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Section A (40 marks) 

Answer all questions. 
Write your answers in the spaces provided. 

  
 

A1 Epsom salt is a bitter-tasting salt with the chemical formula, MgSO4.nH2O. It is widely used as 
bathing salt to relieve body aches.  

     
 (a) (i) Suggest the chemical formulae of two suitable reactants for making aqueous 

magnesium sulfate, stating which one is in excess.  
 
[2] 

     
     

     
  (ii) State how the excess reactant can be removed from aqueous magnesium 

sulfate. 
 
[1] 

     
     

     
  (iii) State the most suitable method by which Epsom salt can be obtained from 

aqueous magnesium sulfate. 
[1] 

     
     

     
 (b) A sample of Epsom salt weighing 4.93 g initially was strongly heated in an 

evaporating dish until it decomposed to form the anhydrous salt, MgSO4.  
 
The following graph was obtained.  
 

 
 
 
 
 
 

 
 

 

 

     
  (i) State the minimum temperature required to decompose the Epsom salt into 

the anhydrous salt. 
 
[1] 

     
                      oC  

    
 
 

 

  (ii) Calculate the relative molecular mass of anhydrous magnesium sulfate, 
MgSO4. 

 
[1] 

     
    

 
 
 

 

    
 
 
 

 

mass of solid / g 

temperature / oC 

4.93 

2.41 

250 65 
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  (iii) Calculate the number of moles of MgSO4.nH2O in 4.93 g of Epsom Salt. [1] 
     
     
    

 
 
 
 
 

 

  (iv) Using the information in the graph and answer in (b)(iii), derive the exact 
chemical formula of Epsom salt, showing all necessary working. 

 
[3] 

     
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

    
 

 

  Total [10] 
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A2 A sample of X contains three substances, A, B and C.  

     
 (a) In an experiment, a student conducting the experiment accidentally dripped a drop of 

sample X into the solvent. The student observed that the colour of sample X spread 
through the solvent.  
 
Name this phenomenon, and explain why the phenomenon occur.   

 
 
 
 
[2] 

   
 

 

   
 

 

     
 (b) The retention factor (Rf) values of substances A, B and C in the respective solvents 

are given in the table below.  

 

 A B C 

water 0.20 0.20 0.60 

ethanol 0.80 0.40 0.40 

 

Another experiment is carried out on the sample X using two-dimension (2D) paper 

chromatography. The following steps show how 2D paper chromatography is carried 

out to separate the substances in X: 

 

1. Separate the sample using water. 

2. Rotate the paper 90 degrees clockwise. 

3. Carry out further separation on the sample using ethanol as solvent.  

 

 

  (i) Use the information in the table to explain why it is necessary to use 2D paper 
chromatography.   

 
[2] 
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  (ii) In the 2D paper chromatography that was done, the distance of the solvent 
front from the start line when water and ethanol are used as solvents are both 
10 cm.  
 
In the paper chromatogram shown below, each point on the scale represents 
1 cm. The position of substance A is shown in the paper chromatogram.  
 
On the paper chromatogram, draw the location of the spots for substances B 
and C, and label them accordingly.  

 
 
 
 
 
 
 
 
[2] 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Start line 1 and solvent front 1: water is used as a solvent.  
Start line 2 and solvent front 2: ethanol is used as a solvent.  
The point marked as X is the initial position of sample X.  

 

   Total [6] 
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A 
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A3 Borospherene, B40, is a new molecule discovered in 2014. The structure of borospherene is shown 
below.   
 

 
   
 (a) In terms of its structure, explain why borospherene is expected to have poor electrical 

conductivity.  
 
[2] 

   
 

 

   
 

 

   
 

 

   
 

 

     
 (b) State and explain whether borospherene is expected to have a high or low boiling 

point.  
 
[2] 

   
 

 

   
 

 

   
 

 

   
 

 

     
 (c) Predict and explain whether the boiling point of borospherene is expected to be higher 

or lower than that of methane, CH4.  
 
