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Using Resources part 4 AQA Triple Chemistry



In the Haber process, nitrogen and hydrogen react to make ammonia.

N2(g)   +   3H2(g)      2NH3 (g)

nitrogen   +   hydrogen      ammonia
 

  % ammonia present at equilibrium

Pressure in
atmospheres

Temperature in ºC

  100 200 300 400 500

10 88.2 50.7 14.7 3.9 1.2

25 91.7 63.6 27.4 8.7 2.9

50 94.5 74.0 39.5 15.3 5.6

100 96.7 81.7 52.5 25.2 10.6

200 98.4 89.0 66.7 38.8 18.3

400 99.4 94.6 79.7 55.4 31.9

1000 99.9 98.3 92.6 79.8 57.5

1.

          The actual conditions used in the Haber process are usually 450 °C and 200 atmospheres.

(a)     What effect does increasing the pressure have on the percentage of ammonia made? Use
the balanced symbol equation to explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)
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(b)     A lower temperature of 100 °C gives high percentages of ammonia at most pressures. Why
is this temperature not used in the Haber process?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

(c)     Describe and explain the effect of an increase in the temperature on the reaction between
nitrogen and hydrogen in the Haber process.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 6 marks)
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The flow chart below shows the main stages in the production of ammonium nitrate.

 

2.

          (i)      Name the two raw materials shown in the flow chart as A and B by choosing words from
the list.

air                   coke             limestone             natural gas

         Raw material A ____________________________

         Raw material B ____________________________

(2)

(ii)      Complete the word equation for the reaction which makes ammonia.

____________________ + ____________________ → ammonia
(1)

(iii)     What is the purpose of the iron in the reactor?

___________________________________________________________________

___________________________________________________________________

 (1)
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(iv)     What is the purpose of pipe C?

___________________________________________________________________

___________________________________________________________________

(1)

(Total 5 marks)

Ammonia is produced by the Haber process. In the process nitrogen and hydrogen are mixed.
The pressure is increased to about 200 atmospheres. The gases are passed over an iron
catalyst at about 450°C. The equation for the reaction is:

N2(g)     +     3H2(g)             2NH3(g)

3.

          The reaction between nitrogen and hydrogen is reversible. This affects the amount of ammonia
that it is possible to obtain from the process. The graph below shows how the pressure and
temperature affect the percentage of ammonia that can be produced.
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          Use this information, together with your knowledge of the process, to explain why many
industrial ammonia plants operate at 200 atmospheres and 450°C.

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

(Total 5 marks)

The Haber process is used to make ammonia (NH3) which is an important substance.

          The equation below shows the reaction in which ammonia is formed.

          The graph below shows how temperature and pressure affect how much ammonia is produced
in the reaction.

 

          In the industrial process a mixture of nitrogen and hydrogen is passed over iron at a temperature
of about 450 °C and 200 atmospheres pressure.

4.

N2(g)    +   3H2(g)              2NH3(g)   +     Heat
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(a)     Use the graph to find the percentage of ammonia present when the temperature and
pressure are 450 °C and 200 atmospheres.

________________________________ %

(2)

(b)     Explain why the nitrogen and hydrogen mixture is passed over iron.

___________________________________________________________________

___________________________________________________________________

(2)

(c)     Explain, as fully as you can, using the graph and your knowledge of the Haber process why
450 °C and 200 atmospheres were chosen as conditions for this process.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(8)

(Total 12 marks)
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Aluminium has many uses because of its low density, good electrical conductivity, flexibility and
resistance to corrosion.

The main steps in the extraction of aluminium are shown in the flow chart.

 

(a)     Use the information in the flow chart to suggest the benefits of recycling aluminium.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

5.

(b)     Pure aluminium is rarely used for the construction of large objects. Small amounts of other
metals are usually mixed with aluminium.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 5 marks)
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Plastics are used to make many everyday items, such as the body of the kettle.

 

6.

(a)     Complete the sentences by drawing a ring around the correct words.
 

(i)      The plastic is made from many small molecules called

catalysts

monomers

polymers

(1)

(ii)     Propene is produced by cracking some of the fractions that are
 

separated from

crude oil

limestone

metal ores

(1)

(b)     After a few years the kettle no longer worked.

•        Some parts of the kettle are made of plastic.
•        Some parts of the kettle are made of stainless steel.
•        The owner of the kettle disposed of it in a landfill site.

Consider these statements.

Suggest three reasons why the kettle should not be disposed of in a landfill site.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

3. _________________________________________________________________

___________________________________________________________________

(3)

(Total 5 marks)
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Crude oil is the source of many useful materials. Crude oil is separated into fractions by fractional
distillation.

 

(a)     Describe how the naphtha fraction separates from the other fractions.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

7.

(b)     The naphtha fraction is often used to make other useful materials.

This involves the cracking of hydrocarbons in the naphtha fraction.

For example:

          decane      →     hexane        +          ethene

          C10H22        →     C6H14           +          C2H4
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(i)      Balance the symbol equation given above.

