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Answer all questions. 

1.	 (a)	 Salts can be produced by reacting acids with alkalis. 

	 (i)	 Complete the following equation for the reaction between an acid and alkali.	 [1]

acid  +  alkali               salt  +  ………….. . . . . . . . . . . . . . . . . . .……………

	 (ii)	 Circle the word which best describes the reaction between an acid and an alkali.		
	 [1]

displacement            neutralisation            oxidation            reduction

	 (b)	 Indigestion can be caused by excess hydrochloric acid in the stomach. To treat indigestion, 
antacid powders are commonly used.

		  A group of pupils used the following apparatus to compare three brands of antacid powder, 
to see which was the most effective at treating acid indigestion. 

		  They added an equal mass of each of the antacid powders to separate beakers, containing 
equal amounts of hydrochloric acid and universal indicator.

		  They stirred the mixture and recorded the time taken for the universal indicator to turn 
green in each beaker. They carried out the test three times for each antacid powder.  Their 
results are shown in the table.

100

0 

200 

300 

400 

500 

00:00

stopwatch
hydrochloric acid
and universal 
indicator

antacid powder
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	 (i)	 State which two results were used to calculate the mean value for brand 2.	 [1]

….. . . . . . . . . . . . . . . . . . . . . . . .………. . . . . . . . . . . . . . . . . . . .……………  and  ….. . . . . . . . . . . . . . . . . . . . . . . . . .………. . . . . . . . . . . . . . . . . .……………

	 (ii)	 Convert the mean time for brand 2 into seconds.	 [1]

Mean time =  ………….. . . . . . . . . . . . . . . . . . .…………… s

	 (iii)	 Give the reason why the results suggest that brand 3 is the best powder for treating 
acid indigestion.	 [1]

	

	

Antacid 
powder

Time taken for the universal indicator to turn green (min : s)

Result 1 Result 2 Result 3 Mean

Brand 1 5 : 25 5 : 36 5 : 14 5 : 25

Brand 2 4 : 28 3 : 20 4 : 32 4 : 30

Brand 3 2 : 28 2 : 30 2 : 44 2 : 34

5
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2.	 (a)	 Chromium is one of the metals found in stainless steel. The equation shows how chromium 
is produced industrially by reacting chromium oxide with aluminium. 

chromium oxide  +  aluminium               chromium  +  aluminium oxide

	 (i)	 The reaction is highly exothermic.

		  Give the meaning of the term exothermic.	 [1]

	

	 (ii)	 During the reaction, oxidation and reduction happens.

	 I.	 Name the substance which is oxidised.	 [1]

	

	 II.	 State what is meant by reduction.	 [1]

	

	

	 (iii)	 State what the equation tells you about the relative reactivities of chromium and 
aluminium.	 [1]
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	 (b)	 Copper is able to displace silver from a solution of silver nitrate. The equation for this 
reaction is given below.

silver nitrate  +  copper               copper(II) nitrate  +  silver

		  A teacher demonstrated this reaction to her class. The photographs show the beaker 
before and after the reaction had taken place.

silver nitrate 
solution

copper wire
following day

	 (i)	 Explain how the changes show that this chemical reaction has taken place.	 [2]

	

	

	

	 (ii)	 Complete the symbol equation for the reaction by

	 •	 giving the formula for silver nitrate

	 •	 balancing the overall equation	 [2]

            . . . . . . . . . . . . . . . . . . . . . . . . . . . .       +    Cu        Cu(NO3)2   +             Ag

8
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3.	 (a)	 Magnesium reacts with chlorine to form magnesium chloride.

		  The following diagram shows the electronic structures of magnesium and chlorine atoms.

Cl

Cl

Mg

	 (i)	 Draw arrows on the diagram to show how electrons are transferred between the 
magnesium and chlorine atoms during the formation of magnesium chloride.	 [1]

	 (ii)	 Complete the table giving information about the charge and electronic structure of 
the magnesium and chloride ions that are formed.	 [2]

Ion Charge Electronic structure

magnesium +2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

chloride
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2,8,8
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ClCl

	 (b)	 Chlorine gas, Cl2, consists of two chlorine atoms bonded together.

	 (i)	 Draw a diagram in the box to show how the atoms bond to form a chlorine 
molecule.	 [1]

	 (ii)	 Give the name of this type of bonding. 

