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Section A (70 marks) 

Answer all the questions. 
 
1 (a) Some chemical equations, A to F, are shown.  

 
A Ba2+ (aq)  + SO42- (aq)   →   BaSO4(s) 
B CO32- (aq)  + 2H+ (aq)  →  CO2 (g)  + H2O (l) 
C Ag+ (aq) +  I- (aq)  →  AgI (s) 
D H+ (aq)  + OH- (aq)    →  H2O (l) 
E 2I- (aq)  +  Br2 (aq)  → I2 (aq)  +  2Br- (aq) 
F NH4

+ (aq)  +  OH- (aq)  → H2O (l)  + NH3 (aq) 
 
Answer the following questions using the equations.  
 
Each equation may be used once, more than once or not at all. 

 
Give the letter, A to F, for the equation which shows: 

 
  (i) the formation of a gas that turns moist red litmus paper blue 
   [1] 

 
  (ii) a reaction that forms a white precipitate  
   [1] 

 
  (iii) a displacement reaction 
   [1] 

 
 (b) Ammonium ion, NH4+, is a polyatomic ion. Ammonium ion is formed when 

ammonia reacts with hydrogen ion.  
 
The nitrogen atom in ammonia contributes and donates a pair of valence 
electrons to one hydrogen ion to form a covalent bond.  
 
Draw a ‘dot and cross’ diagram to show the covalent bonding in ammonium ion 
using the key provided.  
 
Show outer electrons only.  
 
 

 
                                

              
   
 
 
 

        [2] 
 

[Total: 5] 
 

Key:   
                            
x : electron of hydrogen 
                         
• : electron of nitrogen  
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  2 Copper is a transition element. The flowchart in Fig. 2.1 shows how copper can be 
made from copper(II) carbonate, either in the industry, or on a small scale in the 
laboratory. 
 
         Copper(II) carbonate, CuCO3 

 

 

                                 Copper(II) oxide, CuO 

 

 

 

 

 

          Copper, water and impurities 

 

 

 

 

 

                    Copper, Cu  

 
                                                 Fig. 2.1 

 
 
 (a) (i) Identify gas X. 
   [1] 

 
  (ii) State the type of reaction that takes place when copper(II) oxide is 

heated with carbon. 
   [1] 

 
  (iii) Write an equation for the reaction in (a)(ii).  
   [1] 

 
 
 
 
 
 
 
 

Shake solids left behind 
with water 

 

Heat 

Heat with carbon 
 

Solid copper sinks to the 
bottom. Pour off water and 
impurities to leave copper. 

Put wet copper in  
an oven to dry 

 

 gas X 

water and impurities 
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 (b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jane uses the procedure in the flowchart to make copper in the laboratory. She 
uses the following graph shown in Fig. 2.2 to predict the theoretical yield of 
copper.   
 
 
 
 
 
 
 

 
 
 

 
  (i) Explain why the line on the graph in Fig. 2.2 starts at 0 on both axes. 
    
   [1] 

 
  (ii) Jane wants to make a theoretical yield of 40.0 g of copper. 

 
Using the graph in Fig. 2.2, predict the starting mass of copper(II) 
carbonate she should use. Explain your answer.  

    
    
    
   [2] 

 
 
 
 
 
 
 
 
 
 
 
 

mass of copper(II) carbonate 
at the start /g 

theoretical  
yield of  

copper /g 

0 

10 

20 40 60 

20 

30 

Fig. 2.2 
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  (iii) Jane conducts the experiment. The mass of copper that she obtained is 

higher than the maximum yield of 40.0 g.  
 
Which two mistakes could lead to an incorrectly high yield? 
 
Tick (✓) two boxes. 
 
She did not use enough copper carbonate. 
 
 
She did not dry the copper at the end. 
 
 
She did not heat the copper oxide for long enough. 
 
 
She used copper that contains solid impurities. 
 

[2] 
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 (c) Nina and Kai also follow the flowchart to make some copper. 
 
They compare the mass of copper they make at the end with each other as 
shown in Table 2.1. 
 

Table 2.1 

 
 
They make statements about their results.  
 
 
 

 
 
 
 
 
 

 

 
Student 

 

 
Mass of copper(II) 

carbonate at the start  
/ g 

 

 
Theoretical yield 

of copper / g 

 
Mass of copper 

made / g 

 
Nina 

 

 
50.0 

 
26.0 

 
18.0 

 
Kai 

 

 
10.0 

 
5.0 

 
4.8 

  Using the data in Table 2.1, explain why Kai is correct with the help of chemical 
calculations.  

