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1 A student follows the rate of reaction between marble chips, CaCO3 and dilute 
hydrochloric acid. 
 

CaCO3 + 2HCl → CaCl2 + CO2 + H2O 
 
Which set-ups show the apparatus that are suitable for this experiment? 
 

 
 
A 1 and 2 only 

B 1 and 3 only 

C 2 and 4 only 

D 1, 2 and 4 only 

 
 
 
 
 
 
 
 
 
 

hydrochloric  
acid 

marble chips 

measuring 
cylinder 

water 

hydrochloric 
acid 

marble chips 

balance 

loose 
plug 
 

hydrochloric 
acid 

hydrochloric 
acid burette burette 

marble chips marble chips 

gas syringe 
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2 A student sets up the apparatus as shown below to collect a sample of clean,  
dry gas X.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Which row correctly gives the identity of gas X and drying agent? 
 

 gas X drying agent 

A ammonia calcium oxide 

B ammonia concentrated sulfuric acid 

C hydrogen chloride calcium oxide 

D hydrogen chloride concentrated sulfuric acid 

 
 

 
3 Which sequence of procedures is used to separate a pure, dry sample of  

hydrated copper(II) sulfate, CuSO4.5H2O, from a mixture containing hydrated copper(II) 
sulfate and calcium carbonate, CaCO3? 
 

 
A dissolve in water → distillation → crystallisation 

B dissolve in water → filtration → crystallisation 

C distillation → crystallisation → heating to remove all water 

D fractional distillation → filtration → heating to remove all water 

 
 
 
 
 
 
 
 
 
 
 

dry sample of gas X 

mixture of ammonium chloride and 
calcium hydroxide 

drying 
agent 
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4 A paper chromatography experiment is used to find the Rf value for Fe2+(aq). The 
chromatogram is shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To make the spot containing Fe2+(aq) more visible, the paper is sprayed with a locating 
agent that forms a precipitate of iron(III) hydroxide on the spot. 
 
In the chromatogram, the Rf of Fe2+(aq) is given by ……….(1)………. and the colour of 
the precipitate is ………(2)………. 
 
 

 (1) (2) 

A 0.50 red-brown 

B 0.50 green 

C 0.55 red-brown 

D 0.55 green 

 
 

 
5 A liquid is suspected to be pure ethanol. 

 
What is the best way to test its purity? 
 
A burn it completely in oxygen 

B measure its boiling point 

C react with ethanoic acid 

D test with litmus paper 
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6 The graph shows the change in the temperature of a substance with time when it is 
heated from -10oC to 60oC. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Which statement describes the change taking place between the points? 
 
A Energy is released from points P to Q. 

B Kinetic energy of the particles remains constant from points P to U. 

C Particles gain energy to weaken the forces of attraction from points S to T. 

D There is a large increase in the volume of the substances from points R to S. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Temperature/ oC 

Time/min 
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7 The number of valence electrons for elements hydrogen to magnesium was plotted 
against the proton number of the element. 
 
Which graph was obtained? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

proton number proton number 

proton number proton number 
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8 A beam of protons was passed through an electrostatic field between two charged 
plates. The electrostatic field deflected the beam of protons towards the negatively 
charged plates. The lower the relative mass of the particle, the larger the deflection. 
 
 
 
 
 
 
 
 
 

 
The experiment was repeated using a beam of electrons in place of the beam of protons. 
 
Which row correctly shows the extent of deflection and the direction of the beam of 
electrons? 

 

 
extent of deflection of beam of 

electrons 
direction of deflection of beam of 

electrons 

A deflected less than beam of protons opposite direction to beam of protons 

B deflected less than beam of protons same direction as beam of protons 

C deflected more than beam of protons opposite direction to beam of protons 

D deflected more than beam of protons same direction as beam of protons 

 

 

9 An atom of element X is represented by 𝑋4
9 . 

 
Which statement about an atom of X is correct? 

 
A  It is in Group 14 of the Periodic Table. 

B It is in Period 4 of the Periodic Table. 

C It forms an ion with a 2+ charge. 

D The total number of protons and neutrons is 13. 
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10 Naturally-occurring bromine has a relative atomic mass of 80 and consists entirely of 
two isotopes of relative atomic masses 79 and 81. 
 
What can be deduced about naturally-occurring bromine from this information only? 
 
A Bromine contains the two isotopes in equal proportions. 

B Bromine has different number of electrons. 

C Bromine isotopes have different number of protons. 

D Bromine is radioactive. 
 

 
 
11 Which substance contains both ionic and covalent bonds? 

 
A ammonium chloride 

B hydrogen chloride 

C lithium oxide   

D silicon dioxide  
 

 
 

12 A substance Y 
 

• has a high melting point; 

• is a good conductor of electricity; 

• is malleable. 

 
What could Y be? 

 
A graphite 

B iron 

C potassium chloride 

D silicon dioxide 
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13 Some properties of substances P, Q and R are given in the table below. 
 

 
 

 
 
 
 
 
 
 
 
 

 
Which row shows the correct classification of the substances as an element, a mixture 
or a compound? 
 

 compound element mixture 

A P Q R 

B P R Q 

C Q P R 

D R P Q 

 
 

 
14 0.24 g of an element, X, is reacted with 240 cm3 Cl2 to form a chloride with the formula 

XCl2 at r.t.p. 
 
