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The word equation shows the reaction between anhydrous cobalt chloride and water.

anhydrous hydrated
cobalt chloride + water e cobalt chloride
(blue) (pink)

(@) Name the type of reaction shown by the sign =—

(1)
(o)  When the student added water to anhydrous cobalt chloride what happened?
(1)
(c) A student measured the temperature rise when anhydrous cobalt chloride was added to
water.
The student’s results are shown in the table below.
Trial 1 Trial 2 Trial 3
Temperature 8.5 8.2 8.2
rise in °C
Calculate the mean temperature rise.
TEMPErature = ... °C
(1)
(d)  When water was added to anhydrous cobalt chloride an exothermic reaction took place.
Name the type of reaction when hydrated cobalt chloride reacts to form anhydrous cobalt
chloride and water.
(1)

(Total 4 marks)
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In industry ethanol is produced by the reaction of ethene and steam at 300°C and 60
atmospheres pressure using a catalyst.
The equation for the reaction is:
CoHa(9) +H20(g) == C2HsOH ()

The figure below shows a flow diagram of the process.

Ethene +_

steam Reactor

Unreacted
ethene

Separator —

v

Wixture of ethanol and water

(@)  Why does the mixture from the separator contain ethanol and water?

(1)
(b) The forward reaction is exothermic.
Use Le Chatelier’s Principle to predict the effect of increasing temperature on the amount
of ethanol produced at equilibrium.
Give a reason for your prediction.
............................................................................................................................. "
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(c) Explain how increasing the pressure of the reactants will affect the amount of ethanol

produced at equilibrium.

(2)
(Total 5 marks)

This question is about ethanol.
(@) Ethanol can be made by fermentation of sugars from plants.
(i)  What is a suitable temperature for fermentation?

Draw a ring around the correct answer.

0°C 25°C 450 °C
(1)
(i)  Fermentation produces a dilute solution of ethanol in water.
Name the process used to obtain ethanol from this dilute solution.
(1)

Page 3 of 98



www.tutorzone.co.uk
(b) Ethanol made by fermentation can be used as a biofuel.

(i)  Explain why increasing the use of biofuels may cause food shortages.

(2)

(i)  Explain why burning biofuels contributes less to climate change than burning fossil
fuels.

(2)
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(c) Inthis question you will be assessed on using good English, organising information

clearly and using specialist terms where appropriate.
Ethanol can also be made by reacting ethene with steam in the presence of a catalyst.

CzHu(g) + H20(g) = C:HsOH(g)

Figure 1 shows how the percentage yield of ethanol changes as the pressure is changed
at three different temperatures.

Figure 1
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Figure 2 shows how the rate of reaction changes as the temperature changes at three
different pressures.

Figure 2

80 atmospheres

Relative 4
rate of
reaction 3 7
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Temperature in °C

In one process for the reaction of ethene with steam the conditions are:

. 300 °C
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. 65 atmospheres

. a catalyst.

Use the information in Figure 1 and Figure 2, and your own knowledge, to justify this
choice of conditions.

(6)
(Total 12 marks)

A flow diagram of the Haber process is shown below.

The Haber process produces ammonia from nitrogen and hydrogen.

Nitrogen Hydrogen

Reactor g
Unreacted nitrogen
L and hydrogen gas
Condenser

!

Liquid ammaonia

(@) Use the correct answer from the box to complete the sentence.

air limestone natural gas

Hydrogen is obtained from .........cccccooiiiiiiieeeeee e .
(1)
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(b) Inthe reactor, nitrogen and hydrogen at a high pressure are heated and passed over a

catalyst.

(i)  Use the correct answer from the box to complete the sentence.

25 100 450

The temperature in the reactoris .........cccceeveeiiiiiiiieeee e °C
(1)

(i)  Use the correct answer from the box to complete the sentence.

copper iron nickel

The catalyst used in the reactor is ..........ccccoeeee e, .
(1)

(i)  How does a catalyst speed up a reaction?

Tick (v') one box.

The catalyst lowers the activation energy.

The catalyst gives the reactants extra energy.

The catalyst increases the pressure in the reactor.

(1)
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(c) A mixture of gases leaves the reactor.

The mixture contains ammonia, nitrogen and hydrogen.
Describe what happens to this mixture of gases in the condenser.

Use the flow diagram to help you.

(3)
(Total 7 marks)

This question is about reversible reactions and chemical equilibrium.
(a) Reversible reactions can reach equilibrium in a closed system.

()  What is meant by a closed system?

(1)

(i)  Explain why, when a reversible reaction reaches equilibrium, the reaction appears to
have stopped.

(2)
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(b) Inthe Haber process, the reaction of nitrogen with hydrogen to produce ammonia is
reversible.
Na(g) + 3Hag) = 2NHs(9)
(i)  Name a natural resource from which hydrogen is produced.

(1)
(i)  The Haber process uses a catalyst to speed up the reaction.
Explain how a catalyst speeds up a reaction.
(2)
(i)  What happens to the amount of ammonia produced at equilibrium if the pressure is
increased?
Give a reason for your answer.
(2)
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() The decomposition of hydrogen iodide into hydrogen and iodine is reversible.

2HI(g) = H9) + I(g)

The forward reaction is endothermic.

The energy level diagram shown below is for the forward reaction.

I Hz + |

Energy
2HI

(i)  Draw an arrow to show the activation energy on the diagram.

(1)
(i)  How does the diagram show that the reaction is endothermic?
(1)
(ili) Suggest what effect, if any, increasing the temperature will have on the amount of
hydrogen iodide at equilibrium.
Give a reason for your answer.
(2)

(Total 12 marks)
Hydrogen gas is produced by the reaction of methane and steam.

(@) The diagram represents a molecule of hydrogen.

?{\

\EX/
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()  What type of bond joins the atoms of hydrogen?

Tick (V') one box.

Covalent

Metallic

lonic

(1)

(i) A catalyst is used in the reaction.

Draw a ring around the correct answer to complete the sentence.

increases the rate of reaction.
A catalyst increases the temperature.

increases the yield of a reaction.

