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Answer all questions. 

1.	 (a)	 Carys and Pavel prepared crystals of zinc sulfate by reacting zinc carbonate with an 
acid.

	 (i)	 Give the name of the acid they used.� [1]

	

	 (ii)	 In the first stage of their preparation, they added excess zinc carbonate to the 
acid.

	 I.	 Give the observation that immediately shows a reaction is taking place.� [1]

	

	 II.	 State why they added excess zinc carbonate.� [1]

	

	 (iii)	 Describe the remaining two stages they carried out to obtain a pure sample of 
zinc sulfate crystals.� [2]

	

	

	

	 (iv)	 Give the chemical formula of zinc sulfate.� [1]
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	 (b)	 In another experiment, Carys and Pavel investigated the temperature rise when dilute 
hydrochloric acid neutralises sodium hydroxide solution.

		  The acid was added 5 cm3 at a time to 25 cm3 of sodium hydroxide solution. They 
recorded the highest temperature reached after each addition using a digital 
thermometer.

		  They obtained the following results. The result for 15 cm3 of acid is missing.

Volume of acid added
(cm3)

Temperature
(°C)

0 20.4

5 21.9

10 23.4

15

20 26.4

25 26.3

30 25.9

35 25.5

40 25.1
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Volume of acid added (cm3)

Temperature (°C)

20.0

21.0

22.0

23.0

24.0

25.0

26.0

27.0

0 5 10 15 20 25 30 35 40

		  (ii)	 I.	 Use your graph to give the temperature that would have been recorded 
when 15 cm3 of acid was added.� [1]

		                                               °C

	 II.	 Carys and Pavel concluded that the volume of acid needed to just neutralise 
all the sodium hydroxide solution was somewhere between 20 cm3 and 
25 cm3.

		  Use the graph to suggest the exact volume of acid needed. � [1]

		                                               cm3

	 (i)	 The last four results have been plotted on the grid below and a straight line drawn 
through the points.

		  Plot the remaining four points and draw a straight line through them so that it 
intersects the line already drawn.� [3]
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	 (iii)	 The temperatures recorded are slightly lower than expected.

		  Tick (√) to show which two improvements to the method would enable Carys and 
Pavel to obtain results closer to the expected values.� [2]

		  use a beaker instead of a flask
	

		  repeat the method
	

		  add the acid in smaller intervals
	

		  wrap cotton wool around the flask
	

		  use a larger flask
	

		  place a lid on the flask
	

	 (c)	 In a different experiment, it was found that the maximum temperature was reached 
when 40 cm3 of hydrochloric acid was added to 20 cm3 of sodium hydroxide solution.

		  State what this means in terms of the relative concentrations of the solutions used.� [2]

	

	

	

15
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2.	 The diagram shows a blast furnace used to extract iron from iron ore.

iron ore, coke 
and limestone

waste gases

hot air

molten iron

series of reactions to produce 
iron, slag and waste gases

molten slag
(calcium silicate)

	 (a)	 One of the reactions inside the furnace is the reaction between carbon dioxide and 
carbon, in the form of coke, to form carbon monoxide.

		  Give the symbol equation for this reaction.� [2]
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	 (b)	 This equation represents one of the reactions that produce iron inside the furnace.

+ +Fe2O3 3 C Fe CO2

	 (i)	 Balance the equation.� [1]

	 (ii)	 Explain why this reaction shows that both oxidation and reduction take place. 

		  Refer to oxygen in your answer.� [2]

	

	

	

	 (c)	 The formation of slag inside the furnace involves a two-stage process as summarised 
by the following equations.

CaOStage 2 +

heat

SiO2 calcium silicate

+ CO2CaCO3Stage 1 CaO

	 (i)	 Complete the name of the type of reaction taking place in stage 1.� [1]

		  thermal                                                                                                   

	 (ii)	 Give the formula of calcium silicate, formed in stage 2.� [1]

		                                                                  

7
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3.	 (a)	 The structural formulae of seven organic compounds, A-G, are shown below.

C HC C

H

HH H

H

C
H

H

C HH

H

CH

H

H

C HC

H

H

C HH

H

C C

H

C C

H H

H H

H H

H

CH

H

H

HC HC C

H

HH H

H

CH C

H

H H

C HC C

H

HH H

H

H

C HH

H

HC C

H

H

C
H

H

C HH
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C C

H

C C

H H

H H

H H

H

HH

	 A	 B

	 C	 D	 E

	 F	 G
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	 (i)	 Give the letters of the three compounds that have the general formula CnH2n.� [1]

		                                                                  

	 (ii)	 State the number of compounds that are saturated.� [1]

		                                

	 (iii)	 Give the letter of the compound that is but-1-ene.� [1]

		                                

	 (iv)	 Draw the structural formula of the isomer of C5H12 not shown.� [1]

	 (v)	 Describe the chemical test that can be used to distinguish between compounds 
C and D. 

		  Give the expected observation for both compounds.� [2]
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	 (b)	 The structural formula of vinyl chloride is shown below.

C C
H

H

Cl

H

		  Vinyl chloride can undergo a reaction known as polymerisation to produce polyvinyl 
chloride, commonly known as PVC.

		  Explain what happens to vinyl chloride molecules during the formation of PVC. Draw the 
repeating unit of PVC.� [3]

	

	

	

	

	

	

	 repeating unit

	 (c)	 PVC is widely used in everyday life and has replaced many traditional materials.

		  Apart from cost, suggest two reasons why PVC has replaced iron for making drainpipes 
and guttering.� [1]

	

	

10
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4.	 (a)	 Calcium reacts with fluorine to form calcium fluoride.

