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2 Most metals are extracted from ores found in the Earth’s crust.

 The method used to extract a metal from its ore is linked to the reactivity of the metal.

 Part of the reactivity series is shown in Figure 1.

calcium most reactive

aluminium

zinc

iron

copper

gold least reactive

Figure 1

 (a) Iron ore contains iron oxide.

  Iron is extracted from iron oxide by heating the oxide with carbon.

iron 
oxide carbon iron carbon 

dioxide +    + 

  (i) In this reaction
(1)

   A carbon is reduced

   B iron oxide is neutralised

   C iron oxide is reduced

   D iron is oxidised

  (ii) The formula of the iron oxide is Fe2O3.

   Calculate the maximum mass of iron that can be obtained from 240 tonnes of 
iron oxide, Fe2O3.

   (relative atomic masses: O = 16, Fe = 56)
(3)

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

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

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

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

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

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

mass of iron = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tonnes



Paper 1  ·  June 2018  ·  Q2  ·  9 marks ANSWER  ›Extracting Metals and Equilibria (4)

5

5

*P59177A0520* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

 (b) Aluminium cannot be extracted by heating its oxide with carbon.
  Aluminium has to be extracted from its oxide by electrolysis.

  Explain why.
(2)
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 (c) Predict the method that will have to be used to extract calcium from its ore.
(1)
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 (d) In recent years, researchers have been investigating alternative methods of 
extracting metals from soils.

  Researchers have found that growing certain plants in appropriate areas can 
result in the phytoextraction of copper.

  Describe how growing plants can result in the phytoextraction of copper.
(2)
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(Total for Question 2 = 9 marks)
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  

4	 The method used to extract a metal from its ore depends on the position of the metal 
in the reactivity series.

	 (a)	 Aluminium is extracted from its ore by electrolysis.

		  Explain why this method is used to extract aluminium from its ore.
(2)
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	 (b)	 (i)	 One step in the extraction of titanium metal involves the displacement 
reaction between titanium chloride, TiCl4, and magnesium.

TiCl4  +  2Mg  →  Ti  +  2MgCl2

			   This equation can be simplified as

Ti4+  +  2Mg  →  Ti  +  2Mg2+

			   Explain why this displacement reaction can be described as a redox reaction.
(3)
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		  (ii)	 The formula of the sulfate ion is SO4
2−.

			   Which of the following is the formula of titanium sulfate containing the 
Ti4+ ion?

(1)
	 A	 TiSO4

	 B	 Ti2SO4

	 C	 Ti(SO4)2

	 D	 Ti2S2O8
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  

	 (c)	 Phytoextraction is an alternative biological method that can be used to extract 
metals from very low-grade ores.

		  Give one disadvantage of phytoextraction as a method of extraction of metals.
(1)

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

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

	 (d)	 Copper is low down in the reactivity series and can be obtained from 
copper oxide. 

		  Devise a simple method to obtain a sample of copper from copper oxide in 
the laboratory.

(2)

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

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

 (Total for Question 4 = 9 marks)
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  

3	 This question is about the extraction of metals.

	 (a)	 Give two advantages of obtaining metals by recycling rather than by extracting 
them from their metal ores.

(2)

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

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

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

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

	 (b)	 (i)	 Small amounts of some metals are extracted using displacement reactions.

			   In one process, zinc dust is used to precipitate cadmium metal from a solution 
containing cadmium ions.

Cd2+(aq)   +   Zn(s)   →   Cd(s)   +   Zn2+(aq)
	 cadmium ions	 cadmium

			   Explain why this displacement reaction can be described as a redox reaction.
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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		  (ii)	 The formula of the cadmium ion is Cd2+. 
The formula of the phosphate ion is PO4

3–.

			   Which is the formula of cadmium phosphate?
(1)

	 A	 Cd2(PO4)3

	 B	 Cd3PO12

	 C	 Cd3(PO4)2

	 D	 Cd3P2O8

	 (c)	 One of the alternative biological methods of extracting metals from very 
low‑grade ores is bioleaching using bacteria.

		  Give one disadvantage of this method of extracting metals from low‑grade ores.
(1)

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

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

	 (d)	 Lead is low in the reactivity series.