		  …………. . . . . . . . . . . . . . . . . . . .……. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .………		  [1]

5
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4.	 (a)	 Crude oil is a fossil fuel and is described as a non-renewable resource.

	 (i)	 Describe how crude oil was formed.	 [2]

	

	

	 (ii)	 Give the meaning of the term non-renewable.	 [1]

	

	 (b)	 To make crude oil more useful, it is separated into fractions.

	 (i)	 Complete the following sentences.	 [2]

		  Crude oil is separated into different fractions by a process called fractional

			  ………….. . . . . . . . . . . . . . . . . . .…………….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  The fractions can be separated because they have different

		  ………….. . . . . . . . . . . . . . . . . . .…………….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Circle the word which best describes crude oil.	 [1]

mixture element compound

refinery gases

petrol

paraffin

diesel

fuel oilcrude oil

the oil is heated 
in a furnace

bitumen
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	 (c)	 One of the fractions obtained from crude oil contains hexane, C6H14.
	
		  Calculate the percentage by mass of carbon in hexane.	 [2]

Ar(H) = 1          Ar(C) = 12

Percentage  =  ………….. . . . . . . . . . . . . . . . . . .…………….. . . . . . . . . . . . . . %
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	 (d)	 The diagram shows the structures of five different hydrocarbons, A-E.
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C HC
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HHHH
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		  Use letters A-E in your answers to parts (i) and (ii).

	 (i)	 Give the structure that represents propene.  ………….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .…….………. . . . . . . . . . . . . . .	 [1]

	 (ii)	 Identify the structures that fit the following descriptions. 	 [2]

		  Hydrocarbons with the general formula CnH2n+2  ………….. . . . . . . . . . . . . . . . . . .…………. . . . . .…. . . . . . . . . . . . . . .

		  Unsaturated molecules  ………….. . . . . . . . . . . . . . . . . . .…………….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	
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	 (e)	 Plastics are made from chemicals that are obtained from crude oil. Supermarkets in Wales 
were the first in the UK to charge their customers for plastic bags. This was to reduce the 
amount of plastic waste generated.

		  Give two methods of plastic waste disposal that lead to environmental problems. Explain 
the problem linked to each method.	 [2]

		  Method 1 ………….. . . . . . . . . . . . . . . . . . .………………….. . . . . . . . . . . . . . . . . . .…………….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .……. . . . . . . . . . . . . . .

		  Problem 		

	

		  Method 2 ………….. . . . . . . . . . . . . . . . . . .………………….. . . . . . . . . . . . . . . . . . .…………….. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .……. . . . . . . . . . . . . . .

		  Problem 	  

	

13
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5.	 There are a number of factors that should be taken into consideration when deciding what 
makes the ‘best fuel’. 

	 Information was collected about various factors for three fuels, A, B and C.

Fuel A
•	 Existing supplies will last around 50 years
•	 Releases 2.8 kJ of energy per gram of fuel burned
•	 Costs 0.03p per gram of fuel burned
•	 Burns very easily and no storage issues
•	 Releases carbon dioxide and water vapour when it burns

Fuel C
•	 Existing supplies will last around 250 years
• 	 Releases 1.2 kJ of energy per gram of fuel burned
•	 Costs 0.04p per gram of fuel burned
•	 Burns very easily and fairly easy to store
•	 Releases carbon dioxide, sulfur dioxide and water vapour when it burns

Fuel B
•	 There are infinite supplies of this fuel
•	 Releases 44.1 kJ of energy per gram of fuel burned
•	 Costs 0.18p per gram of fuel burned
•	 Burns very easily but can be difficult to store
•	 Releases water vapour when it burns

	 This information was analysed by a group of students to decide what they considered to be the 
‘best fuel’.
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	 (a)	 Give the reason why the information about how easily each fuel burns was not useful to 
the students when reaching their decision.	 [1]

	

	

	 (b)	 One of the students based his decision purely on a judgement of the available supply of 
each fuel. Choose the order that shows his conclusion. Place a tick (√) in the appropriate 
box.	 [1]

A
B
C

A
C
B

B
A
C

C
B
A

C
A
B

B
C
A

best fuel

	 (c)	 Which of the following statements best describes how the fuels affect the environment 
when they burn? Tick (√) the correct answer and give the reason for your choice.	 [2]

		  all of the fuels contribute to acid rain and global warming when they burn	

	
		  fuels A and C contribute to acid rain and global warming when they burn	

	
		  only fuel C contributes to acid rain and global warming when it burns	

	
		  none of the fuels contribute to acid rain and global warming when they burn	

		  Reason  	
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	 (d)	 The cost efficiency of fuel A can be calculated as follows:

cost efficiency =           =  93.3 kJ / p

		  Use the information given for fuel B and this example to calculate the cost efficiency of 
fuel B. 	 [2]

Cost efficiency =  ………….. . . . . . . . . . . . . . . . . . .…………… kJ / p

	 (e) 	 The students eventually agreed on the following rank order for the fuels.

