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SECTION A: MULTIPLE CHOICE QUESTIONS [20 MARKS] 
There are 20 questions in this section. Answer ALL questions. Choose the correct 
answer and record your choice on the OAS paper provided. 
 
1 Which apparatus is most suitable to be used to measure the volume of 

sodium hydroxide needed to completely react with 25.0 cm3 of sulfuric acid? 
 

    A            B        C           D 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
2 The table shows the melting and boiling point of four substances.  
 

In which substance are the particles arranged in a disorderly manner and 
sliding over one another at −50 ºC? 
 
 melting point / ºC boiling point / ºC 

A −114 −80 

B −84 −20 

C 20 450 

D 1610 2230 

 
 
3 A series of experiments were conducted on a new substance discovered.  
  

Which observation suggests that this substance cannot be an element? 
 
A Decomposing the substance by heating gave two products.  
B It dissolves in water to give a colourless solution. 
C It has a fixed melting point. 
D It form two oxides when heated in air.  
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4 Paper chromatography was carried out on a given sample together with three 
amino acids (alanine, glycine, serine) that are suspected to be present in the 
sample.  

 

 
 
 Which conclusion can be deduced from the chromatogram? 
 
 A Glycine is the most soluble amino acid. 
 B Serine is more soluble than alanine. 
 C The sample contains alanine, glycine and an unknown amino acid. 
 D The unknown amino acid in the sample is less soluble than alanine but 

more soluble than serine. 
 
 
5 Which option shows the correct information of an electron? 
 

 relative mass relative charge 

A −1 
1

1840
 

B 0 −1 

C 1
1840

 0 

D 1
1840

 −1 

 
 
 
 
 
 
 
 
 
 
 

sample 



6 Two statements about magnesium chloride are made below.  
 

statement 1: A large amount of energy is needed to overcome the  
strong electrostatic forces between ions in magnesium 
chloride. 

statement 2: Magnesium chloride conducts electricity due to free- 
moving ions. 

 
 Which option correctly describes the two statements?  
 
 A Both statements are incorrect.  
 B Both statements are correct but statement 1 does not explain  

statement 2. 
 C Both statements are correct and statement 1 explains statement 2.  
 D Statement 1 is correct but statement 2 is not.  
 
 
7 0.5 g of calcium carbonate reacts completely with 0.5 mol/dm3 of 

hydrochloric acid according to the following equation: 
 

 CaCO3 + 2 HCl  →  CaCl2 + H2O + CO2 

 
 What is the volume of the hydrochloric acid? 
 
 A 0.005 dm3 
 B 5 dm3 
 C 10 cm3 
 D 20 cm3 
 
 
8 15 cm3 of carbon monoxide reacts with 5 cm3 of oxygen. The equation for the  
 reaction is shown. 
 

2 CO (g) + O2 (g) → 2 CO2 (g) 
 
 What is the volume of gases present at the end of the experiment? 
 
 A 10 cm3 of carbon dioxide only 
 B 30 cm3 of carbon dioxide only 
 C 5 cm3 of carbon monoxide and 10 cm3 of carbon dioxide 
 D 10 cm3 of carbon monoxide and 10 cm3 of carbon dioxide 
 
 
 
 
 
 
 
 



9 When Universal Indicator is added to solution R, it turns yellow.  
  

Which statement about solution R is true? 
 
 A It has a pH value of 1. 
 B It has more hydrogen ions than hydroxide ions. 
 C It reacts with copper to produce hydrogen gas. 
 D It turns red litmus paper blue. 
 
 
10 The following tests were carried out on an unknown salt.  
 

test observation 

add excess sodium 
hydroxide and heat 

colourless solution seen 
gas produced turns damp red litmus paper blue 

add hydrochloric acid 
colourless solution seen 

gas produced forms a white precipitate in limewater 

 
 What is the identity of this salt? 
  
 A ammonium carbonate 
 B ammonium chloride 
 C calcium carbonate 
 D zinc chloride 
 
 
11 Which statement about elements across a period of the Periodic Table is true?  
 
 A The density of the elements increases.  
 B The metallic character of the elements increases. 
 C The non-metallic character of the elements increases. 
 D The number of electron shells of the elements increases. 
 
 
 
 
 
 
 
 
 
 



12 Elements P and Q are in Group 17 of the Periodic Table. It is observed that 
P displaces Q from its solution.  

 
1 Molecules of P have more atoms than molecules of Q. 
2 P is a liquid at room temperature while Q is a solid at room 

temperature.  
3 Q is darker in colour compared to P.  