[2] 

   
 

 

   
 

 

   
 

 

   
 

 

     
 (d) By considering the number of valence electrons that boron has, explain why the 

bonding between boron atoms in borospherene is unusual.   
 
[1] 

   
 

 

   
 

 

     
   Total [7] 
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A4 A new element Z was discovered and found to have the following properties.  
 

 melting point of 25 °C 

 conducts electricity in solid and liquid state 

 reacts violently with water and hydrochloric acid 

 

     
 (a) (i) Identify the Group that element Z is in.  [1] 
    

 
 

     
  (ii) Other than the properties given, state another physical property that       

element Z is expected to have.  
[1] 

    
 

 

     
 (b) (i) Write a chemical equation, with state symbols, for the reaction between   

element Z and water.  
 
[2] 

    
 

 

    
  (ii)  Element Z is an element below Period 6 in the Periodic Table.  

 
By considering the trend in the tendency of elements to lose electrons down 
the Group, explain why element Z is very reactive.  

 
 
[3] 

    
 

 

    
 

 

    
 

 

    
 

 

    
 

 

     
  (iii) Element X is an element one period above Z in the Periodic Table. Element Y 

contains one more proton than element X.  
 
By considering how the tendency of the elements to lose electrons changes 
across the Period and down the Group, arrange the elements in order of the 
most reactive to the least reactive.  

 
 
 
 
[1] 

    
 

    
  Total [8] 
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A5  The atmosphere of an unknown planet was analysed and it was found to contain 
nitrogen, carbon dioxide, oxygen and argon. The following set-up was used to 
determine the volume of oxygen in the planet’s atmosphere.  
 

 
Fig. 1 

 
The oxygen present in the sample of air reacts with copper solid to form        
copper(II) oxide, a black solid.  
 

2Cu(s) + O2(g)  2CuO(s) 
 
The volume of air used for the experiment was originally 80.0 cm3 while the original 
mass of copper used was 2.50 g.  
 
After the experiment, the unreacted copper was separated from the copper(II) oxide 
formed by dissolving the copper(II) oxide in excess dilute nitric acid.  
 
The mixture was filtered to obtain a filtrate while the unreacted copper residue was 
washed, dried and weighed to be 2.25 g. 
  

     
 (a) (i)  Calculate the number of moles of copper reacted with oxygen. [1] 
    

                  
 
 
 
 
 
 

 

  (ii) Calculate the volume of oxygen reacted, expressing the answer in cm3. [1] 
    

 
 
 
 
 
 

 

     
  (iii) Calculate the percentage of oxygen present in the planet’s atmosphere. [1] 
    

 
 
 
 
 
 

 

     

gas syringe containing 
the sample of air from 
the unknown planet 

copper solid 
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 (b) After filtration, 25.0 cm3 of the filtrate was pipetted into a conical flask and titrated with 
3.20 g dm−3 aqueous sodium hydroxide using methyl orange indicator.   
 

HNO3 + NaOH  NaNO3 + H2O 
 
The average titration reading obtained was 19.30 cm3. 

 

     
  (i) Write a balanced equation for the reaction between nitric acid and  

copper(II) oxide.  
 
[1] 

     
     

     
     
  (ii) Using your answer in (a)(i), calculate the number of moles of nitric acid that 

reacted with copper(II) oxide. 
 
[1] 

     

    
 
 
 
 

 

 

     

  (iii) Calculate the number of moles of nitric acid that reacted with                        
sodium hydroxide. 

 
[2] 

     
    

 
 
 
 
 
 

 

     
  (iv) The volume of nitric acid used was 150 cm3.  

 
Calculate the number of moles of nitric acid that was added to the mixture of 
copper and copper(II) oxide.  

 
 
 
[2] 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

    
 

 

  Total [9] 
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Section B (30 marks) 

 
Answer all three questions from this section in the spaces provided. 

