
Quantitative Chemistry 

Q1. 
A student investigated the reaction of copper carbonate with dilute sulfuric acid. 

The student used the apparatus shown in the figure below. 

  

(a)     Complete the state symbols in the equation. 

CuCO3 (___) + H2SO4 (aq) → CuSO4 (aq) + H2O (___) + CO2 (g) 
(2) 

(b)     Why did the balance reading decrease during the reaction? 
  

Tick one box.   

The copper carbonate broke down. 
  

A salt was produced in the reaction. 
  

A gas was lost from the flask. 
  

Water was produced in the reaction. 
  

(1) 

(c)     Describe a safe method for making pure crystals of copper sulfate from copper 
carbonate and dilute sulfuric acid. Use the information in the figure above to help 
you. 

In your method you should name all of the apparatus you will use. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 



___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(6) 

(d)     The percentage atom economy for a reaction is calculated using: 

  

The equation for the reaction of copper carbonate and sulfuric acid is: 

CuCO3 + H2SO4 → CuSO4 + H2O + CO2 

Relative formula masses : CuCO3 = 123.5; H2SO4 = 98.0; CuSO4 = 159.5 

Calculate the percentage atom economy for making copper sulfate from copper 
carbonate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Atom economy = __________________ % 

(3) 

(e)     Give one reason why is it important for the percentage atom economy of a reaction 
to be as high as possible. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 13 marks) 

Q2. 
Figure 1 shows the outer electrons in an atom of the Group 1 element potassium and in 
an atom of the Group 6 element sulfur. 

Figure 1 

  

(a)     Potassium forms an ionic compound with sulfur. 



Describe what happens when two atoms of potassium react with one atom of sulfur. 

Give your answer in terms of electron transfer. 

Give the formulae of the ions formed. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 

(b)     The structure of potassium sulfide can be represented using the ball and stick model 
in Figure 2. 

Figure 2 

  

The ball and stick model is not a true representation of the structure of potassium 
sulfide. 

Give one reason why. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     Sulfur can also form covalent bonds. 

Complete the dot and cross diagram to show the covalent bonding in a molecule of 
hydrogen sulfide. 

Show the outer shell electrons only. 



  

(2) 

(d)     Calculate the relative formula mass (Mr) of aluminium sulfate Al2(SO4)3 

Relative atomic masses (Ar): oxygen = 16; aluminium = 27; sulfur = 32 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Relative formula mass = _______________________________ 

(2) 

(e)     Covalent compounds such as hydrogen sulfide have low melting points and do not 
conduct electricity when molten. 

Draw one line from each property to the explanation of the property. 
  

Property   
Explanation 
of property 

    
Electrons are free 

to move 

    
  

    
There are no 

charged particles 
free to move 

Low melting point     

    
Ions are free 

to move 

    
  

    
Weak intermolecular 
forces of attraction 

Does not conduct 
electricity when 

    



molten 

    Bonds are weak 

    
  

    Bonds are strong 

(2) 

(f)     Ionic compounds such as potassium sulfide have high boiling points and conduct 
electricity when dissolved in water. 

Draw one line from each property to the explanation of the property. 
  

Property   
Explanation 
of property 

    
Electrons are free 

to move 

    
  

    
There are no 

charged particles 
free to move 

High boiling point     

    
Ions are free 

to move 

    
  

    
Weak intermolecular 
forces of attraction 

Conduct electricity 
when molten 

    

    Bonds are weak 

    
  

    Bonds are strong 

(2) 

(Total 14 marks) 

Q3. 
A student investigated the reactions of copper carbonate and copper oxide with dilute 
hydrochloric acid. 



In both reactions one of the products is copper chloride. 

(a)     Describe how a sample of copper chloride crystals could be made from copper 
carbonate and dilute hydrochloric acid. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(b)     A student wanted to make 11.0 g of copper chloride. 

The equation for the reaction is: 

                             CuCO3 + 2HCl  →  CuCl2 + H2O + CO2 

Relative atomic masses, Ar: H = 1; C = 12; O = 16; Cl = 35.5; Cu = 63.5 

Calculate the mass of copper carbonate the student should react with dilute 
hydrochloric acid to make 11.0 g of copper chloride. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass of copper carbonate = _________________________ g 

(4) 

(c)     The percentage yield of copper chloride was 79.1 %. 

Calculate the mass of copper chloride the student actually produced. 

___________________________________________________________________ 

___________________________________________________________________ 

Actual mass of copper chloride produced = ____________ g 

(2) 

(d)     Look at the equations for the two reactions: 

   Reaction 1        CuCO3(s) + 2HCl(aq)  →  CuCl2(aq) + H2O(l) + CO2(g) 

   Reaction 2             CuO(s) + 2HCl(aq)  →  CuCl2(aq) + H2O(l) 



Reactive formula masses: CuO = 79.5; HCl = 36.5; CuCl2 = 134.5; H2O = 18 

The percentage atom economy for a reaction is calculated using: 

      

Calculate the percentage atom economy for Reaction 2. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Percentage atom economy = ________________________ % 

(3) 

(e)     The atom economy for Reaction 1 is 68.45 %. 
Compare the atom economies of the two reactions for making copper chloride. 

Give a reason for the difference. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 14 marks) 

Q4. 
Sodium carbonate reacts with dilute hydrochloric acid: 

                   Na2CO3 + 2HCl  →  2NaCl + H2O + CO2 

A student investigated the volume of carbon dioxide produced when different masses of 
sodium carbonate were reacted with dilute hydrochloric acid. 

This is the method used. 

1.        Place a known mass of sodium carbonate in a conical flask. 
2.        Measure 10 cm3 of dilute hydrochloric acid using a measuring cylinder. 
3.        Pour the acid into the conical flask. 
4.        Place a bung in the flask and collect the gas until the reaction is complete. 

(a)     The student set up the apparatus as shown in the figure below. 



  

Identify the error in the way the student set up the apparatus. 

Describe what would happen if the student used the apparatus shown. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The student corrected the error. 

The student’s results are shown in the table below. 
  

Mass of sodium carbonate 
in g 

Volume of carbon dioxide 
gas  

in cm3 

0.07 16.0 

0.12 27.5 

0.23 52.0 

0.29 12.5 

0.34 77.0 

0.54 95.0 

0.59 95.0 

0.65 95.0 

The result for 0.29 g of sodium carbonate is anomalous. 

Suggest what may have happened to cause this anomalous result. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     Why does the volume of carbon dioxide collected stop increasing at 95.0 cm3? 

___________________________________________________________________ 



___________________________________________________________________ 

(1) 

(d)     What further work could the student do to be more certain about the minimum mass 
of sodium carbonate needed to produce 95.0 cm3 of carbon dioxide? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)     The carbon dioxide was collected at room temperature and pressure. 
The volume of one mole of any gas at room temperature and pressure is 24.0 dm3. 

How many moles of carbon dioxide is 95.0 cm3? 

Give your answer in three significant figures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

________________________________________ mol 

(2) 

(f)     Suggest one improvement that could be made to the apparatus used that would give 
more accurate results. 

Give a reason for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(g)     One student said that the results of the experiment were wrong because the first few 
bubbles of gas collected were air. 

A second student said this would make no difference to the results. 

Explain why the second student was correct. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 



___________________________________________________________________ 

(2) 

(Total 11 marks) 

Q5. 
Sodium hydroxide neutralises sulfuric acid. 

The equation for the reaction is: 

                 2NaOH + H2SO4  →  Na2SO4 + 2H2O 

(a)     Sulfuric acid is a strong acid. 

What is meant by a strong acid? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Write the ionic equation for this neutralisation reaction. Include state symbols. 

___________________________________________________________________ 

(2) 

(c)     A student used a pipette to add 25.0 cm3 of sodium hydroxide of unknown 
concentration to a conical flask. 

The student carried out a titration to find out the volume of 0.100 mol / dm3 sulfuric 
acid needed to neutralise the sodium hydroxide. 

Describe how the student would complete the titration. 

You should name a suitable indicator and give the colour change that would be 
seen. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 



(d)     The student carried out five titrations. Her results are shown in the table below. 
  

 Titration 1 Titration 2 Titration 3 Titration 4 Titration 5 

Volume of 
0.100 mol / 
dm3 sulfuric 
acid in cm3 

27.40 28.15 27.05 27.15 27.15 

Concordant results are within 0.10 cm3 of each other. 

Use the student’s concordant results to work out the mean volume of 0.100 mol / 
dm3 sulfuric acid added. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mean volume = _____________________________ cm3 

(2) 

(e)     The equation for the reaction is: 

                               2NaOH + H2SO4  →  Na2SO4 + 2H2O 

Calculate the concentration of the sodium hydroxide. 

Give your answer to three significant figures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Concentration = _______________________ mol / dm3 

(4) 

(f)     The student did another experiment using 20 cm3 of sodium hydroxide solution with 
a concentration of 0.18 mol / dm3. 

Relative formula mass (Mr) of NaOH = 40 

Calculate the mass of sodium hydroxide in 20 cm3 of this solution. 

___________________________________________________________________ 

___________________________________________________________________ 



___________________________________________________________________ 

___________________________________________________________________ 

Mass = ________________ g 

(2) 

(Total 16 marks) 

Q6. 
(a)    Nitrogen and hydrogen are passed over iron to produce ammonia in the Haber 

Process. 

Balance the equation for the reaction. 

        N2     +         H2      →          NH3 

(1) 

(b)     What is iron used for in the Haber process? 
  

Tick one box.   

catalyst 
  

fuel 
  

monomer 
  

reactant 
  

(1) 

(c)     The figure below shows how the percentage yield of ammonia changes with 
pressure. 

  



Describe the trend shown in the figure above. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(d)     Use the figure above to determine the difference in percentage yield of ammonia at 
150 atmospheres pressure and 250 atmospheres pressure. 

Difference in percentage yield of ammonia = ________ % 

(2) 

(Total 5 marks) 

Q7. 
A student investigated the rate of reaction between marble chips and hydrochloric acid. 

Figure 1 shows the apparatus the student used. 

Figure 1 

  

(a)     What is A? 
  

Tick one box.   

cotton wool 
  

limestone 
  

poly(ethene) 
  

rubber bung 
  

(1) 

(b)     Table 1 shows the student’s results for one investigation. 

Table 1 
  

  
Time 

in s 

Mass lost 

in g 

  0 0.0 

  20 1.6 



  40 2.6 

  60 2.9 

  80 3.7 

  100 4.0 

  120 4.0 

On Figure 2: 
•        Plot these results on the grid. 
•        Draw a line of best fit. 

