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 Answer all the questions.

1 (a) Welding joins metals by heating them to high temperatures 
so that they melt.

  Ethyne is a gas used in welding. It is burned in oxygen.

  Suggest why ethyne is burned in oxygen rather than air.

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

 (b) This is a diagram of ethyne.

is a carbon atom

is a hydrogen atom

  What type of compound is ethyne?

  ……………………………………. [1]

 (c) Ethyne reacts with oxygen to make carbon dioxide and water.
  The boxes show the four types of molecule in this reaction.

  2 molecules of ethyne react with 5 molecules of oxygen.

  Complete the diagram to show the number of molecules of carbon dioxide and water made in 
this reaction.

molecules
of ethyne

molecules
of oxygen

molecules of
carbon dioxide

molecules
of water++

[2]

[Total: 4]
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2 (a) Carbon monoxide and particulate carbon are air pollutants.
  They are sometimes formed when fuels burn. 

  Which two sentences explain why carbon monoxide and particulate carbon form?

  Put ticks (✓) in the boxes next to the two best answers.

Some carbon atoms in the fuel react with oxygen in the air.

There is plenty of oxygen for complete combustion.

Carbon dioxide is not made when fuels burn completely.

Every carbon atom in the fuel reacts with oxygen in the air.

There is not enough oxygen for complete combustion.

There is too much nitrogen for complete combustion.

 [2]

 (b) A catalytic converter removes carbon monoxide and nitrogen monoxide from the exhaust 
gases of cars.

  Complete the sentences about the chemical reaction in a catalytic converter.
  Use the names of the reactants and products.

  In a catalytic converter ................................................................. is oxidised to 

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

  At the same time ................................................................. is reduced to 

  ................................................................. . [2]
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 (c) Diesel cars may be banned in some large cities.
  Here is some data on the exhaust gases of petrol and diesel cars.
  The cars are the same except for the fuel they use.

Pollutant (grams per km travelled) Fuel used 
(litres per 
100 km)Carbon 

monoxide
Carbon 

particulates
Nitrogen 

monoxide

Petrol car 12.0 none 6.0 5.5

Diesel car 0.5 0.5 9.0 4.5

  Use your knowledge of these pollutants to discuss the advantages and disadvantages of 
diesel cars over petrol cars. Suggest reasons why diesel cars may be banned from large 
cities.

   The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]

 [Total: 10]
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3 John looks at a graph that shows the amount of fossil fuels burned in the world from 1960 to 2010.
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12 000

11 000

10 000

9000

8000

×

×

×

×
×

×

7000

6000
Fuel burned
(millions of

tonnes) 5000

4000

3000

2000

1000

0
1970 1980 1990

Year

2000 2010 2020

 (a) (i) Estimate the amount of fossil fuels that will be burned in 2020.

   ...................................... millions of tonnes [1]

  (ii) John says that it is very difficult to estimate the amount of fossil fuel we will use in 100 
years’ time.

   Suggest reasons John could give to justify this statement.

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

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

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

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

 ...................................................................................................................................... [2]
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 (b) John looks at the changes in average global temperature from 1960 to 2010.

0.8

0.7

0.6

0.5

0.4

Increase in
average global

temperature
(°C) 0.3

1960 1970 1980 1990

Year

2000 2010

0.2

0.1

0

  Some scientists think there is a link between the trends shown in this graph and the graph on 
page 6.

   Describe the link between the trends shown in the graphs.

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

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

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

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

 .............................................................................................................................................. [2]

[Total: 5]
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4 Some students investigate the stiffness of plastic rulers.

 This is how three students plan their investigation.

ruler

mass

ruler

mass

                   
I will hold the ruler at one
end and put a mass on the
other end. I will measure how
much it bends and get my
friend to repeat the test.

                       
I will use rulers that are the same
length. I will hang the same mass to
the end of each ruler and measure
the distance it bends. I will do each
test four times and work out the
mean.

                  
I will measure how far I can
bend the ruler before it
breaks. I will bend and break
the rulers myself so that the
test is fair.

PMT
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 (a) Which plan is best? Explain why this plan is better than the other two plans.

   The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (b) Some students investigate the stiffness of ruler A. 
  Here are their measurements.

Test number 1 2 3 4 5

Bend (mm) 23 26 13 19 24

  (i) These measurements include an outlier.

   Which measurement is the outlier?

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

  (ii) What could the students do to decide whether or not to include the outlier when 
calculating the best estimate of the true value from their measurements?