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

 

B6 Refer to the reaction scheme below when answering the following questions. 

 
 

 

 (a) (i) Describe observation K. 
 

 
[1] 

     

     
  (ii) Write the ionic equation for the formation of precipitate G. 

 
[1] 

     
 

 (b) (i) 
 
 

Identify precipitate F. 
 
 

[1] 

     
  (ii) 

 
Explain why it is not necessary to add HNO3(aq) in step E. [2] 

     

    
 

 

step E:  
add AgNO3(aq) 

white solid B 

step 1: add water and stir 
step 2: filter the mixture 

white solid dissolved to form a 
colourless solution D, 
effervescence of colourless, 
odourless gas which forms 
white precipitate in limewater.  green precipitate G 

formed, insoluble in 

excess NaOH(aq) 

add NaOH(aq) 
dropwise until 
in excess 

yellow 
precipitate J 

formed 

step H:  

add KI(aq) 

green filtrate C  

precipitate left to 
stand for 10 min 

observation K 

white 
precipitate F 

formed  

add HNO
3
(aq) 

greenish-white solid A 
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 (c) (i) 
 

Identify the anion in solid B. 
 

[1] 

     

     
  (ii) Identify precipitate J. 

 
[1] 

     

     
  (iii) State the chemical formula of an alternative reagent for step H that gives a 

different observation but leads to the same deduction. 
[1] 

     
     

     
 (d) Identify the two compounds that make up solid A. 

 
[2] 

    

     
   Total [10] 
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B7 Hydrogen halides are diatomic covalent molecules with the formula HX, where X is a halogen 
(Group 17 element). When dissolved in water, hydrogen halides form hydrohalic acids, 
HX(aq), which dissociate in water to form ions.  
 
pKa is a number that measures the strength of an acid. The smaller the pKa value, the greater 
the extent of the dissociation of the acid in solution and hence the stronger the acid. 
 
Bond energy is defined as the amount of energy required to break one mole of a particular 
type of bond. For example, the bond energy of H−X is the energy required to break all the 
H−X bonds in one mole of HX molecules.  
 
The table below shows the bond energy of hydrogen halides HX and the pKa value of their 
corresponding hydrohalic acids.  
 

Table 7 

hydrogen halide H−X bond energy  / kJ mol−1 pKa of hydrohalic acid 

HF 562 3.1 

HCl 431 −3.9 

HBr 366 −5.8 

HI 299 −10.4 

 
 

 

 (a) (i) HCl is a strong acid. Define the term ‘strong’. [1] 
    

 
 

    
 

 

     
  

 
(ii) Describe the trend in the strength of the hydrohalic acids down Group 17. [1] 

     

     
  (iii) 

 
Describe the trend in the bond energy of H−X down Group 17. [1] 

     

     
  (iv) 

 
State and explain the relationship between the bond energy of H−X and the 
strength of the corresponding hydrohalic acid formed. 

 
[3] 
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 (b) Write an ionic equation for the reaction between aqueous sodium hydroxide and a 
solution of hydrohalic acid. 

 
[1] 

     
     

     
 (c) pH is a measure of the concentration of H+ ions in a solution.  

Hydrofluoric acid is a weak acid while hydrochloric acid is a strong acid. 
 

 
 

  (i) Write an equation for the dissociation of hydrofluoric acid in solution. [1] 
     
     

     
  (ii) State and explain whether it is possible for a solution of hydrofluoric acid to 

have the same pH as a solution of hydrochloric acid. 
 
[2] 

     
     

    
 

 

    
 

 

    
 

 

     
   Total [10] 
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EITHER 
 

B8 This question is about tests for cations.  
 

 

 (a) A student decides to conduct the tests for magnesium ion.   
    
  (i) Oxides and hydroxides of elements react similarly with acids and alkalis.  

 
State whether magnesium hydroxide is acidic, basic, amphoteric or neutral.  

