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Section A 
 

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

 

A1  Choose from the following list of substances to answer the questions below. 

nitrogen sodium oxide 

 

carbon dioxide 

 

silicon dioxide 

iron(II) chloride 

 

silver chloride 

 

zinc oxide diamond 

  Each substance can be used once, more than once or not at all. 

 
 (a)  Which element has a giant covalent structure?  

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

 (b)  Which substance will react with potassium hydroxide to form precipitate which  

  will change colour on standing? 
 
 
  …………………………………………………………………………………………...[1] 
 

 (c) Which compound exists as discrete molecules?  

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

 (d) Which substance will dissolve to form an acidic solution?  

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

 (e) Which substance can be added in excess to hydrochloric acid to form a soluble  

  salt?  
 
 
  …………………………………………………………………………………………...[1] 
 
                    [Total: 5] 
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A2  Silver dichromate, Ag2Cr2O7, is a red insoluble salt. 

 
 Silver dichromate can be made by reacting silver nitrate solution with ammonium 
 dichromate solution as shown by the equation below.  
 
   2AgNO3 + (NH4)2Cr2O7 → 2NH4NO3 + Ag2Cr2O7 
 

 

(a)  Describe how you can obtain pure and dry solid silver dichromate after mixing 
 silver nitrate solution and ammonium dichromate solution. 

  

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

(b)  (i)   Deduce the oxidation state of chromium in Ag2Cr2O7.  

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

(ii)   Write the ionic equation with state symbols for the formation of silver 

dichromate in this reaction. 
  

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

(c) The apparatus shown below is set up.  
 
 
 
 
 
 
 
 

 
 
After five minutes, a red solid appeared at the position marked S on the diagram. 
 
(i) Explain why a red solid appeared at the position marked S. 

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

 
 
 
 
 

solid ammonium 

dichromate 

plastic trough 

solid silver nitrate 

water 

S 

solid ammonium 

dichromate 
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(ii) The experiment is then repeated at a higher temperature. 
 
  What effect, if any, would this have on the time taken for the red solid to  
  appear? 
 
  Explain your answer. 
 

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

 
[Total: 8] 

 
 
A3 Fig. 3.1 shows an article from a textbook about elderberries. 

 
 
 
 
 
 
 
 
 
 
 
 
 
                        Fig. 3.1 
 
 

(a)  The chromatogram in Fig. 3.2 was obtained when water was added to a drop of 

 elderberries extract at the centre of a filter paper. 

 

 

 

 

 

 

 

 

 

          

      Fig. 3.2 

 

 (i)   Predict the colour of the elderberries extract at pH 7. 

       

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

 

Elderberries are widely used in wine making. 

Extract of elderberries is a useful pH indicator and 

it can be separated by chromatography. 

As an indicator, the colour of the extract changes 

to pink at a pH of 2 – 3 and to blue at a pH of 11 – 

12. 

dark blue 

dark pink 

light blue 
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 (ii)   An alternative set-up for the above experiment was shown in Fig. 3.3 below. 

 

  

 

           Fig. 3.3 

 Given that the distance travelled by the dark pink dye is 1.00 cm, complete 

 the table above by stating the distance travelled by the light blue and dark 

 blue dyes.                             [1] 

 

 (b)  Fig. 3.4 shows how pH values changed during a titration when an acid was added

  from a burette into an alkali. A few drops of elderberries extract were added at the

   start of titration to monitor the pH of the solution. 

 

  

 

 

 

 

 

 

 

 

 Fig. 3.4 

 (i)   State and explain what could be one possible chemical formula of the alkali    

        used.  

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

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

 5      10       15       20      25      30      35      40 

14 

12 

10 

8 

6 

4 

2 

0 

stopper 

 

boiling tube 

volume of acid added / cm3 

pH 

solvent front 
 filter paper strip 
 

position of extract at the 
start of the experiment 
 

water 
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(ii)  State the colour of the elderberries extract when the volume of acid added           

was           

 20 cm3  …………………………… 

 30 cm3 …………………………….              [2] 

[Total: 6] 

 

A4 This question is about compounds containing chlorine. 

 The equation shows the reaction of aqueous methanol with dilute hydrochloric acid.  
 