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

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

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

  (iii) Include the outlier and work out the best estimate of the true value of their measurements.

   Show your working.

 [2]
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  (iv) The students think a second ruler, B, is made from a different plastic.
   The students repeat the investigation with ruler B.

   They write down the range and the best estimate of these measurements.

Range (mm) Best estimate (mm)

5 – 10 8

   Do these results support the idea that ruler A and ruler B are made from different 
plastics?

   Use the data to explain your answer.

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

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

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

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

 ...................................................................................................................................... [2]

 [Total: 12]
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5 Crude oil is separated into different fractions.
 Petrol and fuel oil are fractions from crude oil.

 Here are the boiling ranges of these fractions.

Fraction Boiling range (°C)

Petrol 30 – 80

Fuel oil 300 – 340

 How do the sizes of molecules in petrol and fuel oil differ? Explain why the boiling range for petrol 
is different from the boiling range of fuel oil.

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

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

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

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

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

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

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

 ..................................................................................................................................................... [4]

 [Total: 4]
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6 (a) The diagram shows part of a molecule of PVC.

  (i) Name the missing element.

   is a carbon atom

   is a hydrogen atom

   is a ................................... atom.
 [1]
  
  (ii) Seven monomer molecules have been joined together in this diagram.

   Draw a diagram to show one monomer of PVC.

 [1]

 (b) (i) Plasticizers are small molecules. They are added to PVC to make it more flexible.

   Explain how adding plasticizers makes PVC more flexible.

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

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

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

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

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

 ...................................................................................................................................... [3]
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  (ii) In some parts of the world there is a ban on the use of plasticized PVC to wrap food. 

   Explain why some scientists think that plasticized PVC is not safe when it is in contact 
with food.

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

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

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

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

 ...................................................................................................................................... [2]

 [Total: 7]
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7 A company makes a standard trainer 
using plastics made from crude oil.

 They make a new eco trainer 
from plant fibres and recycled 
car tyres.

 

                                                                  sole
eco trainer made from recycled car tyres

standard trainer made from plastic

                                                           upper and laces
eco trainer made from plant fibres

standard trainer made from plastic

 They expect a Life Cycle 
Assessment (LCA) to show 
that the eco trainers do less 
harm to the environment than
standard trainers.

 Here is data on the LCA of each trainer.

  Eco trainers Standard trainers

Energy 
(MJ)

Greenhouse 
gases made 

(kg CO2)

Energy 
(MJ)

Greenhouse 
gases made 

(kg CO2)

Making materials for the 
trainers 1.6 0.1 6.0 4.2

Making the trainers from the 
materials 1.4 1.0 4.2 3.7

Disposing of the trainers 0.8 0.6 0.8 0.6

PMT
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 Suggest reasons why the company expected the LCA would show eco trainers do less harm to the 
environment than standard trainers. Does the data show the company was right? What additional 
information is needed to complete the LCA?

  The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

 [Total: 6]
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8 (a) Salt is found underneath the ground in some parts of the UK.
  It can be mined using solution mining.

  Here are some statements about solution mining of salt.

  Not all of the statements are correct, and they are in the wrong order.

  A Water dissolves the salt.

  B Water is pumped into the ground.

  C Water is evaporated from the solution.

  D Salt crystals are made.

  E Water dissolves salt and clay.

  F The solution is distilled.

  G Pressure pushes the solution up to ground level.

  (i) Choose the correct steps and then fill in the boxes to show the correct order for solution 
mining of salt.

   One has been done for you.

D

 [3]

  (ii) Salt is added to food to improve the taste and for one other reason.
   What is that other reason?

 ...................................................................................................................................... [1]
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 (b) (i) The electrolysis of brine makes chlorine and two other products.

   Name the two other products.

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

   2 .................................................................... [2]

   Methods for the production of chlorine by electrolysis of brine have changed over the 
past 50 years.

   Look at this data about the production of chlorine during this time.

1965 1990 2015
Chlorine made in the UK
(tonnes / year) 0.25 × 106 0.75 × 106

……………..
Electricity used to make 
1 tonne chlorine (MJ) 12 400

……………..
9000 

Total electricity used for 
electrolysis of brine (MJ) 3100 × 106 7500 × 106 14 400 × 106

Toxic liquids and solids
produced small amounts trace none

  (ii) Complete the table. [2]

  (iii) Use the data in the table to discuss how the production of chlorine has changed over the 
past 50 years.

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

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

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

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

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

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

 ...................................................................................................................................... [4]

 [Total: 12]

END OF QUESTION PAPER
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