		  Describe how to obtain a sample of lead from some lead oxide in the laboratory.
(2)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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5	 (a)	 The order of reactivity of copper, magnesium and zinc can be determined by the 
displacement reactions between these metals and solutions of their salts.

		  You are provided with

•	 samples of the three metals

•	 solutions of copper sulfate, magnesium sulfate and zinc sulfate.

		  Describe the experiments that can be done to determine the order of reactivity of 
these metals by displacement reactions. 

(3)
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	 (b)	 Metals can be extracted from ores found in the Earth’s crust.

		  Explain why aluminium cannot be extracted from its ore by heating with carbon 
but can be extracted by electrolysis.

(2)
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	 (c)	 Titanium is extracted from its ore in several stages.

		  In the first stage, titanium chloride is formed as a gas.

		  The gas is cooled to form liquid titanium chloride containing dissolved impurities.

	  	 Suggest how pure titanium chloride could be separated from the impurities.
(1)
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	 (d)	 In another stage, the pure titanium chloride, TiCl4 , is reacted with 500 moles of 
magnesium, an excess. 

TiCl4   +   2Mg   →   Ti   +   2MgCl2

		  (i)	 Calculate the number of moles in 45 000 grams of titanium chloride.

			   (relative atomic masses: Cl = 35.5, Ti = 48.0)
(2)
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number of moles titanium chloride = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Show that the 500 moles of magnesium added is an excess. 
(1)
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	 (e)	 After this reaction, there is a mixture of the solids magnesium, titanium and 
magnesium chloride.

 		  Titanium does not react with dilute hydrochloric acid.

		  Suggest a simple method to separate titanium from the mixture.
(2)
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6 (a) A student placed a piece of metal P in a test tube containing excess dilute sulfuric acid.
  The student repeated this with three other metals, Q, R and S. 
  All the pieces of all four metals were the same size. 

  (i) The student recorded the observations until each metal had reacted with the 
acid for two minutes. 

   The observations are shown in Figure 6.

metal observations

P
bubbles produced very slowly  
some metal remained

Q
bubbles produced quickly  
no metal remained 

R
bubbles produced slowly  
no metal remained

S
bubbles produced very quickly  
no metal remained

Figure 6

   Use this information to put the four metals in order of reactivity from the least 
reactive to the most reactive.

(2)

least reactive    most reactive
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  (ii) Complete the diagram below to show how the student could add to the 
apparatus to measure the volume of gas produced in the two minutes.

(2)

 (b) When iron reacts with copper sulfate solution, solid copper is formed.

  Two possible equations for this reaction are

  A  CuSO4 +  Fe   Cu + FeSO4

  B 3CuSO4 + 2Fe  3Cu + Fe2(SO4)3

  It was found that 10.00 g of iron powder reacted with excess copper sulfate 
solution to produce 11.34 g of copper.

  Carry out a calculation to decide which equation, A or B, represents the reaction 
taking place.

  (relative atomic masses: Fe = 56.0, Cu = 63.5)
(2)
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 (c) Acid solutions contain hydrogen ions.

  Aluminium reacts with dilute hydrochloric acid to form a solution containing 
aluminium ions, Al

3+
.

  Complete the balanced ionic equation for this reaction.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . . . . . . . .  H
+
  . . . . . . . . . . . . . . . .  Al

3+
 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (d) The hydrogen ion concentration in a solution is decreased by a factor of 10.

  State how the pH of this solution changes.
(1)
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 (e) Calculate the mass, in g, of a hydrogen atom, using the data below.
  (relative atomic mass: H = 1.00; 

Avogadro constant = 6.02 × 1023)
(3)
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  

6	 (a)	 A student carried out an investigation to determine the order of reactivity of four 
metals, W, X, Y and Z.

		  A piece of metal W was added to a test tube containing excess 
dilute hydrochloric acid.

		  This was repeated with the other three metals, X, Y and Z.
		  In each case, the size of each piece of metal was the same.
		  The student recorded observations on each reaction for three minutes.

