppppppppprororooooooooroooororoooooororororororooororoorooororororooroorororoorooooroooorooooroororoooooooororoooorororooroororooooooooototototototottttt nsnn iissssss ththththththeeeeee sasssss me and 

e forceeeeee wwwwwwwwwwwwwwwwiliiiiiiiiii l be ttttttttttttttheheheheheeheheeeheeeeheheeehhhh  samamamammmmmmmmmmmmmmmmmmmmammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeeee.e.e.e.e.e.eeeee.eee..e.ee.e.eee.e.ee.e.e.e.e.e.ee.e.eeeee.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

O4 +  3N3N333N3N33333N33N33N333N3N3N3N3N3N3N3N3N3N3N33N3N33N33333N33N33333N33NNNNNNNNNNNNNNNNaOHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH  NaNaNaNaNaNaNNaNaNNaNNaNaNNaNaNaNaNNNNNNNaNNaNNaNaNaNNaNNaNNaaaaaaaaaaaaaaaa3333POPOPOPOPOOPOPOPOPOPOPOPOPOPOPOPOPOOPOOOOOOOOOPOOOPOPOOPOOOOOOOOOOOPOOOPOOOOOOPPPPPPPPP 44444444444444444444444444444444444444  +++++++++++++++++++++++++++++++++   3H3HHHH3HHHH3HH3HHH3HHHHHH3H3HH3H3HHH3H3H3H3H3HHH3H3HH3H3H3HH3H3HH3HH3HHHH3H3H3HHHHHHHHHHHHHHHH3333 222O

ci NuNuNuNuuNuNuNuuuNuNuNuNuNuuNuNuuNuuNuuuNuuuuuuuuuuuuuuuuuuNNuuumbmbbbbbbbbbbbbbbbbberererererererererererererer of momomomomomomomomomomomomommmomoommmommomomomomoooomoomoomommommoommomoomomoomommollllllllllllllll ofofofofofofofofofofooofofoofoofofoffffffofffff HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH33333333333333333333333333333333333POPOPOPOPOPOPOPOPOPOPOPOPPOPOPPPOPOPPPOPOPOPPOPOPOPOPOPOPOPPOPPOPOPOPOOOOOOOOOOOO4444444444444444444444444444444 =========== 0.05050505050505055050055050505050550550555050555055505055555505055055505500005550555005000500 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 1111111111111111111111111111111111111111111111 ========================================= 00.00000000000000000000000000000000000000000000000000 0500000000000000000 mmmmolooooo

0.0.0.00.0.0000.00..0.0...0......000....050  molololololololololololololololololol aaaaaaaaaaaaaaciciciccccc ddddddddddddddddddddddddddddddddddddddddd 0.05555555555555555555 mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmooooolooooooooooooooooooooooooooooooooooooooooo ooooooooooooooooooooooooooooooooooooooooooooof f f ff f ffffff ffffffffffffffff ffffffffffffffffff sososososososososososososososossossosososoososoosososososoosososoosssooosoossoososoosooosssssossssssssss dididididididiididididididididdiidddddddiiiumumuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuummmmuu pppppphohohohohohospsssss hate

MMMaMMMMMMMMMMMMMMMMMMMMM ss oooooooooooooooooooooooooooooooooooooooof fffffffffffffff sodidididiidididiidididiidididididididididdddididddiddidddididddddddddiddidd umummumumumumummumumummummumuumumuuuuuumuuuuumuuuuuuuuuumuuuuuuumumuumumuuummummuuuuuu pppppppppppppppppphohohohhohohohoohohohohoooohhoooohoooooooooooooospspsppppppppppsppppppppppphate ====== 000000.0000005 x 16
                                  = 8.2

t theeeeee hohohohohohotttt t satu
r to get
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Copper(II) sulfate could have acted as a catalyst; which makes the 
rate of reaction faster as indicated by a steeper gradient.

Some zinc could have reacted with the copper(II) sulfate in 
displacement reaction; thus less zinc reacted with the acid.  
Hence the volume of hydrogen is lesser.

1 

d Zinc being more reactive than iron, provides sacrificial protection to 
iron. It corrodes by reacting with the oxygen and protects the iron.

1

A6 ai Electron flow from zinc to copper in the wire 1

ii Zn (s) Zn2+ (aq)  +  2e-

  
Zinc is more reactive than copper so it loses electrons easily to form 
zinc ions.

1

1 

bi Ammeter will record a lower reading than that for zinc.

This is because iron is closer to copper in the reactivity series as 
compared to zinc and copper.