 
 
[1] 

    
 

 

     
  (ii) Using your answer in part (ai) and considering the test for other cations, predict 

the observation when aqueous sodium hydroxide is added dropwise to a 
solution containing magnesium ion until in excess.  

 
 
[1] 

    
 

 

    
 

 

     
  (iii) Magnesium hydroxide does not react with aqueous ammonia to form a soluble 

substance. 
  
Describe the observation when aqueous ammonia is added dropwise to a 
solution containing magnesium ion until in excess. 

 
 
 
 
[1] 

    
 

 

    
 

 

     
 (b) In a separate experiment, the student added aqueous sodium hydroxide to           

lead(II) sulfate.  
 
Explain why precipitation would not occur in this experiment.  

 
 
 
[2] 

   
 

 

   
 

 

   
 

 

      

  



19 

 

   

Setters: OWJ/CHG Chemistry Paper 2   [Turn Over 

 

 (c) In another experiment, the student did the following.  
 

 Add aqueous ammonia dropwise until in excess to a 2 cm3 solution containing 
aluminium ions,  

 Filtered the mixture to obtain white precipitate.  

 Washed precipitate with distilled water  

 Dried precipitate between sheets of filter paper 

 Precipitate was found to have a mass of 0.1 g.  

 
 

     
  (i) Calculate the concentration in mol dm–3 of aluminium ion in the 2 cm3 solution.  [2] 
    

 
 
 
 
 
 
 
 
 
 

 

  (ii) State and explain whether you expect the concentration calculated in part (ci) 
to be higher or lower than the concentration present in the 2 cm3 solution 
containing aluminium ion.  

 
 
[2] 

    
 

 

    
 

 

    
 

 

     
  (iii) State and explain whether adding aqueous ammonia until in excess to a 2 cm3 

solution containing zinc ions to find the concentration will be feasible.   
 
[1] 

    
 

 

    
 

 

     
   Total [10] 
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OR 
 
B8 This question is about transition metals and the ions they form.  

 
 

 (a) (i) One property that transition metals share with a Group 2 metal like magnesium 
is their high melting point.  
 
Explain why transition metals have high melting point.   

 
 
 
[2] 

    
 

 

    
 

 

    
 

 

    
  (ii) State two characteristic properties of transition metals that are different from 

those of a Group 2 metal like magnesium. 
 
[2] 

    
 

 

    
 

 

    
 (b) Write the electronic configuration of chromium and nickel.  [2] 
   

Cr:  
 
1s2 

 

   
Ni:  

 
1s2 

 

     
 (c) Complete the dot-and-cross diagram of zinc chloride in the space provided below.  [1] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Zn2+ 
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 (d) Cobalt metal can lose electrons to form cobalt(III) ions.  
In water, cobalt(III) ion generally interact with water molecules to form a complex ion, 
[Co(H2O)6]3+.  

 

     
  (i) In [Co(H2O)6]3+, the energy levels for the d-orbitals of Co3+ are shown below.  

 
 
 
 
 
 
 
 
 
State what is unusual about the energy levels of the d-orbitals in [Co(H2O)6]3+. 

 
 
 
 
 
 
 
 
 
 
[1] 

    
 

 

    
 

 

     
  The electronic configurations of the d-orbitals in [Co(H2O)6]3+ are shown below.  

 
expected electronic configuration 

 
 
 
 
 
 
 
 
 
 

actual electronic configuration 
 

 

 

 

     
  (ii) In the diagram above, fill in the expected electronic configuration of the               

d-orbitals in [Co(H2O)6]3+ using Aufbau’s Principle, which states that electrons 
occupy orbitals in order of energy level.   

 
 
[1] 

     
  (iii) Suggest a reason why electrons are occupying the d-orbitals in [Co(H2O)6]3+ in 

the way that was shown in the actual electronic configuration.  
 
[1] 

    
 

 

     
   Total [10] 
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