   
   
   

 
 
 

   
  [2] 

[Total: 10]  

Nina 
I have made much 
more copper than 
you.  

Kai 
Yes, but I have extracted more 
copper from the 10 g of CuCO3 
than you from the 50 g of CuCO3. 
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3 Magnesium is one of the most abundant elements on Earth. It is used extensively in the 

production of magnesium-aluminum alloys. It is produced by the electrolysis of molten 
magnesium chloride. A schematic diagram of the electrolytic cell is shown in Fig 3.1. 

                                                                           Fig. 3.1 
 
 
 (a) Write a balanced half-equation for the reactions occurring at the 
  Cathode:  [1] 
  Anode:  [1] 

 
 (b) Explain why an inert gas is constantly blown through the surface of the molten 

magnesium. 
   
  [1] 

 
 (c) Explain why it is necessary to lower the melting point of magnesium chloride 

by adding sodium chloride and calcium chloride. 
   
   
   
  [1] 

 
 
 
 
 
 
 
 
 

graphite anode 

inert gas in 

molten 
 magnesium 

 
chlorine gas 

molten magnesium chloride 
(with some NaCl and CaCl2) 

chlorine gas 

iron cathode 

molten 
magnesium 

       inert gas out 
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 (d) The graphite anode is now replaced with an iron rod. 

 
With the help of a half-equation, explain the difference in the observation at the 
anode. 

   
   
   
   
  [2] 

[Total: 6] 
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4 Propanone, CH3COCH3, reacts with iodine, I2, to form colourless products. 
 
The reaction is catalysed by hydrochloric acid. 
 
Table 4.1 shows how the relative rate of this reaction changes when different 
concentrations of propanone, iodine and hydrochloric acid are used. 
 

 
Table 4.1 

 
experiment concentration of 

CH3COCH3 in 
mol/dm3 

concentration of 
I2 in mol/dm3 

concentration of 
HCl in mol/dm3 

relative 
rate of 

reaction 
 

1 
 

0.025 0.024 0.12 5.1 

 
2 
 

0.050 0.024 0.12 10.2 

 
3 
 

0.050 0.024 0.06 5.1 

 
4 
 

0.050 0.012 0.06 5.1 
 

 
 
 (a) Use the information in Table 4.1 to describe how increasing the concentration 

of each of these substances affects the relative rate of reaction.   
 

  Propanone: 
   
   
  Iodine: 
   
  [2] 

 
 
 (b) Increasing the temperature increases the rate of this reaction.  

 
Use ideas about energy and collisions to explain the effect of temperature on 
the rate of reaction.  

   
   
   
  [2] 
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 (c) Sketch two graphs in Fig. 4.1 to show the effect of concentration of hydrochloric 

acid on the rate of reaction between propanone and iodine. Label your graphs 
with the chosen experiments.  
 
 

   
   

   
 
 
 

 
 

  Fig. 4.1                            
  [1] 

 
 (d) Iodine has many isotopes. Iodine−127 and Iodine−130 are two common 

isotopes of iodine.  
 
Complete Table 4.2 to show the number of particles in these two isotopes of 
iodine. 
 

Table 4.2 
 
 
 
 
 
 
 
 
 

[2] 

isotope number of 
electrons 

number of 
neutrons 

       Iodine−127   
  

      Iodine−130   
  

[Total: 7] 

 

 

 

 

 

 

 

Mass of colourless 
product formed / g 

Time/s 
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5 Methylamine, CH3NH2, is a weak base. Its properties are similar to those of ammonia.   
 
 (a) When methylamine is dissolved in water, the following equilibrium is set up. 

 
CH3NH3+   +   OH-  CH3NH2   + H2O 

 
  (i) Suggest why the arrows are not the same length. 
   [1] 

 
  (ii) Explain why methylamine behaves as a base in this reaction. 
   [1] 

 
 (b) An aqueous solution of the strong base, sodium hydroxide, is pH 12.   

 
Predict the pH of an aqueous solution of methylamine which has the same 
concentration as aqueous sodium hydroxide. Explain your reasoning.  

   
   
  [2] 

 
 
 (c) Methylamine is a weak base like ammonia.   

 
  (i) Methylamine can neutralize acids.  