		  Showing the outer electrons only, draw dot and cross diagrams to show how bonding 
takes place during the formation of calcium fluoride. 

		  Include the electronic structures and the charges of the ions formed.� [3]

calcium 2,8,8,2                    fluorine 2,7

	 (b)	 Potassium chloride and calcium oxide are both ionic compounds with high melting 
points.

		  The table gives information about the ions that make up each compound.

Ionic compound Ions present

potassium chloride potassium and chloride

calcium oxide calcium and oxide

		  Calcium oxide has a higher melting point than potassium chloride. 

		  Explain this difference.� [2]
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7

	 (c)	 The diagrams show the structures of diamond and graphite.

diamond graphite

		  Both structures have covalent bonds between carbon atoms.

		  Give two differences between the structures of diamond and graphite.� [2]
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5.	 (a)	 The photograph shows what happens when a coil of copper wire is placed in silver 
nitrate solution.

	 (i)	 Explain why the solution turns blue.� [2]

	

	

	

	 (ii)	 Complete and balance the equation for the reaction taking place.� [2]

++ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .AgNO3 Cu Ag
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	 (b)	 When silver nitrate solution is mixed with sodium chloride solution a white precipitate of 
silver chloride is produced.

	 (i)	 Tick (√) the box next to the correct ionic equation for this reaction.� [1]

Ag+(aq) Cl–(aq) AgCl(aq)+

Ag+(aq) Cl–(aq) AgCl(s)+

Ag+(s) Cl–(s) AgCl(aq)+

Ag+(s) Cl–(s) AgCl(s)+

	 (ii)	 State the colour of the precipitate that forms when silver nitrate solution is mixed 
with sodium iodide solution. � [1]

		                                                                  

6
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6.	 Alternative methods of extracting copper

	 As the Earth’s supply of high-grade copper ores continues to decline, alternative methods 
such as phytomining and bioleaching are becoming more commonly used to extract copper 
from low-grade ores.

	 Phytomining

Phytomining involves growing plants in soils that 
contain low-grade copper ores.

The plants absorb the copper ions through their roots 
and they are concentrated inside the plants’ cells.

The plants are then harvested and burned. The ash 
that is left behind contains higher concentrations of 
copper ions than the low-grade ores in the soil.

	 The copper ions are washed out from the ash using sulfuric acid, forming a concentrated 
solution of copper(II) sulfate.  

	 Scrap iron is then added to the copper(II) sulfate solution to allow the copper to be collected.

	 The main drawback to phytomining as an alternative method of copper extraction is that the 
process is dependent on the successful growth of the plants used for the extraction. 

	 Bioleaching

Bioleaching is a very simple process that uses 
bacteria to extract copper from the minerals found 
within the lowest grade copper ores. 

	 The bacteria are added to tanks of water containing 
the ores.  There they feed on the nutrients found within 
the minerals in these ores, causing the copper ions to 
separate out.

	 An acidic solution is formed during the process. This contains a higher concentration of 
copper ions than the low-grade ores. 

	 The solution formed is called a leachate, which is why the process is called bioleaching.

	 Copper is collected from the leachate solution by mixing it with iron.

	 The main drawback to bioleaching as an alternative method of copper extraction is that the 
process is extremely slow and therefore not efficient.
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	 (a)	 (i)	 Tick (√) the box next to the correct statement.	 [1]

		  phytomining uses lower grade ores than bioleaching
	

		  bioleaching conserves supplies of the lowest grade metal ores
	

			  phytomining conserves supplies of high-grade metal ores
	

		  bioleaching uses high-grade metal ores
	

		  phytomining uses the lowest grade metal ores 
	

	 (ii)	 State whether you agree with the following statement. Give a reason for your 
answer.� [1]

		  ‘Phytomining and bioleaching both involve biological processes’

		  Agree   Yes   /   No

		  Reason �

	

	 (iii)	 Suggest a reason why phytomining might not be a suitable method for extracting 
metals in some countries, even if they have supplies of the low-grade metal ores.
� [1]

	

	

	 (iv)	 Although effective in extracting copper, suggest a reason why bioleaching is an 
extremely slow process.� [1]
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	 (b)	 Explain why iron can be used in the last stage of both the phytomining and bioleaching 
methods of copper extraction.� [2]

	

	

	

	 (c)	 Low-grade copper ores commonly contain the mineral cuprite. Cuprous oxide is an old 
name for the oxide of copper found in cuprite.

		  A sample of cuprous oxide was found to contain 2.54 g of copper and 0.32 g of oxygen.  

		  Use this information to find the simplest formula of cuprous oxide.

		  You must show your working.� [3]

Ar(Cu) = 63.5                    Ar(O) = 16

	 Simplest formula                                                                   

9
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7.	 The photograph shows an oil refinery where fractional distillation of crude oil takes place.

	 Explain the process of fractional distillation of crude oil.� [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

END OF PAPER 6
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula

aluminium
ammonium
barium
calcium
copper(II)
hydrogen
iron(II)
iron(III)
lithium
magnesium
nickel
potassium
silver
sodium
zinc

Al3+

NH4
+

Ba2+

Ca2+

Cu2+

H+

Fe2+

Fe3+

Li+

Mg2+

Ni2+

K +

Ag+

Na+

Zn2+

bromide
carbonate
chloride
fluoride
hydroxide
iodide
nitrate
oxide
sulfate

Br –

CO3
2–

Cl–

F –

OH–

I –

NO3
–

O2–

SO4
2–
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