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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 equations to answer the questions below. 

 
A CO32−(aq) + 2H+(aq) → CO2(g) + H2O(l) 

B Cu(s) → Cu2+(aq) + 2e− 

C Cu2+(aq) + 2e− → Cu(s) 

D Cu2+(aq) + 2OH−(aq) → Cu(OH)2(s) 

E Fe(s) + 2H+(aq) → Fe2+(aq) + H2(g) 

F H+(aq) + OH−(aq) → H2O(l) 

G 2I−(aq) + Br2(aq) → I2(aq) + 2Br−(aq) 

H NH4+(aq) + OH−(aq) → H2O(l) + NH3(g) 

I 4OH−(aq) → O2(g) + 2H2O(l) + 4e− 

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

Give the letter of an equation which 

(a) shows the formation of gas that forms a white precipitate with limewater, 
 
………………………………………………………………………………..… [1] 

 
(b) shows a reaction that forms a blue precipitate, 

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

 
(c) shows only oxidation, 

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

(d) shows the neutralisation of hydrochloric acid by sodium hydroxide, 
 
………………………………………………………………………………..… [1] 
 

(e) shows the reaction at an inert positive electrode when copper(II) sulfate is 
electrolysed. 
 
………………………………………………………………………………..… [1] 
 

[Total: 5] 
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A2 Seawater contains a variety of dissolved salts. 
 

(a) The diagram shows a simple distillation apparatus that can be used to 
produce purified water from seawater. 

 
 
Explain how distillation purifies seawater. 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………….… [3] 

 
(b) Magnesium chloride, MgCl2, is present in seawater at a concentration of 

1.26 g/dm3. 
 
(i) Write the formulae for the ions present in magnesium chloride. 

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

 
(ii) Calculate the concentration of chloride ions, in mol/dm3, arising 

from the magnesium chloride in seawater. 
 
 
 
 

 [1] 
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(iii) Aqueous silver nitrate is added to a small sample of seawater. 
Describe what you would observe. 
 

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

(c) The concentration of sulfate ions in seawater is 1.24 g/dm3. 
 
Excess aqueous barium chloride is added to a 50.0 cm3 sample of 
seawater. 
 
(i) Write the ionic equation for the precipitation reaction 

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

 
(ii) Hence, calculate the mass of barium sulfate precipitated. 

 
 
 
 
 
 
 
 
 
 
 
 

 [3] 
 
 [Total: 10] 
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A3 Silicon is an element in Group IV of the Periodic Table. 
 

(a) Give the electronic configuration for a silicon atom. 
 
……………………………………………………………………………….… [1] 

 
(b) Silicon reacts with chlorine on heating to form silicon(IV) chloride, SiCl4. 

 
Construct an equation for this reaction. 
 
……………………………………………………………………………….… [1] 

 
(c) Silicon(IV) chloride is a simple molecular compound. 

 
(i) Suggest two physical properties of silicon(IV) chloride other than 

solubility. 
 

1 ………………………………………………………………………...... 
 

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

(ii) Draw a ‘dot-and-cross’ diagram to show the bonding in silicon(IV) 
chloride. Show the outer electrons only. 
 

 
 
 
 
 
 
 
 
 

 [2] 
 
 [Total: 6] 
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A4 Analysis of compound Y shows it has the following composition. 
 

element percentage by mass 

hydrogen 3.4 

nitrogen 12.0 

oxygen 41.0 

vanadium 43.6 

 
(a) Determine the empirical formula of Y. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
          [3] 

 
(b) Suggest one property of aqueous Y caused by the presence of vanadium. 

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

(c) Aqueous sodium hydroxide is added to solid Y and the mixture is warmed. 
 
A colourless gas that turns moist red litmus blue is evolved. 
 
Deduce the formula of each of the two ions present in Y. 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………….… [2] 
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(d) An acidified aqueous solution of Y reacts with aqueous potassium iodide 
to form iodine. 
 
State and explain what you can deduce about the redox nature of Y. 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………….… [2] 

 
(e) When solid Y is heated, only V2O5, water and gas Z are formed. 

 
(i) Name gas Z. 

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

 
(ii) Write an equation for the reaction. 

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

 
 [Total: 10] 
 
A5 Sodium can react with compounds called crown ethers. A typical crown ether is 

shown below. 

 
 

(a) Write the empirical formula for this crown ether. 
 

……………………………………………………………………………….… [1] 
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(b) When sodium reacts with crown ethers it forms Na+ and Na– ions. Draw 
the structure of an Na– ion. Show all the electrons. 

 
 
 
 
 
 

 
            [1] 

 
(c) Sodium reacts violently with chlorine gas to form sodium chloride. 

 
Write an equation for the reaction of sodium with chlorine. 

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

 
(d) The melting point of sodium chloride is 801 °C. 

The melting point of chlorine is –101 °C. 
 