Figure 2 

  

(3) 

(c)     Use Figure 2 to complete Table 2. 

                                      Table 2 
  

Mass lost after 0.5 minutes ______ g 

Time taken to complete the 
reaction 

______ s 

(2) 

(d)     The equation for the reaction is: 

2HCl(aq)    +   CaCO3(s)   →   CaCl2(aq)   +   H2O(l)   +   CO2(g) 

Explain why there is a loss in mass in this investigation. 

___________________________________________________________________ 

___________________________________________________________________ 



___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(e)     Another student investigated the rate of a different reaction. 

Table 3 shows the results from the different reaction. 

                                      Table 3 
  

Mass lost when the reaction was 
complete 

9.85 g 

Time taken to complete the reaction 
2 minutes 30 

seconds 

Calculate the mean rate of the reaction using Table 3 and the equation: 

                        mean rate of reaction =   

Give your answer to two decimal places. 

___________________________________________________________________ 

___________________________________________________________________ 

Mean rate of reaction = _____________________ g / s 

(2) 

(f)     The student measured the change in mass of the reactants. 

Describe another method, other than measuring the change in mass of the 
reactions, that the student could have used to find the rate of the reaction between 
marble chips and hydrochloric acid. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(g)     Another student planned to investigate the effect of temperature on the rate of 
reaction. 
The student predicted that the rate of reaction would increase as the temperature 
was increased. 

Give two reasons why the student’s prediction is correct. 
  

Tick two boxes.   

The particles are more concentrated. 
  



The particles have a greater mass. 
  

The particles have a larger surface 
area.   

The particles have more energy. 
  

The particles move faster. 
  

(2) 

(Total 14 marks) 

Q8. 
Metals are extracted from ores in the Earth’s crust. 

(a)     Why is copper used in the manufacture of computers? 
  

Tick (✔) one box.   

Because it has a high density. 
 

Because it does not react with water. 
 

Because it is a good conductor of 
electricity.  

(1) 

(b)     Figure 1 shows the percentage (%) by mass of some metals in the Earth’s crust. 

Figure 1 



  

(i)      What is the percentage by mass of magnesium in the Earth’s crust? 

_______________________ % 

(1) 

(ii)     On Figure 1 draw the bars for: 

•        calcium at 3.6% by mass 

•        iron at 5.0% by mass. 

(2) 

(c)     An ore of zinc contains zinc carbonate. 

The equation for the reaction when zinc carbonate is heated is: 

  

(i)      What is the name of this type of reaction? 
  

Tick (✔) one box.   

corrosion 
 

decomposition 
 

electrolysis 
 

(1) 



(ii)     Which substance in the equation is a gas at room temperature (20 °C)? 
  

Tick (✔) one box.   

zinc carbonate 
 

zinc oxide 
 

carbon dioxide 
 

(1) 

(iii)    Complete the table below to show the number of atoms of carbon and oxygen 
in the formula of zinc carbonate. 

  

Element 
Number of atoms in 
the formula ZnCO3 

zinc, Zn 1 

carbon, C  

oxygen, O  

(2) 

(iv)     When 125 g zinc carbonate is heated, 81 g zinc oxide is produced. 

Calculate the mass of carbon dioxide produced. 

______________________________________________________________ 

Mass of carbon dioxide = _______________g 

(1) 

(d)     Figure 2 shows a simple life cycle of a car body. 

Figure 2  

  

(i)      What is one reason why iron from the blast furnace is converted into steel? 
  

Tick (✔) one box.   



To make the iron pure. 
 

To make the iron more brittle. 
 

To make alloys for specific uses. 
 

(1) 

(ii)     Apart from cost, give three different reasons why steel should be recycled. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________ 

3. ____________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 13 marks) 

Q9. 
Metals are extracted from ores in the Earth’s crust. 

Some ores contain metal carbonates and some ores contain metal oxides. 

(a)     (i)      Name the type of reaction that happens when a metal carbonate is heated. 

______________________________________________________________ 

(1) 

(ii)     Which solid product is formed when copper carbonate is heated? 
  

Tick (✔) one box.  

copper 
 

copper nitrate 
 

copper oxide 
 

copper sulfide 
 

(1) 

(b)     A student investigated heating four metal carbonates. 

Figure 1 shows the apparatus used. 

Figure 1 



  

The student heated each metal carbonate for five minutes. 

The table below shows the results. 
  

Metal carbonate 

Mass of 
metal 

carbonate at 
start in g 

Mass of solid 
after heating 
for 5 minutes 

in g 

Observations 

Copper carbonate 10.0 6.9 
Limewater 

turns cloudy 

Magnesium 
carbonate 

10.0 9.1 
Limewater 

turns cloudy 

Potassium 
carbonate 

10.0 10.0 
Limewater 

does not turn 
cloudy 

Zinc carbonate 10.0 8.3 
Limewater 

turns cloudy 

(i)      Explain the results for potassium carbonate. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     Suggest how the reactivity series can be used to predict which metal 
carbonate reacts most easily when heated. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 



______________________________________________________________ 

(2) 

(c)     Figure 2 shows a simple life cycle of a car body. 

Figure 2 

  

(i)      Complete the sentence. 

Iron ores must contain enough iron to _______________________________ 

______________________________________________________________ 

(1) 

(ii)     Some iron ores contain iron oxide (Fe2O3). 

Complete and balance the equation for a reaction to produce iron from iron 
oxide. 

_____ Fe2O3     +     _____ C     →     ___________     +     _____ CO2 

(2) 

(iii)    Give two reasons why iron produced in a blast furnace is converted into steel. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(iv)     When a car reaches the end of its useful life, the car body can be: 

•        recycled 

•        reused 

•        sent to landfill. 

Give three reasons why a steel car body should be recycled and not reused 
or sent to landfill. 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 15 marks) 

Q10. 
In this question you will be assessed on using good English, organising 
information clearly and using specialist terms where appropriate. 

A student has to check if two samples of hydrochloric acid, A and B, are the same 
concentration. 

Describe how the student could use the apparatus and the solutions in the diagram below 
to carry out titrations. 



  

(Total 6 marks) 

Q11. 
The graph in Figure 1 shows a flow diagram for the Haber process. 

Figure 1 

  

(a)     (i)      Hydrogen gas is obtained from methane. 
Name one source of methane. 



____________________________________ 

(1) 

(ii)     Air is the source used to produce nitrogen for the Haber process. 
Suggest why air must not get into the reactor. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(iii)     Describe what happens to the mixture of gases from the reactor. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(b)     The graph in Figure 2 shows the percentage yield of ammonia using different 
conditions. 

Figure 2 

  



(i)      Use Figure 2 to suggest the conditions that produce the greatest yield of 
ammonia. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)      Use Figure 2 to suggest and explain why the conditions used to produce 
ammonia in the Haber process are a temperature of 450 °C and a pressure of 
200 atmospheres. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(5) 

(Total 12 marks) 

Q12. 
This question is about iron and aluminium. 

(a)     Iron is extracted in a blast furnace. Figure 1 is a diagram of a blast furnace. 



  

(i)      Calcium carbonate decomposes at high temperatures. 

Complete the word equation for the decomposition of calcium carbonate. 

calcium carbonate  _____________________ + 

_____________________ 

(2) 

(ii)     Carbon burns to produce carbon dioxide. 

The carbon dioxide produced reacts with more carbon to produce carbon 
monoxide. 

Balance the equation. 

C(s)     +     CO2(g)          _____ CO(g) 

(1) 

(iii)    Carbon monoxide reduces iron(III) oxide: 

Fe2O3(s) + 3 CO(g)  2 Fe(s) + 3 CO2(g) 

Calculate the maximum mass of iron that can be produced from 300 tonnes of 
iron(III) oxide. 

Relative atomic masses (Ar): O = 16; Fe = 56 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Maximum mass = _______________ tonnes 

(3) 



(b)     Aluminium is extracted by electrolysis, as shown in Figure 2. 

Figure 2 

  

(i)      Why can aluminium not be extracted by heating aluminium oxide with carbon? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Explain why aluminium forms at the negative electrode during electrolysis. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(iii)    Explain how carbon dioxide forms at the positive electrodes during electrolysis. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 13 marks) 



Q13. 
Dilute nitric acid reacts with potassium hydroxide solution. 

The equation for the reaction is: 

            HNO3 + KOH  KNO3 + H2O 

A student investigated the temperature change in this reaction. 

This is the method the student used. 

Step 1       Put 25 cm3 of dilute nitric acid in a polystyrene cup. 
Step 2       Use a thermometer to measure the temperature of the dilute nitric acid. 
Step 3       Use a burette to add 4 cm3 of potassium hydroxide solution to the dilute nitric  

        acid and stir the mixture. 
Step 4       Use a thermometer to measure the highest temperature of the mixture. 
Step 5       Repeat steps 3 and 4 until 40 cm3 of potassium hydroxide solution have been 
added. 

The dilute nitric acid and the potassium hydroxide solution were both at room 
temperature. 

(a)     Figure 1 shows part of the thermometer after some potassium hydroxide solution 
had been added to the dilute nitric acid. 

  

What is the temperature shown on the thermometer? 

The temperature shown is __________ °C 

(1) 

(b)     Errors are possible in this experiment. 

(i)      Suggest two causes of random error in the experiment. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Another student used a glass beaker instead of a polystyrene cup. 



This caused a systematic error. 

Why does using a glass beaker instead of a polystyrene cup cause a 
systematic error? 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     The results of the student using the polystyrene cup are shown in Figure 2. 

  

(i)      How do the results in Figure 2 show that the reaction between dilute nitric acid 
and potassium hydroxide solution is exothermic? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Explain why the temperature readings decrease between 28 cm3 and 40 cm3 
of potassium hydroxide solution added. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(iii)    It is difficult to use the data in Figure 2 to find the exact volume of potassium 
hydroxide solution that would give the maximum temperature. 

Suggest further experimental work that the student should do to make it easier 
to find the exact volume of potassium hydroxide solution that would give the 
maximum temperature 

______________________________________________________________ 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(d)     The student did further experimental work and found that 31.0 cm3 of potassium 
hydroxide solution neutralised 25.0 cm3 of dilute nitric acid. 

The concentration of the dilute nitric acid was 2.0 moles per dm3. 

                     HNO3 + KOH  KNO3 + H2O 

Calculate the concentration of the potassium hydroxide solution in moles per dm3. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Concentration = ______________ moles per dm3 

(3) 

(e)     The student repeated the original experiment using 25 cm3 of dilute nitric acid in a 
polystyrene cup and potassium hydroxide solution that was twice the original 
concentration. 