(1)

(b)  The equation for the reaction of methane and steam is:
CH4@) + H20(g) == CO(g) + 3Hx(9)

()  What is meant by the symbol =— ?

(1)

(i)  Lowering the pressure reduces the rate of reaction.

Explain why, in terms of particles.

(2)

(i)  The graph shows the yield of hydrogen at different temperatures.
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651

60-

Percentage
yield of
hydrogen

55+

5DI 1 1 1 1 1 1
250 275 300 325 350 375 400

Temperature in °C

The forward reaction is endothermic.

How does the graph show that the forward reaction is endothermic?

(1)
(iv) Why is a higher yield produced if the reaction is repeated at a lower pressure?

(1)

(c) Inthis question you will be assessed on using good English, organising information clearly
and using specialist terms where appropriate.

Car engines are being developed that use hydrogen gas as a fuel instead of petrol.

The table compares the two fuels.
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Hydrogen

Petrol

Energy

5700 kJ per litre

34 000 kJ per litre

State

Gas

Liquid

Equation for combustion

2H2 + 02 — 2H2O

208H18 + 2502 — 16C02 + 18H20

How the fuel is obtained

Most hydrogen is produced
from coal, oil or natural gas.
Hydrogen can be produced by
the electrolysis of water or the
solar decomposition of water.

Fractional distillation of crude oil.
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Use the information in the table and your knowledge of fuels to evaluate the use of

hydrogen instead of petrol as a fuel.

You should describe the advantages and disadvantages of using hydrogen instead of
petrol.

(6)
(Total 13 marks)
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A company manufactures ethanol (C,HsOH).

The reaction for the process is:

CoH4(g) + HXO(g) =—= C,Hs0H(g) AH = -45 kJ per mole
The temperature and pressure can be changed to increase the yield of ethanol at equilibrium.

(a) Explain what is meant by equilibrium.

(3)
(o) (i) How would increasing the temperature change the yield of ethanol at equilibrium?
Give a reason for your answer.
(2)
(i)  How would increasing the pressure change the yield of ethanol at equilibrium?
Give a reason for your answer.
(2)
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(c) A catalyst is added to increase the rate of the reaction.

Explain how adding a catalyst increases the rate of a chemical reaction.

(2)
(Total 9 marks)

Some students investigated reactions to produce magnesium.

(@) The students used electrolysis to produce magnesium from magnesium chloride, as shown
in the figure below.

Megative electrode d.c. power Positive electrode
supply
Cl™—»
«— Mg+
Malten magnesium
chloride

(i)  Magnesium chloride contains magnesium ions and chloride ions.

Why does solid magnesium chloride not conduct electricity?

(1)
(i)  One of the products of the electrolysis of molten magnesium chloride is magnesium.
Name the other product.
(1)
(i)  Why do magnesium ions (Mg?*) move to the negative electrode?
(1)
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(iv) At the negative electrode, the magnesium ions (Mg?+*) gain electrons to become

magnesium atoms.

How many electrons does each magnesium ion gain?

(1)
(b)  The students did the experiment four times and weighed the magnesium produced.
The table below shows their results.
. Mass of magnesium
Experiment .
produced in grams
1 1.13
2 0.63
3 1.11
4 1.09
(i)  There is an anomalous result.
Suggest one possible reason for the anomalous result.
(1)
(i)  Calculate the mean mass of magnesium produced, taking account of the anomalous
result.
Mean Mass = ......cccuveeeeeeiiniiiieeee e g
(2)
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()  The formula of magnesium chloride is MgCl,

The relative formula mass of magnesium chloride is 95.
The relative atomic mass of magnesium is 24.

(i)  Use the equation to calculate the percentage mass of magnesium in magnesium
chloride.

, mass of magnesium
Percentage mass of magnesium = . — x 100%
mass of magnesium chloride

Percentage mass of magnesium in magnesium chloride = ................... %
(2)
(i)  Draw aring around the relative mass of chlorine in MgCl,
71 95 119
(1)
(d) Magnesium is also produced from the reaction of magnesium oxide with silicon.
(i)  The equation for the reaction is:
2MgO(s) + Si(s) === SiOys) + 2Mg(s)
What is the meaning of this symbol =—= ?
Draw a ring around the correct answer.
neutralisation reaction precipitation reaction reversible reaction
(1)
(i)  The forward reaction is endothermic.
Draw a ring around the correct answer to complete the sentence.
decreases.
In an endothermic reaction the temperature of the surroundings | increases.
stays the same.
(1)

(Total 12 marks)
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In 1909 Fritz Haber invented a process to produce ammonia from nitrogen and hydrogen.

(@) Complete the word equation, showing that the reaction is reversible.

nitrogen + hydrogen
(2

(o) Figure 1 shows how the yield of ammonia at 300 °C changes with pressure.

Figure 1
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Describe how the yield of ammonia changes as the pressure increases.

@)
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(c) Figure 2 represents the Haber process.

Figure 2

Mitrogen Hydrogen

gas gas
Reactor +
Unreacted
nitrogen and
i hydrogen gases
Condenser
Ammonia

How does the Haber process avoid wasting nitrogen and hydrogen?

(1)
(d) Before the Haber process, nitrates had been mined in South America. Nitrates are used for

making fertilisers.
The Haber process allowed nitrates to be produced on a large scale, anywhere in the
world.
(i)  Suggest what effect the Haber process had on the miners in South America.

(1)
(i)  Suggest one advantage of producing nitrates on a large scale.

(1)

(Total 8 marks)
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In 1909 Fritz Haber invented a process to produce ammonia from nitrogen and hydrogen.

(@) Complete and balance the chemical equation for the production of ammonia from nitrogen
and hydrogen.

N, + 3H, 5SS T

()

(b)  The figure below shows how the equilibrium yield of ammonia changes with pressure at
different temperatures.
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T
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] 700 C
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Pressure in atmospheres

(i)  Use the information in given in the figure to complete the sentence.