What is element X? 

 
A carbon 

B calcium 

C magnesium 

D titanium  
 
 

 
  

substance 
percentage 

composition by 
mass 

electrical 
conductivity when 

solid 
effect of heat 

P constant yes 
solid burns in air to 

form an oxide 

Q varies no 
liquid burns to form 
carbon dioxide and 

water 

R constant no 
solid decomposes to 

form two products 
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15 The manufacture of nitric acid, HNO3, involves 2 steps.  
 

Step 1: 2NO + O2 → 2NO2 
Step 2: 4NO2 + 2H2O + O2 → 4HNO3 

 
What is the maximum number of moles of nitric acid that could be formed from  
0.50 moles of nitrogen monoxide, NO? 
 
A 0.125 B 0.25 C 0.50 D 1.00 

 
 

16 Which hydrocarbon has the highest percentage of hydrogen by mass? 
 
A CH4 B C3H8 C C4H10 D C5H12 
 

 
 
17 On heating, ammonium nitrate, NH4NO3, decomposes to form dinitrogen oxide and 

water. 
 

NH4NO3 → N2O + 2H2O 
 
When 100 g of an impure sample of ammonium nitrate is heated, 30 g of water is formed. 
 
What is the percentage purity of ammonium nitrate in the sample? 
 
A 33.3% B 66.7% C 75% D 88.3% 
 

 
 

18 A student titrates 25.00 cm3 of 0.100 mol/dm3 of sulfuric acid with 0.250 mol/dm3 of 
sodium hydroxide using a methyl orange indicator. 

 
H2SO4(aq) + 2NaOH(aq) → Na2SO4(aq) + 2H2O(l) 

 
She records the volume of sodium hydroxide used to be 24.00 cm3. 
 
Which statement(s) is/are correct? 
 

1 The colour of the solution at the end of the titration is yellow. 
2 The colour of the solution at the end of the titration is orange. 
3 She has exceeded the end-point of the titration. 
4 She has just reached the end-point of the titration. 

 
 
A 1 and 3 only 

B 1 and 4 only 

C 2 and 3 only 

D 2 and 4 only 
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19 Which of the following oxides can react with aqueous potassium hydroxide?  
 

A CO2 and BaO 

B CO2 and H2O  

C CO2 and PbO   

D CO2 only   
 
 
 

20 When an excess of lead(II) carbonate reacts with dilute sulfuric acid, the reaction stops 
after only a small amount of gas has been given off. 
 
Which statement best explain why this happens? 

 
A An insoluble layer of lead(II) sulfate is formed on lead(II) carbonate. 

B The concentration of acid decreases rapidly. 

C The lead(II) carbonate is unreactive. 

D The lead(II) carbonate is impure. 

 
 
21 Which method of preparation is suitable for making these salts? 

 

 titration metal + acid 
metal carbonate + 

acid 
precipitation 

A potassium nitrate silver chloride copper(II) sulfate zinc sulfate 

B potassium nitrate  zinc sulfate copper(II) sulfate silver chloride 

C zinc sulfate sodium nitrate silver chloride copper(II) sulfate 

D zinc sulfate copper(II) sulfate  potassium nitrate  silver chloride  

 
 
 
22 Industrial ammonia is obtained by the Haber process. 

 

N2(g) + 3H2(g) ⇌  2NH3(g)        ∆H = – 92 kJ / mol 

 
Which statement is incorrect about the process? 
 
A The industrial catalyst used is finely divided iron. 

B The reaction is endothermic, hence a temperature of 450oC is used. 

C The hydrogen needed is obtained mainly by cracking of petroleum oil. 

D 250 atm favours the production of ammonia but is difficult to maintain. 
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23 An aqueous solution of a salt, X, is placed in a test-tube and sodium hydroxide is 
gradually added. A light meter is used to measure the amount of light passing through 
the test-tube. 
 
The amount of light that passes through the test-tube was plotted against the volume of 
sodium hydroxide solution added.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
What is X? 
 

A ammonium chloride 

B calcium nitrate 

C copper(II) nitrate 

D zinc chloride 

 
 

24 Disproportionation is a reaction in which the same element is oxidised and reduced 
simultaneously.  
 
Which reaction is an example of disproportionation? 

 
A 3Cu + 8HNO3 → 3Cu(NO3)2 + 2NO + 4H2O 

B 2KOH + H2SO4 → K2SO4 + 2H2O 

C 2NO2 + H2O → HNO3 + HNO2 

D 2Pb(NO3)2 → 2PbO + 4NO2 + O2 
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25 A student is presented with two gases, X and Y. He bubbles both gases in different 
solutions and makes the following observations. 
 
 

gas observations 

X 
colourless solution of  

potassium iodide turns brown 

Y 
purple acidified  

potassium manganate(VII) turns colourless 

 
Which row correctly gives the identity of gas X and gas Y? 