(1)

(ii)     Describe how cracking is carried out.

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(iii)     Why does ethene have different chemical properties from decane and hexane?

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(c)     Ethene is used as the starting material for many polymers. The most common polymer is
poly(ethene). One hydrocarbon molecule in poly(ethene) will contain thousands of carbon
atoms.

 

Complete the diagram to show the bonds in ethene.

                                      H            H

                                      C             C

                                      H            H

(1)
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(d)     Read the following information.
 

Landfill, Incineration, Recycling and Re-use of Poly(ethene)

 

People could be encouraged to re-use their poly(ethene) bags and
containers.

 

Recycling poly(ethene) saves raw materials and energy needed to make
new plastic. When polymers are recycled the plastics must be collected,
transported, sorted into different types by hand and washed. This requires
the use of fossil fuels and is expensive.

 

Poly(ethene) can be burnt in an incinerator with other household waste. The
heat released could be used to make steam to drive an electric generator.
Surplus heat could be used to heat greenhouses used for growing
vegetables. Incineration at too low a temperature can produce harmful
substances. The residue (ash) has to go to landfill.

 

Landfill is probably the easiest way to dispose of polymers and it is cheap.
Polymers are often mixed in with other household rubbish. Household waste
does not get sorted into different materials because it is disposed of in the
same hole in the ground. When the hole is eventually full, the waste is
covered by a layer of soil to stop it smelling. The waste gets compressed
under its own weight. Most polymers, such as poly(ethene), are not
biodegradable so will remain in the ground forever.

          You are asked to decide which option for the disposal of poly(ethene) will be put forward in
your area. You decide that recycling is the best option.

          Suggest one economic argument and one environmental argument that will be made
against recycling.
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          For each argument made, how will you persuade those making the argument to accept
your option?

          (You must use only one sentence for each argument made against your decision and only
one sentence for your response to it.)

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(Total 12 marks)

(a)     PEX is a material that is used as an alternative to copper for hot water pipes.
PEX is made from poly(ethene).

(i)      Describe how ethene forms poly(ethene).

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

8.

(ii)     PEX is a shape memory polymer. What property does a shape memory polymer
have?

______________________________________________________________

______________________________________________________________

(1)
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(iii)     The simplified structures of poly(ethene) and PEX are shown.

 

                Poly(ethene)                                                                     PEX

         Poly(ethene) is a thermoplastic that softens easily when heated.

         Suggest and explain how the structure of PEX changes this property.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(3)
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(b)     Copper was considered to be the most suitable material to use for hot water pipes.
PEX is now used as an alternative material for hot water pipes.

          Copper is extracted from its ore by a series of processes.
1   The low-grade ore is powdered and concentrated.
2   Smelting is carried out in an oxygen flash furnace. This furnace is heated to 1100 °C

using a hydrocarbon fuel. The copper ore is blown into the furnace with air, producing
impure, molten copper.

3   Oxygen is blown into the impure, molten copper to remove any sulfur. The copper is
cast into rectangular slabs.

4   The final purification of copper is done by electrolysis.

          PEX is made from crude oil by a series of processes.
1   Fractional distillation
2   Cracking
3   Polymerisation
4   Conversion of poly(ethene) into PEX

          Suggest the possible environmental advantages of using PEX instead of copper for hot
water pipes.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)

(Total 10 marks)
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Mark schemes

(a)     increases % / amount of ammonia
1

          favours the forward reaction
1

1.

(b)     reaction(s) would be too slow
1

(c)     any three from:

•        rate increased

•        decreases % / amount of ammonia

•        the forward reaction is exothermic

•        the backward reaction is endothermic

•        backward reaction favoured / forward reaction not favoured

•        yield / amount of nitrogen and hydrogen increased

•        the relative amount (yield) of ammonia decreases as the
equilibrium is changed

•        the relative amount (yield) of nitrogen and hydrogen increases
as the equilibrium is changed

explanations in terms of particles are neutral
3

[6]

(i)      A = air
B = natural gas

for 1 mark each
2

(ii)      nitrogen

both for 1 mark
1

2.

(iii)     catalyst / speed up reaction

for 1 mark
1

(iv)     recycle unreacted gases / save money

for 1 mark
1

[5]
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Effect of pressure

•        high pressure increases yield

for 1 mark

•        either because less product molecules (Le Chatelier)
or but high pressure increases cost/safety

for 1 mark

3.

Effect of temperature

•        low temperature increases yield

for 1 mark

•        either because exothermic reaction (Le Chatelier)

for 1 mark

•        or but at low temperature rate is slow/catalyst does not work

Compromise

•        optimum conditions to balance rate and % yield

for 1 mark

•        or rate is slow (at higher temperature) so need a catalyst
or low percentage conversion so recycle untreated gases

[5]

(a)     16%

for 2 marks

          (attempt by drawing lines etc gains 1 mark)
2

4.