 
 2CH3NH2  + H2SO4 →  (CH3NH3) 2SO4 
                                                 methylammonium sulfate 
 
Write an equation, similar to the one above, for the reaction between 
methylamine and hydrochloric acid. Include the name of the salt formed. 
 
 
 
 
 

 [2] 
 
  (ii) When aqueous methylamine is added to aqueous iron(III) sulfate, a 

reddish brown precipitate is formed.  
 
Write an ionic equation for the formation of the reddish brown 
precipitate.   

   [1] 
[Total: 7] 
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6 This question is about fuels and energy production.  

 
 

 (a) Table 6.1 gives the characteristics of 3 kinds of common fuels. 
 

Table 6.1 
 

 
Fuel 

 
Content 

 
Melting point / oC 

Enthalpy change 
of combustion in 

kJ / g 
 

Bio-ethanol 
 

 
C2H5OH 

 
-114 

 
-30.5 

 
Diesel 

 

 
hydrocarbons 

 
About -24 

 
-44.8 

 
Petrol 

 

 
hydrocarbons 

 
About -57 

 
-47.3 

 
 

 
  (i) Explain why the melting point of bio-ethanol is exact but the melting 

point of diesel and petrol are approximate values.  
   [1] 

 
  (ii) Bio-ethanol is produced by fermentation of sugar cane.  

 
State the conditions required for this reaction.    

    
   [2] 

 
  (iii) One of the advantages of using bio-ethanol as a fuel is that it is 

considered carbon neutral.  
 
State another advantage of using bio-ethanol as a fuel for cars instead 
of petrol.  

    
   [1] 

 
  (iv) Calculate the enthalpy change of combustion when 1 mol of bio-ethanol 

burns.  
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   Enthalpy change = …………………. [1] 
 
 (b) The fractional distillation of petroleum produces fractions as shown in Fig. 6.1, 

such as liquified petroleum gas (LPG) and diesel, which are used as fuels. 
 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.1 
 
Explain why LPG has a lower boiling point than diesel.  

   
   
   
   
   
   
  [3] 

[Total: 8] 
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7 This question is on macromolecules.  

 

 
 

(a) Nylon 66 is a high performing engineering plastic. It is a type of polyamide and 
is usually used in fibres for textiles, carpets, and moulded parts.  
 
Nylon 66 undergoes depolymerisation through acid hydrolysis. This process 
helps in recycling nylon 66 by breaking them down into simpler molecules that 
can be used to make new products according to the word equation:  
 
 Nylon 66 + H2O →  hexamethylendiamine + adipic acid 

 
  (i) Define depolymerisation. 
   [1] 

 
  (ii) The polymer of nylon 66 is shown. 

 
 
 
 
 
 
 

Complete the table in Fig. 7.1 by drawing the structural formula of the 
simpler molecules formed when nylon 66 undergoes acid hydrolysis.  
 

Simpler molecules formed Structural Formula 
 

 
 
 
Hexamethylendiamine 
 
 
 
 

 

 
 
 
Adipic acid 
 
 
 

 
 
 
 
 

 

   Fig. 7.1 
[2] 
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 (b) (i) Polyacrylonitrile is a plastic used to make synthetic fibres. The structure 

of its monomer is CH2=CH−CN. 
 
Draw the structure of polyacrylonitrile, showing two repeat units.   

    
    
    
    
   [2] 

 
  (ii) Polyacrylonitrile and nylon 66 undergo addition and condensation 

polymerisation respectively. 
 
Describe two differences between addition and condensation 
polymerisation reactions. 

    
    
    
    
   [2] 

 
[Total: 7] 
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8 The carbon cycle in Fig. 8.1 shows how carbon atoms enter and leave the atmosphere 

through various processes such as combustion, respiration, photosynthesis, and 
decomposition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8.1 

 (a) Using the letters, W and X, for the following processes, indicate where they occur 
in adding or removing carbon atoms in the atmosphere.  
 

W - respiration 
X – photosynthesis 

[2] 
 
 (b) Complete the diagram in Fig. 8.1 by drawing arrow(s), labelled Z, to show the  

role of combustion of fuels in the carbon cycle.     
           [1] 

 
 (c) (i) Identify the source of petrol and kerosene in the carbon cycle.  

 
    

                                                                                                [1] 
 
  (ii) Explain how this substance in c (i) is formed.  

 
    

 
    
   [1] 

 
 

Carbon dioxide in atmosphere 

Plants Animals  Carbonates in water 

Limestone 
Coal Petroleum 

Inorganic 
carbonates in 

seashells 
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 (d) Explain how carbonates in water are formed.  