 

 gas X gas Y 

A oxidising agent oxidising agent 

B oxidising agent reducing agent 

C reducing agent oxidising agent 

D reducing agent reducing agent 

 
 
 
26 The table gives statements about the properties between an electrolytic cell and a 

simple cell. 
 
In which row are both statements correct? 
 
 

 electrolytic cell simple cell 

A 
converts chemical energy to 

electrical energy 
converts electrical energy to chemical 

energy 

B 
movement of positive and negative 

ions across electrolyte 
flow of electrons from reactive metal to 

less reactive metal 

C 
reduction takes place at positive 

electrode 
oxidation takes place at positive 

electrode 

D 
electrolyte decomposes to form 

new substances 
positive electrode dissolves 
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27 In an electrolysis experiment, the same amount of charge deposited 38.4 g of copper 
and 14.4 g of titanium. The charge on the copper ion is 2+ and titanium has a relative 
atomic mass of 48. 

 
What was the charge on the titanium ion? 

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

 
 

28 Four elements identified only as W, X, Y and Z are all found in the third period of the 
Periodic Table. W, X, Y and Z are not the actual chemical symbols of the elements. 
 

1 W does not lose, gain or share electrons with other elements. 
2 X forms an alkaline solution when reacted with cold water. 
3 Y is diatomic. 
4 X and Z forms ions which are smaller than their atoms. 

 
 

Using the information provided, what is the most likely order of arrangement of these 
elements from left to right in the third period? 
 
A W, Y, Z, X 

B X, Y, Z, W 

C X, Z, Y, W 

D Z, Y, W, X 

 
 
29 Which diagram correctly shows the conditions necessary for the rusting of iron and also 

the metal that can be used to prevent rusting by sacrificial protection? 

 

O2 only O2 only 

O2 + H2O O2 + H2O 

copper 

copper 

magnesium 

magnesium 

iron iron 

iron iron 
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30 Which metal carbonate is most likely to melt but not decompose upon heating? 
 
A copper(II) carbonate 

B iron(III) carbonate 

C lead(II) carbonate 

D potassium carbonate 

 

 

31 The diagram shows part of the carbon cycle. P, Q and R refer to specific processes of 

the carbon cycle. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Which row correctly describe the energy changes of these processes? 
 

 P Q R 

A endothermic exothermic endothermic 

B endothermic exothermic exothermic 

C exothermic endothermic endothermic 

D exothermic endothermic exothermic 

 

 
 
 
 
 
 
 
 
 

giraffe 
tree 

power station using 
wood chips as fuel 

carbon dioxide 
in the air 
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32 The energy profile diagram shows two different paths, P and Q. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Which conclusion can be made based on the diagram? 
 

A Enthalpy change of the reaction equals (x-y) kJ/mol. 

B The path Q is achieved by using a catalyst. 

C The temperature of the surrounding increases when the products are formed. 

D More products are formed through path Q than through path P. 

 
 
 
33 In the graph shown below, curve X represents the results of the reaction between  

2 g of zinc granules and an acid in excess at 25oC.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Which change will produce curve Y? 
 

A using 2 g of zinc granules at 30oC 

B using 1 g of zinc granules at 15oC 

C using 1 g of zinc granules at 30oC 

D using 2 g of zinc powder at 15oC 
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34 The diagram shows the fractional distillation of petroleum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which row about fraction M and N is correct? 
 

 
M burns more easily than 

N 
M has a higher boiling point 

than N 
M is more viscous 

than N 

A true false false 

B true true false 

C false true true 

D false false true 

 
 
 
35 Which statement is correct about vegetable oil and the margarine made from it? 

 
A Both are liquids at room temperature and pressure.  

B Both occur naturally. 

C Margarine has a higher melting point. 

D Vegetable oil has fewer carbon-carbon double bonds than margarine. 
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36 An alcohol X was fully oxidised to a carboxylic acid. Neutralisation of the acid with 
calcium carbonate gave a salt of formula (CH3CO2)2Ca. 
 
What was alcohol X? 

 
A CH3OH 

B C2H5OH 

C C3H7OH 

D C4H9OH 
 
 
 
37 A food chemist wants to create the odour of pineapples using the organic compound 

shown below. 
 
 
 
 
 
 

 
 

Which row correctly shows the pair of reactants that would react to form this compound 
and the name of the compound? 

 

 reactant 1 reactant 2 name of compound 

A CH3CH2OH CH3CH2CH2CH2OH ethyl butanoate 

B CH3CH2OH CH3CH2CH2COOH ethyl butanoate 

C CH3COOH CH3CH2CH2CH2OH butyl ethanoate 

D CH3CH2CH2COOH CH3COOH butyl ethanoate 
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38 What are formed when glucose is fermented? 
 

A ethanol and carbon dioxide 

B ethanol and oxygen 

C ethene and carbon dioxide 

D ethene and oxygen 

 
 
39 A sample of clean, dry air is passed over hot tin until all the oxygen in the air has reacted 

with tin. 
 

 
 

 
 
 
 
 
 

The volume of air decreases by 30 cm3. 
 
What was the estimated original volume of the sample of air? 
 
A 6 cm3 B 40 cm3 C 120 cm3 D 145 cm3 
 
 
 

40 Which statement is true about atmospheric pollutants? 
 
A Carbon monoxide is oxidised by oxygen and dissolves in rainwater to form  

acid rain. 

