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1.

A student was trying to produce hydrogen gas.
Figure 1 shows the apparatus she used.
Figure 1

(a)

No gas was produced.
The student’s teacher said that this was because the substances in the flask did not react.
(i)

Suggest why the substances in the flask did not react.
______________________________________________________________
______________________________________________________________
______________________________________________________________
(1)

(ii)

Which two substances could the student have put in the flask to produce hydrogen
safely?
Tick (✓) one box.
Gold and dilute hydrochloric acid

Potassium and dilute hydrochloric acid

Zinc and dilute hydrochloric acid
(1)
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(b)

Another student did produce hydrogen from two substances.
Figure 2 shows the apparatus the student used to collect and measure the volume of the
hydrogen gas.
Figure 2

Give the name of the apparatus labelled X.
___________________________________________________________________
(1)

(c)

The student did the experiment four times. Her results are shown in the table below.
Experiment

(i)

Volume of hydrogen collected in
one minute in cm3

1

49

2

50

3

35

4

48

One of the results is anomalous.

Which result is anomalous? Write your answer in the box.
Give a reason for your choice.
______________________________________________________________
(2)
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(ii)

Calculate the mean volume of hydrogen collected in one minute.
______________________________________________________________
______________________________________________________________
Mean volume = ____________________ cm3
(2)

(iii)

Give a reason why the experiment should be repeated several times.
______________________________________________________________
______________________________________________________________
______________________________________________________________
(1)

(d)

A teacher collected two tubes full of hydrogen gas, as shown in Figure 3.
Figure 3

She tested tube A with a lighted splint as soon as she took the bung out.
She tested tube B with a lighted splint a few seconds after taking the bung out.
(i)

Suggest why tube B gave a much louder pop than tube A.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(1)
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(ii)

Complete and balance the chemical equation for the reaction that takes place when
the hydrogen reacts in this test.
H2

+

O2
(2)
(Total 11 marks)

2.

The diagram shows apparatus used by a student to investigate electrolysis.

The student was given a solution by the teacher. The solution contained a mixture of ionic
compounds.
(a)

Name the particles which carry the electric current through:
(i)

the metal wires _________________________________________________
(1)

(ii)

the solution. ____________________________________________________
(1)
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(b)

The table shows the ions in the solution.
Positive ions in the solution

Negative ions in the solution

Zinc ion (Zn2+)

Chloride ion (Cl–)

Iron(III) ion (Fe3+)

Hydroxide ion (OH–)

Hydrogen ion (H+)

Nitrate ion (NO3–)

Copper(II) ion (Cu2+)

Sulfate ion (SO42–)

The reactivity series on the Data Sheet may help you to answer this question.
(i)

Which element is most likely to be formed at the negative electrode?
______________________________________________________________
(1)

(ii)

Explain, as fully as you can, why you have chosen this element.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(2)

(c)

The electrolysis of sodium chloride solution is an industrial process.
(i)

The reaction at one of the electrodes can be represented by the equation shown
below.
2Cl–

→

Cl2

+

2e–

The chloride ions (Cl–) are oxidised.
Explain why.
______________________________________________________________
______________________________________________________________
(1)
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(ii)

The reaction at the other electrode can be represented by an equation.
Complete and balance the equation for the reaction at the other electrode.
H+

→

H2
(1)
(Total 7 marks)

3.

The electrolysis of sodium chloride solution is an industrial process.

(a)

Why do chloride ions move to the positive electrode?
___________________________________________________________________
(1)

(b)

Sodium chloride solution contains two types of positive ions, sodium ions (Na+) and
hydrogen ions (H+).
Tick (

) the reason why hydrogen is produced at the negative electrode and not sodium.

Reason

Tick (

)

Hydrogen is a gas.
Hydrogen is less reactive than sodium.
Hydrogen is a non-metal.
Hydrogen ions travel faster than sodium ions.
(1)
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(c)

Solution X is alkaline.
Which ion makes solution X alkaline?
___________________________________________________________________
(1)

(d)

Electrolysis of sodium chloride solution produces hydrogen and chlorine.
The hydrogen and chlorine can be used to make hydrogen chloride.
(i)

The diagrams show how the outer electrons are arranged in atoms of hydrogen and
chlorine.

Complete the diagram to show how the electrons are arranged in a molecule of
hydrogen chloride (HCl).

(1)

(ii)

Name the type of bond between the hydrogen and the chlorine atoms in a molecule
of hydrogen chloride.
________________________________________
(1)

(iii)

Some hydrogen chloride was bubbled into water. This made a solution with a pH of 1.
Which ion gave the solution a pH of 1?
________________________________________
(1)
(Total 6 marks)
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4.