		  The observations obtained are shown in Figure 6.

metal observations with dilute hydrochloric acid

W Bubbles formed quickly with some metal 
remaining after three minutes.

X A few bubbles were seen to form.  The metal 
looked unchanged after three minutes.

Y Bubbles formed quickly.  After three minutes all 
the metal had reacted.

Z Bubbles formed very quickly with no metal 
remaining after three minutes.

Figure 6

		  (i)	 Use the information in Figure 6 to place the metals in order of reactivity from 
the least reactive to the most reactive.

(2)

least reactive most reactive

		  (ii)	 The experiment was repeated using an excess of dilute sulfuric acid in place of 
the dilute hydrochloric acid.

metal   +   sulfuric acid   →   metal sulfate   +   hydrogen

			   When metal Y reacts with dilute sulfuric acid, bubbles form quickly at first and 
then the reaction stops.

			   Most of the solid metal remains.

			   Explain why the reaction between metal Y and excess dilute sulfuric acid 
stopped even though there was solid metal Y left.

(2)
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  

		  (iii)	The reactions between metals and dilute ethanoic acid are slower than 
reactions between metals and dilute hydrochloric acid. 
This is because ethanoic acid is a weak acid.

			   Explain the meaning of the term weak acid.
(2)
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	 (b)	 The formula of aluminium sulfate is Al2(SO4)3.

		  Calculate the total number of atoms that combine to form 5.13 g of 
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		  (relative atomic masses: O = 16.0, Al = 27.0, S = 32.0  
Avogadro number = 6.02 × 1023)
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  

	 (c)	 Iron is more reactive than lead.
		  Iron reacts with lead nitrate solution to form solid lead.
		  Two possible balanced equations for the reaction are

		  Equation 1	 Fe   +   Pb(NO3)2   →   Fe(NO3)2   +   Pb

		  Equation 2	 2Fe   +   3Pb(NO3)2   →   2Fe(NO3)3   +   3Pb

		  In one experiment, it was found that 4.48 g of iron reacted with excess lead nitrate 
solution to form 24.84 g of lead.

		  Carry out a calculation, using the information above, to show which equation 
represents the reaction taking place.

		  (relative atomic masses: Fe = 56.0, Pb = 207)
(3)
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(Total for Question 6 = 13 marks)

TOTAL FOR PAPER = 60 MARKS
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  

6	 (a)	 An investigation was carried out on the reactivity of four metals, D, E, F and G.

		  Equal sized pieces of these metals were placed in excess dilute hydrochloric acid 
and left for three minutes.

		  Figure 6 shows the observations of the reactions for metals D, E and F.

metal observations with dilute hydrochloric acid

D Bubbles formed quickly. 
After three minutes all the metal had reacted.

E Bubbles formed very quickly.  
No metal remaining after three minutes.

F A few bubbles were seen to form. 
The metal looked unchanged after three minutes.

G

Figure 6

		  The order of reactivity for these metals is shown in Figure 7.

E D G F

most reactive least reactive

Figure 7

		  (i)	 Use the information in Figure 6 and Figure 7 to suggest the observations that 
would be made for metal G.
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		  (ii)	 The dilute hydrochloric acid used in this reaction is a strong acid.

			   Explain the meaning of the terms dilute and strong acid.
(4)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

	 (b)	 The formula of lead ethanoate is Pb(CH3COO)2.

		  Calculate the number of atoms that combine together to form 16.25 g of 
lead ethanoate.

		  (relative atomic masses: H = 1.00, C = 12.0, O = 16.0, Pb = 207

		  Avogadro number = 6.02 × 1023)
(4)

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

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

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

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

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

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

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

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

number of atoms = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Turn over      
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  

	 (c)	 Iron is more reactive than copper.

		  Iron will displace copper from copper nitrate solution. 
Two possible balanced equations for the reaction are

			   Equation 1    Fe   +   Cu(NO3)2   →   Fe(NO3)2   +   Cu
			   Equation 2    2Fe   +   3Cu(NO3)2   →   2Fe(NO3)3   +   3Cu

		  It was found that 2.24 g of iron reacted with excess copper nitrate solution to form 
3.81 g of copper.