Explain, in terms of structure and bonding, the difference between the 
melting points of these two substances. 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………….… [4] 
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(e) Sodium chloride can be broken down into its elements by electrolysis. 
 
Explain why pure sodium chloride can be electrolysed at 1000 °C but not 
at 600 °C. 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………………... 
 
……………………………………………………………………………….… [2] 
 

 [Total: 9] 
 

A6 Ethanoic acid is manufactured in the factories by a reaction between methanol, 
CH3OH, and carbon monoxide. 
 

CH3OH + CO → CH3COOH   ΔH = –137 kJ/mol 
 
(a) Complete the energy profile diagram for the reaction between methanol 

and carbon monoxide. 
 
On your diagram label 

 
• the reactants and products, 
• the enthalpy change for the reaction, 
• the activation energy. 

 

 
[3] 
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(b) As a safety measure, carbon monoxide detectors are fitted in the 
factories. 

 

 
 

The orange spot turns black if there is a high concentration of carbon 
monoxide in the air. 

 
(i) Why is carbon monoxide hazardous? 
 

…………………………………………………………………………….. 
 

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

(ii) Complete the equation by writing the formula of the missing 
reactant in the box. 

 
PdCl2(s) +   + CO(g) → Pd(s) + 2HCl(g) + CO2(g) 

 
Complete the equation by writing the formula of the missing 
reactant in the box. 

[1] 
 
(iii) Complete the table to show the oxidation states of palladium and 

carbon before and after the reaction takes place. 
 

element oxidation state  
before reaction 

oxidation state  
after reaction 

palladium   

carbon   

[2] 
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(iv) Use information from the table to explain why this is a redox 

reaction. 
 
…………………………………………………………………………….. 

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

 
(c) Name one industrial process that used carbon monoxide as a reducing 

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

 [Total: 10] 
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Section B (30 marks) 
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 Reactivity of metals 

 
The reactivity of metals may determine by reacting them with either cold water 
or steam or with both. Table 7.1 shows the reactivity of five metals. 
 

Table 7.1 
 

metal reactivity 

barium reacts rapidly with cold water 

copper no reaction with steam or cold water 

magnesium reacts very slowly with cold water but reacts with steam 

sodium reacts very rapidly with cold water 

nickel only reacts when powdered and heated strongly in steam 

 
Standard Electrode Potentials 
 
The reactivity of a metal is related to the ease at which the metal is oxidised or 
loses electrons. The ease at which a substance is oxidised or reduced can be 
quantified using standard reduction potentials. 
 
The standard reduction potential (E°) of a substance measures how easily a 
substance is reduced, or how easily a substance gains electrons.  
 
The E° value of a substance is measured relative to a standard hydrogen 
electrode, in which the following reaction takes place: 
 

2H+(aq) + e− ⇌ H2(g) 
 
The reduction reaction of hydrogen ions to hydrogen is assigned an E° value of 
0.00 V. 
 
Table 7.2 shows the electrode reactions and E° values of some metals. 
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The more positive the E° value, the more likely the forward reaction takes place 
and the more easily the substance is reduced. 
 
Conversely, the more negative the E° value, the more likely the reverse 
reaction takes place and the more easily the substance is oxidised. 
 

Table 7.2 
 

metal electrode reaction E°/ V 

chromium Cr3+(aq) + 3e− ⇌ Cr(s) -0.74 

copper Cu2+(aq) + 2e− ⇌ Cu(s) +0.34 

iron Fe3+(aq) + 3e− ⇌ Fe(s) -0.04 

magnesium Mg2+(aq) + 2e− ⇌ Mg(s) -2.38 

nickel Ni2+(aq) + 2e− ⇌ Ni(s) -0.25 

sodium Na+(aq) + e− ⇌ Na(s) -2.71 

tin Sn2+(aq) + 2e− ⇌ Sn(s) -0.14 

zinc Zn2+(aq) + 2e− ⇌ Zn(s) -0.76 

 
Determining the Products of Electrolysis 
 
When two or more positive ions are present in the solution during electrolysis, 
the ion that is preferentially discharged at the cathode can be determined using 
the electrochemical series. 
 
The electrochemical series is also related to the standard electrode potentials 
for the metal ions. 
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(a) Deduce the order of reactivity of these metals using the information in 
Table 7.1. 

 

most reactive …………………………………… 

 

…………………………………… 

…………………………………… 

…………………………………… 

least reactive …………………………………… 
[1] 

 
(b) Deduce the relationship between the E° value and reactivity of metals. 

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

 
(c) (i)  Some E° values are shown below. 

 
    -2.55 V -0.44 V +0.16 V +0.80 V 
 

What is the most suitable E° value for silver? Explain your 
reasoning. 

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

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

(ii) Write the equation for the electrode reaction for silver. 
 

   ………………………………………………………………………..... [1] 
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(d) Which of the following displacement reactions is likely to occur? Put a tick 
(🗸🗸) if a reaction is likely to occur. 