Metals are extracted from their ores.
Many copper ores contain only 2% of copper compounds.
(a)

Copper is now extracted from ores containing a low percentage of copper compounds.
Suggest two reasons why.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)

(b)

Chalcocite, an ore of copper, contains copper sulfide.
The flow diagram shows how copper metal is extracted from chalcocite.

(i)

Suggest one reason why it is difficult to dispose of the waste rock.
______________________________________________________________
______________________________________________________________
(1)
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(ii)

The reaction in the furnace could cause environmental pollution.
Explain how.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(2)

(iii)

The extraction of pure copper is expensive.
Give one reason why.
______________________________________________________________
______________________________________________________________
(1)

(iv)

Pure copper is produced by electrolysis of copper sulfate solution.
Which electrode do the copper ions move towards?
Give a reason for your answer.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(2)

(v)

Large areas of land are contaminated with copper compounds.
Phytomining can be used to remove these copper compounds from the land.
What is used in phytomining to remove copper compounds from the land?
______________________________________________________________
______________________________________________________________
(1)
(Total 9 marks)
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5.

A student investigated the electrolysis of sodium chloride solution.
Five sodium chloride solutions were made. Each solution had a different concentration.
To make each solution the student:
•

weighed the amount of sodium chloride needed

•

dissolved it in water

•

added more water until the total volume was one cubic decimetre (1 dm 3).

The solutions were placed one at a time in the apparatus shown below.

The student measured the volume of hydrogen gas produced in ten minutes.
The results are shown on the graph below.
(a)

Sodium chloride does not conduct electricity when it is solid.
Explain, in terms of ions, why sodium chloride solution conducts electricity.
___________________________________________________________________
___________________________________________________________________
(1)

(b)

Chlorine is produced at the positive electrode.
Why are chloride ions attracted to the positive electrode?
___________________________________________________________________
(1)
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(c)

The solution left at the end of each experiment contains sodium hydroxide.
Draw a ring around one number which could be the pH of this solution.
2

5

7

13
(1)

(d)

The results for the experiment above are shown on the graph.

(i)

Draw a line of best fit on the graph.
(1)
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(ii)

The result for one concentration is anomalous.
Which result is anomalous?
The result at concentration ____________ grams per dm3
(1)

(iii)

Suggest two possible causes of this anomalous result.
1. ____________________________________________________________
______________________________________________________________
2. ____________________________________________________________
______________________________________________________________
(2)

(iv)

Suggest how the student could check the reliability of the results.
______________________________________________________________
______________________________________________________________
(1)

(iv)

How did an increase in the concentration of the sodium chloride solution affect the
volume of hydrogen gas produced in ten minutes?
______________________________________________________________
______________________________________________________________
(1)
(Total 9 marks)
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6.

Sodium hydroxide reacts with hydrochloric acid.
The diagram shows apparatus that can be used to find the volume of sodium hydroxide reacting
with 25.0 cm 3 hydrochloric acid.

(a)

Describe a method to find the exact volume of sodium hydroxide that reacts with 25.0 cm 3
of hydrochloric acid.
(6)

The reaction produces a solution of sodium chloride.
A student wants to obtain sodium chloride crystals from the sodium chloride solution.
This is the method used.
1. Add solid charcoal to the sodium chloride solution to remove the indicator colour.
2. Remove the solid charcoal.
3. Evaporate the solution to dryness over a Bunsen burner.
(b)

Charcoal is not soluble in water.
Suggest a method the student could use to remove the solid charcoal in Step 2.
___________________________________________________________________
___________________________________________________________________
(1)

(c)

The student obtains a powdery white solid.
Suggest how the student could improve Step 3 of the method to obtain larger crystals
instead of powder.
___________________________________________________________________
___________________________________________________________________
(1)
(Total 8 marks)
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7.

The flow diagram shows the main stages used to extract a metal from its ore.
mining the ore

→

purifying the ore

→

extracting the metal

The table shows some information about three metals.

Metal

Metal ore

Purified ore

% of metal
in the ore

% of metal in the
Earth’s crust

aluminium

bauxite

aluminium oxide, Al2O3

28.0

8.0

copper

chalcocite

copper sulfide, Cu2S

0.5

0.001

iron

haematite

iron oxide, Fe2O3

29.0

5.0

(a)

Use the information in the table and your knowledge and understanding to help you to
answer the questions.
(i)

Suggest why purifying the copper ore produces large quantities of waste.
______________________________________________________________
______________________________________________________________
______________________________________________________________
(1)

(ii)

Suggest why the annual world production of iron is forty times greater than that of
aluminium.
______________________________________________________________
______________________________________________________________
______________________________________________________________
(1)
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(b)

Aluminium is used for drinks cans.
Aluminium is extracted from its purified ore by electrolysis.