 
Which statement(s) is / are correct? 
 
A 3 only 
B 1 and 2 only 
C 2 and 3 only 
D 1, 2 and 3 

 
 
13 W, X, Y and Z are four different metals. Some properties of these metals are 

listed below.  
 

1 X reacts more vigorously with cold water than Y.  
2 X and Y can only be extracted by electrolysis.  
3 W displaces Z from its blue solution, forming a reddish-brown 

solid. 
4 W can be extracted by heating with carbon. 

 
What are metals W, X, Y and Z? 
 
 W X Y Z 

A copper sodium potassium iron 

B copper potassium sodium iron 

C iron sodium calcium copper 

D iron calcium sodium copper 

 
 
 
 
 
 
 
 
 
 
 
 



14 Four iron nails are placed into different test tubes to investigate the rate of 
rusting under different conditions.  

 
 In which test tube would the iron nail rust first? 

 
 
15 The reaction between zinc metal and hydrochloric acid is represented by the  
 equation below. 
 

Zn + 2 H+ → Zn2+ + H2 
 
 Which statement correctly describes the reaction? 
 
 A Hydrogen has been oxidised as it has gained two electrons.  
 B Hydrogen has been reduced as it has lost two electrons.  
 C Zinc has been oxidised as it has lost two electrons. 
 D Zinc has been reduced as it has gained two electrons. 
 
 
16 In which reaction is the change in pressure least likely to affect the rate of  
 reaction? 
 
 A 2 Zn (s) + O2 (g) → 2 ZnO (s) 
 B H2 (g) + Cl2 (g) → 2 HCl (g)  
 C Na (s) + H2O (g) → Na2O (s) + H2 (g)  
 D KOH (aq) + HNO3 (aq) → KNO3 (aq) + H2O (l) 
 
 
17 Which option correctly matches the air pollutant with its source? 
 

 air pollutant source 

A carbon monoxide volcanic eruptions 

B carbon monoxide internal combustion in car engines 

C oxides of nitrogen internal combustion in car engines 

D sulfur dioxide lightning activity 



18 The dissolving of ammonium nitrate in water is an endothermic change.  
 

Which graph shows how the temperature of the mixture changes as 2 g of 
ammonium nitrate is added to 50 cm3 of water and the mixture is left to 
stand? 
 
        A       B 
 
 
 
 
 
 
 
 
 
 
 
         C       D 
 
 
 
 

 
 
 
 
 
 
 
 
19 An organic compound, X, decolourises red-brown aqueous bromine and 

extinguishes a lighted splint with a ‘pop’ sound when it reacts with 
magnesium. 

 
 Which of the following is X? 
 
         A      B 
    
 
 
 
 
 
         C      D 
 
 
 
 
 



20 The structural formula of part of a polymer is shown below.  
 

 
 Which monomer was used to form this polymer? 
 
         A          B 
 
 
 
 
 
 
 
         C          D 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

– End of Paper 1 –  



Data Sheet 
 

Colours of Some Common Metal Hydroxides 
 

aluminium hydroxide white 

calcium hydroxide white 

copper(II) hydroxide light blue 

iron(II) hydroxide green 

iron(III) hydroxide red-brown 

zinc hydroxide white 
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Section A 
Answer all the questions in the spaces provided. 

 
1 A list of substances is given in the box below. 
 

aluminium   oxygen    sulfur  
   
magnesium oxide  zinc oxide   nitric acid 
 
ammonium nitrate  sodium hydroxide  calcium 

 
 
 Use the substances above to answer the following questions. 
 
 (a) Name the element that has a proton number of 16.  
 

……………………………………………………………………………….[1] 
 
 
 (b) Name the element that forms an oxide which only reacts with acids. 
 

……………………………………………………………………………….[1] 
 
 
 (c) Name two substances that react with each other to evolve a basic gas.  
 

……………………………………………………………………………….[1] 
 
 
 (d) Name a substance that is able to conduct electricity in the solid state. 
 

……………………………………………………………………………….[1] 
 

[Total: 4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2 The set-up in Fig. 2 is used to obtain a sample of ethanol from a solution of 
coloured dyes dissolved in ethanol.  

 
Fig. 2 

 
(a) Name apparatus X. 
 