2.8
0.03

best fuel

	 	 In the table below, tick (√) all the statements that are correct and could therefore have 
been used in deciding upon this order.	 [2]

fuel C will run out after fuels A and B

fuel C is easier to store than fuel A

fuel A burns more easily than fuel C

fuel B is the cleanest fuel

fuel B is easier to store than fuel C

fuel B will never run out

fuel A is less harmful to the environment than fuel C

fuel A is less cost efficient than fuel B

(√)

8

B
A
C
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6.	 The diagram shows the three stages used in the preparation of copper(II) sulfate crystals from 
copper(II) carbonate and sulfuric acid.

Stage 1 Stage 3Stage 2

	 Describe and explain each stage of the preparation. Include an equation in your answer.	
		  [6 QER]

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

6
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7.	 A group of students carried out an investigation into the electrolysis of copper(II) sulfate solution. 
They used the apparatus shown to test the hypothesis:

“the mass of copper that forms on the cathode increases as the time increases”

copper(II) 
sulfate solution

graphite 
electrode

anodecathode

copper 
formed

afterbefore

	 To test the hypothesis, they weighed the cathode before placing it into the copper(II) sulfate 
solution and then again after allowing electrolysis to take place for varying times.

	 Their results are shown below.

Time (s)
Mass of copper formed (mg)

1 2 Mean

0 0 0 0

10 2.8 3.2 3.0

20 4.8 5.0 4.9

30 8.2 7.8 8.0

40 10.8 11.2 11.0

50 12.9 13.1 13.0

60 15.8 16.0 15.9
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	 (a)	 On the grid below, plot the mean mass of copper formed against time. Draw a suitable 
line.	 [3]

0
0

2

4

6

8

10

12

14

16

10 20 30 40 50 60 70

Time (s)

M
ea

n 
m

as
s 

of
 c

op
pe

r f
or

m
ed

 (m
g)



18

(3430U50-1)18

Examiner
only

© WJEC CBAC Ltd.

	 (b)	 (i)	 Use the results collected at 30 s and the following equation to calculate the 
percentage variation in these measurements.	 [2]

percentage variation =                                                                         × 100

 Percentage variation =  ………….. . . . . . . . . . . . . . . . . . .…………… %

	 (ii)	 The mass of copper formed is lower than expected. Give the most likely reason for 
this difference.	 [1]

	

	

	

furthest mass from the mean – mean mass
mean mass
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	 (c)	 (i)	 Aluminium is extracted from molten aluminium oxide by electrolysis.

anode

cathode 

molten aluminium oxide

	 I.	 Explain why aluminium forms at the cathode.	 [2]

	

	

	

	 II.	 Complete and balance the equation for the overall reaction that takes place.		
	 [2]

		  2AI2O3                             . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +              . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (ii)	 Potassium can also be extracted through electrolysis of potassium carbonate.  

		  Write the formula of potassium carbonate to complete the equation for the overall 
reaction.	 [1]

2 ………….. . . . . . . . . . . . . . . . . . .……………                  4K   +   2CO2   +   O2

11
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8.	 The burning of methane in air can be represented by the following equation.

C H

H

H

H +
OO

CO O
OO

+
H H

O

H H

O

	 The bond energies are given in the table below.

Bond Bond energy (kJ)

C — H 413

O     O 498

O — H 464

C     O 805

	 (a)	 Use the bond energy values to calculate the energy released when all the bonds in the 
carbon dioxide and water molecules are formed.	 [2]

Energy released =  ………….. . . . . . . . . . . . . . . . . . .…………… kJ

——

——
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	 (b)	 The energy needed to break all the bonds in the methane and oxygen molecules is 

2648 kJ.

	 	 Calculate the overall energy change for this reaction and use this value to explain why the 
reaction is exothermic.	 [2]

Overall energy change =  ………….. . . . . . . . . . . . . . . . . . .…………… kJ

	

	

END OF PAPER
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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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