She found that: 

•        a smaller volume of potassium hydroxide solution was required to reach the 
maximum temperature 

•        the maximum temperature recorded was higher. 

Explain why the maximum temperature recorded was higher. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 14 marks) 

Q14. 
Copper is a transition metal. 

(a)     (i)      Where is copper in the periodic table? 
  



Tick ( ) one box. 

in the central block 

 

in Group 1 

 

in the noble gas group 

 

(1) 

(ii)     What is a property of copper? 
  

Tick ( ) one box. 

breaks easily 

 

conducts electricity 

 

does not conduct heat 

 

(1) 

(b)     Copper ores are quarried by digging large holes in the ground, as shown in Figure 
1. 

  
© photllurg/iStock/Thinkstock 



Give two reasons why quarrying is bad for the environment. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     Some copper ores contain only 2% copper. 

Most of the ore is rock that is not needed. 

In one ore, the main compound is copper carbonate (CuCO3). 

Figure 2 shows the stages used in the extraction of copper from this ore. 

  

(i)      Why is Stage 2 important? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     The equation for the reaction in Stage 3 is: 

2 CuCO3     +     C          2 Cu     +     3 CO2 

From the symbol equation, a company calculated that 247 tonnes of copper 
carbonate are needed to produce 127 tonnes of copper and 132 tonnes of 
carbon dioxide are released. 

Calculate the mass of carbon needed to make 127 tonnes of copper. 

  



______________________________________________________________ 

______________________________________________________________ 

(2) 

(iii)    Suggest one reason why it is important for the company to calculate the mass 
of reactants in Stage 3. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 8 marks) 

Q15. 
This question is about carbon and gases in the air. 

(a)     Carbon atoms have protons, neutrons and electrons. 

Complete the table by writing the relative mass of a neutron and an electron. 
  

Name of particle 
Relative 
mass 

proton 1 

neutron   

electron   

(2) 

(b)     What is the total number of protons and neutrons in an atom called? 
  

Tick ( ) one box. 

The atomic number 

 

The mass number 

 

One mole of the atom 

 

(1) 

(c)     An atom of carbon has six electrons. 

Which structure, A, B or C, represents the electronic structure of the carbon atom? 



  
  

The carbon atom is structure 

 

(1) 

(d)     Carbon reacts with oxygen to produce carbon dioxide (CO2). 

(i)      How many different elements are in one molecule of carbon dioxide? 

______________________________________________________________ 

(1) 

(ii)     What is the total number of atoms in one molecule of carbon dioxide? 

______________________________________________________________ 

(1) 

(e)     Sometimes carbon reacts with oxygen to produce carbon monoxide (CO). 

(i)      Calculate the relative formula mass (Mr) of carbon monoxide. 

Relative atomic masses (Ar): C = 12; O = 16 

______________________________________________________________ 

______________________________________________________________ 

Mr of carbon monoxide = _______________ 

(1) 

(ii)     Calculate the percentage by mass of carbon in carbon monoxide. 

______________________________________________________________ 

______________________________________________________________ 

Percentage by mass of carbon in carbon monoxide = _____% 

(1) 

(f)     Carbon dioxide is one of the gases in the air. 

(i)      The graph shows the percentage of argon and the percentage of carbon 
dioxide in the air. 



  

What is the percentage of argon in the air? 

Percentage of argon = ____________________ % 

(1) 

(ii)     An instrumental method is used to measure the amount of carbon 
dioxide in the air. 

Give one reason for using an instrumental method. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 10 marks) 

Q16. 
This question is about atoms and isotopes. 

(a)     Atoms contain protons, neutrons and electrons. 

A lithium atom has the symbol  

Explain, in terms of sub-atomic particles, why the mass number of this lithium atom 
is 7. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 



(b)     Amounts of substances can be described in different ways. 

Complete the sentences. 

One mole of a substance is the relative formula mass in 

___________________________________________________________________ 

The relative atomic mass of an element compares the mass of an atom of an 
element with the mass of an atom of 

___________________________________________________________________ 

(2) 

(c)     Two isotopes of oxygen are  and  

Describe the similarities and differences between the isotopes  and  

You should refer to the numbers of sub-atomic particles in each isotope. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 8 marks) 

Q17. 
This question is about chemical analysis. 

(a)     A student has solutions of three compounds, X, Y and Z. 

The student uses tests to identify the ions in the three compounds. 

The student records the results of the tests in the table. 
  

  Test 

Compound 
Flame 
test 

Add sodium 
hydroxide 
solution 

Add 
hydrochloric 

acid and 
barium 

chloride 
solution 

Add nitric acid 
and silver 

nitrate 
solution 

X no colour 
green 

precipitate 
white 

precipitate 
no reaction 

Y 
yellow 
flame 

no reaction no reaction 
yellow 

precipitate 



Z no colour 
brown 

precipitate 
no reaction 

cream 
precipitate 

Identify the two ions present in each compound, X, Y and Z. 

X ____________________________________________________________ 

Y ____________________________________________________________ 

Z ____________________________________________________________ 

(3) 

(b)     A chemist needs to find the concentration of a solution of barium hydroxide. 
Barium hydroxide solution is an alkali. 

The chemist could find the concentration of the barium hydroxide solution using two 
different methods. 

Method 1 
•        An excess of sodium sulfate solution is added to 25 cm3 of the barium 

hydroxide solution. A precipitate of barium sulfate is formed. 

•        The precipitate of barium sulfate is filtered, dried and weighed. 

•        The concentration of the barium hydroxide solution is calculated from the 
mass of barium sulfate produced. 

Method 2 
•        25 cm3 of the barium hydroxide solution is titrated with hydrochloric acid of 

known concentration. 

•        The concentration of the barium hydroxide solution is calculated from the 
result of the titration. 

Compare the advantages and disadvantages of the two methods. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 

(Total 8 marks) 



Q18. 
(a)     The diagram shows an atom of magnesium and an atom of chlorine. 

  

       Magnesium                                                             Chlorine 

Describe, in terms of electrons, how magnesium atoms and chlorine atoms change 
into ions to produce magnesium chloride (MgCl2). 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(b)     Calculate the relative formula mass (Mr) of magnesium chloride (MgCl2). 

Relative atomic masses (Ar): magnesium = 24; chlorine = 35.5 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Relative formula mass (Mr) = ________ 

(2) 

(Total 6 marks) 

Q19. 
A student investigated the rate of reaction of magnesium and hydrochloric acid. 

Mg(s) + 2HCl(aq)    MgCl2(aq)  +  H2(g) 



The student studied the effect of changing the concentration of the hydrochloric acid. 

She measured the time for the magnesium to stop reacting. 

  

Concentration 
of hydrochloric 
acid in moles 
per dm3 

0.5 1.0 1.5 2.0 

(a)     The student changed the concentration of the hydrochloric acid. 

Give two variables that the student should control. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(2) 

(b)     (i)      The rate of reaction increased as the concentration of hydrochloric acid 
increased. 

Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Explain why increasing the temperature would increase the rate of reaction. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 



(c)     (i)      The student had a solution of sodium hydroxide with a concentration of 0.100 
moles per dm3. 

She wanted to check the concentration of a solution of hydrochloric acid. 

She used a pipette to transfer 5.00 cm3 of the hydrochloric acid into a conical 
flask. 

She filled a burette with the 0.100 moles per dm3 sodium hydroxide solution. 

Describe how she should use titration to obtain accurate results. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(4) 

(ii)     Sodium hydroxide neutralises hydrochloric acid as shown in the equation: 

NaOH(aq)  +  HCl(aq)    NaCl(aq) + H2O(l) 

The student found that 27.20 cm3 of 0.100 moles per dm3 sodium hydroxide 
neutralised 5.00 cm3 of hydrochloric acid. 

Calculate the concentration of the hydrochloric acid in moles per dm3. 

Give your answer to three significant figures. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Concentration of hydrochloric acid = _______________ moles per dm3 

(3) 



(Total 14 marks) 

Q20. 
Lead bromide is a solid. Some students were measuring how soluble lead bromide is at 
different temperatures. 

This is the method they used. 

A    Pour 100 cm3 of water into a beaker. 

B    Heat or cool the water to the required temperature. 

C    Add lead bromide to the water. 

D    Stir until no more lead bromide dissolves. 

E    Transfer 50 cm3 of the lead bromide solution into an evaporating basin of known 
mass. 

F    Heat the evaporating basin until all of the water has evaporated. 

G    Measure the mass of the evaporating basin containing the dry lead bromide. 

(a)     (i)      How could the lead bromide solution be separated from the undissolved solid 
lead bromide after step D? 

Draw a ring around the correct answer. 

     electrolysis       filtration       neutralisation 

(1) 

(ii)     Draw a ring around the correct answer to complete the sentence. 

A suitable item of apparatus for measuring 50 cm3 of the lead bromide solution 
  

in step E is a measuring 

cylinder. 

funnel. 

tube. 

(1) 

(iii)    One student’s results are shown in Table 1. 

Table 1 
  

Volume of lead bromide solution 50 cm3 

Mass of empty evaporating basin 35.4 g 

Mass of the evaporating basin containing dry lead 
bromide 

36.0 g 

Calculate the mass of lead bromide dissolved in 50 cm3 of lead bromide 
solution. 

______________________________________________________________ 



______________________________________________________________ 

Mass of lead bromide dissolved = __________ g 

(2) 

(b)     A different student got the results shown in Table 2. 

Table 2 
  

Temperature 
of lead 

bromide 
solution in 

°C 

Mass of lead bromide 
dissolved in 50 cm3 of 

solution in g 

0        0.20 

20        0.40 

40       0.70 

60        1.70 

80       1.55 

100       2.30 

(i)     Plot these results on the grid in Graph 1. 

Draw a smooth curve of best fit. 

Graph 1 

  

      Temperature in °C 

(3) 

(ii)     One of the points is anomalous. 



Draw a ring around the anomalous point on the graph. 

Suggest one possible error in the experiment, and give a reason why this error 
would cause the anomalous point. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(c)     The solubility of lead bromide is so low that it can be made using a precipitation 
reaction. 

A student investigated how much lead bromide was precipitated when different 
volumes of potassium bromide and lead nitrate solutions were mixed together. 

This is the method the student used. 

•        Place 10 cm3 of lead nitrate solution in a boiling tube. 