		  Carry out a calculation, using the information above, to show which equation 
represents the reaction taking place.

		  (relative atomic masses: Fe = 56.0, Cu = 63.5)
(3)

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

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

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

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

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

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

(Total for Question 6 = 13 marks)

TOTAL FOR PAPER = 60 MARKS
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Question 
Number 

Answer Mark 

2(a)(i) 
 

C     iron oxide is reduced 
 
The only correct answer is C 
 
A is not correct because carbon gains oxygen 
 
B is not correct because it is not an acid-base reaction 
 
D is not correct because iron oxide loses oxygen 
 

(1) 
 
AO 1 1 

 
  

 
 

Question 
Number 

Answer Additional guidance Mark 

2(a)(ii) 
 

final answer of 168 (tonnes) with 
or without working (3) 
 
OR 
relative formula mass Fe2O3 = 
2x56 + 3x16 (= 160) (1) 
 
160 tonnes Fe2O3 produces {2x56 
/ 112} tonnes Fe (1) 
 
240 tonnes Fe2O3 produces  
2x56 x 240 (1) = 168 (tonnes)  
 160 
 
OR 
relative formula mass Fe2O3  
= 2x56 + 3x16 (= 160) (1) 
 
240 (1) = 1.5 
160 
1.5 x 112 (1) = 168 (tonnes) 
 
OR 
relative formula mass Fe2O3  
= 2x56 + 3x16 (= 160) (1) 
 
112 (1) = 0.7 
160 
0.7 x 240 (1) = 168 (tonnes) 

allow ECF throughout 
 
Mr [Fe2O3]= 160 seen without 
working (1) 
 
allow 320 tonnes : 224 tonnes (1) 
 
 
final answer 84 (tonnes) with or 
without working (2) 
 
 
 
 
 
Note : final answer 1.5 scores 2 
overall 

(3) 
 
AO 2 1 
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Question 
Number 

Answer Additional guidance Mark 

2(b) 
 

An explanation linking the 
following points 
 
• aluminium is high in reactivity / 

aluminium oxide is (very) 
stable (1) 
 
 

 
• aluminium (oxide) cannot be 

reduced by carbon (1) 
 

 
 
allow 
carbon is less reactive than 
aluminium / ORA / aluminium is 
very reactive 
ignore ‘aluminium is more 
reactive’ (alone) 
 
allow carbon cannot displace 
aluminium / aluminium oxide 
does not react with carbon 
 
ignore aluminium extracted by 
electrolysis 
 

(2) 
 
AO 1 1 

 
Question 
Number 

Answer Mark 

2(c) 
 

electrolysis (1) 
AO 3 
2a 

 
Question 
Number 

Answer Additional guidance Mark 

2(d) 
 

A description to include 
 
• plants absorb 

{copper/metal} (ions) from 
the {soil/ores} / plants 
concentrate copper ions (1) 
 

• plants (harvested and) 
burned (to leave 
copper/metal compound) 
(1) 

 
 

 
 
ignore plants absorb copper from 
solid metal 
ignore copper 
{atoms/metal/compounds} 
 
ignore plants heated 
 
mark independently 
 

(2) 
 
AO 1 
1 

 
Total for question 2 = 9 marks 
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Question 

number 

Answer Additional guidance Mark 

4(a) 

 

An explanation linking 

• aluminium is (very) high in the reactivity series / very 

reactive (1) 

• needs a lot of energy (to remove oxygen from the 

oxide) (1) 

 

 

allow aluminium more reactive than carbon 

 

allow cannot be {extracted by heating with / extracted 

by / reduced by} carbon 

allow cannot be displaced by carbon 

(2) 

AO1-1 

 

Question 

number 

Answer Additional guidance Mark 

4(b)(i) 

 

An explanation linking 

• (redox involves both) reduction and oxidation (1)  

• magnesium (atoms) lose electrons (and are oxidised) 

(1) 

• titanium ions accept electrons (and are reduced) (1) 

 

 

ignore references to loss and gain of oxygen 

allow Mg   →  Mg2+ + 2e(-) 

 

allow Ti4+ + 4e(-) →  Ti 
 

If no other mark awarded then 

allow description of what happens to both reactant 

particles without mention of electrons (1) 