B Hydrocarbons react with fluorine to produce a gas that depletes the ozone layer.  

C Ozone at low altitudes in the atmosphere helps to block off ultraviolet rays. 

D Sulfur dioxide can be removed from flue gases by passing over  
calcium carbonate.  
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Section A 
 

Answer all questions. 
 

1 Fig. 1.1 shows part of the Periodic Table. 
 
 
 
 
 
 
 

Fig. 1.1 
 
Select elements from Fig. 1.1 to answer the following questions. You may use each 
element once, more than once or not at all. 
 
Write down the symbol for an element which  

 
(a) forms a stable ion by losing three electrons, 

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

(b) exists as diatomic molecules, 
 
………………………………………………………………………………….……….[1] 
 

(c) forms an ion which gives a red-brown precipitate on additon of aqueous ammonia, 
 
………………………………………………………………………………….……….[1] 
 

(d) has chemical properties similar to those of magnesium, 
 
………………………………………………………………………………….……….[1] 
 

(e) has a giant covalent structure, 
 

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

(f) reacts with sodium to form an ionic compound with Mr less than 70. 
 
………………………………………………………………………………….……….[1] 

 
   [Total: 6] 
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2 Fig. 2.1 shows the label on a bottled mineral water. 
 

 
 

ions present mol/dm3 

Ca2+ 20 

K+ 30 

Na+ 145 

H+ 185 

OH- 225 

HCO3
- 289 

SO4
2- 410 

 
     dry residue at 180oC  210 mol/dm3  

 
 
 

Fig. 2.1 
 
 
(a) Suggest whether the bottled mineral water is acidic, alkaline or neutral. 

 
Explain your reasoning. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………..[2] 

 
 

(b) State the name and formulae of two salts that could be present in the bottled 
mineral water. 

 

 name of salt formula of salt 

salt 1   

salt 2   

 
 

             [2] 
 

(c) Describe how the dry residue is obtained from the bottled mineral water. 
 

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

 
   [Total: 5] 
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3 Fig. 3.1 shows a strip of moist Universal Indicator paper pasted in a hollow cylindrical 
tube. 
 
 
 

 
 
 

Fig. 3.1 
 

 One cotton ball is soaked with concentrated hydrochloric acid which will produce 
  hydrogen chloride gas. The other cotton ball is soaked with concentrated aqueous  
 ammonia which will produce ammonia gas. 
 
 Both cotton balls are inserted at both ends of the cylindrical tube simultaneously. 
 

When no more changes are observed on the Universal Indicator paper, the cotton 
balls are removed, and the Universal Indicator paper is taken out. 
 
The results are shown in Fig. 3.2. 
 
 

 
 

 
Fig. 3.2 

 
 Region P is uniformly of one colour and region R of another colour. 
 

(a) Suggest identity of X and Y. 
 

Explain your answer. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
………………………………………………………………………………………......… 
 
………...……………………………………………………………………………...…[3] 

 
 

(b) State the colours of region P and region R. 
 

Region P: ………………………….         Region R: …………………………..       [2] 
 

 
(c) Region Q remains green throughout the experiment. Explain why. 

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

 
   [Total: 6] 
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4 Table 4.1 shows information about the atomic radii and ionic radii of some Group 1 and 
Group 17 elements. 
 

Table 4.1 
 

element atomic radius/pm ionic radius/pm 

lithium 152 68 

sodium 185 98 

chlorine 99 181 

bromine 115 196 

 
 

 
(a) Describe, in terms of electron loss and gain, how and why a lithium atom reacts 

with a chlorine atom. 
 
…………………………………………………………………………………………….... 
 
…………………………………………………………………………………………….... 
 
…………………………………………………………………………………………….... 
 
……………………………………………………………………………………………[2] 

 
(b) Describe and explain, in terms of electron shells, the change in radius when a 

lithium atom forms a lithium ion.  
 
…………………………………………………………………………………………….... 
 
…………………………………………………………………………………………….... 
 
…………………………………………………………………………………………….... 
 
……………………………………………………………………………………………[2] 

 
 

(c) What would you observe when aqueous bromine is added to lithium chloride 
solution? 

 
Explain your answer. 
 
…………………………………………………………………………………………….... 
 
…………………………………………………………………………………………….... 
 
…………………………………………………………………………………………….... 
 
……………………………………………………………………………………………[2] 

 
[Total: 6] 
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5 Climate change is become increasingly severe, leading to more frequent weather 
events. 
 
To reduce the amount of pollutants in the air, countries around the world has made it 
compulsory for catalytic converters to be installed in vehicles and encouraged the 
planting of more trees. 
 
 
(a) Within a catalytic converter, the following reactions take place. 

 
 

2CO + 2NO → 2CO2 + N2 
 

2C8H18 + 25O2 → 16CO2 + 18H2O 
 

 
(i) Explain how catalytic converter reduces the amount of pollutants released 

in the air. 
 
……………………………………………………………………………………... 
 
…………………………………………………………………………………..[1] 

 
 

(ii) Explain why the catalytic converter does not solve all the environmental 
problems caused by the pollutant gases in the exhaust emissions from cars. 
 