 

metal chromium tin 

aqueous solution of 
nickel(II) ions   

dilute nitric acid   

 [2] 
 

(e) (i)  Describe how the electrochemical series is related to the standard 
 reduction potentials shown in Table 7.2. 

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

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

(ii) Complete the table below for the electrolysis of a molten mixture of 
iron(III) chloride and tin(II) chloride using graphite electrodes. 
 

electrode 
substance that 

would be 
produced first 

ionic half-equation for the  
reaction at each electrode 

positive  

 

negative  

 

 [2] 
 

[Total: 10] 
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B8 The ester, ethyl ethanoate, reacts with hydroxide ions to form ethanoate ions 
and ethanol. 

 
CH3COOC2H5 + OH– → CH3COO– + C2H5OH 
ethyl ethanoate     ethanoate ions 

 
(a) The graph shows how the concentration of ethanoate ions, CH3COO–, 

changes as the reaction proceeds.  

 
 

(i) Use the information in the graph to deduce the mass of ethanoate 
ions in 200 cm3 of solution when the reaction is complete. 
 

 
 
 
 
 
 

mass of ethanoate ions ........................................ g [2] 
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(ii) Use the information in the graph to calculate the average rate of 
reaction, in mol/dm3/s, during the first 300 seconds. 

 
 
 
 
 
 

 
 

average rate of reaction ........................................mol/dm3/s [1] 
 

(iii) Describe the change in the rate of reaction with time. Use 
information from the graph to support your answer. 
 
…………………………………………………………………………...... 
 
…………………………………………………………………………...... 
 

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

(iv) Explain, using collision theory, the observed change in the rate of 
reaction with time. 
 
…………………………………………………………………………...... 
 
…………………………………………………………………………...... 
 
…………………………………………………………………………...... 
 

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

(b) Explain why liquid ethanol does not conduct electricity. 
 
……………………………………………………………………………………... 

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

 
[Total: 10] 
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EITHER 
B9 Large quantities of poly(chloroethene) are manufactured annually. The flow 

chart shows the steps involved in the manufacture of poly(chloroethene). 
 

       
(a) Name the two processes used to obtain ethene from crude oil. 

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

(b) Chlorine gas is produced from the electrolysis of salt solution (aqueous 
sodium chloride).  
 
Explain why the salt solution used must be concentrated. 
 
……………………………………………………………………………….… [1] 
 

(c) Draw the structure, showing all the atoms and all the bonds, of the 
dichloroethane. 

 
 
 

 
 

 
[1] 
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(d) When dichloroethane, C2H4Cl2, is heated strongly, chloroethene, C2H3Cl, 
is formed. 
 
Name the other product of this reaction. 
 
……………………………………………………………………………….… [1] 

 
(e) The structure of chloroethene is shown. 

 
Draw the structure of a section of poly(chloroethene). Show three repeat 
units. 
 

 
 
 
 

 
 

 
[2] 

 
(f) A factory uses 2250 tonnes of chloroethene to make poly(chloroethene). 

[1 tonne = 1000 kg] 
 

(i) Deduce the maximum mass of poly(chloroethene) the factory could 
make. 
 
 

[1] 
 

(ii) The actual yield of poly(chloroethene) is 2175 tonnes. Calculate the 
percentage yield. 

 
 
 
 
 
 

[2] 
 

[Total: 10]  
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OR 
B9 The structure of glycollic acid is shown below. 

 
(a) Name the two functional groups present in glycollic acid. 

 
.................................................... and ....................................................  [1] 

 
(b) Glycollic acid undergoes similar reactions to ethanoic acid.  

 
Complete the equation for the reaction of glycollic acid with sodium 
carbonate. 
 

 ..... HOCH2CO2H + Na2CO3 → ................................. + .............. + ..............  
[2] 

(c) Glycollic acid can be prepared from oxalic acid. 

 
How does this equation shows that oxalic acid has been reduced? 
 
……………………………………………………………………………….… [1] 

 
(d) Glycollic acid polymerises to form poly(glycollic acid). The diagram shows 

a section of this polymer. 

 
(i) Is poly(glycollic acid) an addition polymer or a condensation 

polymer? Give a reason for your answer. 
 
…………………………………………………………………………...... 
 

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

(ii) Name another polymer with the same linkage as poly(glycollic 
acid). 
 

   ………………………………………………………………………..... [1] 
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(e) Poly(glycollic acid) is biodegradable whereas poly(ethene) is non-
biodegradable. 

 
(i) Suggest one environmental advantage of using biodegradable 

polymers. 
 
…………………………………………………………………………...... 
 
…………………………………………………………………………...... 
 

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

(ii) State one use of poly(ethene). 
 

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

(iii) The structure of propene is shown. 
 

          
 
Draw the structure of a section of poly(propene). Show three repeat 
units.  
 
 
 
 
 
 

 
 

[2] 
 

[Total: 10] 
 

END OF PAPER 
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