OR 

allow titanium gains electrons and magnesium loses 

electrons (1) 

(3) 

AO1-1 

 

 

Question 

number 

Answer 

 

Mark 

4(b)(ii) 

 

C   Ti(SO4)2     is the only correct answer 

 

A, B and D are incorrect formulae 

(1) 

AO1-1 
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Question 

number 

Answer Additional guidance Mark 

4(c) 

 

slow process / large area of land required / only extracts 

metal from the ground surface / metals need further 

extraction 

 

ignore expensive / cost implications 

ignore { carbon dioxide / greenhouse gases } evolved 

ignore references to bioleaching 

allow {harmful / toxic} gas released on burning plants 

allow specific environmental effect 

(1) 

AO1-1 

 

 

 

Question 

number 

Answer Additional guidance Mark 

4(d) 

 

A method to include  

 

• mix copper oxide with {carbon / powdered charcoal} 

(in a suitable container) (1) 

• heat (with carbon) (strongly until no further change) 

(1) 

 

OR 

• react copper oxide with dilute {sulfuric / hydrochloric} 

acid (1) 

• electrolyse the solution formed (1) 

 

OR 

• pass hydrogen (or methane) (1) 

• over heated copper oxide (1) 

 

In each the 2nd MP depends on the 1st 

 

 

 

reject burn / combust 

allow {react/displace} with carbon (alone) (1) 

 

 

 

 

 

 

 

 

allow heat with more reactive metal (1) 

suitable method to isolate copper from other oxide (1) 

 

(2) 

AO3-3a 

 

 

Total for Question 04 = 9 marks 
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Question 

number 

Answer Additional guidance Mark 

3(a) 

 

Any two advantages of recycling metals 

 

• preserves ore reserves/ ores are finite (1) 

• prevents waste of the metal (1) 

• uses less energy (1) 

• less fossil fuels burned (1)  

• less {carbon dioxide/ greenhouse gases} emitted (1) 

• less waste material formed (1) 

• mining causes {loss of habitat/ noise/ dust} 

• doesn’t fill up landfill (1) 

 

 

 

 

 

allow uses less electricity 

 

 

ignore less land used for mining/ visual pollution 

 

ignore cost arguments 

ignore vague statements about ‘environment’ or 

‘pollution’ or ‘sustainable’ 

 

(2) 

AO1-1 

 

Question 

number 

Answer Additional guidance Mark 

3(b)(i) 

 

An explanation linking 

 

• reduction and oxidation occurring 

(1) 

 

• {Zinc (atoms)/ Zn} lose electrons  

and are oxidised (1) 

 

• {Cadmium ions/ Cd2+} gain 

electrons and are reduced (1) 

 

ignore numbers of electrons correct or otherwise  

 

MP1 scores even if wrong (or no) species identified 

 

 

reject zinc ions  

 

 

reject cadmium (atoms) gains electrons 

 

allow half-equations for gain/loss of electrons part of answer 

 

 

For MP2 and MP3 if both marks not scored: 

 {Zinc (atoms)/ Zn} lose electrons and {Cadmium ions/ Cd2+} gain electrons (1) 

OR 

{Zinc (atoms)/ Zn} are oxidised and {Cadmium ions/ Cd2+} are reduced (1) 

(3) 

AO1-1 
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Question 

number 

Answer Mark 

3(b)(ii) 

 

 

C   Cd3(PO4)2  is the only correct answer 

 

A, B and D are incorrect formulae of cadmium phosphate 

 

(1) 

AO1-1 

 

Question 

number 

Answer Additional guidance Mark 

3(c) 

 

very slow / low yield /  

{toxic substances / acids / sulfuric acid} can be produced / 

(leachate) needs further processing  

allow time consuming  

allow inefficient 

 

 

ignore vague statements such as ‘damages the 

environment’ or ‘causes pollution’ or ‘produces harmful 

substances’ 

 

ignore cost  

 

(1) 

AO1-1 

 

Question 

number 

Answer Additional guidance Mark 

3(d) A plan to include a suitable method 

 