……………………………………………………………………………………... 
 
…………………………………………………………………………………..[1] 

 
 

(b) Suggest two reasons why planting more trees does not solve the problem of 
global warming caused by the use of vehicles. 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………[2] 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
8 

 

CCHY 2025 6092/02/Sec4Express/Prelim/2025  

 

(c) Ethanol can also be used as a car fuel. In some countries, it is produced from 
the sugars in the sugar cane. 
 
An environmentalist claims that ethanol as a fuel is ‘carbon neutral’ because 
using it does not add to the amount of carbon dioxide in the atmosphere. 
 
Explain why this is true. 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………[3] 
 

  [Total: 7] 
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6 Three experiments are conducted using iron, manganese and chromium and the 
observations from each experiment are recorded. 
 
Experiment 1: The metals are added separately into flasks of dilute sulfuric acid. 
Experiment 2: The metals are heated strongly in air. 
Experiment 3: Strips of the metals are added into flasks of metal salt solutions. 
 
The results for Experiments 1 and 2 are shown in Table 6.1. 
 

Table 6.1 
 

metal experiment 1 experiment 2 

iron 

 
metal dissolves slowly with 
effervescence, a pale green 

iron(II) sulfate solution is formed 
 

burns in air to form a dark brown 
iron(III) oxide solid 

manganese 

 
metal dissolves very quickly with 

effervescence, a pale pink 
manganese(II) sulfate solution 

is formed 
 

burns in air with an intense white 
light forming a red solid mixture of 

manganese(II) oxide and 
manganese(III) oxide 

chromium 

 
metal dissolves readily with 

effervescence, a violet 
chromium(II) sulfate solution is 

formed 
 

burns in air to form green 
chromium(III) oxide 

 
(a) Using information from Table 6.1, give reasons why iron, manganese and 

chromium can be identified as transition metals. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………..[2] 

 
 
(b) (i) Write an ionic equation, with state symbols, for the reaction of chromium 

        metal with dilute sulfuric acid. 
 

…………………………………………………………………………………….[2] 
 
 
        (ii)   In terms of electron transfer, explain why the reaction in (b)(i) is a redox 
                           reaction. 

 
     ……………………………………………………………………………………… 
 
     ……………………………………………………………………………………… 
 
     ……………………………………………………………………………………[2] 
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(c) Fig. 6.1 illustrates the different set-ups in experiment 3.    
 

 

 
Fig. 6.1 

 
List the three metals in order of increasing reactivity. Hence, describe the 
observations you would see for set-ups A, B and C. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………..[4] 

 
   [Total: 10] 
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7 Table 7.1 compares the time taken for excess alloy to react with ethanoic acid, 
hydrochloric acid and phosphoric acid, each at three different concentrations. 
 
The time taken for the alloy to decrease in mass by 1.0 g was measured. Hydrogen gas 
was collected as the alloy reacts with the acid. All other conditions are kept the same. 
 

Table 7.1 
 

concentration of 
acid, mol/dm3 

time taken for alloy to decrease in mass by 1.0 g/min 

ethanoic acid hydrochloric acid 
 

phosphoric acid 
 

0.04 92 2 19 

0.02 190 6 39 

0.01 410 18 80 

 
(a) Using ideas of colliding particles, explain how the concentration of acid affects 

the rate of reaction. 
 
                   ……………………………………………………………………………………...……. 

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

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

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

(b) Estimate the time taken for the mass of alloy to decrease by 1.0 g if 0.01 mol/dm3 
sulfuric acid reacts with the excess alloy. 
 
…………………………………………………………………………………………[1] 
 

 
(c) A student makes the following statement: 

 
“The final volume of hydrogen gas collected for the concentration of 0.02 mol/dm3 
of hydrochloric acid and 0.02 mol/dm3 ethanoic acid would be different.” 
 
Is this statement correct? 
 
Explain your reasoning. 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………[2] 
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(d) 20.0 cm3 of sodium hydroxide is transferred to a conical flask. A few drops of an 
indicator are added into the flask and titrated against 0.5 mol/dm3 hydrochloric 
acid. 20.0 cm3 of the sodium hydroxide requires 18.50 cm3 of acid for the colour 
of indicator to change. 
 
Calculate the concentration of sodium hydroxide in g/dm3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                          [4] 
 

   [Total: 10]  
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8 Phosphorus can exist as different allotropes where the same element can be arranged 
differently. The structures and melting points of two such allotropes, white phosphorus 
and black phosphorus, are shown in Table 8.1 
 

Table 8.1 
 

allotrope structure melting point/ oC 

white phosphorus 

 
 
 

 
 
 

44 

black phosphorus 

 
part of the structure (side view): 

 
 
part of the structure of one single 
layer (top view): 
 

 
 

610 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

layers 
of 

atoms 
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(a) State the chemical formula of white phosphorus. 
 
…………………………………………………………………………………………..[1] 

 
 

(b) Identify the structure of each allotrope of phosphorus. 
 

white phosphorus ……………………………………………………………………….. 
 
black phosphorus ……………………………………………………………………..[2] 
                                                                                                             

 
(c) Explain, in terms of bonding, the difference in the melting points of the  

two allotropes of phosphorus. 
 