1

1 

ii The container will have a light green solution whereas it was 
colourless when zinc was used.

1

A7 a Ethanol burns in oxygen to form carbon dioxide and water.

In this combustion reaction, the energy needed to break the bonds
(C-C, O-H, C-H,) in ethanol and oxygen molecules (O=O) is 
much lower than

the energy released in forming the bonds (C=O) in carbon dioxide and 
(O-H) bonds in water; hence the enthalpy change is negative.

1 

1 

bi From the table,
1 mol of ethanol gives out 1370 kJ of energy.
1370 kJ of energy from 1 mole
200 kJ of energy will come from = 1/1370 x 200 
                                                    = 0.146 mol of ethanol

No of mol of CO2 produced = 0.146 x 2 =0.292
Volume of CO2 = 0.292 x 24 dm3

                         = 7.01 dm3

1 

1 

bii
1 mol of octane gives out 5510 kJ of energy.
5510 kJ of energy from 1 mole

1 

om ttttthehehehehehe ttttttable
ol of eth

k
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a
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ding than thaaaaaaaaaattttt ttttttt fofofofofofor zizizizizizinc.
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200 kJ of energy will come from = 1/5510 x 200 
                                                    = 0.0363 mol of octane

No of mol of CO2 produced = 0.0363 x 8 = 0.290
Volume of CO2 = 0.290 x 24 dm3

                         = 6.97  dm3

1 

c Ethanol is not necessarily a greener fuel because it produces 
slightly more carbon dioxide than octane in combustion when the 
same amount of energy is released.

1

A8 ai It refers to a group of organic compounds having similar chemical 
properties and the same functional group.

1

ii Ethanoyl chloride will have a higher boiling point than methanoyl 
chloride.

This is because ethanoyl chloride is a bigger molecule and there are 
stronger forces of attraction between the molecules as compared to 
that in methanoyl chloride.(smaller molecule)

1

1 

iii

b
Name of ester: methyl butanoate

Structure:  

NaNaNaNaaaaaaNaNaaaaaaaaaaaaaamemememmemmmememememmmemememmemmemmemememmmmmmmmmmmmmmmmm  off f fff f f fffffffffffffffffffffffffff eseseseseseeseseseseseseseseseseseseeessesesesesssessesssssesessssseeeee tetettttttttttttttttttttttttttttttttt r: memeththylyl buta

tructurrrre:e:e:e: 

ar ch

ng point thhanan mmetethhanoy

lorideeeeee is a biiiigggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggeererereeeeeeeeeerererereeeeeeeeererererererererererererererrrr mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm lllloolololoololololollolololollolllolololollllololooooooo ececeeeeeeeee uleeee anananandddd ththththere are
ction betwtwwwwwwwwwwwwwweeeeeeeeeeeeeeeeeeeeeeeeeennnnnnn thththththththhhththhhhthththhthhthththhhhhththhhhhhthhhhthhhhthththhthththhththththththhhththhhhhhthhthhthththttttttthhhhhhhhhhhhhhhhthhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee momomomommommomommommmomomomomomomomomomomomommomommmomomomomommommomomomoooooooooolelelelllllellelelelelelelelllellelleleleleleleleleleleleleleleleleleeeeeeeeeeeecucucucucucuuuuuuuuccucuucuccucucucucuccuuucccccuucccucuuuccccucuccccucuucuuccuuccucuuuuuucuuuuucuuuucucuuucucuuuuuucuuuucuuuuuuuuulelelelell s assss ccccomomomompapp red to 
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B9 ai Silica / SiO2 ; 1

ii Silica has a giant molecular structure where all the silicon and oxygen 
atoms are held together by a network of strong covalent bonds.;  

A lot of energy is required to overcome these bonds, hence, it can 
withstand high heat.;

1

1 

b Potash is more thermally stable ; 

because K is a more reactive metal than Na and forms a more stable 
compound with oxygen. 

1

1 

ci Potassium salt is an ionic compound and ions are held by strong 
electrostatic forces of attraction. ;  

Only in the molten state will the ions be free to move / mobile. ; hence 
the temperature is high

1

1 

ii The potassium ions have a larger ionic radii of 142 x 10-12 m while the 
sodium ions only have an ionic radii of 116 x 10-12 m. ;

potassium ions fills up the structure and prevents the atoms (and ions) 
in the glass from moving/sliding easily, hence increasing its strength. ;

Accept:
- K+ ions were larger / larger ionic radii than Na+ ions
- Reduces the empty spaces between particles / limits movement 

between particles. 