•        Using a burette, add 2 cm3 of potassium bromide solution to the boiling tube 
containing the lead nitrate solution. 

•        Leave the mixture to stand. 

•        Measure the depth of the lead bromide precipitate using a ruler. 

•        Repeat using different volumes of potassium bromide solution. 

  

(i)      A teacher suggested that the student should do the reaction in a measuring 



cylinder. 

Explain why it is a good idea to do the reaction in a measuring cylinder. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     The student’s results are plotted on Graph 2. 

Graph 2 

  

      Volume of potassium bromide solution in cm3 

There are no anomalous points. 

Complete the graph by drawing two straight lines through the points. 

(2) 

(iii)    What depth of precipitate would you expect to get if 14 cm3 of potassium 
bromide was used? 

Give a reason for your answer. 

Depth of precipitate ________________________ mm 

Reason _________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 



(iv)    How would the results be different if the experiment was repeated using 
solutions at a higher temperature? 

Give a reason for your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 18 marks) 

Q21. 
Some students were investigating the rate at which carbon dioxide gas is produced when 
metal carbonates react with an acid. 

One student reacted 1.00 g of calcium carbonate with 50 cm3, an excess, of dilute 
hydrochloric acid. 

The apparatus used is shown in Diagram 1. 

Diagram 1 

 
Dilute hydrochloric acid 

(a)     Complete the two labels for the apparatus on the diagram. 

(2) 

(b)     The student measured the volume of gas collected every 30 seconds. 

The table shows the student’s results. 
  

Time in 
seconds 

Volume of carbon 
dioxide 

collected in cm3 

  30 104 

  60   

  90 198 

120 221 



150 232 

180 238 

210 240 

240 240 

(i)      Diagram 2 shows what the student saw at 60 seconds. 

Diagram 2 

  

What is the volume of gas collected? 

Volume of gas = __________ cm3 

(1) 

(ii)     Why did the volume of gas stop changing after 210 seconds? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     Another student placed a conical flask containing 1.00 g of a Group 1 carbonate 
(M2CO3) on a balance. 

He then added 50 cm3, an excess, of dilute hydrochloric acid to the flask and 
measured the mass of carbon dioxide given off. 

The equation for the reaction is: 

M2CO3 + 2HCl    2MCl + H2O + CO2 

The final mass of carbon dioxide given off was 0.32 g. 

(i)      Calculate the amount, in moles, of carbon dioxide in 0.32 g carbon dioxide. 

Relative atomic masses (Ar): C = 12; O = 16 

______________________________________________________________ 

______________________________________________________________ 



______________________________________________________________ 

Moles of carbon dioxide = __________ moles 

(2) 

(ii)     How many moles of the metal carbonate are needed to make this number of 
moles of carbon dioxide? 

______________________________________________________________ 

______________________________________________________________ 

Moles of metal carbonate = __________ moles 

(1) 

(iii)    The mass of metal carbonate used was 1.00 g. 

Use this information, and your answer to part (c) (ii), to calculate the relative 
formula mass (Mr) of the metal carbonate. 

If you could not answer part (c) (ii), use 0.00943 as the number of moles of 
metal carbonate. This is not the answer to part (c) (ii). 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass (Mr) of metal carbonate = __________ 

(1) 

(iv)    Use your answer to part (c) (iii) to calculate the relative atomic mass (Ar) of 
the metal in the metal carbonate (M2CO3) and so identify the Group 1 metal in 
the metal carbonate. 

If you could not answer part (c) (iii), use 230 as the relative formula mass of 
the metal carbonate. This is not the answer to part (c) (iii). 

To gain full marks, you must show your working. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Relative atomic mass of metal is ____________________________________ 

Identity of metal _________________________________________________ 

(3) 

(d)     Two other students repeated the experiment in part (c). 

(i)      When the first student did the experiment some acid sprayed out of the flask 
as the metal carbonate reacted. 

Explain the effect this mistake would have on the calculated relative atomic 
mass of the metal. 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     The second student used 100 cm3 of dilute hydrochloric acid instead of 50 
cm3. 

Explain the effect, if any, this mistake would have on the calculated relative 
atomic mass of the metal. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 17 marks) 

Q22. 
Magnesium reacts with steam to produce hydrogen gas and magnesium oxide. 

A teacher demonstrated the reaction to a class. The figure below shows the apparatus the 
teacher used. 

  

(a)     (i)      The hydrogen produced was collected. 

Describe how to test the gas to show that it is hydrogen. 

Test __________________________________________________________ 



______________________________________________________________ 

Result ________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Explain why the magnesium has to be heated to start the reaction. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     The equation for the reaction is: 

Mg(s) + H2O(g)  MgO(s) + H2(g) 

(i)      The teacher used 1.00 g of magnesium. 

Use the equation to calculate the maximum mass of magnesium oxide 
produced. 

Give your answer to three significant figures. 

Relative atomic masses (A r): O = 16; Mg = 24 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Maximum mass = ____________________ g 

(3) 

(ii)     The teacher’s demonstration produced 1.50 g of magnesium oxide. 

Use your answer from part (b)(i) to calculate the percentage yield. 

If you could not answer part (b)(i), use 1.82 g as the maximum mass of 
magnesium oxide. This is not the answer to part (b)(i). 

______________________________________________________________ 

Percentage yield = ____________________ % 

(2) 

(iii)    Give one reason why the percentage yield is less than 100%. 

______________________________________________________________ 

______________________________________________________________ 



______________________________________________________________ 

(1) 

(Total 10 marks) 

Q23. 
Scientists found that a compound contained: 

22.8% sodium; 21.8% boron; and 55.4% oxygen. 

Use the percentages to calculate the empirical formula of the compound. 

Relative atomic masses (A r): B = 11; O = 16; Na = 23 

To gain full marks you must show all your working. 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

Empirical formula = ______________________________ 

(Total 5 marks) 

Q24. 
A company manufactures ethanol (C2H5OH). 

The reaction for the process is: 

C2H4(g) + H2O(g)        C2H5OH(g)            ΔH = −45 kJ per mole 

The temperature and pressure can be changed to increase the yield of ethanol at 
equilibrium. 

(a)     Explain what is meant by equilibrium. 

___________________________________________________________________ 

___________________________________________________________________ 



___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(b)     (i)      How would increasing the temperature change the yield of ethanol at 
equilibrium? 

Give a reason for your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     How would increasing the pressure change the yield of ethanol at equilibrium? 

Give a reason for your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(c)     A catalyst is added to increase the rate of the reaction. 

Explain how adding a catalyst increases the rate of a chemical reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 

Q25. 
Fertilisers contain elements that plants need. 



  

(a)     Figure 1 represents a nitrogen atom. 

Figure 1 

  

Complete each sentence. 

(i)      The mass number of this nitrogen atom is _____________ . 

(1) 

(ii)     Atoms of nitrogen with different numbers of neutrons are called 

_____________ . 

(1) 

(iii)    Compared with a proton, the mass of an electron is 

______________________ . 

(1) 

(b)     Fertilisers can be made from ammonia. 

(i)      Which diagram, A, B, or C, represents the electronic structure of an ammonia 
molecule? 

  

A B C 

  

(1) 

The electronic structure of an ammonia molecule is shown in diagram   



(ii)     What is the correct formula of ammonia? 

Draw a ring around the correct answer. 
  

N3H NH3 NH3 

(1) 

(c)     A student made ammonium nitrate by reacting ammonia solution with an acid. 

(i)      Name the acid used to make ammonium nitrate. 

______________________________________________________________ 

(1) 

(ii)     Complete the sentence. 

The student added a few drops of ______________________, which changed 
colour 

when the ammonia solution had neutralised the acid. 

(1) 

(iii)    The student added charcoal and filtered the mixture. 

This produced a colourless solution of ammonium nitrate. 

How is solid ammonium nitrate obtained from the solution? 

______________________________________________________________ 

(1) 

(iv)    A farmer put ammonium nitrate fertiliser onto a field of grass. 

Suggest what would happen to the grass. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(d)     Some fertilisers contain potassium chloride. 

Potassium reacts with chlorine to produce potassium chloride. 

Figure 2 shows how this happens. 

The dots (•) and crosses (x) represent electrons. 

Only the outer shell is shown. 

Figure 2 

  

Use Figure 2 to help you answer this question. 



Describe, as fully as you can, what happens when potassium reacts with chlorine to 
produce potassium chloride. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 13 marks) 

Q26. 
Some students investigated reactions to produce magnesium. 

(a)     The students used electrolysis to produce magnesium from magnesium chloride, as 
shown in the figure below. 

  

(i)      Magnesium chloride contains magnesium ions and chloride ions. 

Why does solid magnesium chloride not conduct electricity? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     One of the products of the electrolysis of molten magnesium chloride is 
magnesium. 

Name the other product. 

______________________________________________________________ 



(1) 

(iii)    Why do magnesium ions (Mg2+) move to the negative electrode? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iv)    At the negative electrode, the magnesium ions (Mg2+) gain electrons to 
become magnesium atoms. 

How many electrons does each magnesium ion gain? 

____________________ 

(1) 

(b)     The students did the experiment four times and weighed the magnesium produced. 

The table below shows their results. 
  

Experiment 
Mass of magnesium  
produced in grams 

1 1.13 

2 0.63 

3 1.11 

4 1.09 

(i)      There is an anomalous result. 

Suggest one possible reason for the anomalous result. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Calculate the mean mass of magnesium produced, taking account of the 
anomalous result. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Mean mass = ____________________ g 

(2) 

(c)     The formula of magnesium chloride is MgCl2 

The relative formula mass of magnesium chloride is 95. 

The relative atomic mass of magnesium is 24. 



(i)      Use the equation to calculate the percentage mass of magnesium in 
magnesium chloride. 

Percentage mass of magnesium = × 100% 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Percentage mass of magnesium in magnesium chloride = __________ % 

(2) 

(ii)     Draw a ring around the relative mass of chlorine in MgCl2 

  

71 95 119 

(1) 

(d)     Magnesium is also produced from the reaction of magnesium oxide with silicon. 

(i)      The equation for the reaction is: 

2 MgO(s)    +    Si(s)        SiO2(s)    +    2 Mg(s) 

What is the meaning of this symbol  ? 

Draw a ring around the correct answer. 
  

neutralisation reaction precipitation reaction reversible reaction 

(1) 

(ii)     The forward reaction is endothermic. 

Draw a ring around the correct answer to complete the sentence. 
  

In an endothermic reaction the temperature of the surroundings 

decreases. 

increases. 

stays the same. 

