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Q1. The diagram represents an atom of an element. 

 

(a)  (i)  What is the particle labelled X? 

(1) 
   A    an electron 
   B    an ion 
   C    a proton  
   D    a neutron 

 
(ii)  What is the mass number of this atom? 

(1) 
   A    4 
   B    5 
   C    9 
   D    13 

 
(iii)  Name the element that contains these atoms. 

(1) 

 .............................................................................................................................................  

(b)  Hydrogen has three isotopes. 

State, in terms of subatomic particles, one way in which these isotopes are the same and 
one way in which they are different. 

(2) 

 same ...................................................................................................................................  

 .............................................................................................................................................  

 different ..............................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 5 marks) 
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Q2. This question is about hydrogen (H2) and water. 

(a)  Hydrogen is a gas at room temperature. It exists as simple molecules. 

(i)  Draw a dot and cross diagram to show the arrangement of the electrons in a 
hydrogen molecule. 

(1) 
 
 
 
 
 
 
 
(ii)  Explain why hydrogen has a very low boiling point. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  The symbols for the three isotopes of hydrogen are 

 

(i)  State what is meant by the term isotopes. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Complete the table to show the number of protons, neutrons and electrons in each of 
the three isotopes of hydrogen. 
 
 

(3) 
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(c)  When hydrogen burns in oxygen, heat energy is transferred to the surroundings. 

(i)  State the name given to a reaction in which heat energy is transferred to the 
surroundings. 

(1) 

 .............................................................................................................................................  

(ii)  Write a chemical equation to represent the reaction that takes place when hydrogen 
burns in oxygen. 

(2) 

 
 
 
 .............................................................................................................................................  

(iii)  Describe a chemical test to show that the product is water. 
(2) 

 ............................................................................................................................................. 

  

 .............................................................................................................................................  

 

 .............................................................................................................................................  

 

 .............................................................................................................................................  

(iv)  Describe a physical test to show that the product is pure water. 
(2) 

 ............................................................................................................................................. 

  

 .............................................................................................................................................  

 

 .............................................................................................................................................  

 

 .............................................................................................................................................  

  

(Total for question = 15 marks) 
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Q3. The diagram shows some of the reactions of magnesium. 

 

 

 
(a)  Complete the table to give the identity of substances F, G and H. 

(3) 

 

 

 
(b)  Write a chemical equation for the reaction between magnesium and steam. 

(1) 

 
 
 
 .............................................................................................................................................  

 
   

(Total for question = 4 marks) 
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Q4. A total volume of 50 cm3 of hydrochloric acid is added gradually to 50 cm3 of sodium 
hydroxide solution containing some universal indicator. 

The graph shows how the pH of the solution changes as the acid is added. 

 

 

 
(a)  Use the graph to answer these questions. 

 
(i)  What is the pH of the sodium hydroxide solution before any acid is added? 

(1) 

 .............................................................................................................................................  

 
(ii)  What is the pH of the solution after 40 cm3 of acid is added? 

(1) 

 .............................................................................................................................................  

 
(iii)  What volume of acid is needed to completely neutralise the sodium hydroxide? 

(1) 

 .............................................................................................................................................  
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(b)  The table shows the colour of universal indicator at different pH values. 

 

 

 
Complete the table below to show the colour of the solution when the volume of hydrochloric 
acid added is 20 cm3 and when the volume added is 35 cm3. 

(2) 

 

 

 
(c)  Write a chemical equation for the reaction between sodium hydroxide and hydrochloric 
acid. 

(1) 

 
 
 
 .............................................................................................................................................  

 
   

(Total for question = 6 marks) 
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Q5. Choose the name of a substance from the box to answer parts (a) to (e). 

Each name may be used once, more than once or not at all. 

 

 

 
Give the name of 

 
(a) a solid that conducts electricity. 

(1) 

      .............................................................................................................................................
. 

 
(b) a metal ore. 

(1) 

      .............................................................................................................................................
. 

 
(c) a substance formed in the Haber process. 

(1) 

      .............................................................................................................................................
. 

 
(d) a substance used to make soap. 

(1) 

      .............................................................................................................................................
. 

 
(e) a substance used to make fertilisers. 

(1) 

      .............................................................................................................................................
. 

 
(Total for question = 5 marks) 
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Q6. (a) Explain what is meant by the term isomerism. 
(2) 

      .............................................................................................................................................
. 