 ……………………………………………………………………………… [1] 
 
 
(b) Based on the information given in Fig. 2, what can you deduce about the 

boiling point of ethanol compared to the coloured dyes? 
 
  ………………………………………………………………………………….. 
 

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

(c) State how you would be able to determine from the set-up that the 
ethanol collected is pure.  

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

 
(d) Describe the changes in movement and arrangement of the ethanol 

particles as they move from X to Z.  
 
  ………………………………………………………………………………….. 
         

………………………………………………………………………………….. 
 

………………………………………………………………………………….. 
 

……………………………………………………………………………….[2] 
 

[Total: 5] 

Z 

X 

solution of 
dyes in 
ethanol 

ethanol 

thermometer 



3 Sodium is an alkali metal found in Group 1 of the Periodic Table.  
 
 (a) Suggest why Group 1 metals are known as alkali metals.  
 
  ………………………………………………………………………………….. 
 

……………………………………………………………………………….[1] 
 
 
 (b) State one trend observed in the properties of Group 1 metals.  
 
  ………………………………………………………………………………….. 
 

……………………………………………………………………………….[1] 
 
 
 (c) Sodium has two radioactive isotopes, sodium-22 and sodium-24. 
 

(i) Explain why both sodium isotopes have similar chemical 
properties.  

 
………………………………………………………………………… 
 

   ……………………………………………………………………… [1] 
 
 
(ii) Complete the table to show the number of sub-atomic particles 

present in each particle of sodium.  

particle number of 
protons 

number of 
neutrons 

number of 
electrons 

𝑁𝑁𝑁𝑁11
22     

𝑁𝑁𝑁𝑁11
24

P

+    

[2] 
 

[Total: 5] 
 

 
 
 
 
 
 
 
 
 
 



4 Copper reacts with hot concentrated nitric acid to form nitrogen dioxide gas. 
The equation for the reaction is shown below.  

 
4 HNO3 + Cu → Cu(NO3)2 + 2 NO2 + 2 H2O 

 
 (a) State and explain if this is a typical acid-metal reaction.  
 
  ………………………………………………………………………………….. 
 

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

(b) Complete the tables by stating the oxidation states of copper and 
nitrogen in the substances shown.  

 
substance oxidation state 

of nitrogen 
 substance oxidation state 

of copper 

HNO3   Cu  

NO2   Cu(NO3)2  
[3] 

 
 
(c) In terms of oxidation states, explain why this reaction is a redox reaction.  
 

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

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

……………………………………………………………………………….[2] 
 

[Total: 6] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



5 Fig. 5 shows the reactions involving a mixture containing metal L and salt M. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 
 

 (a) Identify substances L, M, N, O and P. 
 
  L: ………………………………………. 
 
  M: ………………………………………. 
 
  N: ………………………………………. 
 
  O: ………………………………………. 
 
  P: ……………………………………….      [5] 
 
 

(b) Write a balanced chemical equation, with state symbols, for any of the 
reactions above.  

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

[Total: 7] 
 
 
 
 
 
 

add acidified 
silver nitrate  

mixture of L and M 

grey residue L  colourless filtrate 

add water and filter 

 white 
precipitate N 

 reddish-brown 
solid 

reacts slowly with 
oxygen and water 

add excess 
aqueous ammonia  

 white 
precipitate O 
that dissolves 

to form a 
colourless 
solution 

add nitric acid 

 Yellow solution 
P and 

colourless gas 



6 Alkanes, cycloalkanes and alkenes are examples of homologous  
series. Fig. 6 shows the structure of some members of these homologous 
series.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 
 

(a) Deduce the general formula of cycloalkanes. 
   

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

(b) State one difference in physical property between cyclohexane and 
cycloheptane. 

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

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

(c) Write a chemical equation for the complete combustion of pentane.  
 

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



(d) State the reagent(s) and condition(s) needed to form hexane from 
hexene. 

 
reagent(s) : …...……………………………………………………………. 

 
condition(s) : …………..………………………………………………….. [1]  

 
[Total: 4] 

 
7 Fig. 7 shows some chemical reactions of an unsaturated compound W.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 
  

(a) State whether compound W is a hydrocarbon. Explain your answer.  
 

………………………………………………………………………………….. 
 

  ……………………………………………………………………………… [1] 
 
 
(b) (i) Compound Z was formed from compound X in the laboratory.