(1) 

(Total 12 marks) 

Q27. 
This question is about zinc and magnesium. 

Zinc is produced by electrolysis of molten zinc chloride, as shown in the figure below. 



  

(a)    (i)      Why must the zinc chloride be molten for electrolysis? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Describe what happens at the negative electrode. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(iii)    Complete the half equation for the reaction at the positive electrode. 

________        Cl2    +    ________    e– 

(1) 

(b)     Magnesium can be produced from magnesium oxide. 

The equation for the reaction is: 

Si(s)    +    2 MgO(s)        SiO2(s)    +    2 Mg(g) 

(i)      How can you tell from the equation that the reaction is done at a high 
temperature? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     This reaction to produce magnesium from magnesium oxide is endothermic. 

What is meant by an endothermic reaction? 

______________________________________________________________ 

______________________________________________________________ 



(1) 

(iii)    A company made magnesium using this reaction. 

Calculate the mass of magnesium oxide needed to produce 1.2 tonnes of 
magnesium. 

Relative atomic masses (Ar): O = 16; Mg = 24 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Mass of magnesium oxide needed = ____________________ tonnes 

(3) 

(iv)    The company calculated that they would produce 1.2 tonnes of magnesium, 
but only 0.9 tonnes was produced. 

Calculate the percentage yield. 

______________________________________________________________ 

______________________________________________________________ 

Percentage yield = __________ % 

(1) 

(v)     Give one reason why the calculated yield of magnesium might not be 
obtained. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 12 marks) 

Q28. 
Thermosoftening polymers can be used to make plastic bottles and food packaging. 

(a)     Why are thermosoftening polymers not suitable for storing very hot food? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     The reaction to produce the polymers uses a catalyst. 

Why are catalysts used in chemical reactions? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 



(c)     Compounds from food packaging must not get into food. 

Gas chromatography can be used to separate compounds in food. 

The output from the gas chromatography column can be linked to an instrument 
which can identify the compounds. 

(i)      Name the instrument used to identify the compounds. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Give one reason why instrumental methods of analysis are used to identify the 
compounds. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(d)     Poly(ethene) is a thermosoftening polymer. 

Poly(ethene) can be made with different properties. The properties depend on the 
conditions used when poly(ethene) is made. 

Suggest two conditions which could be changed when poly(ethene) is made. 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 6 marks) 

Q29. 
Printed pictures can be made using etchings. 



  

© Eduardo Jose Bernardino/iStock 

An etching can be made when a sheet of brass reacts with iron chloride solution. 

(a)     Brass is a mixture of two metals, copper and zinc. 

(i)      A mixture of two metals is called ______________________________ . 

(1) 

(ii)     Draw a ring around the correct answer to complete the sentence. 

Copper and zinc atoms are different sizes. 
  

  harder   

This makes brass more flexible than the pure metals. 

  softer   

(1) 

(b)     Iron chloride has the formula FeCl3 

Relative atomic masses (Ar): Cl = 35.5; Fe = 56. 

(i)      Calculate the relative formula mass (Mr) of iron chloride (FeCl3). 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass (Mr) of iron chloride = ___________________ 

(2) 

(ii)     Calculate the percentage of iron in iron chloride (FeCl3). 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Percentage of iron in iron chloride = _________________________% 

(2) 

(Total 6 marks) 

Q30. 
This question is about compounds of copper. 

(a)     A student made some copper(II) sulfate crystals. 

The flow diagram shows the stages of the preparation of copper(II) sulfate crystals. 

Stage 1                              Stage 2                             Stage 3 

  

(i)      The reaction mixture is heated in Stage 1. 

Suggest why. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Complete the equation for this reaction. 

CuO   +   _________________   →   CuSO4   +   _________________ 

(2) 

(iii)    How would the student remove the unreacted copper(II) oxide in Stage 2? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iv)    How would the student obtain copper(II) sulfate crystals from the copper(II) 
sulfate solution in Stage 3? 

______________________________________________________________ 

(1) 

(v)    The mass of crystals obtained was less than the student had calculated. 

Suggest one reason why. 

______________________________________________________________ 

______________________________________________________________ 



(1) 

(b)     The student heated the blue copper(II) sulfate crystals. 

The word equation for the reaction is shown below. 
  

hydrated copper(II) sulfate  anhydrous copper(II) sulfate + water 

blue   white     

(i)      What does the symbol   mean ? 

______________________________________________________________ 

(1) 

(ii)     300 J of energy are taken in when some blue copper(II) sulfate crystals are 
heated. 

What is the energy change when an excess of water is added to the 
anhydrous copper(II) sulfate produced? 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(c)     A sample of copper nitride contains 3.81 g of copper and 0.28 g of nitrogen. 

Calculate the empirical formula. 

You must show all your working to get full marks. 

Relative atomic masses (Ar): N = 14; Cu = 63.5. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Empirical formula = _________________________ 

(4) 

(Total 13 marks) 

Q31. 
Etching is a way of making printed circuit boards for computers. 



  

© Dario Lo Presti/Shutterstock 

Printed circuit boards are made when copper sheets are etched using iron(III) chloride 
solution. Where the copper has been etched, only plastic remains. 

(a)     Copper is a good conductor of electricity. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Iron(III) chloride can be produced by the reaction shown in the equation: 

2 Fe + 3 Cl2 → 2 FeCl3 

(i)      Calculate the maximum mass of iron(III) chloride (FeCl3) that can be produced 
from 11.20 g of iron. 

Relative atomic masses (Ar): Cl = 35.5; Fe = 56. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Maximum mass of iron(III) chloride = _______________ g 

(3) 

(ii)     The actual mass of iron(III) chloride (FeCl3) produced was 24.3 g. 

Calculate the percentage yield. 

(If you did not answer part (b)(i) assume that the maximum theoretical mass of 
iron(III) chloride (FeCl3) is 28.0 g. This is not the correct answer to part (b)(i).) 



______________________________________________________________ 

______________________________________________________________ 

Percentage yield = _______________% 

(1) 

(Total 6 marks) 

Q32. 
This apparatus is used for the reaction of copper oxide (CuO) with methane (CH4). 

  

(a)     The symbol equation for this reaction is shown below. 
  

  4 CuO(s) + CH4(g) → 4 Cu(s) + 2 H2O(g) + CO2(g) 

The water and carbon dioxide produced escape from the test tube. 

Use information from the equation to explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)    (i)      Calculate the relative formula mass (Mr) of copper oxide (CuO). 

Relative atomic masses (Ar): O = 16, Cu = 64 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass (Mr) = _____________ 

(2) 

(ii)     Calculate the percentage of copper in copper oxide. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Percentage of copper = _____________ % 

(2) 

(iii)    Calculate the maximum mass of copper that could be produced from 4.0 g of 



copper oxide. 

______________________________________________________________ 

______________________________________________________________ 

Mass of copper produced = ____________________ g 

(1) 

(c)     The experiment was done three times. 

The mass of copper oxide used and the mass of copper produced were measured 
each time. 

The results are shown in the table. 
  

  
Experiment 

1 2 3 

Mass of copper oxide used in 
g 

4.0 4.0 4.0 

Mass of copper produced in g 3.3 3.5 3.2 

(i)      Calculate the mean mass of copper produced in these experiments. 

______________________________________________________________ 

______________________________________________________________ 

Mean mass of copper produced = _____________ g 

(1) 

(ii)     Suggest how the results of the experiment could be made more precise. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iii)    The three experiments gave different results for the amount of copper 
produced. 

This was caused by experimental error. 

Suggest two causes of experimental error in these experiments. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 10 marks) 



Q33. 
Ammonium sulfate and urea are made from ammonia. These compounds are used by 
farmers. 

The flow diagram shows the stages to make ammonium sulfate and urea. 

  

(a)     Give two examples from the flow diagram of the efficient use of energy and raw 
materials. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The equation for the reaction in Stage 4 is shown below. 
  

N2(g) + 3H2(g)  2NH3(g) 

The forward reaction is exothermic. 

State and explain: 



(i)      how a decrease in temperature would affect the yield of ammonia at 
equilibrium 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     how an increase in pressure would affect the yield of ammonia at equilibrium. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(c)     The equation for the reaction in Stage 7 is shown below. 
  

2 NH3 

ammonia 
+ CO2  

NH2CONH2 

urea 
+ H2O 

 

The table gives the relative formula masses (Mr) of the reactants and the products 
for this reaction. 

  

Formula of reactant or product Relative formula masses (Mr) 

NH3 17 

CO2 44 

NH2CONH2 60 

H2O 18 

Percentage atom economy can be calculated using: 

 Percentage atom economy =    

Calculate the percentage atom economy for the reaction in Stage 7. 

___________________________________________________________________ 

___________________________________________________________________ 



___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Percentage atom economy = ____________________________ % 

(2) 

(Total 8 marks) 

Q34. 
Saturated hydrocarbons, for example methane and octane, are often used as fuels. 

(a)     Methane can be represented as: 

  

(i)      The formula of methane is _________________________________ . 

(1) 

(ii)     Draw a ring around the correct answer to complete the sentence. 
  

In a saturated hydrocarbon molecule all of the bonds are 

double. 

ionic. 

single. 

(1) 

(iii)    Draw a ring around the correct answer to complete the sentence. 
  

The homologous series that contains methane and octane is called the 

alcohols. 

alkanes. 

alkenes. 

(1) 

(b)     (i)      The complete combustion of petrol produces carbon dioxide, water vapour 
and sulfur dioxide. 

Name three elements petrol must contain. 

1. ____________________________________________________________ 

2. ____________________________________________________________ 

3. ____________________________________________________________ 

(3) 



(ii)     The exhaust gases from cars can contain oxides of nitrogen. 

Complete the sentence. 

Nitrogen in the oxides of nitrogen comes from __________________ . 

(1) 

(iii)     The sulfur dioxide and oxides of nitrogen from cars cause an environmental 
problem. 

Name the problem and describe one effect of the problem. 

Name of problem _______________________________________________ 

Effect of problem _______________________________________________ 

______________________________________________________________ 

(2) 

(c)     When a fuel burns without enough oxygen, there is incomplete combustion. 

One gaseous product of incomplete combustion is carbon monoxide. 

Name one solid product of incomplete combustion. 

________________________________________ 

(1) 

(d)     A student investigated how well different hydrocarbon fuels would heat up 100 g of 
water. 

Her hypothesis was: 
  

The more carbon atoms there are in a molecule of any fuel, the better the fuel is. 

The apparatus the student used is shown in the diagram. 