The temperature on the graph that gives the highest yield of ammonia is .................
°C.
(1)

(i)  The temperature used in the Haber process for the production of ammonia is 450 °C.

Why is a temperature much lower than 450 °C not used for the Haber process?

(1)
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(iii)  Use the information in the figure to answer this question.

Draw a ring around the pressure that gives the highest yield of ammonia.

100 200 300 400
(1)
(iv) The pressure used in the Haber process for the production of ammonia is 200
atmospheres.
Why is a pressure lower than 200 atmospheres not used for the Haber process?
(1)
Explain how ammonia is separated from unreacted nitrogen and hydrogen in the Haber
process.
(2)

(Total 8 marks)
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Ammonium salts, such as ammonium sulfate, are used to help farmers grow crops.

© Artur Synenko/iStock

(@) Use the correct word from the box to complete the sentence.

www.tutorzone.co.uk

fertilisers insecticides pesticides

Ammonium salts contain nitrogen and are used by farmers as ...........cccceee...

replace the nitrogen lost from the soil.

(b)  Ammonia is made by reacting nitrogen with hydrogen.
Which raw material provides nitrogen?

Draw a ring around your answer.

air crude oil water

() Methane and water react together to form hydrogen.

reactor containing
a catalyst

methane and water —

How does the catalyst help this reaction?

(1)

(1)

—— hydrogen and carbon monoxide

(1)
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(d)  The reaction between nitrogen and hydrogen to make ammonia can be represented by this

equation.
N2(9) +  3Hx(9) = 2NHs(9)

What is the meaning of this symbol Sl

Draw a ring around your answer.

endothermic reaction precipitation reaction reversible reaction
(1)

(e) A solution of ammonia in water is alkaline.
(i)  Which one of these values could be the pH of a solution of ammonia?

Draw a ring around your answer.

(1)

(i) Ammonium sulfate can be made by reacting ammonia solution with sulfuric acid.

Use the correct answer from the box to complete the sentence.

ammonium sulfate hydrogen sulfuric water

During the reaction the hydrogen ions (H*) from the acid react with hydroxide ions
(OH") from the alkali 10 MaKe .....cccueviiiiiee e .

(1)
(Total 6 marks)
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Ammonium sulfate and urea are made from ammonia. These compounds are used by farmers.

The flow diagram shows the stages to make ammonium sulfate and urea.

[Naturalgas] [ Air J

- Stage 1 Stage 7 |+ Unreacted
4 ammonia and
= carbon dioxide
4 + Stage 8 [
Stage 2 |« +
Urea
Heat produced ¥—— Carbon dioxide
isusedto |«—— Stage 3 >
boil water
Nitrogen and
hydrogen
i il Unreacted

4 nitrogen and

e hydrogen
Acid Stage 5
hd L
Stage 6 Ammonia >
Ammonium
sulfate

(a) Give two examples from the flow diagram of the efficient use of energy and raw materials.

(2)
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(b)  The equation for the reaction in Stage 4 is shown below.

N2(g) + 3H2(g) == 2NHy(9)

The forward reaction is exothermic.
State and explain:

()  how a decrease in temperature would affect the yield of ammonia at equilibrium

(2)
(i)  how an increase in pressure would affect the yield of ammonia at equilibrium.

(2)
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() The equation for the reaction in Stage 7 is shown below.

2 NH, co, _. NH,CONH,

. + H,O
ammonia urea

1

The table gives the relative formula masses (M,) of the reactants and the products for this

reaction.
Formula of reactant or product Relative formula masses (M,)
NH, 17
CO, 44
NH,CONH, 60
H,O 18

Percentage atom economy can be calculated using:

M, of useful product

Percentage atom economy = x 100%
total M of all reactants added together
Calculate the percentage atom economy for the reaction in Stage 7.
Percentage atom eConOMY = .......coooiiiiiiiiiiiiiei e %

(2)
(Total 8 marks)

(@) Complete the dot and cross diagram to show the electrons in the outer energy levels of
ammonia (NHs).
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You may use the periodic table to help you.

/ \’\ ﬂ \
\_ % _/”’
&/

Ammonia can be used to make ammonium nitrate (NH4NOs).

(i)  Draw a ring around the correct answer to complete the sentence.

ethanoic

Ammonium nitrate can be made by reacting ammonia with hydrochloric

nitric

(i)  State one use of ammonium nitrate.

(iii)  Calculate the relative formula mass (M,) of ammonium nitrate (NH;NO3).

Relative atomic masses: H=1;N=14; O = 16.

(iv)  Calculate the percentage by mass of nitrogen in ammonium nitrate.

www.tutorzone.co.uk

(2)

acid.

(1)

(1)

(2)

(2)
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In this question you will be assessed on using good English, organising information clearly

and using specialist terms where appropriate.

Ammonia is manufactured from nitrogen and hydrogen by the Haber process:

Na(g) + 3BHa(g) === 2NH;(g)

-

The forward reaction is exothermic.

The conditions used in the Haber process are:
. 200 atmospheres pressure

. 450 °C

. iron catalyst.

Use the equation and your knowledge of reversible reactions to explain why these
conditions are used in the Haber process.

To get full marks you must consider both yield and rate of reaction in your answer.

(6)
(Total 14 marks)
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The flow diagram shows the Haber process. In the Haber process ammonia is produced from

nitrogen and hydrogen.

Nitrogen Hydrogen

Reactor S

Unreacted
nitrogen and
hydrogen
Condenser
Ammonia
(@) The word equation for the production of ammonia is:
nitrogen + hydrogen —_— ammonia

Draw a ring around the correct answer to complete the sentence.

exothermic.

The symbol =—=— in the word equation shows the reaction is reversible.

slow.
(1)
(b)  The reactor contains iron.
Complete the sentence.
The iron speeds up the reaction because it iS @ .....ceeevvveeieeiiiiiiiiiii,
(1)
(¢) What happens to the unreacted nitrogen and hydrogen?
............................................................................................................... "
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The sentences describe how ammonia is produced in the Haber process.

The sentences are in the wrong order.