 State the reagent(s) and condition(s) required for this reaction.  
 

reagent(s) : …...………………………………………………………. 
 
condition(s) : …………..………………………………………….. [1]  

 
 

(ii) Describe an observation you would expect during this oxidation 
process.  

 
………………………………………………………………………… 
 

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

compound W reacts with H2O under 
suitable conditions 

compound X 
 H H 

OH 

oxidation 

acidic compound Z 

polymerisation 

polymer Y 



(iii) Draw the full structural formula of compound Z formed.  
 
 
 
 
 
 
 
 

[1] 
 

(c) Describe a chemical test that can be carried out to differentiate between 
compound W and compound Z. Include relevant observations in your 
answer.  

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

 
………………………………………………………………………………….. 

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

(d) Draw the structure of polymer Y, showing 2 repeating units.  
 
 
 
 
 
 
 
 
 

[1] 
 

[Total: 7] 
 
 
 
 
 
 
 
 
 
 
 
 
 



8 Experiments were carried out to extract metals X, Y and iron from their  
oxides. Table 8 shows the results of the experiments conducted.  

 
Table 8   

experiment iron X Y 
heating metal oxide 

with carbon 
metal oxide 

reduced 
metal oxide remains 

unchanged 
metal oxide 

reduced 

heating metal oxide 
with hydrogen 

metal oxide 
remains 

unchanged 

metal oxide remains 
unchanged 

metal oxide 
reduced 

 
 

 (a) Arrange the metals X, Y and iron in order of decreasing reactivity.  
 
  ……………………………………………………………………………… [1] 
 
 (b) Suggest a suitable identity for metal X. Explain your answer.  
 

………..………………………………………………………………………… 
 

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

[Total: 3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



9 A student was provided with a sample of zinc granules and a bottle of  
1 mol/dm3 nitric acid. Using the chemicals provided, design an experiment to 
investigate the effect of temperature of the reactants on the rate of reaction.  
 
You may use any other apparatus commonly found in the school  
laboratory. 

 
Your answer should also include: 
 
• the measurements you would take 
• the results you would expect to obtain and hence a conclusion to the aim of 

the experiment.  
 

You may use a diagram to help you in your answer.  
 
 
 
 
 

 
 

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

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

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

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

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

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

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

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

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

 ……………………………………………………………………………………… [4] 
 

[Total: 4] 
 
 
 
 
 
 
 
 



10 Fluorine is a halogen that forms many compounds with metals and non-metals. 
 

(a) Aluminium fluoride is a compound used to inhibit the fermentation 
process in beer and wine production. It is soluble in water and has a high 
melting point of 1260 °C. 

 
(i) Draw a ‘dot-and-cross’ diagram to show the arrangement of all  

electrons in aluminium fluoride.  
 
 
 
 
 
 
 
 

[2] 

(ii) Explain, in terms of electrons, how and why fluorine reacts with 
aluminium.  

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

 
 ………………………………………………………………………….. 

 
 ………………………………………………………………………. [2] 

 
 

(b) Nitrogen trifluoride, NF3, is a compound used in the manufacture of LCD 
displays and other microelectronics.  
 
(i) Draw a ‘dot-and-cross’ diagram to show the arrangement of the 

outer shell electrons in a molecule of nitrogen trifluoride. 
 
 
 
 
 
 
 
 
 
 
 

[2] 



(ii) With reference to structure and bonding, explain why nitrogen 
trifluoride exists in the gaseous state at room temperature. 

  
 ………………………………………………………………………….. 
 

………………………………………………………………………….. 
 

 ………………………………………………………………………….. 
 

 ………………………………………………………………………. [2] 
 
 
(iii) Nitrogen trifluoride is a greenhouse gas that has a global warming 

potential much greater than carbon dioxide.  
 

Describe two potential effects of increased levels of greenhouse 
gases in our atmosphere.  

 
 ………………………………………………………………………….. 
 

………………………………………………………………………….. 
 

 ………………………………………………………………………….. 
 

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

[Total: 10] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 



Section B 
 

Answer one question from this section. 
 
11 A student investigates the reaction of copper(II) carbonate lumps with  

1.0 mol/dm3 dilute hydrochloric acid that is in excess.  
 

CuCO3 (s) + 2 HCl (aq) → CuCl2 (aq) + CO2 (g) + H2O (l) 
 

The volume of gas collected in the gas syringe is recorded every 10 s and the 
results obtained are shown in Fig. 10. 

  

 
Fig. 11 

 
(a) State the time taken for the reaction to be half complete.  