• add {carbon / hydrogen / methane} (1) 

 

• and heat (1) 

 

 

OR 

 

• electrolyse (1) 

 

• solution formed with acid (1)  

 

MP2 depends on MP1 

 

allow ‘more reactive {metal / element} ’ or sensible named 

metal e.g. zinc but not sodium  

 

 

 

 

 

 

 

allow any named acid 

allow {liquid / molten} lead oxide / after melting (1) 

 

(2) 

AO3-3a 

Total for Question 3 = 9 marks 
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Question 
number 

Answer Additional guidance Mark 

5(a) 
 

A description to include 
 

• place separate pieces of each metal into solutions of 
each of salt (in spotting tray/container) (1) 

• observe changes in appearance/colour of 
{metal/solution} (1) 

• the more reactive metal shows the greater number of 
reactions (1) 

 

 
 
two reactions of different metals in different metal 
sulfate solutions plus conclusion about reactivity (2) 
 
 
 
 
Allow 1 mark for one correctly described reaction 
between a metal and a different metal sulfate solution 
 

(3) 
AO2 

 

 
Question 
number 

Answer Additional guidance Mark 

5(b) 
 

An explanation linking any two from  
 
• aluminium is more reactive than carbon (so 

electrolysis required) (1) 
• carbon cannot remove the oxygen / there is no 

reaction between carbon and aluminium oxide / 
carbon cannot displace aluminium (1) 

• electrolysis can be used to reduce aluminium ions 
(1) 

 
 
 
 
 
 
 
allow electrolysis is a more powerful method of 
reduction (1) 
 

(2) 
AO1 

 

 
Question 
number 

Answer Additional guidance Mark 

5(c) 
 

(simple) distillation  allow fractional distillation (1) 
AO2 
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(Total for question 5 = 11 marks) 

Question 
number 

Answer Additional guidance Mark 

5(d)(i) Mr TiCl4 = 48.0 + (4 x 35.5) (1) (= 190) 
 
moles of TiCl4 = 45 000/190 = 236.8 (1) 
 

ecf 
 
allow two or more sig figs  

(2) 
AO2 

 

Question 
number 

Answer Additional guidance Mark 

5(d)(ii) (minimum) moles of Mg needed = 236.8 x 2 = 473.6 (1) 
 
500 moles of Mg added > minimum 473.6 moles required 
 

allow ecf from 7d(i) for moles of TiCl4 (1) 
AO2 

 

    
Question 
number 

Answer Additional guidance Mark 

5(e) A description to include 
 
either 
• add dilute hydrochloric acid (to solid mixture sample to 

react with the magnesium to form magnesium chloride 
solution) (1) 

• filter the mixture (to remove titanium) / filter off the 
titanium (1) 

or 
• filter the mixture (to remove titanium) / filter off the 

titanium (1) 
• wash the titanium (1) 

 

 
 
 
 
 
 
 
 
 

(2) 
AO3 
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Question 
Number 

Answer Additional guidance Mark 

6(a)(i) 
 

P  R  Q  S  (2) two in correct order (1) (2) 
AO 3 2a 
AO 3 2b 

 
Question 
Number 

Answer  Mark 

6(a)(ii) 
 

A workable diagram showing a 
method to measure the volume of 
the gas 
 
 
• delivery tube between test-

tube and (1) 
 
 
 
• gas syringe / (graduated tube 

/ inverted burette / measuring 
cylinder) over water bath (1) 

 

 
if diagram is not workable (e.g. 
no bung at top of test tube), 
max 1 mark  
 
allow connection shown as 

 
if collection vessel not labelled, 
graduations must be shown for 
the second mark 

(2) 
 
AO 3 3a 
AO 3 3b 

 
Question 
Number 

Answer Additional guidance Mark 

6(b) 
 

 
iron      10.00 = 0.179  / 0.18 / 
0.2 and 
              56 
copper  11.34 = 0.179  / 0.18 / 
0.2   (1) 
             63.5 
 