……………………………………………………………………………………………... 
 
……………………………………………………………………………………………... 
 
……………………………………………………………………………………………... 
 
………………………………………………………………………………………...…… 
 
………...……………………………………………………………………………...…[3] 

 
 

(d) State another physical property of white phosphorus. 
 
…………………………………………………………………………………………..[1] 
 
 

(e) A single layer of black phosphorus can be obtained by using the adhesive tape 
delamination method. This method involves the use of an adhesive tape to peel 
off a single layer. 
 
Suggest why a single layer of black phosphorus can be easily peeled off using a 
adhesive tape. 

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

 
 

 
[Total: 8] 
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9 Properties of Alkynes 
 

The alkynes are a homologous series of hydrocarbons. All alkynes contain a carbon to 
carbon triple bond (C ≡ C). Table 9.1 gives the structural formula of some alkynes. 
 

Table 9.1 
 

name of 
alkyne 

structural formula 
molecular 
formula 

Mr 

ethyne H ─ C ≡ C ─ H C2H2 26 

propyne H ─ C ≡ C ─ CH3 C3H4 40 

butyne H ─ C ≡ C ─ CH2 ─ CH3 C4H6 54 

pent-1-yne H ─ C ≡ C ─ CH2 ─ CH2 ─ CH3 C5H8 68 

 
 

Fig. 9.1 shows the graph of boiling points of some alkynes plotted against the number 
of carbon atoms in each alkyne molecule. 
 

 
Fig. 9.1 

 
 
 
 
 
 
 
 

 

 

Number of 
Carbon atoms 
per molecule 

T
e
m
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C
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 Manufacture of Ethyne 
 
For the past 50 years, ethyne was produced by the reaction of calcium carbide with 
water according to the equation below. 
 

CaC2 + 2H2O → C2H2 + Ca(OH)2 
 
A modern method for producing a good yield of ethyne is by heating ethene above 
1150 oC. The reaction is represented by the equation shown below. 
 

CH2═ CH2 (g)  → H ─ C≡C ─ H + H2 (g) 
 
Reaction of Alkynes 
 
Alkynes are unsaturated compounds that react similarly to alkenes in many chemical 
reactions such as addition reactions. 
 
For example, like alkenes, alkynes undergo addition reaction with bromine water. 
However, unlike alkenes, alkynes react more slowly with bromine water. 

 
 

(a) Describe and explain the trends show shown in the data in Table 9.1 and Fig. 9.1. 
 
………………………………………………………………………………………...…… 

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

(b) Draw a ‘dot and cross’ diagram to show the bonding in ethyne. 
Show outer electrons only. 
 
 
 
 
 
 
 
 
                                                                                                                             [2] 
 

 
(c) (i) Deduce the general formula of the homologous series of alkynes. 

 
 …………………………………………………………………………………….[1] 
 
(ii) Write the chemical formula of hex-1-yne, a six carbon alkyne. 
 
 …………………………………………………………………………………….[1] 
 
(iii) Predict the boiling point of hex-1-yne. 

 
                         …………………………………………………………………………………….[1] 
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(d) Calculate the volume of ethyne that will be obtained at room temperature and 
pressure from 500 g of calcium carbide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                   volume of ethyne: ……………………………….[2] 

 
 

(e) Describe a test to distinguish an alkyne from an alkene. Include appropriate 
apparatus and chemicals used in the test. 
 
………………………………………………………………………………………...…… 
 
………………………………………………………………………………………...…… 
 
………...……………………………………………………………………………...…[2] 

 
 

(f) When ethyne reacts with carbon monoxide and water, in the presence of a catalyst, 
propenoic acid is formed. 

 
Complete the structure of the propenoic acid in the equation shown below. 
 

 
 
 
 
 
 
 
 

                          
                                                                                                                             [1] 

     
 
                                                                                                                 [Total: 12] 
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Section B 
 

Answer one question from this section. 
 
10 Fig. 10.1 shows the electrolysis of concentrated aqueous caesium chloride. 

 
A few drops of Universal Indicator are added to the caesium chloride solution before 
the start of the experiment.  
 
As the experiment proceeds, a coloured gas is observed at electrode 2. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10.1 
 
 
(a) Determine whether electrode 2 is the positive electrode or negative electrode.  

 
Write the half-equation for the reaction that occurs at this electrode. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 

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

 
 

(b) Describe and explain the observations at electrode 1. 
 

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

 
………………………………………………………………………………………… [2] 
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(c) State and explain the observations made on the electrolyte as the experiment 
proceeds. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 

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

 
(d) Fig. 10.2 shows the actual electric cell used. The electrolyte used is aqueous 

copper(II) sulfate. 

 
 

Fig. 10.2 
 

(i) State the direction of flow of electrons.  
 
        …………………………………………………………………………………….[1] 
 
(ii)    Write the half-equation for the reaction at the copper metal. 

 
 …………………………………………………………………………………….[1] 
 
(iii) State the element that is reduced during the experiment. Explain your 
         reasoning using oxidation state. 
 
 ………………………………………………………………………………………. 
  