    CH3OH (aq) + HCl (aq) CH3Cl (g) + H2O (l)  

 
 The progress of this reaction can be followed by taking small samples of the reaction 

 mixture every hour and determining the concentration of dilute hydrochloric acid. 

 (a) (i)   Draw a ‘dot and cross’ diagram to show the bonding in a molecule of methanol. 
        Draw only the outer shell electrons.  
 

 

 

 

 

 

[2] 

(ii)  Explain, using ideas about structure and bonding, why methanol exists in            

liquid state at room temperature and pressure. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

………………………………………………………………………………………[2] 
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 (b)  The graph shows how the concentration of hydrochloric acid changes as the  

  reaction proceeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i)   Sketch the graph on the axes above when the temperature is decreased.   

       Label your graph “Y”.               [1] 
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1.40 

 

1.20 

 

1.00 

 

0.80 
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0.40 

 

0.20 
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of HCl / 

mol/cm3  

1             5              10           15            20            25            30            35 

time / h  
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(ii)   Using data from the graph, describe how speed varies with time from A to D. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

…………………………………………………………………………………….[3] 

 

 (iii)  Describe and explain, using ideas about collisions between particles, how  

the rate of a reaction changes when the temperature is decreased. 

  All other conditions stay the same. 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

……………………………………………………………………………………[2] 

[Total: 10] 

A5 A 1.50 g sample of solid lead(II) nitrate is added to 125 cm3 of 0.100 mol/dm3 sodium 

 iodide solution. 

 (a) Write the chemical equation for the reaction. 

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

 (b) Identify the limiting reactant in the reaction, showing your calculations clearly. 

 

 

 

 

 

 

 

 [2] 
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 (c) Using your answer in (b), calculate the concentration of the nitrate ions in the  

  mixture after the reaction is complete. 

 

 

 

 

 

                   [2] 

 

 (d) Place a √ in the box to indicate the diagram that best represents the mixture when 

  the reaction is complete. The diagrams do not show the actual number and ratio  

  of ions present.                  [1]                                                                     

  

     

  

 

 

 

 

 

 

 

no precipitate              precipitate formed   precipitate formed 

 precipitate formed           precipitate formed 



10 

 

 

 

(e) Describe how a pure, dry sample of lead(II) nitrate crystals can be prepared from 

insoluble lead(II) oxide. 

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

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

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

                   

                  [Total: 9]  

 

A6 Paracetamol, the active drug ingredient in Panadol, is commonly used to reduce fever 

 and relief pain. Based on recommended dosages, an adult should not take more than
 4 g of paracetamol daily. 
 
 (a) A sample of paracetamol was found to contain 63.6% of carbon, 5.9% of   
  hydrogen, 9.3% of nitrogen and 21.2% of oxygen by mass. 
 
  Show, by means of calculation, that the empirical formula of paracetamol is  

  C8H9NO2. 

 

 

 

 

 

 

 

 [2] 
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 (b) Paracetamol can be synthesised in the laboratory via a three-step process. 

 

  Step 1: 

    

  Step 2:  

 

 

  

   4-nitrophenol (C6H5NO3)          4-aminophenol (C6H7NO) 

 

  Step 3:    C6H7NO       +     C4H6O3    →    C8H9NO2      +     C2H4O2 

   4-aminophenol                             paracetamol      ethanoic acid 

 

  (i)   Suggest why the yield of paracetamol in the laboratory is less than 50%. 

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

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

 

  (ii)   Explain why NaBH4 acts as a reducing agent in step 2. 

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

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

 

 

 

 

 

 

 

phenol 
dilute H2SO4 

NaNO3 

2-nitrophenol  +  4-nitrophenol 

NaBH4 
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  (iii)   One paracetamol tablet contains 500 mg of the active ingredient paracetamol. 

        Calculate the mass of 4-aminophenol required to synthesise 8 Panadol 

tablets. 

 

 

 

[3] 

  (iv)   How can the purity of the synthesised paracetamol be tested? 

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

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

 

(v)   Explain, in terms of bonding, why paracetamol is a solid but ethanoic acid is 

a liquid at room temperature and pressure. 

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

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

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

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

 

(c) The correct dosage of paracetamol for children varies according to a child’s  

  weight. However, a child weighing 10 kg should only consume a maximum of  
 600 mg of paracetamol in a day. 