P Ammonia is separated as a liquid.

Q Nitrogen and hydrogen are mixed together.

R A mixture of gases enters the condenser.

S Nitrogen and hydrogen react to produce ammonia.

Complete the boxes below to show the correct order of the sentences.

The first box has been done for you.

¥
k4
¥

Q

www.tutorzone.co.uk

(2)
(Total 5 marks)
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Read the information and then answer the questions.

COBALT CHLORIDE
PAPER

Cobalt chloride paper can be used to test for water.
The paper contains anhydrous cobalt chloride.

The jar containing the papers must be kept closed
when not being used.

The equation shows the reaction between anhydrous cobalt chloride and water.

CoCl, + 6 H,O — CoCl,.6H,0
anhydrous cobalt hydrated cobalt chloride
chloride
(blue) (pink)

(@) Choose one word from the box to complete the sentence.

endothermic exothermic reversible

The symbol — means that the reaction is ..........ccccoeeeeeiieiciin e,
(1)

(b)  Describe the colour change when water is added to the cobalt chloride paper.

(1)
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(c) Suggest why the jar containing the unused cobalt chloride papers must be kept closed.

(1)
(Total 3 marks)

(@)  Ammonia solution is used in cleaning products to remove grease from kitchen surfaces.

[\

AMMONIA
SOLUTION

Ammonia solution is alkaline.

(i)  Draw aring around the number most likely to be the pH of ammonia solution.

1 3 7 10
(1)
(i)  Draw a ring around the ion in ammonia solution which makes it alkaline.
Cl- H* Na* OH-
(1)
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(o)  Ammonia is made using the Haber process.

Nitrogen _l lnydrogen

+ Pump
v
Reactor
Unreacted nitrogen | containing iron
and hydrogen gases

v

Condenser

F 9

www.tutorzone.co.uk

At 450°C and

_-200 atmospheres pressure

Ammonia, nitrogen and
hydrogen gases

|—. Liguid ammonia

(i)  Where does the nitrogen used in the Haber process come from?

Draw a ring around your answer.

air natural gas

water

(i) A high temperature of 450 °C is used in the reactor.

(1)

Tick (v") two reasons in the table which explain why high temperatures make

reactions faster.

Reasons

Tick (v')

Particles move faster

Particles are closer together

Particles collide more often

Particles have less energy

(2)
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(i)  The iron in the reactor speeds up the reaction but is not used up.

What is the name given to substances that speed up the chemical reaction but which
are not used up during the reaction?

(c) Complete the sentence.

The condenser separates the ammonia from the unreacted nitrogen and hydrogen by

turning the ammonia into a

Hand warmers use chemical reactions.

(1)

(1)

(Total 7 marks)

(@) The table shows temperature changes for chemical reactions A, B and C.

Reaction Starting Final temperature Change in
temperature in °C in °C temperature in °C
A 18 25 +7
B 17 | +5
Cc 18 27 +9

What is the final temperature for reaction B? Write your answer in the table.

(o) ()

What name is given to reactions that heat the surroundings? ..........ccccceeeinenn.

(1)

(1)
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(i) Which reaction, A, B or C, would be best to use in a hand warmer?

Reaction

Give a reason why you chose this reaction.

(2)
(c) A student added water to some anhydrous copper sulfate.
Wa te><'/
[ @l Anhydrous
“F Copper sulfate
The equation for the reaction is shown.
anhydrous copper sulfate + water = hydrated copper sulfate
CuSO, + 5H,0 =  CuSO,.5H,0
The student measured the temperature before and after the reaction.
(i)  The measurements showed that this reaction can be used for a hand warmer.
Draw a ring around the correct answer to complete the sentence.
When water is added to anhydrous copper sulfate the temperature
increases.
of the mixture | decreases.
stays the same.
(1)
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Anhydrous copper sulfate is white.

What colour is seen after water is added to the anhydrous copper sulfate?

(1)
What does the symbol = mean?

(1)
The student heated a tube containing hydrated copper sulfate.
Name the solid substance produced.

(1)

(Total 8 marks)

Page 37 of 98



18

) ) www.tutorzone.co.uk
Stage smoke is used for special effects at pop concerts.

By Sam Cockman [CC BY 2.0], via Flickr

Ammonium chloride can be used to make stage smoke.
Ammonium chloride is a white solid.
When heated, ammonium chloride produces white smoke which can be blown onto the stage.

The equation shows what happens when ammonium chloride is heated and cooled.

heated
NH,CI(s) —_— NH;(9) + HCl(g)
cooled
ammonium chloride ammonia hydrogen chloride
(white) (colourless) (colourless)

(@) The sentences explain how the smoke is made.
Draw a ring around the correct answer in each box to complete each sentence.

Use the information and the equation to help you.

solids.

When heated, ammonium chloride makes two colourless | liquids.

gases.
colourless solid.
These are blown into the air where they cool and make a | black liquid.
white gas.

ammonia.
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which is | ammonium chloride.

hydrogen chloride.

(4)
(o) Complete the sentence.
The symbol === means that the reaction is ............c.cccscererrerrrrrrrerrrrne.

(1)
(Total 5 marks)

Ammonia is made using the Haber process.

Nitrogen Hydrogen

L 4

Pump

Reactor contains iron.
Unreacted Temperature is 450°C.

nitrogen and 4 Pressure is 200 atmospheres.
hydrogen gases

Ammonia, nitrogen and
hydrogen gases

v

Separator

l

Liquid ammonia

F 9

(@) How is ammonia separated from unreacted nitrogen and hydrogen in the separator?

(2)
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The equation shows the reaction which takes place in the reactor:

Na(g)  + 3Hx9) == 2NHs(9)

(i)  Why does the yield of ammonia at equilibrium increase as the temperature is
decreased?

(1)
(i) A temperature of 450 °C is used in the reactor to make the reaction take place
quickly.

Explain, in terms of particles, why increasing the temperature makes a reaction go
faster.

(2)
(i)

Why does the yield of ammonia at equilibrium increase as the pressure is increased?