  

She burned each hydrocarbon fuel for 2 minutes. 

Her results are shown in the table. 
  

Name of 
hydrocarbon 

fuel 

Number of 
carbon atoms 
in a molecule 

of 
hydrocarbon 

Temperature 
change of 
water in °C 

after 2 

Temperature 
change per g 

of fuel 
burned 

Observations 



fuel minutes 

Pentane   5 30 60 no smoke 

Hexane   6 40 57 very small amount of smoke 

Octane   8 55 55 small amount of smoke 

Decane 10 57 52 large amount of smoke 

Dodecane 12 60 43 very large amount of smoke 

The student investigated only hydrocarbons. 

Look carefully at her results. 

How well do the student’s results support her hypothesis? 
  

The more carbon atoms there are in a molecule of any fuel, the better the fuel is. 

Give reasons for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(e)     A 0.050 mol sample of a hydrocarbon was burned in excess oxygen. 

The products were 3.60 g of water and 6.60 g of carbon dioxide. 

(i)      Calculate the number of moles of carbon dioxide produced. 

Relative atomic masses: C = 12; O = 16. 

______________________________________________________________ 

______________________________________________________________ 



Moles of carbon dioxide = ___________________ 

(2) 

(ii)     When the hydrocarbon was burned 0.20 mol of water were produced. 

How many moles of hydrogen atoms are there in 0.20 mol of water? 

______________________________________________________________ 

Moles of hydrogen atoms = __________________ 

(1) 

(iii)    The amount of hydrocarbon burned was 0.050 mol. 

Use this information and your answers to parts (e) (i) and (e) (ii) to calculate 
the molecular formula of the hydrocarbon. 

If you could not answer parts (e) (i) or (e) (ii) use the values of 0.20 moles 
carbon dioxide and 0.50 moles hydrogen. These are not the answers to parts 
(e) (i) and (e) (ii). 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Formula = ________________________________ 

(2) 

(Total 19 marks) 

Q35. 
(a)     A student had a colourless solution. 

The student thought the solution was dilute hydrochloric acid. 

(i)      The student added universal indicator to this solution. 

What colour would the universal indicator change to if the solution is 
hydrochloric acid? 

______________________________________________________________ 

(1) 

(ii)     Describe how the student could show that there are chloride ions in this 
solution. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 



(b)     The results of a titration can be used to find the concentration of an acid. 

  

Describe how to use the apparatus to do a titration using 25 cm3 of dilute 
hydrochloric acid. 

In your answer you should include: 

•        how you will determine the end point of the titration 
•        how you will make sure the result obtained is accurate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(c)     Hydrochloric acid is a strong acid. 

Ethanoic acid is a weak acid. 

What is meant by the term weak acid? 

___________________________________________________________________ 



___________________________________________________________________ 

(1) 

(d)     The displayed formula of ethanoic acid is: 

  

(i)      On the formula, draw a circle around the functional group in ethanoic acid. 

(1) 

(ii)     Ethanoic acid and ethanol react together to make the ester ethyl ethanoate. 

Draw the displayed formula of ethyl ethanoate. 

  

  

  

  

  

  

  

  

  

(2) 

(Total 11 marks) 

Q36. 
This question is about lithium and sodium. 

(a)     Use the Chemistry Data Sheet to help you to answer this question. 

In which group of the periodic table are lithium and sodium?         Group    

(1) 

(b)     A lithium atom can be represented as    

The diagram represents the lithium atom. 



  

(i)      Some particles in the nucleus have a positive charge. 

What is the name of these particles? 

___________________________________ 

(1) 

(ii)     Some particles in the nucleus have no charge. 

What is the name of these particles? 

____________________________________ 

(1) 

(iii)    Use the correct answer from the box to complete the sentence. 
  

3 4 7 

The mass number of this atom of lithium is    

(1) 

(c)     Sodium reacts with chlorine to produce sodium chloride. 

sodium      +      chlorine            sodium chloride 

The diagram shows how the reaction happens. 

Only the outer electrons are shown. 

  

Draw a ring around the correct answer to complete each sentence. 

  

  gaining   

(i)     A sodium atom changes into a sodium ion by losing an electron. 

  sharing   



(1) 

  

  a negative   

(ii)     A sodium ion has no charge. 

  a positive   

(1) 

(iii)    The ions in sodium chloride are held together by 
  

  covalent   

strong electrostatic forces. 

  magnetic   

(1) 

(d)     Sodium chloride is an ionic compound. 

Tick ( ) two properties of ionic compounds. 
  

Property Tick ( ) 

Do not dissolve in water   

High melting points   

Low boiling points   

Strong bonds   

(2) 

(e)    (i)      The formula of sodium chloride is NaCl 

Calculate the relative formula mass of sodium chloride. 

Relative atomic masses: Na = 23; Cl = 35.5 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass = _______________________ 

(1) 

(ii)     Draw a ring around the correct answer to complete each sentence. 

The relative formula mass of a substance, in grams, 
  

  ion   

is one isotope of the substance. 

  mole   



(1) 

(f)      Nanoparticles of sodium chloride (salt) are used to flavour crisps. 

What are nanoparticles? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 12 marks) 

Q37. 
(a)    Some students did an experiment to find the temperature change when hydrochloric 

acid reacts with sodium hydrogencarbonate. 

  

The results are in the table. 
  

Number of spatula 
measures of sodium 
hydrogencarbonate 

Start 
temperature in 

°C 

Final 
temperature in 

°C 

Change in 
temperature in 

°C 

2 20 16 4 

4 20 14 6 

6 19 11 8 

8 20 10 10 

10 19 9 10 

12 20 10 10 

(i)      Describe, as fully as you can, the trends shown in the students’ results. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     State the type of energy transfer for this reaction. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(b)     Sodium hydrogencarbonate is used as baking powder for making cakes. 

When the cake mixture is baked the sodium hydrogencarbonate decomposes. 

The equation for the reaction is: 

  

(i)      The cake mixture rises when baked. 

  

© Michael Valdez/iStock 

Use the equation to suggest why. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     The same reaction can be reversed to produce sodium hydrogencarbonate 
from sodium carbonate. 

  

Na2CO3 + H2O + CO2  2NaHCO3 

Do the reactants need to be heated? 

Give a reason for your answer. 



______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)    (i)      Calculate the relative formula mass of sodium hydrogencarbonate (NaHCO3). 

Relative atomic masses (Ar): H=1; C=12; O=16; Na=23 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass (Mr) = ______________________ 

(2) 

(ii)     Calculate the percentage by mass of carbon in sodium hydrogencarbonate. 

______________________________________________________________ 

______________________________________________________________ 

Percentage of carbon = _________________________ % 

(1) 

(Total 9 marks) 

Q38. 
Ammonia is produced from nitrogen and hydrogen. 

The equation for this reaction is: 

  

(a)    (i)      A company wants to make 6.8 tonnes of ammonia. 

Calculate the mass of nitrogen needed. 

Relative atomic masses (Ar): H = 1; N = 14 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Mass of nitrogen = _____________________ tonnes 

(3) 

(ii)     The company expected to make 6.8 tonnes of ammonia. 

The yield of ammonia was only 4.2 tonnes. 

Calculate the percentage yield of ammonia. 



______________________________________________________________ 

______________________________________________________________ 

Percentage yield of ammonia = ________________ % 

(2) 

(iii)    Use the equation above to explain why the percentage yield of ammonia was 
less than expected. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(b)     Complete the diagram to show the arrangement of the outer shell electrons of the 
nitrogen and hydrogen atoms in ammonia. 

Use dots (●) and crosses (x) to represent the electrons. 

  

(2) 

(c)     Ammonia dissolves in water to produce an alkaline solution. 

(i)      Which ion makes ammonia solution alkaline? 

______________________________________________________________ 

(1) 

(ii)     Name the type of reaction between aqueous ammonia solution and an acid. 

______________________________________________________________ 

(1) 

(iii)    Name the acid needed to produce ammonium nitrate. 

______________________________________________________________ 

(1) 

(iv)    The reaction of ammonia with sulfuric acid produces ammonium sulfate. 

Use the formulae of the ions on the Chemistry Data Sheet. 

Write the formula of ammonium sulfate. 

______________________________________________________________ 

(1) 

(Total 12 marks) 



Q39. 
In this question you will be assessed on using good English, organising information clearly 
and using specialist terms where appropriate. 

A student used the equipment shown to do a titration. 

  

Describe how the student should use this equipment to find the volume of sodium 
hydroxide solution that reacts with a known volume of acid. 
Include any measurements the student should make. 

Do not describe how to do any calculations. 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 



_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

(Total 6 marks) 

Q40. 
Some students investigated magnesium oxide. 

(a)     Magnesium oxide has the formula MgO. 

(i)      Calculate the relative formula mass (Mr) of magnesium oxide. 

Relative atomic masses: O = 16; Mg = 24. 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass = ___________________ 

(2) 

(ii)     Calculate the percentage by mass of magnesium in magnesium oxide. 

______________________________________________________________ 

______________________________________________________________ 

Percentage by mass of magnesium in magnesium oxide = _______% 
(2) 

(iii)    Calculate the mass of magnesium needed to make 25 g of magnesium oxide. 

______________________________________________________________ 

Mass of magnesium = ___________________ g 

(1) 

(b)     The students calculated that if they used 0.12 g of magnesium they should make 
0.20 g of magnesium oxide. 

They did this experiment to find out if this was correct. 

  



  

•        The students weighed 0.12 g of magnesium ribbon into a crucible. 

•        They heated the magnesium ribbon. 

•        They lifted the lid of the crucible slightly from time to time to allow air into the 
crucible. 

•        The students tried to avoid lifting the lid too much in case some of the 
magnesium oxide escaped. 

•        When all of the magnesium appeared to have reacted, the students weighed 
the magnesium oxide produced. 

The results of the experiment are shown below. 
  

Mass of magnesium 
used in grams 

0.12 

Mass of magnesium 
oxide produced in grams 

0.18 

(i)      The mass of magnesium oxide produced was lower than the students had 
calculated. 
They thought that this was caused by experimental error. 

Suggest two experimental errors that the students had made. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     The students only did the experiment once. 

Give two reasons why they should have repeated the experiment. 

______________________________________________________________ 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 9 marks) 

Q41. 
The symbol equation for the decomposition of hydrogen peroxide is: 

2H2O2     →     2H2O     +     O2 

(a)     This reaction is exothermic. 

What is an exothermic reaction? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     A student measured the volume of oxygen produced by 50 cm3 of hydrogen 
peroxide. 