      .............................................................................................................................................
. 

      .............................................................................................................................................
. 

(b) The displayed formula of heptane (C7H16) is 

 

Which one of the displayed formulae below does not represent an isomer of heptane? 
Place a cross ( ) in the box to indicate your answer. 

(1) 

 

 
 
(c) Heptane belongs to a homologous series of compounds called alkanes. 

The general formula of the alkanes is CnH2n+2 
(i) Heptene belongs to a homologous series of compounds called alkenes. 
Give the general formula of the alkenes. 

(1) 

      .............................................................................................................................................
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(ii) Complete the following diagram to show the structural formula of heptene (C7H14) by 
inserting lines to represent the covalent bonds between the carbon atoms. 

(2) 

 

 
 
(d) When heptene is added to bromine water, and the mixture is shaken, a reaction 
occurs. 

State the type of reaction and give the colour of the bromine water before and after the 
reaction with heptene. 

(3) 
Type of reaction 
.................................................................................................................................................. 
 
Colour before 
................................................................................................................................................... 
 
Colour after 
................................................................................................................................................... 
 
 

(e) Explain, in terms of the bonds present, why heptane is described as saturated and 
heptene as unsaturated. 

(2) 

      .............................................................................................................................................
. 
 

      .............................................................................................................................................
. 
 

      .............................................................................................................................................
. 
 

      .............................................................................................................................................
. 
 

(Total for Question = 11 marks) 
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Q7.  A student uses this apparatus to find the increase in temperature of water when 
methanol, CH3OH, is burned. 

 

(a)  There are several reasons why the increase in temperature is less than expected. 

(i)  One reason is the incomplete combustion of methanol to form only carbon monoxide 
and water. 

Write the chemical equation for this incomplete combustion. 
(2) 

 .............................................................................................................................................  

(ii)  State another reason why the increase in temperature is less than expected. 
(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  The student records these results. 

 

 
 
(i)  Calculate the heat energy change (Q), in joules, in this experiment using the 
expression 

Q = m × 4.2 × ΔT 

where m is the mass of water in grams and ΔT represents the increase in temperature. 
(2) 

 
 
 
 

 

 

 

Q = ........................................................... J 
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(ii)  The relative molecular mass of methanol is 32 
Use this information and your value for Q to calculate the molar enthalpy change, ΔH, 
for the combustion of methanol. 
Give your answer in kJ/mol. 

(4) 
 
 
 
 
 
 
 

ΔH = ........................................................... kJ/mol 
 

(iii)  The student draws an energy level diagram for the complete combustion of 
methanol. 

 

Identify the two mistakes in his diagram. 
(2) 

1 ..........................................................................................................................................  

 .............................................................................................................................................  

2 ..........................................................................................................................................  

 .............................................................................................................................................  
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(c)  The student is given this table of average (mean) bond energies. 

 

The equation for the complete combustion of methanol is 

 

Use this equation and the information in the table to calculate another value for the molar 
enthalpy change, ΔH, for the combustion of methanol. 

(4) 

 

 
 
 
 

ΔH = ........................................................... kJ/mol  

(Total for question = 15 marks) 
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Q8. The flow diagram shows how a fertiliser is manufactured from raw materials. 

 

 
The hydrogen needed is formed in two reactions. 

(a)  Reaction 1 occurs between steam and methane in natural gas. 

Balance the equation for this reaction. 
(1) 

 

(b)  The equation for reaction 2 is 

 

(i)  Assuming that this reaction reaches equilibrium, explain what happens to the yield of 
hydrogen if the reaction is carried out at a higher pressure but at the same temperature. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Assuming that this reaction reaches equilibrium, explain what happens to the yield of 
hydrogen if the reaction is carried out at a higher temperature but at the same pressure. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

(c)  Reaction 2 can be represented on an energy profile. 

 

(i)  Complete the profile by showing the products of the reaction and the enthalpy change 
for the reaction. 

(2) 
(ii)  Reaction 2 is carried out using an iron oxide catalyst. 

State the effect, if any, of using a catalyst on the enthalpy change for the reaction. 
(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 
(iii)  Explain how a catalyst increases the rate of a reaction. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(d)  The equations for some other reactions used in the manufacture of ammonium nitrate 
are 

 
 
Explain which two of these are redox reactions. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(e)  The manufacturer produces a batch of 34 kg of ammonia. 