1

1 

iii Silicon dioxide is the main component in the Gorilla glass and is an 
acidic oxide that reacts with an alkali. ;

1

B10 ai Anode: 2Cl (aq) Cl2 (g)   +  2e

Cathode: 2H+ (aq)  +  2e H2 (g)

1

1 

ii Bubbles of gases (yellow-green) will be seen at anode
  

1

1 
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This is because although both chloride and hydroxide ions are 
attracted to the anode, it is the chloride ions that are preferentially 
discharged due to its higher concentration

Bubbles of gas (colourless) also formed at cathode
This is because although hydrogen ions and sodium ions are attracted 
to the cathode, due to the ease of discharge, hydrogen ions are 
preferentially discharged.

1 

1 

bi Number of mol of oxygen gas = 6/24 = 0.25 mol

4OH- (aq) 2H2O  +  O2 +  4e-

When 1 mol of oxygen is formed at anode, 4 mol of e are lost.
Since only ¼ mol of oxygen is formed, only 1 mol of e are lost.

Cu2+ (aq)  +  2e- Cu (s)   
From this,
1 mol of e can only produce ½ mol of Cu
Mass of copper formed = ½ x 64 g  = 32 g

Ag+ (aq)  + e- Ag (s)
1 mol of e can produce 1 mol of silver
Mass of silver formed = 108 g

1 

1 

ii The blue solution turned colourless
when all the copper ions had been discharged from the solution.
  
Or

Reddish-brown solid is formed at cathode
as copper ions are being discharged to form copper metal.

1
1 

B11 Either

a The compound X is methanol.

Concentrated sulfuric acid is needed as a catalyst and the mixture 
must be heated.

1

1 

bi Monomer D 1
ii Monomer B which has C=C bonds in it.

It undergoes addition polymerisation where atoms are not lost.
1

ci Monomer A and C

o

mol of eeeeee aaaaaareeeeee lllllllosoooo t.
ly 1 mol ooooooffffff e e e e e e arararararareeeeee llllol st.

duce ½ momommomomomomoommomoomooomoomool lllllll ofofofofofofffffffffffffffffff CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
med = ½ ½ ½½½½½½½½½½½ ½½½½½ ½½½½½½½½½½½½ ½½½½½ ½½ x 64 ggggg ggggggggg  = 3333333333333333333333333333333333333222222222222222222222222222222222222222222222222 gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg

+ e- AgAggAgAgAgAgAgAgAgAgAgAgAAgAggAgAAgAgAgAgAgAgAAAgAgAggAgAgAggggAgAgAAggggggggggggg (s))))))))))))))))))))))))))))))
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1

ii It has amide group in it with nitrogen atoms; on burning it may form the 
harmful gases, nitrogen monoxide and nitrogen dioxide. 

These nitrogen oxides may give rise to the formation of acid rain that 
corrodes buildings and affects vegetation.

1

1 

d Adding some bromine solution separately into all the four solutions.
Only monomer B, having the C=C bond, will decolourise the red-
brown iodine solution.

Add acidified potassium manganite(VII) solution to the three 
remaining solutions and heat. Monomer D, having the hydroxyl group, 
will get oxidised and there will be a colour change in the solution. 
Purple solution will turn colourless. 

In the remaining two solutions, add a piece of magnesium ribbon.
The one which produces bubbles of gas will be monomer A as it is 
an acid.

The monomer which does not react in all the three reactions above is 
monomer C.

1

1 

1 

B11 OR
a Coke is essential in the blast furnace for the following two reactions.

Firstly, coke is needed to burn in oxygen to form carbon dioxide.
                     C   +   O2 CO2

Secondly, it is needed to reduce carbon dioxide to carbon monoxide.
                  CO2    +    C   2CO

We need this carbon monoxide because, carbon monoxide will reduce 
the iron(III) oxide in haematite to produce iron.

         Fe2O3 +   3CO   2Fe  +  3CO2

1 

1 

1 

1 

b Order of reactivity: lead, iron, metal X (least reactive to most reactive)

In beaker 1, iron displaces lead; iron is more reactive.
In beaker 3, X displaces iron, metal X is more reactive than iron.

1

1 
1

all the e fofouru so
will decooloouririsse th
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In beaker 2, lead cannot displace X; as X is most reactive

ci Fe2+ (aq)   +  2OH (aq)  Fe(OH)2 (s) 1

ii The brown solid is iron(III) hydroxide.

It is formed when green iron(II) hydroxide gets oxidised to brown 
iron(III) hydroxide by the atmospheric oxygen. 

1

1 
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