 
   
  [1] 

 
 (e) Explain, with the help of an equation, whether the use of hydrogen as a fuel will 

affect the carbon cycle.  
 

    
   
  [2] 

[Total: 8]   
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9 Drying agents, also called desiccants, come in various forms, and have found 

widespread use in the foods, pharmaceuticals, packing, electronics, and 
manufacturing industries.  
 
A desiccant is a hygroscopic or deliquescent substance that reduces moisture in the 
surrounding air. A comparison of hygroscopic and deliquescent substances is shown 
in Table 9.1. 
 

Table 9.1 
 
Hygroscopic Substances 
 

Deliquescent Substances 

They may be amorphous solids or liquids. 
 

They are crystalline solids. 

When exposed to the atmosphere at room 
temperature, they absorb moisture or 
adsorb moisture but do not dissolve in it. 

When exposed to the atmosphere at 
room temperature, they absorb 
moisture and dissolve in it. 
 

No change in physical state on exposure 
to air. 

Change in physical state on exposure 
to air. 
 

 
Silica Gel 
Silica gel is an amorphous and porous form of silicon dioxide (silica), consisting of an 
irregular 3-dimensional network of alternating silicon and carbon atoms with 
nanometer-scale voids and pores. The voids and pores are empty spaces found in the 
structure. The void may contain water or some other liquids or may be filled by a gas 
or is a vacuum.  
           
The high surface area to volume ratio in silica gel allows it to adsorb water readily, 
making it useful as a desiccant. The silica gel removes moisture by adsorption onto 
the surface of its numerous pores rather than by absorption into the bulk of the gel. 
Silica gel can adsorb up to about 40% of its own mass in moisture in high-humidity 
environments. This moisture can be released upon heating at 120°C for extended 
periods of time. This makes it a reusable desiccant. 
 

Calcium chloride  
When anhydrous calcium chloride powder is used as a desiccant, it absorbs moisture 
from air, becomes clumpy and dissolves in it. This is especially when the air is high in 
humidity. Water molecules initially occupy spaces inside the structure of calcium 
chloride. Thus, anhydrous calcium chloride attracts water of hydration and becomes 
hydrated calcium chloride. When the amount of absorbed moisture increases, the 
calcium chloride dissolves in the water. The high solubility of calcium chloride is what 
makes it a deliquescent substance. 
Calcium chloride can absorb up to 300% of its own mass in high humidity environment 
at room temperature. The anhydrous calcium chloride is regenerated when the 
hydrated crystals are heated to 250°C for about an hour. 
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 Crystalline and Amorphous 

An amorphous solid has a network of particles with less order in the arrangement 
compared to the solid with the crystalline form, as shown in Fig. 9.1. 
 

 

 

 

 

 

 

 

Fig. 9.1 
 
Adsorption and Absorption 
A comparison between the processes of adsorption and absorption is shown in          
Fig. 9.2. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.2 

Adsorption Absorption 

The adhesion of atoms, ions 
or molecules from a gas, 
liquid or dissolved solid to a 
surface. 

A process in which atoms, 
molecules or ions enter 
some bulk phase (liquid or 
solid material). 

Examples are activated 
carbon filters, 
chromatography 

Examples are paper towels 
absorbing water, CO2 from 
air enters aqueous NaOH. 

 
 
 
 
 
 
 
 

 
                
            
               https://commons.wikimedia.org/w/index.php?curid=126439568 

 
Adsorption 

Absorption 

https://commons.wikimedia.org/w/index.php?curid=126439568
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 (a) Explain how the following processes occur in terms of forces of attraction or 

bonds, 
(i) adsorption of moisture on silica gel 
(ii) absorption of moisture in calcium chloride 
(iii) deliquescence in calcium chloride 

 
   
    

   

   
   
    

 
   

   

  [3] 
 
 
 (b) An experiment was conducted to find the formula of hydrated calcium chloride 

by heating a known mass of the solid. The results are shown in Table 9.2. 
 

Table 9.2 
 

Mass of empty crucible / g 
 

20.00 

Mass of crucible with hydrated calcium chloride / g 36.50 
 

Mass of crucible with anhydrous calcium chloride after heating / g 
 

32.50 

 
Deduce the formula of the hydrated calcium chloride. 
Show all relevant workings clearly. 
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formula of hydrated calcium chloride…………………………[3] 

 
 (c) Calculate the mass of water removed from the air by 1 mole of silicon dioxide 

and 1 mole of calcium chloride.  