(b)     iron is a catalyst;
which speeds up the reaction

for 1 mark each
2
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(c)     (from the graph) the best yield is obtained at high pressure;
and low temperature;
it is a reversible reaction;
in which formation of ammonia is favoured at low temperature
(because) the reaction is exothermic;
and the formation of ammonia is favoured at high pressure
because greater number of gaseous reactant molecules than
gaseous product molecules/because greater vol of reactant
than volume of product molecules;
pressure used is limited by cost/materials;
rate of reaction slow at low temperatures;
actual temperature and pressure used is a good compromise
(between a good yield and reasonable rate);
removal of ammonia makes rate more important than yield;

any 8 for 1 mark each
8

[12]

(a)     any three from:

•        resources / aluminium / ores are conserved

accept converse argument

•        less / no mining or less associated environmental problems
eg quarrying / eyesore / dust / traffic / noise / loss of land / habitat

ignore just pollution

•        less / no waste (rock) / landfill

do not accept ‘wastes 50% of the ore’

•        no purification / separation (of aluminium oxide)

•        (aluminium extraction / production) has high energy / electricity / heat / temperature
requirements

•        less carbon dioxide produced

accept no carbon dioxide produced

ignore references to cost
3

5.
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(b)     statement

ignore density
1

          linked reason

eg
(pure) Al / it is weak / soft (1)

as layers / rows can slide (over each other) (1)

or

alloy / other metals / they make it stronger / harder (1)

stops layers / rows sliding over each other (1)

accept disrupts the structure owtte if no other mark awarded

accept to form an alloy or to change properties for 1 mark
1

[5]

(a)     (i)      monomers
1

(ii)     crude oil
1

6.

(b)     any three from:

•        metal may not corrode away / remains

•        plastic remains / does not break down (decay) / not affected by microorganisms

accept non-biodegradable

•        should recycle / conserve resources / mend the kettle / burn (plastic) as a fuel

accept it is a waste of materials / resources

•        landfill sites are limited / filling up

•        water pollution

ignore harms wildlife / habitats or problems caused by burning the
kettle

3

[5]

(a)     any two from:

•        naphtha has a different / low(er) boiling point

accept different volatility

•        condenses at a different temperature / height / place in the column / when it reaches
it’s boiling point

•        different size of molecules
2

7.
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(b)     (i)      C10H22 → C6H14 + 2C2H4

allow multiples
1

(ii)     (hydrocarbon) heated / vapours
1

         (passed over a) catalyst / alumina / porous pot

ignore other catalysts
1

(iii)     it / ethene is unsaturated or decane and hexane / they are saturated

accept decane and hexane are alkanes / CnH2n+2

or ethene is an alkene / CnH2n

or different homologous series / general formula
1

         ethene has a double (carbon carbon) bond or decane and hexane have only
single (carbon carbon) bonds

accept ethene has a reactive double (carbon carbon) bond for 2
marks

1

(c)     all bonds drawn correctly

           
1

(d)     economic argument against recycling

          any one from:

•        poly(ethene) / plastic must be collected / transported / sorted / washed

•        this uses (fossil) fuels which are expensive
1

          environmental argument against recycling

          any one from:

•        uses (fossil) fuels that are non-renewable / form
CO2 / CO / SO2 / NOx / particulates

ignore pollution / harmful gases / etc

•        washing uses / pollutes water
1
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          counter arguments

          any two from:

•        collect / transport alongside other waste

•        use biofuels (instead of fossil)

•        landfill is running out

•        landfill destroys habitats

•        incinerators are expensive to build

•        saves raw materials / crude oil

•        saves energy needed to make new plastic

•        incinerators may produce harmful substances

•        incinerator ash goes to landfill

•        poly(ethene) is non-biodegradable

•        poly(ethene) can be made into other useful items

•        more jobs / employment for people
2

[12]

(a)     (i)      many ethene / molecules / monomers

accept double bonds open / break
1

         join to form a long hydrocarbon / chain / large molecule

accept addition polymerisation

ignore references to ethane

correct equation gains 2 marks
1

8.

(ii)     (can be deformed but) return to their original shape (when
heated or cooled)

ignore ‘it remembers its shape’
1

Page 21 of 22headstartscience.co.ukheadstartscience.co.uk



(iii)     cross links / extra bonds in PEX

accept inter-molecular bonds
ignore inter-molecular forces

1

         molecules / chains in PEX are held in position

accept rigid structure
1

         molecules / chains in PEX unable to slide past each other / move

it = PEX throughout
1

(b)     any four from:

•        less (hydrocarbon) fuels used

allow less energy

•        less / no electrical energy used

allow no electrolysis

•        reduce carbon / carbon dioxide emissions

allow less global warming

•        reduce / no pollution by sulfur dioxide / acid rain

•        continuous process

allow less / no transportation

•        conserve copper which is running out or only low-grade ores available

•        reduce the amount of solid waste rock that needs to be disposed

allow less waste

•        reduce the need to dig large holes (to extract copper ores)

allow less mining

ignore costs / sustainability / non-renewable
4

[10]
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