(i)

Suggest why the aluminium produced in the electrolysis cell is a liquid.
______________________________________________________________
______________________________________________________________
(1)

(ii)

In this electrolysis, aluminium and oxygen gas are produced from the aluminium
oxide.
Use the information in the diagram to suggest why most of the waste gas is carbon
dioxide and not oxygen.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________
(2)

(iii)

Aluminium is the most abundant metal in the Earth’s crust.
Suggest two reasons why we should recycle aluminium drinks cans.
1. ____________________________________________________________
______________________________________________________________
2. ____________________________________________________________
______________________________________________________________
(2)
(Total 7 marks)
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8.

Read the information.
Alumina is a white solid. In 1800, scientists thought that alumina contained an
undiscovered metal. We now call this metal aluminium. At that time, scientists
could not extract the aluminium from alumina.
In 1825, Christian Oersted, a Danish scientist, did experiments with alumina.
Step 1 He reacted a mixture of hot alumina and carbon with chlorine to form
aluminium chloride. The reaction is very endothermic.
Step 2 The aluminium chloride was reacted with potassium. He was left with
potassium chloride and tiny particles of aluminium metal.
Other scientists were not able to obtain the same results using his experiment and
his work was not accepted at that time.
In 1827, Friedrich Wöhler, a German chemist, made some changes to Oersted’s
experiment. He obtained a lump of aluminium. He tested the aluminium and
recorded its properties.
(a)

Suggest why scientists in 1800 could not extract aluminium from alumina.
___________________________________________________________________
___________________________________________________________________
(1)

(b)

Oersted’s experiment in 1825 was not thought to be reliable.
Explain why
___________________________________________________________________
___________________________________________________________________
(1)

(c)

Why must the reaction in Step 1 be heated to make it work?
___________________________________________________________________
___________________________________________________________________
(1)

(d)

Complete the word equation for the reaction in Step 2.
aluminium
chloride

+

potassium

→

______________

+

______________
(1)
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(e)

Suggest how Wöhler was able to prove that he had made a new metal.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
(2)
(Total 6 marks)

9.

Magnesium reacts with chlorine to make the ionic compound called magnesium chloride.
(a)

Complete the diagram by adding the electronic structures of the magnesium atom and the
chloride ion.

(2)

(b)

Magnesium metal can be extracted from sea water.
Sea water contains magnesium chloride, MgCl2
(i)

Calcium hydroxide, Ca(OH)2, is added to the sea water.
Magnesium hydroxide, Mg(OH)2, is produced.
MgCl2(aq)

+

Ca(OH)2(aq)

→

Mg(OH)2(s)

+

CaCl2(aq)

Name a method that could be used to separate magnesium hydroxide from the
solution.
______________________________________________________________
(1)

(ii)

An acid is then added to the magnesium hydroxide to make magnesium chloride.
Name this acid. ________________________________________________
(1)
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(c)

Electrolysis is used to extract magnesium metal from magnesium chloride.

(i)

Why must the magnesium chloride be molten?
______________________________________________________________
______________________________________________________________
(1)

(ii)

The equation shows the reaction that takes place at the positive electrode.
2Cl–

→

Cl2

+

2e–

Why is this reaction an oxidation reaction?
______________________________________________________________
(1)

(iii)

Complete the equation for the reaction at the negative electrode.
Mg2+

→

Mg
(1)
(Total 7 marks)
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10.

Cans for food and drinks are made from steel or aluminium.
The main metal in steel is iron.

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

(a)

Iron is extracted by heating a mixture of iron oxide and carbon in a blast furnace.
(i)

Name this type of reaction.
______________________________________________________________
(1)

(ii)

Balance the symbol equation for this reaction.
2Fe2O3 + ______ C → ______ Fe + ______ CO2
(1)
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(b)

Aluminium ore, bauxite, contains aluminium oxide, iron oxide and silicon dioxide.
Aluminium is extracted by electrolysis of aluminium oxide.

The 'red mud' which is dumped in very large ponds contains:
Name of solid

Percentage (%)

Aluminium oxide

10

Iron oxide

65

Silicon dioxide

25

(i)

100 tonnes of bauxite produced 50 tonnes of pure aluminium oxide and 50 tonnes of
'red mud'.
What percentage of aluminium oxide did the bauxite contain?
______________________________________________________________
Answer = _____________________ %
(1)

(ii)

Apart from the solids shown in the table, name one other substance that would be in
the 'red mud'.
______________________________________________________________
(1)
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(iii)

The purification of the aluminium oxide is usually done near to the bauxite quarries.
Suggest one reason why.
______________________________________________________________
(1)

(c)

Aluminium is used to make many things including cans.
During one year in the USA:
•

100 billion aluminium cans were sold

•

55 billion aluminium cans were recycled.

Give one environmental impact of recycling aluminium cans and one ethical or social
impact of recycling aluminium cans.
Environmental _______________________________________________________
___________________________________________________________________
Ethical or social ______________________________________________________
___________________________________________________________________
(2)
(Total 7 marks)
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