 

 

 

 

 

 

 

 

 

 
mass of water removed by 1 mole of silicon dioxide ..………………….. 

                                                                                                                          
mass of water removed by 1 mole of calcium chloride …………..……… [2] 

 
 (d) Draw the dot and cross diagram of calcium chloride, showing only the 

valence electrons. 

 

 

 

 

 

 

 

[2] 

 
 (e) (i) State the separation method used to regenerate anhydrous calcium 

chloride.  

   [1] 
 
  (ii) Explain why this is a suitable method to regenerate anhydrous calcium 

chloride from its hydrated form.  
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   [1] 
.[Total: 12] 

 
  Class  Index Number 
 
Name : __________________________________________ 
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Section B (10 marks) 

Answer one question from this section. 
 
 
10 Some physical properties of Group 2 metals and transition metals are given in Table 

10.1.  
  

Table 10.1 
 

Metal Density / 
g / cm3 

Melting point  
/ oC 

Boiling point  
 / oC 

Colour of 
aqueous M2+ 

ions 
Magnesium 1.74 650 1091 colourless 

Calcium 1.55 842 1484 colourless 

Barium 3.51 727 1870  

Manganese 7.26 1246 2061 pale pink 

Iron 7.86 1535 2750   

Nickel 8.90 1455 2730 green 

Copper 8.92 1083 2567 blue 
 

 
 (a) Complete the table on the colour of aqueous ions of barium and iron.               [1] 

 
 (b) Explain why the densities of transition metals are higher than those of Group 2 

metals.  
   
   
  [1] 

 
 (c) Other than the physical properties in the table, state one other characteristic of 

transition metals. 
   
                                                                                                 [1] 
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 (d) Table 10.2 shows the standard electrode potentials of the Group 2 metals and 

transition metals.  
 

Table 10.2 
 

Electrode reaction Standard electrode potential / V 

Mg2+   +  2e−   ⇌     Mg − 2.38 

Ca2+   +  2e−   ⇌    Ca − 2.87 

Ba2+   +  2e−   ⇌     Ba − 2.90 

Mn2+   +  2e−   ⇌     Mn              − 1.18 

Fe2+   +  2e−   ⇌     Fe − 0.44 

Ni2+   +  2e−   ⇌     Ni − 0.25 

Cu2+   +  2e−   ⇌     Cu + 0.34 
  

 
  (i) State the relationship between the reactivity of metals and the standard 

electrode potential. 
    
                                                                                                [1] 

 
  (ii) Hence, suggest what the standard electrode potential measures. 
    
    
                                                                                                [1] 

 
  (iii) Explain the positive standard electrode potential in copper. 
    
    
                                                                                                [1] 
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 (e) An experiment on displacement reactions was conducted to determine the 

reactivity of manganese, iron and copper. 
 

• Describe the observations that identify the most reactive metals. 
• Explain the reactions with the help of at least one appropriate ionic 

equation. 
 
You may organize the observations in a table.            
 

   
   
   
   
   
   
   
   
   
   
   
   
   
                                                                                                 [4] 

[Total: 10] 
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11 The structures of three compounds, A, B and C are shown in Fig 11.1. 

 
 
 
 
 
                          Compound A                       
 
 
                     Compound A                                               Compound B 
 
 
 
 
 
 
 
 
 

Compound C 
 

Fig. 11.1 
 
 (a) An experiment was conducted to find out whether any of the three compounds 

is saturated. 
 

• Describe the observations that identify the unsaturated compound(s). 
• Explain the reactions with the help of at least one chemical equation. 

  
    
    
   
    
   
   
   
   
   
  [4] 
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 (b) Compound C has an isomer. 

Write the displayed formula of an isomer of compound C.                                             
 
 
 
 
 
 
 
 

[1] 
 
 (c) Determine the percentage composition of the elements in compound C.                                    

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   
  [2] 

 
 
 (d) Explain why the percentage composition of compound C and its isomer are the 

same.                                                                                                                 
   
  [1] 

 
 (e) Compound C can be produced in an experiment in the laboratory. 

 
Name the carboxylic acid and alcohol used and the experimental condition 
required in the experiment.                                                                               

   
   
   
  [2] 

[Total: 10] 
 

END OF PAPER 
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