  

The graph shows the results. 

  



(i)      Use the graph to describe the changes in the rate of the reaction from 0 to 35 
seconds. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)      What was the total volume of oxygen gas collected? 

________________________ cm3 

(1) 

(iii)     The student had calculated that the hydrogen peroxide used should  
produce 25 cm3 of oxygen. 

Calculate the percentage yield of oxygen. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

                                                            Answer = ________________ % 

(2) 

(c)     An increase in the temperature of the hydrogen peroxide increases the rate of the 
reaction. 

Use your knowledge of particles to explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 10 marks) 

Q42. 
Aluminium is extracted from aluminium oxide. 

(a)     The formula of aluminium oxide is Al2O3 



The relative formula mass (Mr) of aluminium oxide is 102. 

Calculate the percentage of aluminium in aluminium oxide. 

Relative atomic masses (Ar): O = 16; Al = 27. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Percentage of aluminium = ________________ % 
(2) 

(b)     Aluminium is extracted from aluminium oxide using electrolysis. 

The diagram shows a cell used for the extraction of aluminium. 

  

(i)     The electrolyte contains cryolite. 

Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Oxygen is formed at the positive electrode. Complete and balance the 
equation for this reaction. 

___ O2−     →     O2     +     _______ 

(2) 

(iii)    The positive electrode in the cell is used up during the process. 

Explain why. 

______________________________________________________________ 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 8 marks) 

Q43. 
This question is about calcium hydroxide. 

Ancient artworks and monuments can be protected from acid rain if the surface is sprayed 
with calcium hydroxide nanoparticles. 

  

        By Svilen Enev (Own work) [GFDL or CC-BY-SA-3.0], via Wikimedia Commons 

(a)     Calcium hydroxide has the formula Ca(OH)2 

Why are there two hydroxide ions for each calcium ion in the formula? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     The calcium hydroxide is used in the form of nanoparticles. 

What are nanoparticles? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 



(c)     A student added water to calcium oxide to make calcium hydroxide. 

The equation for the reaction is shown below. 

CaO   +   H2O   →   Ca(OH)2 

Calculate the maximum mass of calcium hydroxide which could be made from 2.00 
g of calcium oxide. 

Relative atomic masses (Ar): H = 1; O = 16; Ca = 40. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

            Maximum mass of calcium hydroxide = ________________ g 

(3) 

(Total 5 marks) 

Q44. 
(a)     Calcium chloride is made from limestone. Limestone contains mainly calcium 

carbonate and a small amount of magnesium carbonate. 

  

(i)      In stage 1 calcium carbonate reacts with acid X to form calcium chloride. 

Draw a ring around the name of acid X. 
  

hydrochloric nitric sulfuric 

(1) 

(ii)     Stage 1 produces a concentrated solution of calcium chloride. 
The solution also contains magnesium chloride. 

Calcium hydroxide solution is added in stage 2 to remove the magnesium 
chloride. 



The equation for this reaction is: 
  

MgCl2(aq) + Ca(OH)2(aq) → Mg(OH)2(s) + CaCl2(aq) 

Draw a ring around the correct answer to complete each sentence. 

In stage 2 a precipitate is made because  
  

  dissolved   

magnesium hydroxide is insoluble in water. 

  soluble   

In stage 3 the solid magnesium hydroxide can be separated from the calcium 
  

  chromatography. 

chloride solution using electrolysis. 

  filtration. 

(2) 

(iii)    What method can be used to change the calcium chloride solution into solid 
calcium chloride? 
Draw a ring around your answer. 

  

crystallisation electrolysis reduction 

(1) 

(b)     Calcium chloride can also be made by reacting calcium with chlorine: 
  

calcium + chlorine → calcium chloride 

The diagram shows what happens to atoms of calcium and chlorine in this reaction. 

The dots (●) and crosses (x) are used to represent electrons. 

Only the outer electrons are shown. 

  

Use the diagram to help you to answer this question. 



Describe, as fully as you can, what happens when calcium reacts with chlorine to 
make calcium chloride. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 8 marks) 

Q45. 
Some students did an experiment to find the relative formula mass (Mr) of a gas. 

  

This is the method they used. 

•        The mass of the canister of gas was measured using a balance, which weighed to 
two decimal places. 

•        The measuring cylinder was filled with 1 dm3 of the gas from the canister. 

•        The mass of the canister of gas was measured again. 

•        The temperature of the laboratory was measured. 

•        The air pressure in the laboratory was measured. 

The students repeated the experiment three times. 

(a)     The results for one of the experiments are shown in the table below. 
  

Mass of the canister of gas before 
filling the measuring cylinder 

53.07 g 



Mass of the canister of gas after 
filling the measuring cylinder 

51.21 g 

Calculate the mass of the 1 dm3 of gas in the measuring cylinder. 

___________________________________________________________________ 

                              Mass = _________________________________ g 

(1) 

(b)     How could the results be made more precise? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     The students used their results to calculate values for the relative formula mass (Mr) 
of this gas. 
The results are shown in the table below. 

  

Experiment 1 2 3 4 

Relative formula mass (Mr) 45.4 51.5 46.3 45.8 

(i)      Calculate the mean value for these results. 

______________________________________________________________ 

                               Mean = __________________________________ 

(2) 

(ii)     The four results are different. 
The students thought this was because of experimental error. 

Suggest two causes of experimental error in this experiment. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(iii)    It was important for the students to repeat the experiment. 
Suggest why. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(d)     The teacher told the students that the formula of the gas is C3H8 

Calculate the relative formula mass (Mr) of this gas. You should show your working. 



Relative atomic masses: H = 1; C = 12. 

___________________________________________________________________ 

___________________________________________________________________ 

                              Relative formula mass = ____________________ 

(2) 

(Total 9 marks) 

Q46. 
Ammonia is made using the Haber process. 

  

(a)     How is ammonia separated from unreacted nitrogen and hydrogen in the 
separator? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The equation shows the reaction which takes place in the reactor: 
  

N2(g) + 3H2(g) 
  

2NH3(g) 

(i)      Why does the yield of ammonia at equilibrium increase as the temperature is 
decreased? 

______________________________________________________________ 



______________________________________________________________ 

(1) 

(ii)     A temperature of 450 °C is used in the reactor to make the reaction take place 
quickly. 

Explain, in terms of particles, why increasing the temperature makes a 
reaction go faster. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(iii)    Why does the yield of ammonia at equilibrium increase as the pressure is 
increased? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iv)     The pressure used in the reactor is 200 atmospheres. 
Suggest why a much higher pressure is not used. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     Use the equation for the reaction in the reactor to help you to answer these 
questions. 

  

N2(g) + 3H2(g) 
  

2NH3(g) 

(i)      It is important to mix the correct amounts of hydrogen and nitrogen in the 
reactor. 

20 m3 of nitrogen is reacted with hydrogen. 

What volume of hydrogen (measured at the same temperature and pressure 
as the nitrogen) is needed to have the correct number of molecules to react 
with the nitrogen? 

                              Volume of hydrogen needed = _____________ m3 

(1) 

(ii)     Calculate the maximum mass of ammonia that can be made from 2 g of 
nitrogen. 

Relative atomic masses: H = 1; N = 14. 

______________________________________________________________ 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

                             Maximum mass of ammonia = ______________ g 

(3) 

(d)     The expected maximum mass of ammonia produced by the Haber process can be 
calculated. 

(i)      In one process, the maximum mass of ammonia should be 80 kg. 

The actual mass of ammonia obtained was 12 kg. 

Calculate the percentage yield of ammonia in this process. 

______________________________________________________________ 

______________________________________________________________ 

                              Percentage yield of ammonia = _____________ % 

(1) 

(ii)     Give two reasons why it does not matter that the percentage yield of ammonia 
is low. 
Use the flow diagram at the start of this question to help you. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 14 marks) 

Q47. 
Vinegar can be added to food. 

Vinegar is a solution of ethanoic acid in water. 

  



(a)     Ethanoic acid is a weak acid. 

Draw a ring around the correct answer to complete each sentence. 
  

    carbonate 
ions. 

(i) When dissolved in water, an acid forms a solution containing hydrogen 
ions. 

    hydroxide 
ions. 

(1) 

  

    completely 
ionised. 

(ii) Ethanoic acid is a weak acid because in water it is not ionised. 

    partially ionised. 

(1) 

(b)     The diagram shows the apparatus used to investigate the amount of ethanoic acid 
in vinegar. 

  

(i)      Draw a ring around the name of the piece of apparatus labelled A on the 
diagram. 

  

burette measuring cylinder pipette 

(1) 

(ii)     Phenolphthalein is added to the vinegar in the conical flask so that the end 
point of the titration can be seen. 

What type of substance is phenolphthalein? 



Draw a ring around the correct answer. 
  

alkali catalyst indicator 

(1) 

(iii)    How would you know that the end point of the titration has been reached? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     The results of the titration are shown in the table. 
  

  Rough titration Accurate titrations 

  1 2 3 

Final reading in cm3 22 21.30 22.50 24.40 

Initial reading in cm3 0 1.00 2.00 4.00 

Volume used in cm3 22 20.30 20.50 20.40 

Calculate the best value of the mean volume from these titrations. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

                              Mean volume used = ___________________ cm3 

(2) 

(d)     25.0 cm3 of this vinegar contained 1.25 g of ethanoic acid. 

Calculate the mass of ethanoic acid in 1 litre (1000 cm3) of this vinegar. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

                               Mass = ________________________________ g 

(2) 

(Total 9 marks) 

Q48. 
Vinegar can be added to food. Vinegar is an aqueous solution of ethanoic acid. 



  

Ethanoic acid is a weak acid. 

(a)     Which ion is present in aqueous solutions of all acids? 

___________________________________________________________________ 

(1) 

(b)     What is the difference between the pH of a weak acid compared to the pH of a 
strong acid of the same concentration? 

Give a reason for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     The diagram shows the apparatus used to find the concentration of ethanoic acid in 
vinegar. 

  

(i)      Why should phenolphthalein indicator be used for this titration instead of 
methyl orange? 



______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     25.00 cm3 of vinegar was neutralised by 30.50 cm3 of a solution of sodium 
hydroxide with a concentration of 0.50 moles per cubic decimetre. 

The equation for this reaction is: 
  

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l) 

Calculate the concentration of ethanoic acid in this vinegar. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Concentration of ethanoic acid in this vinegar = __________ moles per cubic 
decimetre 

(2) 

(d)     The concentration of ethanoic acid in a different bottle of vinegar was 0.80 moles 
per cubic decimetre. 