(1)
(iv)  The pressure used in the reactor is 200 atmospheres.

Suggest why a much higher pressure is not used.

(1)
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(c) Use the equation for the reaction in the reactor to help you to answer these questions.

Na(g)  + 3Hx9) == 2NHs(9)

(i)  ltis important to mix the correct amounts of hydrogen and nitrogen in the reactor.

20 m? of nitrogen is reacted with hydrogen.

What volume of hydrogen (measured at the same temperature and pressure as the
nitrogen) is needed to have the correct number of molecules to react with the

nitrogen?
Volume of hydrogen needed = ..........cccceeueeeee. m3
(1)
(i)  Calculate the maximum mass of ammonia that can be made from 2 g of nitrogen.
Relative atomic masses: H=1; N = 14.
Maximum mass of ammonia = ...........cccceeeinenen. g
(3)
(d)  The expected maximum mass of ammonia produced by the Haber process can be
calculated.
(i) Inone process, the maximum mass of ammonia should be 80 kg.
The actual mass of ammonia obtained was 12 kg.
Calculate the percentage yield of ammonia in this process.
Percentage yield of ammonia = ...........ccccceeeenne Y%
(1)
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(i)  Give two reasons why it does not matter that the percentage yield of ammonia is low.

Use the flow diagram at the start of this question to help you.

(2)
(Total 14 marks)
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The flow diagram shows how ammonia is made.

Unreacted
nitrogen and
hydrogen gases

Nitrogen and
hydrogen gases

1 atmosphere pressure

b J

F 9

Pump

200 atmospheres pressure

Reactor

Ammonia, nitrogen
and hydrogen gases

r

F 3

Cooler

— Liquid ammonia

(@) What effect, if any, does the pump have on the pressure of the nitrogen and hydrogen?

Draw a ring around the correct answer to complete the sentence.

The pump

decreases

has no effect on

increases

the pressure.

(1)
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nitrogen + hydrogen —

-

ammonia
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In the reactor only a small amount of the nitrogen and hydrogen is changed into ammonia.

Tick (v") the reason why.

Reason why

Tick (v)

Ammonia is formed from two elements.

Nitrogen and hydrogen are gases.

The reaction is reversible.

(c) Inthe cooler the mixture of gases is cooled.

Draw a ring around the correct answer to complete the sentence.

a liquid.
The cooler turns the ammonia into | a solid.

an element.

(d)  What happens to the unreacted nitrogen and hydrogen from the reactor?

(1)

(1)

(1)
(Total 4 marks)

Page 44 of 98



21

www.tutorzone.co.uk

Humberstone was a town in the desert of Northern Chile in South America. It was built for the
people who worked in the nearby sodium nitrate mines.

The sodium nitrate was used as a fertiliser.
The sodium nitrate was exported by ship to countries all around the world.
Today the mines have closed and nobody lives in Humberstone.

One of the reasons for the mines closing was the invention of the Haber process.

By Sznegra (Own work) [CC-BY-SA-3.0], via Wikimedia Commons

(@) The Haber process is used to make ammonia (NHs).
Na(g) + 3Hx(g) <— 2NHy(g)

The forward reaction is exothermic.
(i)  Name the raw materials that are used to supply the nitrogen and hydrogen.
NITFOGEN e

Hydrogen ...

(2)
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(i) The Haber process uses a temperature of 450 °C.

Explain, as fully as you can, why a temperature of 450 °C is used rather than a much
higher temperature or a much lower temperature.

3)
(i)  Ammonia can be converted to ammonium nitrate by adding an acid.
Name this acid.
(1)
(b) Suggest and explain why the invention of the Haber process caused the closure of the
Humberstone mines in Chile.
(2)

(Total 8 marks)
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The diagram shows how anhydrous copper sulfate can be used to test for water.

) | [ H,O (water)

\J—CUSD4 {(anhydrous copper sulfate)

CUSD4 + EHED = CuSDd_ 5HED
white colourless blue

(@) What colour change will you see when water is added to the CuSO,?

Colour changes from ........cccccveiiieen e (o S

(b)  Draw a ring around the meaning of the symbol —

endothermic exothermic reversible

The equation for a reaction to produce hydrogen is:

CO(g) + HO(@ == COx(g + Hy9)

www.tutorzone.co.uk

(1)

(1)
(Total 2 marks)

(a) Explain why changing the pressure does not affect the yield of hydrogen at equilibrium.

(1)
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(b) Suggest why the best yield of hydrogen at equilibrium is obtained at low temperatures.

(1)
() The temperature used in industry needs to be high enough for the reaction to take place
quickly. Explain, in terms of particles, why the rate of reaction increases when the
temperature is increased.
(3)
(d)  Scientists have developed catalysts which allow the reaction to take place quickly at lower
temperatures. How could this be good for the manufacturer and for the environment?
(2)

(Total 7 marks)
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A student heated some hydrated copper sulfate crystals.
The equation for this reaction is shown below.

CuS0,.5H,0(s) S CuSOa(s) +
hydrated copper sulfate crystals anhydrous copper sulfate

The diagram shows the apparatus used.

Hydrated copper sulfate crystals

\ Wapour—se [:i]

Heat ¢ Ice cube

Liquid A

(@)  Name liquId A ...

(b)  What helped the vapour to condense into liquid A?

R

(c) Putatick (+) next to the correct meaning of the symbol ——

www.tutorzone.co.uk

Meaning

equal amounts of reactants and products

exothermic reaction

reversible reaction

5H20(1)
water
(1)
.......................... o
(v)
(1)
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(d)  The student weighed the copper sulfate before and after it was heated.
The experiment was repeated and the two sets of results are shown in the table.

Mass of copper sulfate
before heating in grams

Mass of copper sulfate
after heating in grams

Mass lost in grams

2.50

1.65

0.85

2.50

1.61

0.89

()  Draw aring around the average mass lost for these two sets of results.

0.85g

(i)  The student used the same mass of copper sulfate each time but the mass lost was

different.

Put a tick (+") next to the two reasons which could explain why the mass lost is

different.