 ………………………………………………………………………………………. 
 
 …………………………………………………………………………………….[2] 

 
      [Total: 10] 
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11 (a)    Proteins are large biomolecules, or macromolecules, consisting of one or more          
        long chains of amino acid monomers. Fig. 11.1 shows the repeat unit of the  
        protein.  
 
 
 
 
 
 
 
 
 

Fig. 11.1 
 

       Draw the full structural formula of the monomers that make up this section of the  
        protein. 
 

 
 
 
 
 
 
 
 
                                                                                                                                           [2] 

 
 

(b) When a surgeon repairs a wound, a mesh can be inserted to minimise the wound 
from opening. Poly(propene) is the recommended material for the mesh. 
 
(i) Draw a section of poly(propene) showing 2 repeat units. 

 
 
 
 
 
 
 
                                                                                                                  [1] 

 
 

(ii) Describe two differences between the type of polymerisation for 
poly(propene) and the protein in (a). 
 
…………………………………………………………………………………….. 
 
…………………………………………………………………………………….. 
 
…………………………………………………………………………………….. 
 
…………………………………………………………………………………..[2] 
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(iii) A polymer of propene was manufactured and have an average relative 

molecular mass in the range of 5000 to 10 200. 
 
Calculate the minimum number of repeating units in the polymer. 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                             [2] 
 

(iv) Suggest one reason why poly(propene) is used rather than a natural fibre 
such as cotton. 

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

 
 
(v) Propene is obtained from the cracking of long chain hydrocarbons such as 

hexadecane, C16H34, which is less useful. 
 
When 1 mole of hexadecane is cracked, it produces 4 moles of propene 
and one other product. 
 
Write the chemical equation and state the condition for this cracking 
process. 
 
equation: ………………………………………………………………………… 
 
conditions: ………………………………………………………………………. 

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

     
 [Total: 10] 
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2025 CCHY S4 Chemistry Preliminary Examination P2 Marking Scheme 

 

Qn Marking point Marks 

1(a) Al or Fe 1 

(b) N or O 1 

(c) Fe 1 

(d) Ca 1 

(e) C 1 

(f) O or N 1 

 Total 6 

2(a) Alkaline 1 
 

Concentration of hydroxide ions is higher than concentration of 
hydrogen ions 
 
Reject amount 
 

1 

(b) Sodium sulfate; Na2SO4 2 

Sodium bicarbonate, NaHCO3 

Potassium sulfate, K2SO4 

Potassium bicarbonate, KHCO3 

Magnesium sulfate, MgSO4 

Magnesium bicarbonate, Mg(HCO3)2 

Calcium sulfate, CaSO4 

Calcium bicarbonate, Ca(HCO3)2 

 

Any two of the above 

(c) Heating to remove all the water/ evaporate to dryness 
 
Reject heating/ crystallisation 
  

1 

 Total 5 

3(a) X: concentrated ammonia 
 
Y: concentrated hydrochloric acid 
  

1 

Mr of ammonia= 17 
 
Mr of HCl= 36.5 
 
Relative molecular mass of ammonia is lower than hydrogen 
chloride 
 

1 

Ammonia (gas from X) will diffuse faster and travel a longer 
distance 
 
[answer can be of gas from Y] 
 

1 

(b) Region P: blue 
 

1 

Region R: red 
 

1 

https://freetestpaper.com/


Qn Marking point Marks 

(c) A neutral salt formed  
 

1 

 Total  6 

4(a) How: lithium atom loses 1 valence electron to form a positively 
charged ion 
 

1 

How: chlorine atom gains 1 valence electron to form a 
negatively charged ion 
 

1 

Why: to achieve the full valence shell of a noble gas 
 

1 

(b) Describe: radius of lithium atom decreases when it forms an ion 
 

1 

Explain: Lithium atom loses 1 electron shell when it forms an 
ion 
 

1 

(c) Observation: no visible change/ no observable change/ 
solution remains reddish brown 
 

1 

 Explain: bromine is less reactive than chlorine thus no 
displacement reaction takes place 
 

1 

 Total 6 

5(a)(i) Catalytic converter converted the harmful pollutants, CO, NO 
and unburnt hydrocarbons into harmless CO2 and H2O 
 

1 

(ii) The excess CO2 produced will lead to global warming and thus 
will lead to extreme weather events 
 
 

1 

(b) The rate of photosynthesis to absorb CO2 cannot catch up  
 

1 

with the rate of CO2 being released during the combustion of 
fossil fuels and animals respiration 
 

1 

(c) The amount of CO2 absorbed by the sugar cane during 
photosynthesis  
 

1 

is equal to  1 

the amount of CO2 released when ethanol burned as fuel 
 

1 

Thus there is net zero change in atmospheric CO2 
 

 

 Total 7 

6(a) They formed coloured compounds 
 

1 

They form compounds with variable oxidation state 
 

1 

(b)(i) 2Cr (s) + 6H+ (aq) → 2Cr3+ (aq) + 3H2 (g) 
 

1: 
correct 
balance 

eqn 
 



Qn Marking point Marks 

1: 
correct 
state 

symbol 

(ii) Cr was oxidized as it lost electrons to form Cr3+/Cr2(SO4)3. 