Calculate the mass in grams of ethanoic acid (CH3COOH) in 250 cm3 of this vinegar. 
The relative formula mass (Mr) of ethanoic acid = 60. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass of ethanoic acid = ___________________ g 

(2) 

(Total 8 marks) 

Q49. 
Calamine lotion is used to treat itching. The main ingredients are two metal oxides. 



  

(a)     One of the metal oxides has a relative formula mass (Mr) of 81. 

The formula of this metal oxide is MO. 
(M is not the correct symbol for the metal.) 

The relative atomic mass (Ar) of oxygen is 16. 

(i)      Calculate the relative atomic mass (Ar) of metal M. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Relative atomic mass (Ar) = _____________ 

(2) 

(ii)     Use your answer to part (a)(i) and the periodic table on the Data Sheet to 
name metal M. 

The name of metal M is ___________________________________ . 

(1) 

(b)     The other metal oxide is iron(III) oxide. 

This contains iron(III) ions (Fe3+) and oxide ions (O2-). 

(i)      Explain in terms of electrons how an iron atom (Fe) can change into an 
iron(III) ion (Fe3+). 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     The diagram below represents the electronic structure of an oxygen atom (O). 



  

Complete the diagram below to show the electronic structure of an oxide ion 
(O2-). 

  

(1) 

(Total 6 marks) 

Q50. 
An experiment was done on the reaction of copper oxide (CuO) with methane (CH4). 

  

(a)     The equation for this reaction is shown below. 
  

4CuO(s) + CH4(g) → 4Cu(s) + 2H2O(g) + CO2(g) 

The water and carbon dioxide produced escapes from the test tube. 

Use information from the equation to explain why. 

___________________________________________________________________ 

(1) 

(b)     (i)      Calculate the relative formula mass (Mr) of copper oxide (CuO). 

Relative atomic masses (Ar): O = 16; Cu = 64. 

______________________________________________________________ 

______________________________________________________________ 



______________________________________________________________ 

Relative formula mass (Mr) = _______________ 

(2) 

(ii)     Calculate the percentage of copper in copper oxide. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Percentage of copper = _________________ % 

(2) 

(iii)    Calculate the mass of copper that could be made from 4.0 g of copper oxide. 

______________________________________________________________ 

______________________________________________________________ 

Mass of copper = _______________________ g 

(1) 

(c)     The experiment was done three times. 
The mass of copper oxide used and the mass of copper made was measured each 
time. 
The results are shown in the table. 

  

  Experiment 

  1 2 3 

Mass of copper oxide used in g 4.0 4.0 4.0 

Mass of copper made in g 3.3 3.5 3.2 

(i)      Calculate the mean mass of copper made in these experiments. 

______________________________________________________________ 

______________________________________________________________ 

Mean mass of copper made = ______________ g 

(1) 

(ii)     Suggest how the results of these experiments could be made more precise. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iii)    The three experiments gave slightly different results for the mass of copper 
made. 
This was caused by experimental error. 



Suggest two causes of experimental error in these experiments. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________ 

(2) 

(Total 10 marks) 

Q51. 
Read the information about protecting the bottoms of ships. 

  

A Copper-bottomed Investment 

  

From the 16th to the 19th century, the bottoms of many wooden ships were protected 
from marine organisms by being covered with sheets of metal.  

At first lead was used on the bottoms of ships, then copper was used until 1832 
when Muntz Metal replaced it. Muntz Metal is an alloy of two transition metals, 
copper and zinc. 

Table of data  

  Lead Copper Muntz Metal 

Cost (£/kg) £1.20 £3.20 £2.30 

Melting point (°C) 327 1083 904 

Stops sea worms attacking wood Yes Yes Yes 

Stops barnacles and seaweed 
sticking to the bottom of the ship 

No Yes Yes 



  
 

(a)     Use the information to answer the following questions. 

(i)      Suggest why copper replaced lead. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Suggest why Muntz Metal replaced copper. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(b)     A sample of Muntz Metal contains a very small amount of iron as an impurity. 

(i)      Name an instrumental method of analysis that could be used to detect iron. 

______________________________________________________________ 

(1) 

(ii)     Suggest why an instrumental method would detect the iron in this sample of 
Muntz Metal but a chemical method is not likely to be successful. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     Today, ships are made from steel. Steels are alloys of iron, a transition metal. 

Give two properties of transition metals that make them suitable for making ships. 

Property 1 __________________________________________________________ 

___________________________________________________________________ 

Property 2 __________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 6 marks) 

Q52. 
Ammonium sulfate is an artificial fertiliser. 



  

(a)     (i)      When this fertiliser is warmed with sodium hydroxide solution, ammonia gas is 
given off. 
Describe and give the result of a test for ammonia gas. 

Test __________________________________________________________ 

______________________________________________________________ 

Result ________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Describe and give the result of a chemical test to show that this fertiliser 
contains sulfate ions (SO4

2–). 

Test __________________________________________________________ 

______________________________________________________________ 

Result ________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     Ammonium sulfate is made by reacting sulfuric acid (a strong acid) with ammonia 
solution (a weak alkali). 

(i)      Explain the meaning of strong in terms of ionisation. 

______________________________________________________________ 

(1) 

(ii)     A student made some ammonium sulfate in a school laboratory. 

The student carried out a titration, using a suitable indicator, to find the 
volumes of sulfuric acid and ammonia solution that should be reacted 
together. 

Name a suitable indicator for strong acid-weak alkali titrations. 

______________________________________________________________ 

(1) 



(iii)    The student found that 25.0 cm3 of ammonia solution reacted completely with 
32.0 cm3 of sulfuric acid of concentration 0.050 moles per cubic decimetre. 

The equation that represents this reaction is: 
  

2H2SO4(aq) + 2NH3(aq) → (NH4)2SO4 (aq) 

Calculate the concentration of this ammonia solution in moles per cubic 
decimetre. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Concentration = _________________ moles per cubic decimetre 

(3) 

(iv)     Use your answer to (b)(iii) to calculate the concentration of ammonia in grams 
per cubic decimetre. 

(If you did not answer part (b)(iii), assume that the concentration of the 
ammonia solution is 0.15 moles per cubic decimetre. This is not the correct 
answer to part (b)(iii).) 

Relative formula mass of ammonia (NH3) = 17. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Concentration = _________________ grams per cubic decimetre 

(2) 

(Total 11 marks) 

Q53. 
Firework rockets contain fuel and potassium nitrate. 

  



The potassium nitrate provides oxygen for the fuel to react. 

(a)     The table shows how a student worked out the relative formula mass (Mr) of 
potassium nitrate. 

Some of the numbers are missing. 

Relative atomic masses (Ar): N = 14; O = 16; K = 39. 
  

Name of atom 
(symbol) 

Number 
of 
atoms 

Ar Mass 

potassium (K) 1 39 39 

nitrogen     (N) 1 14 14 

oxygen      (O)   16   

The Mr of potassium nitrate = 101 

(i)      The mass of oxygen is not shown in the table. 

Draw a ring around the correct mass of oxygen. 
  

16 32 48 

(1) 

(ii)     Draw a ring around the number of oxygen atoms in the formula of potassium 
nitrate. 

  

1 2 3 

(1) 

(b)     When the fuel reacts with the oxygen an exothermic reaction takes place. 

What does exothermic mean? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     The fuel contains carbon. Carbon reacts with oxygen to make carbon dioxide. 

Which two statements in the table explain why carbon dioxide is a gas at room 
temperature? 

Tick ( ) the two statements. 
  



Statement Tick 
( ) 

It has a giant structure   

It has a low boiling point.   

It is made of small molecules.   

It is made of ions.   

(2) 

(Total 6 marks) 

Q54. 
(a)     The table gives information about two isotopes of hydrogen, hydrogen-1 and 

hydrogen-2. 
  

  Hydrogen-1 Hydrogen-2 

Atomic number 1 1 

Mass number 1 2 

An atom of hydrogen-1 is represented as:   
  

    

Show how an atom of hydrogen-2 is represented.   

    

(1) 

(b)     (i)      Calculate the relative formula mass (Mr) of water, H2O 

Relative atomic masses: H = 1; O = 16. 

______________________________________________________________ 

______________________________________________________________ 

Relative formula mass (Mr ) = ______________________ 

(1) 

(ii)     Simple molecules like water have low boiling points. 

Explain why, in terms of molecules. 

______________________________________________________________ 

______________________________________________________________ 



______________________________________________________________ 

______________________________________________________________ 

(2) 

(c)     Molecules of heavy water contain two atoms of hydrogen-2 instead of two atoms of 
hydrogen-1. 

Explain why a molecule of heavy water has more mass than a normal water 
molecule. 
You should refer to the particles in the nucleus of the two different hydrogen atoms 
in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 6 marks) 

Q55. 
Air bags are used to protect the passengers in a car during an accident. When the crash 
sensor detects an impact it causes a mixture of chemicals to be heated to a high 
temperature. Reactions take place which produce nitrogen gas. The nitrogen fills the air 
bag. 

  

(a)     The mixture of chemicals contains sodium azide (NaN3) which decomposes on 
heating to form sodium and nitrogen. 

2NaN3       →       2Na       +       3N2 

A typical air bag contains 130 g of sodium azide. 

(i)      Calculate the mass of nitrogen that would be produced when 130 g of sodium 
azide decomposes. 

Relative atomic masses (Ar): N = 14; Na = 23 



______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Mass of nitrogen = ___________________ g 

(3) 

(ii)     1 g of nitrogen has a volume of 0.86 litres at room temperature and pressure. 

What volume of nitrogen would be produced from 130 g of sodium azide? 

(If you did not answer part (a)(i), assume that the mass of nitrogen produced 
from 130 g of sodium azide is 80 g. This is not the correct answer to part 
(a)(i).) 

______________________________________________________________ 

Volume = ___________________ litres 

(1) 

(b)     The sodium produced when the sodium azide decomposes is dangerous. 
The mixture of chemicals contains potassium nitrate and silicon dioxide which help 
to make the sodium safe. 

(i)      Sodium reacts with potassium nitrate to make sodium oxide, potassium oxide 
and nitrogen. Complete the balancing of the equation for this reaction. 

10Na     +     _____KNO3     →     Na2O     +     K2O     +     N2 

(1) 

(ii)     The silicon dioxide reacts with the sodium oxide and potassium oxide to form 
silicates. 

Suggest why sodium oxide and potassium oxide are dangerous in contact with 
the skin. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 6 marks) 



 