0879 0.89¢

Reason

(+)

The student used different test tubes for the two experiments.

The student made errors in weighing during the experiments.

The student used more ice in one of the experiments.

The student did not heat the copper sulfate for long enough in
one of the experiments.

(e) Anhydrous copper sulfate is used to test for water.

Use words from the box to complete the sentence.

blue green

red white

Water changes the colour of anhydrous copper sulfate from

1O .

(1)

(2)

(2)

(Total 8 marks)
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Methanol is a fuel that is used in some racing cars instead of petrol.

Methanol can be made from carbon monoxide and hydrogen. The equation for this reaction is
shown below.

CO(g) + 2H,(9) ———=  CH;OH(g)
The forward reaction is exothermic.
(@) A high pressure (between 50 and 100 atmospheres) is used in this process.

Explain why the highest equilibrium yield of methanol is obtained at high pressure.

(1)
(b)  The temperature used in this process is about 250 °C.
It has been stated that, ‘the use of this temperature is a compromise between the
equilibrium yield of product and the rate of reaction’.
Explain this statement.
..................................................................................................................................... "

(Total 4 marks)
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Ammonium nitrate is an important chemical. The diagram shows the main stages in the
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manufacture of ammonium nitrate.

Study the diagram and then answer the question.

Nitrogen Hydrogen
(fromair)  (from natural gas)

v\

Compressor |y

Ni(g) + 3H,(g) == 2NH,(g)
The forward reaction 15 exothermic. = Unreacted

o - Reactor 1 $ N f oy and Hiol
The reactor contains iron and o NoL8) and HLH1g)
operates at a pressure of
200 atmospheres and a ¥
temperature of 450°C. g

separator >
NH,(1)
Acid —  Reactor 2

l

Ammonium nitrate

What is the purpose of the iron in reactor 17?

(1)
Explain why the best yield of ammonia at equilibrium is obtained:
(i)  atlow temperature
(1)
(ii)  at high pressure.
(1)
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() The temperature used in reactor 1 is 450 °C.

Explain why a much lower temperature is not used.

(1)
(d) A mixture of ammonia, nitrogen and hydrogen leaves reactor 1.
In the separator, what is done to the mixture to separate the ammonia from the other
gases?
(1)

(Total 5 marks)
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Read the article and then answer the questions that follow.
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Hydrogen fuel for cars?

Fuel

cell

Electric
motor

Hydrogen
storage

. Hydrogen
=, =

Hydrogen is an excellent fuel. It can be made by the electrolysis of potassium
hydroxide solution.

Hydrogen gas can be stored under pressure in a cylinder but a leak of the gas
could cause an explosion.

It has been found that lithium nitride can absorb and then release large volumes
of hydrogen. A chemical reaction takes place between the hydrogen and the
lithium nitride. The hydrogen is held in the resulting compounds by chemical
bonds.

The problem is that the rate at which hydrogen is absorbed and then released
from normal sized particles of lithium nitride is slow.

Recently scientists have made ‘nanosized’ particles of lithium nitride. These
particles absorb hydrogen in the same way as normal sized lithium nitride
particles. The ‘nanosized’ particles have the advantage that they absorb and
release the hydrogen much faster when needed in the fuel cell.

It is hoped that ‘nanosized’ particles of lithium nitride may provide a safe method
of storing hydrogen in the future.

(@)

Hydrogen is produced at the negative electrode during the electrolysis of potassium

hydroxide solution.

(i)  Why are hydrogen ions attracted to the negative electrode?

(1)
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(i)  Potassium ions are also attracted to the negative electrode.

Explain why hydrogen gas is formed but not potassium.

(1)
(b)  Lithium nitride is made by reacting lithium with nitrogen.
Balance the equation for this reaction.
.......... Li+ N, — .......... LigN
(1)
() (i) The equation for the reaction of lithium nitride with hydrogen is:
LisN + 2H, «== LiNH, + 2LiH
What feature of this reaction allows the hydrogen to be released?
........................................................................................................................... "
(i)  Hydrogen stored in a fuel tank filled with lithium nitride would be safer in an accident
than a cylinder full of hydrogen.
Suggest and explain why.
........................................................................................................................... "
(d)  Lithium nitride is an ionic compound which contains lithium ions (Li*) and nitride ions (N%).
(i)  The formation of a lithium ion from a lithium atom is an oxidation reaction.
Explain why.
........................................................................................................................... "
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(i)  The diagram shows the electronic structure of a nitrogen atom.

Complete the diagram below to show the electronic structure of a nitride ion (N*).

3

(1)
(Total 8 marks)

The Haber process is named after the German chemist, Fritz Haber.
The diagram shows the main stages in the Haber process.

Mitrogen and hydrogen

ki
- The hot gases are
passed ower iron

Untreacted nitrogen
and hydrogen

Cooling
chamber

The muxbue of anmoma
nitrogen and hydrogen

The nitrogen and hydrogen

mizhire is compressed to a from the reactor is cooled.
pressure of 200 atmospheres Ammonialiquefies and
and heated to 450 2 Ammonia separates from the mizture,

Reproduced with the permission of Nelson Thornes Ltd from PATRICK FULLICK et al, ISBN
0-7487-9644- 4. First published in 2006

(@) Use the diagram to help you to answer these questions.
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(i)  Complete the word equation for the reaction that takes place in the reactor.

nitrogen F e —_—
(1)
(i)  What does the symbol &=== mean?
(1)
(i)  What is the purpose of the iron in the reactor?
(1)
(iv)  Ammonia is separated from unreacted nitrogen and hydrogen.
Draw a ring around the physical property that allows this separation to take place.
boiling point density melting point
(1)
(v)  What is done with the unreacted nitrogen and hydrogen?
(1)
Some of the products that can be made from ammonia are:
. fertilisers
. dyes
. explosives
. medicines
. plastics
(i)  The Haber process was invented a few years before the start of the First World War.
It is thought that the First World War would have finished earlier if the Germans had
not invented the Haber process.
Suggest why.
(1)
(i)  The Haber process has helped to increase food production.
Explain why.
(1)
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(c) Factories that make ammonia are very large and operate night and day.