 
 

time = …………………………. s [1] 
 
 

(b) State a reason why the gradient of the graph decreases with time.  
  

………………………………………………………………………………….. 
 

……………………………………………………………………………….[1] 
 
 
 (c) Write an ionic equation for this reaction.  
 

……………………………………………………………………………….[1] 



(d) (i) With reference to Fig. 11, calculate the total amount of gas  
produced.  

 
  
 
 
 

amount of gas produced = ……………………….. mol [1] 
 
 

(ii) Calculate the molar mass of copper(II) carbonate.  
 
 
 
 
 

molar mass = ………………… g/mol [1] 
 
 
(iii) Using the values in (d)(i) and (d)(ii), calculate the mass of 

copper(II) carbonate used. 
 
 
 
 
 
 
 
 
 

mass = ………………………… g [2] 
 

 
(e) The experiment was repeated using copper(II) carbonate powder 

instead. All the other conditions remain the same.  
 

(i) On Fig. 11, draw the graph you would expect to obtain for this 
experiment.             [1] 

 
(ii) Explain, in terms of collision theory, how the gradient of the graph 

is different.  
 

………………………………………………………………………… 
 

………………………………………………………………………… 
 

………………………………………………………………………… 
 

……………………………………………………………………… [2] 
[Total: 10] 



12 A student carried out an experiment to investigate the speed of reaction 
between excess sodium thiosulfate solution and dilute hydrochloric acid.  

 
Na2S2O3 (aq)  +  2 HCl (aq) →  2 NaCl (aq)  +  S (s)  +  H2O (l)  +  SO2 (g) 

 
50 cm3 of sodium thiosulfate solution was poured into a beaker. The beaker 
was placed on top of a piece of paper with a cross drawn on it. 10 cm3 of dilute 
hydrochloric acid was added to the beaker and the time taken for the cross to 
be covered by the sulfur precipitate was recorded.  

 

 
Fig. 12.1 

 
The experiment was repeated using different volumes of water mixed with 
different volumes of sodium thiosulfate. The results of the experiments are 
shown in Table 12.2. 
 

Table 12.2 
experiment 1 2 3 4 5 

volume of sodium thiosulfate 
solution / cm3 50 40 30 20 10 

volume of water / cm3 0 10 20 30 40 

time taken / s 4 6 9 12 25 
 

 
(a) (i) Based on the results in Table 12.2, describe the trend seen  

between the volume of water used and the time taken for the 
cross to be covered. 

 
 ………………………………………………………………………… 

 
……………………………………………………………………….[1] 

 
 

eye 

10 cm3 of dilute 
hydrochloric acid 

beaker aqueous sodium 
thiosulfate 

paper with cross 
marked on it 



(ii) Explain, in terms of collision theory, the results obtained in  
Table 12.2. 

 
 ………………………………………………………………………… 
      

………………………………………………………………………… 
 

………………………………………………………………………… 
 

………………………………………………………………………… 
 

……………………………………………………………………….[3] 
 
 

(b) A student carries out further steps to isolate the sulfur precipitate from 
the mixture in the experiment.  

 
(i) Briefly describe how the sulfur precipitate formed can be obtained  

from the mixture.  
 

………………………………………………………………………… 
 

……………………………………………………………………….[1] 
 
 

(ii) If the mass of the sulfur precipitate obtained in experiment 1 is 
0.2 g, calculate the amount of sulfur produced. 

 
 
 
 
 

amount of sulfur produced = ……………………….. mol [1] 
 
 

(iii) Hence, using the values in (b)(ii), calculate the concentration of 
dilute hydrochloric acid used in the experiment.  

 
 
 
 
 
 
 
 

 concentration = ……………………… mol/dm3 [2] 
 



(c) The experiments above are hazardous when conducted in a closed 
environment. Explain why it is hazardous and a possible effect it will 
have on the student when conducted in a closed environment. 
 
………………………………………………………………………………….. 
 
………………………………………………………………………………….. 
 
………………………………………………………………………………….. 

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

[Total: 10] 
 
 
 

- End of Paper 3 - 
 
 
 

  



Colours of Some Common Metal Hydroxides 
 

aluminium hydroxide white 

calcium hydroxide white 

copper(II) hydroxide blue 

iron(II) hydroxide green 

iron(III) hydroxide red-brown 

zinc hydroxide white 
 
 
 
 
 
 
 
 
 
 
 



 