 

 

1 

H+ / Hydrogen ion / H2SO4 was reduced as H+ gained the 
elections to form H2 

 

1 

(c) Order of metal in increasing reactivity: Iron, Chromium, 
Manganese 
 

1 

Observation in set up A: Green solution turns pink, 
grey/silvery solid forms 
 

1 

Observation in set up B: Green solution turns violet, 
grey/silvery solid forms. 
 

1 

Observation in set up C: No visible / observable change / pale 
pink solution remains pink 
 

1 

 Total 10 

7(a) Rate of reaction increases with increasing concentration of 
acid 
 

1 

as there is more reacting particles per unit volume 
 

1 

and there is an increase in frequency of effective collision 
between the reacting particles 
 

1 

(b) 6 min/ 9 min 
 

1 

(c) No 
 

 

Both are monobasic acids and no of moles of acids used are 

the same 

 

1 

thus final volume of gas produced will be the same 1 
 

(d) No of moles of HCl = 0.5 x 18.50/ 1000 = 0.00925 mol 
 

1 

No of moles of NaOH= 0.00925 mol 
 

1 

Concentration of NaOH = 0.00925/ [20.0/ 1000] = 0.4625 
mol/dm3 
 

1 

Concentration of NaOH = 0.4625 x (23 + 16 + 1) = 18.5 g/dm3 
 

1 

 Total 10 

8(a) P4 1 

(b) White phosphorus: simple molecular  1 



Qn Marking point Marks 

 
Black phosphorus: giant covalent  
 

(c) White phosphorus has a lower melting point than black 
phosphorus 
 

1 

as little energy is absorbed to overcome the weak forces of 
attraction between the molecules 
 

1 

And in black phosphorus, a lot of energy is absorbed to 
overcome the strong covalent bond between the P atoms 
 

1 

(d) It cannot conduct electricity in any state 
 

(e) Layers of atoms can be peeled easily as it has weak forces of 
attraction between the layers of atoms 
 

1 

 Total 8 

9(a) Boiling point increases as number of carbon atoms 
increases 
 

1 

Strength of the intermolecular forces of attraction increases as 
the molecules become larger/ molecular mass increases 
 1 

Thus more energy absorbed to overcome the forces of attraction 
 1 

(b)  
 
 
 
 
 
 
 
 

1: 
correct 
no of 

shared 
electrons 

1: 
correct 
no of 
atoms 

(c)(i) CnH2n-2 
 1 

(ii) C6H10 
 1 

(iii) 81 oC ( accept any temp equal to or greater than 70 oC) 
 1 

(d) No of moles of calcium carbide= 500/ [40 + 2(12)]= 7.8125 mol 
 
No of moles of ethyne= 7.8125 mol 
 1 

Volume of ethyne= 7.8125 x 24 = 187.5 dm3 
 1 

(e) Add aqueous bromine/ bromine solution/ bromine water to 
both sample 
 1 

Sample which turns from reddish brown to colurless/ decolourises 
slower contains alkyne 
 

1 
 
 



Qn Marking point Marks 

 
 

(f)  

 
 
 
 1 

 Total 12 

10(a) Positive terminal 
 

1 

2Cl-  →  Cl2 +  2e- 

 

1 

(b) Describe: Bubbles of gas/ efferevescence 
 

1 

Explain: H+ will be preferentially discharged at electrode 1 to 
produce hydrogen gas 
 

1 

(c) State: Electrolyte will change from green to purple/ blue 
 

1 

Explain: Caesium hydroxide will be left behind in the electrolyte 
and it is an alkali 
 

1 

(d)(i) From Zinc to Copper  
 

1 

(ii) Cu2+  +  2e-  →  Cu 

 

1 

(iii) State: Copper 
 

1 

Explain: copper is reduced as oxidation state decreases from +2 
in Cu2+ to 0 in Cu 
 

1 

 Total 10 

11(a)  
 
 

2 



Qn Marking point Marks 

(b)(i) 

 

1 

(ii) Addition polymers  
 
Poly(propene) 

Condensation polymers 
 
Protein 

Monomers are linked to form 
one large molecule, 
poly(propene) with no loss of 
atoms.  

Monomers are linked to form 
one large molecule, protein 
with the elimination of a 
small molecule, water.  

Poly(propene) is formed from 
monomers that are 
unsaturated.  

Protein is formed from 
monomers that contain the 
amine and carboxyl 
functional group.  

Poly(propene) contain 
monomers are linked together 
with C-C bond. 

Proteins contains monomers 
that are joined with the amide 
linkage. 
  

 
Any 2 differences 
 

 
2 

(iii) Mr of propene= 12(3) + 6(1)= 42 
 

1 

Number of repeating units= 5000/ 42 = 119.0476 
 
Minimum no= 120 
 
 

1 

(iv) Durable/ Tough/ Does not tear easily 
 
Any reasonable answers 
 

1 

(v) Equation: C16H34 → 4C3H6  +   C4H10          
            

1 

Condition: High temperature of 600°C 
      Catalysts – Aluminium oxide and/or Silicon   
                          dioxide  

 

1 

 Total 10 

 