(i)  Ammonia factories are often near towns.

Suggest why.
(1)
(i)  Suggest and explain one reason why local people might not want an ammonia
factory near their town.
(2)

(Total 10 marks)
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The Haber process is named after the German chemist, Fritz Haber.

The diagram shows the main stages in the Haber process.
Mitrogen and hydrogen
hd

The hot gases are
passed owver iron

Untreacted nitrogen
and hydrogen

Cooling
chamber

The tmuxtue of ammoma,
nitrogen and hydrogen

The nitrogen and hydrogen .
mizxture 15 compressed to a from the reactor 15 cooled.

pressure of 200 atmospheres Ammonialiquefies and
and heated to 450 °C Ammonia separates from the fiztire,

Reproduced with the permission of Nelson Thornes Ltd from PATRICK FULLICK et al,
ISBN 0-7487-9644- 4. First published in 2006

An exothermic reaction takes place when nitrogen reacts with hydrogen to make ammonia.

The reaction can be represented by this equation.
No(@) + 3H:(9) == 2NHs(g)
(a) Calculate the maximum mass of ammonia that could be made from 1000 g of nitrogen.

Relative atomic masses: H=1; N = 14

©)
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(b) At atemperature of 450 °C and 200 atmospheres the actual mass of ammonia produced

when 1000 g of nitrogen is passed through the reactor is 304 g.
Calculate the percentage yield of ammonia produced in the reactor.

(If you did not answer part (a), then assume that the maximum mass of ammonia that can
be made from 1000 g of nitrogen is 1100 g. This is not the correct answer to part (a).)

Percentage yield of ammonia = ........cccccoveieiiiens %
(2)
(c) State and explain:
(i)  how a decrease in temperature would affect the yield of ammonia
(2)
(i)  how an increase in pressure would affect the yield of ammonia.
(2)
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(d) Factories that make ammonia are often near to large towns.

Discuss the economic, safety and environmental factors to be considered when there is an
ammonia factory near a town.

(3)
(Total 12 marks)

A student heated some blue copper sulphate crystals. The crystals turned into white copper
sulphate.

Copper ateam

mlphate
crystalz

$

Heat

(@) The blue copper sulphate had to be heated to change it into white copper sulphate.
State whether the reaction was exothermic or endothermic. .........ccccoceeveeiiiinninenn.n.

Explain your answer.

(1)
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(o)  The word equation for this reaction is shown below.

hydrated anhydrous
copper sulphate [+ heat energy] .\\ﬁ copper sul phate + water
{hlue) {white)

(i)  What does the symbol — tell you about this reaction?
~

(1)
(i)  How could the student turn the white powder back to blue?

(1)
(Total 3 marks)

The reaction of methane with steam is used in industry to make hydrogen.

(@) One of the reactions in this process is represented by this equation.
CH, Q) + H,O —_— CcO () + 3H, )
The forward reaction is endothermic.

State the conditions of temperature and pressure that would give the maximum yield of
hydrogen.

Explain your answers.

(i)  Temperature

(2)
(i)  Pressure

(2)
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(iii)  Which one of the following metals is most likely to be a catalyst for this process?

Draw a ring around your answer.
aluminium lead magnesium nickel sodium

Give a reason for your choice.

(1)
(b) A second stage in this process is represented by this equation.
o]
c=E0 o+ H/ \H—rD=C=D + H-—H
(i)  Use the bond energies given in the table to help you to calculate the nett energy
transfer (energy change) for this reaction.

Bond Bond energy in kd/mol

C°O 1077

C=0 805

H-H 436

O-H 464

Nett energy transfer = .......cccccveiiiiiiiiiis kd/mol

(3)
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(i)  State whether this reaction is exothermic or endothermic. ............cccocceeeennee.

Explain, by reference to your calculation, how you know.

(2)
(Total 10 marks)

A student did two experiments using ammonium chloride.

(@) Inthe first experiment the student heated a small amount of ammonium chloride in a test

tube.
Ilineral wool
Coolet partt
of tube
Armmomum
chlonde >

After a short time

tHeat

Two reactions take place in the test tube.

Reaction 1 ammonium chloride — ammonia + hydrogen chloride
(colourless gases)
Reaction 2 ammonia + hydrogen chloride — ammonium chloride
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(i)  Complete the sentences by crossing out the incorrect word in each box.

Reaction 1 takes place at a high | temperature.
low
Reaction 2 takes place at a high | temperature.
low
(1)
(i)  Draw a ring around the word which best describes reactions 1 and 2.
combustion displacement oxidation reduction reversible
(1)
(iii)  Suggest a reason for the mineral wool at the top of the test tube.
(1)
(b) Inthe second experiment the student mixed a small amount of ammonium chloride with
some water in a beaker.
The temperature of the water was measured before and after adding the ammonium
chloride.
Temperature before adding 20°C
the ammonium chloride
Temperature after adding 16°C
the ammonium chloride
Draw a ring around the word which best describes the process which takes place.
combustion displacement  endothermic  exothermic freezing
(1)

(Total 4 marks)
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Ammonia is made from nitrogen and hydrogen in the Haber process.
No(g) + 3H. (9) === 2NH; (g) (+ heat)

Flow Chart for the Haber Process

Nitrogen - . Hydrogen made
from air ] ) from natural gas
4
feacmr Unreacted
® 450 °C nitrogen and
® 200 atmospheres hydrogen

® [ron catalyst

¥

® (Gases are cooled
® Ammonia turns

» Liquid
into a liquid e

amimonia

Effect of temperature and pressure on the amount of ammonia at equilibrium

Lon T T 100 =C
A A e 200 °C
90 | .“__,..-"' 1 I 1
1 Lt _'.--""'.: 1 - SRR __“_.,. 300 °C
- =1 1 ] I
| i 1 |
701121 e
44 HI Y H 4
ENEEREE NN == 400 °C
6'} . - T -t :
Equilibrium El e - x-_}"-‘ - . .t .- s _:-'# - .. - - 1
percentage - 50 A A H e
of ammonia EEEEE BN ARE RN A mm" 1 T . i T
J4——F - - 500 °C
30 = !
Fd !
209 1 i 1
g YA T T o 1T
4 = 1 ] i
0T { H :
, | |
0 100 200 300 400 00

Pressure in atmospheres
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(@) Use the information given above and your knowledge of the Haber process and reversible
reactions to help you to answer this question.