 
  Given that a bottle of Panadol syrup contains 120 mg of paracetamol per 5 ml of  
  syrup, calculate the correct dose of Panadol syrup (in ml) that should be given  
  every 6 hours for a 10 kg child. 
 

 

 

 

[2] 

[Total: 12] 
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Section B 
 

Answer all three questions in this section.  
The last question is in the form of an either/or and only one of the alternatives should be attempted. 

 
 
 
B7   The reaction between colourless peroxodisulfate (VI) ions and iodide ions is represented 

by the following ionic equation. 

    S2O8
2- (aq) + 2I- (aq) → 2SO4

2- (aq) + I2 (aq)  
 

The same volume of aqueous S2O8
2- and aqueous I- are used for each experiment.  

The Table 7.1 below shows the results of each experiment when different concentrations 

of each reactant are used.  

Table 7.1 

experiment 
initial concentration/ mol/dm3 

initial rate of reaction/ 

mol/dm3s 
S2O8

2- I- 

1 0.008 0.020 1.22 x 10-3 

2 0.016 0.020 2.44 x 10-3 

3 0.032 0.020 4.88 x 10-3 

4 0.008 0.040 2.44 x 10-3 

5 0.008 0.080 4.88 x 10-3 

  

Order of Reactions  
 
The order of a reaction refers to the power dependence of the rate of reaction on the 
concentration of each reactant. It is a numerical value.  
 
In a zero-order reaction, the concentration of the reactants has no effect on the initial rate 
of reaction.  
 
In a first-order reaction, the initial reaction rate is directly proportional to the concentration 
of one of the reactants.  
 
In a second-order reaction, the initial rate of reaction quadruples when the concentration 
of one of the reactants is doubled.  
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Increasing the rate of reaction  
 
If a small amount of Fe2+ ions is added to the reaction mixture, they will react with the 

peroxodisulfate (VI) ions, forming Fe3+ ions, which will then react with the iodide ions in 

the following two stages:  

Stage 1:  2Fe2+ (aq) + S2O8
2- (aq) → 2Fe3+ (aq) + 2SO4

2- (aq) 
 Stage 2:   2Fe3+ (aq) + 2I- (aq) → 2Fe2+ (aq) + I2 (aq) 

 

 (a) Two students made comments about the reaction. 

  Student 1: The reaction is first order with respect to S2O8
2-. 

  Student 2: The reaction is second order with respect to I-. 

 Which student is correct? Show by calculation using information from the table to 

support your answer. 

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

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

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

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

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

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

 

(b) Sketch the graphs of rate against concentration of reactant for a zero-order and a 

first-order reaction. 

    zero-order reaction    first-order reaction 

 

 

 

 

 

 

             [1] 

rate rate 

concentration concentration 
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(c) Another two similar experiments were carried out and the result is shown in Table 

7.2. 

Table 7.2 

experiment 
concentration of 

S2O8
2- / mol/dm3 

concentration of 

I-/ mol/dm3 

initial rate of 

reaction/ 

mol/dm3s 

6 0.016 0.040  

7  0.080 9.76 x 10-3 

 

 With reference to Table 7.2, complete the table by predicting the initial rate of 

reaction in experiment 6 and the concentration of S2O8
2- in experiment 7.                [2] 

 

(d) Explain the role of Fe2+ ions in this chemical reaction. 

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

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

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

 

(e) Suggest how you would remove Fe2+ ions from aqueous iodine after Stage 2. 

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

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

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

[Total: 10] 
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B8   A student carries out a series of experiments. In each experiment, he electrolyses 

aqueous copper(II) sulfate solution using the apparatus shown in Fig. 8.1. 

 

 

 

 

 

 

 

                                                                       Fig. 8.1 

He uses the same concentration of aqueous copper(II) sulfate each time, but changes 

the current he passes through the solution. He runs each electrolysis for 10 minutes. 

The student weighs the negative electrode before and after each experiment and works 

out the mass of copper deposited. 

Table 8.1 shows the results of his experiments. 

Table 8.1 

 

(a) (i)   Use data from the Table 8.1 to describe the relationship between the current   

      and the mass of copper deposited. 

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

 

(ii)   Explain the trend observed in (a)(i). 