Calculate the maximum mass of ammonium nitrate that can be made from this mass of 
ammonia, using reaction 6 in part (d). 
Give a unit for your answer. 

(3) 

 
 
 
 
 
 
 
 
 

 maximum mass of ammonium nitrate = .............................. unit .............................. unit  

  

(Total for question = 15 marks) 
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Q9.  A student uses the reaction between iron and oxygen in an experiment to find the 
percentage by volume of oxygen in air. 

The diagram shows his apparatus. 

 

(a)  State the advantage of using iron powder rather than pieces of iron. 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

(b)  Why is it necessary for the student to mix the iron powder with water? 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  
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(c)  The student records the reading on the syringe at the start of the experiment. 

He then records the reading every day until there is no further change. 
The diagram shows the syringe at the start and at the end of the experiment. 

 

Use the readings to complete the table, entering all values to the nearest 1 cm3. 

(3) 

 

 

(d)  The student repeats the experiment but obtains a much smaller change in volume. 

Which of these could be a reason for the smaller change in volume? 
(1) 

   A    he uses 10 cm3 of water instead of 5 cm3 

   B    he leaves the apparatus for a longer time 

   C    he leaves the apparatus in a warmer place 

   D    he uses a smaller mass of iron powder 
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(e)  During another experiment, the student writes down these values. 

 

The student incorrectly calculates the percentage by volume of oxygen in air. 
This is his working. 

 

(i)  Identify the mistake in his working. 
(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 
(ii)  Use values from the table to correctly calculate the percentage by volume of oxygen 
in air. 

(2) 

 
 
 
 
 
 
 
 
 
 

percentage = ........................................................... % 

  

(Total for question = 9 marks) 
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Q10.  Sodium thiosulfate solution and dilute hydrochloric acid react together slowly to form a 
precipitate of sulfur. This precipitate eventually makes the mixture go cloudy. 

A student uses this method. 

   place 20 cm3 of sodium thiosulfate solution and 20 cm3 of water in a conical flask 

   add 10 cm3 of dilute hydrochloric acid to the flask 

   place the flask on a piece of paper marked with a black  

   time how long it takes before the  can no longer be seen 

 

(a)  The equation for the reaction is 

 
 

Before starting her experiments, the student considers the risk to her of sulfur dioxide 
escaping from the flask. She uses this information. 

concentration of sodium thiosulfate solution = 0.300 mol/dm3 
volume of sodium thiosulfate solution = 20 cm3 
volume of water = 20 cm3 
volume of hydrochloric acid = 10 cm3 

 
(i)  Calculate the mass of sulfur dioxide formed in this experiment. 

The hydrochloric acid is in excess. 
(3) 

 
 
 

 mass of sulfur dioxide formed = ........................................................... g  

(ii)  The solubility of sulfur dioxide at room temperature is 100 g/dm3. 
Use this additional information to explain whether any sulfur dioxide gas escapes from 
the flask. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(b)  At what point in the experiment should the student have started a timer? 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 

 

 

(c)  She repeats the experiment using the same volumes and concentrations of solutions, 
but at different temperatures. The graph shows her results. 

 

(i)  The result at (14, 42) is anomalous. 
Explain one mistake the student may have made to cause this anomalous result. 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Use the graph to find the time taken for the  to be no longer seen at 35 °C. 
(1) 

 .............................................................................................................................................  
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(d)  The student repeats the experiments using nitric acid in place of hydrochloric acid. 

She records the times for the  to no longer be seen, then uses the times to calculate the 
rate of reaction at each temperature. 
The graph shows the results she plots. 

 

(i)  Suggest two reasons why the results are least accurate at higher temperatures. 
(2) 

1 ..........................................................................................................................................  

 .............................................................................................................................................  

2 ..........................................................................................................................................  

 .............................................................................................................................................  

(ii)  The student wrote this explanation for the shape of the graph. 
 

 
 
Use the particle collision theory to explain another more important reason for the 
increase in reaction rate. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(e)  Another student uses the same reaction to investigate the effect of changing the 
concentration of the sodium thiosulfate solution on the rate of reaction. 

Give three variables that the student must control in this investigation to obtain valid 
results. 

(3) 

1 ..........................................................................................................................................  

 .............................................................................................................................................  

2 ..........................................................................................................................................  

 .............................................................................................................................................  

3 ..........................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 15 marks) 
 
 
 
 
 

 