(ratio 1:1) so reaction A (1) 

 
allow max 1 mark for  
Fe :  56     = 5.6 
      10.00 
Cu :  63.5  = 5.6 
       11.34           so reaction A 
 
other methods of calculation 
include 
10.00 g Fe forms  10.00 x 63.5 
(1) g copper 
                             56 
                           = 11.34 g 
copper 
so reaction A (1) 
 
second mark dependent on first 
 

(2) 
 
AO 3 2a 
AO 3 2b 

 
Question 
Number 

Answer Additional guidance Mark 

6(c) 
 

2Al   +   6H+   →    2Al3+   +   
3H2  (2) 
 
 

Al and H2 (1) 
balancing of correct species (1) 
allow multiples 
 

(2) 
AO 2 1 

 
Question 
Number 

Answer Additional guidance Mark 

6(d) 
 

pH {increases / goes up} by one / 
moves 1 closer to neutral 

ignore {increases / goes up} 
alone 

(1) 
AO 1 1 
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Question 
Number 

Answer Additional guidance Mark 

6(e) 
 

1 mol of hydrogen atoms = a 
mass of 1.00 g = 6.02 x 1023 
atoms 
 
 
 
6.02 x 1023 H atoms has mass = 
1.00 g (1) 
 
mass of 1 H atom =        1.00           
(1)            
                                6.02 x 1023 

                          =   1.66 x 10-24 
(g)  (1) 
 

correct answer alone (3) 
 
if 1 x 6.02 x 1023 is followed by 
atoms or particles, then award 1st 
marking point 
 
on answer line 
3.32 x 10-24 (g)  (2) 
 
ignore sig figs except for one 
 

(3) 
 
AO 2 1 

 
Total for question 6 = 12 marks 
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Question 

number 

Answer Additional guidance Mark 

6(a)(i)  least           most 

   X – W – Y – Z (2) 

X – Y – W – Z (1) (2) 

AO3-1 

 

 

Question 

number 

Answer Additional guidance Mark 

6(a)(ii) 

 

An explanation linking 

 

• metal sulfate {insoluble / coats the metal / forms a barrier} (1) 

• prevents further reaction of metal with acid (1) 

 

 

 

ignore tarnish 

(2) 

AO2-2 

 

 

Question 

number 

Answer Additional guidance Mark 

6(a)(iii) An explanation linking 

 

• partially {dissociated / ionised} (1) 

• {concentration of H+ ions lower / fewer H+ ions} 

than expected (1) 

 

 

 

 

concentration of H+ ions lower than concentration of acid (1) 

ignore references to pH 

 

(2) 

AO1-1 
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Question 

number 

Answer Additional guidance Mark 

6(b) formula mass Al2(SO4)3  

=  2x27 + 3x(32 + 16x4) (1)  (= 342) 

  

moles of Al2(SO4)3 

= 5.13  (1)  (= 0.015) 

    342 

no of atoms in formula Al2(SO4)3 = 17 

no of atoms in 0.015 moles = 17 x 0.015 x 6.02 x 1023  (1) 

                                         = 1.5351 x 1023 (1) 

 

final answer of 1.5351 x 1023 scores full marks 

 

allow ECF from formula mass  

 

0.015 scores 2 marks 

 

 

 

 

 

allow any number of sig figs except one 

 

3.1 x 1024 scores 1 (mass x L) 

1.0234 x 1025 scores 1 (no of atoms x L) 

2.05884 x 1026 scores 2 (Mr x L) 

9.03 x 1021 scores 3 (moles x L) 

(4) 

AO2-1 
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Question 

number 

Answer Additional guidance Mark 

6(c) moles Fe = 4.48  (1)  (= 0.08 ) 

                 56.0 

moles Pb = 24.84 (1) (= 0.12 ) 

                   207 

ratio moles Fe : moles Pb = 2 : 3 

                                     or 1 : 1.5 

                                     so equation 2 (1) 

 

OR 

mass ratio  

ratio equation 1 = 56 : 207 (1) 

ratio equation 2 = 112 : 621 (1) 

 

112 : 621 = 4.48 : 24.84 so equation 2 (1) 

 

OR 

equation 1 mass of Pb  

(207/56) x 4.48 = 16.56 (2) 

OR 

equation 2 mass of Pb 

(621/112) x 4.48 = 24.84 (2) 