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

(iii)  Explain why the student ran the electrolysis for 10 minutes for all the  

experiments. 

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

 

experiment time / mins current / A mass of copper deposited / g 

1 10 1.0 0.21 

2 10 2.0 0.40 

3 10 3.0 0.58 

4 10 4.0 0.81 

ammeter to 

measure current 

copper anode copper cathode 

aqueous copper(II) sulfate 
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(b)   The student carries out another experiment. He passes an electric current of 6.0A 

 through a solution of copper(II) sulfate for 5 minutes. 

 Use the information above to predict the mass of copper that would be formed in 

the experiment. Explain how you derived at your answer by showing your 

calculation. 

 

 

 

 

 

 

[2] 

(c)  At the end of the electrolysis, the student removes a sample of the electrolyte and 

puts it in a test tube. He then adds aqueous ammonia dropwise to the sample until 

there is no further change. 

 Describe and explain what the student observed. 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………...……………………………………………[2] 
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(d)   The student carries out another electrolysis using aqueous silver nitrate and silver 

electrodes. His results are shown in Table 8.2. 

                     Table 8.2 

 

 

 

 

(i)   Write an ionic half equation with state symbols for the reaction that happens     

at the cathode.  

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

 

(ii)  Carry out calculations to compare the difference in the number of moles of 

copper and the number of moles of silver that are formed when a current of 

4.0 A is used for 10 minutes.  

      Suggest an explanation for the difference in the number of moles of each 

metal formed. 

 

 

 

 

 

 

[2] 

[Total: 10] 

 

 

 

 

 

electrolyte time / mins 
current / 

Amps 

mass of silver 

deposited / g 

aqueous silver nitrate 10 4.0 2.7 
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EITHER 

B9   The diagram below shows the structures of some polymers. 

 

 

 

 

 

 

 

 

 

 

 

(a)  What is the name of the group that links the monomers together in both A and 

C? 

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

(b)   Name D. 

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

 

(c)  Draw the structural formula of the monomers that react to form C. 

             

 

 

 

                                                                                                   [2]  

 

 

 

A 

B 

C 

D 
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(d)       There are two types of polymerisation, addition and condensation. 

 Explain two differences between these types of polymerisation. 

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

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

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

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

 

(e)  A sample of D has a relative molecular mass of 71 400. How many carbon atoms 

are there in an average molecule of the polymer? 

 

 

 

 

 

number of carbon atoms = …………………… [2] 

 

(f)  Some plastics, formed by polymerisation, are non-biodegradable. 

 Describe two pollution problems that is caused by non-biodegradable plastics. 

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

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

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

 [Total: 10] 
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OR 

B9  (a)  2,2,4-trimethylpentane, also known as isooctane, is an isomer of octane C8H18. 

 The structures of isooctane and octane are shown in Fig. 9.1. 

 

 

 

 

 

 

      Fig. 9.1 

The enthalpy changes of combustion and boiling points for isooctane and octane 

are given in Table 9.1. 

Table 9.1 

 

(i)   Write a balanced chemical equation for the complete combustion of isooctane. 

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

 

(ii)   Suggest why the enthalpy change of combustion for isooctane and octane  

are the same. 

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

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

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

 

 

hydrocarbon 
enthalpy change of 

combuistion/ kJ mol-1 
boiling point/ oC 

Isooctane -5460                     99.3 

Octane -5460                     126.1 

Isooctane                       Octane 
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(iii)   Draw the structural formula of two other isomers of octane, C8H18. 

 

 

 

[2] 

(b)  Spider silk is composed of polyamide chains mainly made from amino acids.  

Fig. 9.2 shows the structural formula of the three main amino acid, glycine, alanine 
and serine, found in spider silk.  

 

 

 

 

 

                                                 

                       Fig. 9.2 

(i)   Assuming spider silk is made from repetitive sequences of –glycine–alanine 

serine–, draw the structural formula of the repeat unit of the polyamide chain.  
 

 

 

 

 [2]  

(ii)   The Mr of each polyamide chain is about 600 000.  

 Assuming the polyamide chain is made from equal amounts of the above 

three amino acids, calculate the average number of amino acid monomers in 

each polyamide chain.  

 

 

 

[3] 

[Total: 10]

glycine                                      alanine                                          serine 
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