 

so equation 2 is correct (1) 

 

There may be other methods – need to check calculation carefully 

 

 

 

 

 

 

allow shows that it is not 1:1 for final mark 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

stating Equation 2 with no calculation to justify, scores 0 

 

(3) 

AO3-1 

 

 

Total for Question 06 = 13 marks 
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Question 

number 

Answer Additional guidance Mark 

6(a)(i) A description to include 

 

• bubbles formed {slowly / steadily / quite quickly} /  

some bubbles form (1) 

 

• some metal remains (1) 

 

 

allow bubbling faster than F / more bubbles than F/ 

bubbling slower than D / fewer bubbles than D 

 

allow some metal has reacted 

allow metal looks changed 

 

mark anything written in table only if answer lines 

blank  

 

(2) 

AO3-

1a/1b 

 

 

Question 

number 

Answer Additional guidance Mark 

6(a)(ii) 

 

An explanation linking 

 

dilute: 

• low concentration (1) 

 

 

 

 

• of the {solute / acid / (hydrogen) ions / H+} (1) 

 

 

 

strong acid 

 

• acid fully {dissociated / ionised} (1) 

 

• forming {hydrogen/ H+} ions (1) 

 

MP2 depends MP1 

allow low {mass/ amount} 

ignore ‘not concentrated’  

ignore ‘weak concentration’ 

 

 

if no MP1 or MP2. 

allow ‘dilute acid has more water in it’/  

‘has had water added’ for 1 mark only  

 

mark MP3 and MP4 independently 

 

ignore all references to pH  

(4) 

AO1-1 
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Question 

number 

Answer Additional guidance Mark 

6(b) 4.515 x 1023 scores 4 with or without working 

 

 

relative formula mass Pb(C2H3O2)2  

207 + 2 x (2x12 + 3x1 + 16x2) = 325 (1)    

 

moles of Pb(C2H3O2)2  

16.25 = 0.05 (1)   

 325 

 

no of “Pb(C2H3O2)2
”  

0.05 x 6.02 x 1023 = 3.01 x 1022 (1) 

 

no of atoms  

15 x 3.01 x 1022 = 4.515 x 1023 (1) 

 

allow ECF at all stages 

 

 

 

 

 

 

 

 

 

 

for ECF using Avogadro’s number, must x previously 

calculated attempt at moles using the data in the 

question 

 

allow any number of sig figs except one with correct 

rounding 

 

 

3.01x1022 with working scores 3 

1.204x1025 with working scores 2 

1.9565x1026 with working scores 1 

 

(4) 

AO2-1 
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Question 

number 

Answer Additional guidance Mark 

6(c) moles Fe = 2.24 = 0.04 (1) 

                 56.0 

 

moles Cu = 3.81 = 0.06 (1) 

                  63.5 

 

ratio moles Fe : moles Cu = 2 : 3 

 

                                     or 1 : 1.5  

and so equation 2  (1) 

 

OR 

 

moles Fe = 2.24 = 0.04 (1) 

                 56.0 

 

moles Cu if equation 1 = 0.04 (1) 

 

expected mass Cu equation 1 = 0.04 x 63.5 = 2.54g  

 

and so not equation 1, equation 2 (1) 

 

OR 

 

moles Fe = 2.24 = 0.04 (1) 

                 56.0 

 

moles Cu if equation 2 = 0.04 x 3/2 = 0.06 (1) 

 

expected mass Cu equation 2 =0.06 x 63.5 = 3.81g  

and so equation 2 (1) 

 

must state Equation 2 to score MP3 

stating Equation 2, with no calculation to justify, scores 0 

 

 

No ECF in this question 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

moles of “2Fe” = 2.24 = 0.02 scores 0, BUT: 

                         112 

with either: 

moles of “3Cu” = 3.81  = 0.02 

                         190.5 

 

these are same so equation 2, scores 3 

 

or: 

 

mass of Cu = 3 x 63.5 x 0.02 = 3.81g 

so equation 2, scores 3 

(3) 

AO3-

1a/b 

 

 

Total for Question 6 = 13 marks 
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