State which conditions of temperature and pressure would give the highest percentage of
ammonia at equilibrium. Explain why.

(4)
(b)  The Haber process uses a temperature of 450 °C and a pressure of 200 atmospheres.

Explain why these conditions are chosen.

(3)
(Total 7 marks)

The monomer chloroethene is made from ethene in a two-stage process,
(@) The first stage is to convert ethene to 1,2-dichloroethane.

2C,H,(g) + 4HC1(g) + O4(9) - 2C,H,Cly(g) + 2H,0(g)
ethene 1,2-dichloroethane
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State and explain the effect of increasing the pressure on:

(i)  the yield of 1,2-dichloroethane;

(2)
(i)  the rate of reaction.
(2)
(b) Inthe second stage 1,2-dichloroethane is converted into chloroethene.
C2H4C12 — CQH3C1 + HCI
This reaction is a thermal decomposition.
Suggest what would need to be done to decompose 1,2-dichloroethane.
(1)

(Total 5 marks)

Transition metals are useful as catalysts. Iron is used as a catalyst in the manufacture of
ammonia.

Na(g) + 3 Ha(g) = 2NHs(g)

(i)  What is meant by = in the chemical equation?

(1)
(i) What would be the effect on the yield of ammonia if the pressure was increased?

(1)

Page 68 of 98



36

. . wwwy.tutorzone.co.uk
(i)  Draw a diagram to show the arrangement of the electrons in a molecule of ammonia. The

electron arrangement of each atom is shown.

Nitrogen
atom

Hydrogen
atom

(1)
(Total 3 marks)

Limestone is a useful mineral. Every day, large amounts of limestone are heated in limekilns to
produce lime. Lime is used in the manufacture of iron, cement and glass and for neutralising
acidic soils.

Waste gases w—— —— » Waste gases

nf‘p:l".
F
o

/ Limestone

e
%
!;J

I
o
iy %?

L7
‘;‘F

erdrucarhun_r_ . Air
fuel

Ikl

CaCO, == CaO + CO,

(I
s
u‘- A

s
L
]
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(i)  The decomposition of limestone is a reversible reaction. Explain what this means.

(2
(i)  Calculate the mass of lime, CaO, that would be produced from 250 tonnes of limestone,
CaCoO;.
Relative atomic masses: C 12; O 16; Ca 40.
Mass of lime = ....cooovveeiiie e, tonnes
(3)

(Total 5 marks)
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The Haber process is used to make ammonia (NH5) which is an important substance.

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

Nao@) + 3Hx9 =——— 2NH;9 + Heat

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

100 =
00 e T
N \"'k"x , ™
9 iy,
&0 R
< Th
\'\ ™
70 b 3 ‘\ ™y Y
"_\ Wy "\ e
60 LEEVEREANEEEL N
Armount of Ry N |
ammonia g Y . v N = "\
produced (%) - " N
40 i 5 -
\\ - \\ \\
30 AN
20 S TS 400 atm,
TS u ~ 200 atm.
10 N 100am.
el LT 50 atm.
1] 25 atm.
n 1aa 200 300 400 00

Temperature {*C)

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.

(@) 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)
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(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.

)
(Total 12 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:

No(g) + 3Hx(g) =  2NH,(9g)

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.

%0 T
11350°C
70 T
e+ 400°C
60
1450°C
50
%
ammonia 40 pan
produced T500°C
30 I
" >
0 L550°C
s 1
1
10 T3 -
HH
0 100 200 300 400

pressure (atm)
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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 flow chart below shows the main stages in the production of ammonium nitrate.

raw material A

raw material B

Lanl ——af————
nitrogen T ¥ hydrogen
T
REACTOR
high temp erature, ,
hu gh pressure, pipe € .
o * unreacted nitrogen
and hydrogen
ammonia and
unreacted mitrogen ¥
and hydrogen
acid D
COOLER
T
ammonia

ammonivm nitrate
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(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 ...........c.ooooiiiii s
(2)
(i)  Complete the word equation for the reaction which makes ammonia.
....................................... F o, — @MIMONIA
(1)
(i)  What is the purpose of the iron in the reactor?
..................................................................................................................................... o
(iv)  What is the purpose of pipe C?
..................................................................................................................................... "

(Total 5 marks)
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The flow chart below shows the main stages in the production of ammonium nitrate.

raw matenial A raw material B
_P— —1—

nitrogen { + hydrogen
COMPEESSOR [4—o

!

REACTOR
high temperature,
high pressure,
irofn

4 unreacted nitrogen
and hydrogen

atnmoria and
unreacted mtrogen
and hydrogen

acd C
* COOLER —»—-

arnmonia *
-4

f

armommum ntrate
(@ () Name the two raw materials shown in the flow chart as A and B.
Raw material A .....cooovveeiieeeeeeeeeeee e

Raw material B .....oooveeieeeeeeeeeeeeeee e

(2)
(i)  What is the purpose of the iron in the reactor?
............................................................................................................................ "
(o) (i) Balance the equation which represents the reaction which produces ammonia in the
Haber process.
No + coereeeee e Ho = e NH; and heat
(1)
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The table shows how temperature and pressure affect the amount of ammonia

produced in this reaction.
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TEMPERATURE | PRESSURE (ATM) |PERCENTAGE OF NITROGEN
(°C) AND HYDROGEN
CONVERTED TO AMMONIA

(%)

250 200 75

250 1000 96

1000 1 0.01

1000 1000 1

Explain, as fully as you can, why a temperature of about 450°C and a pressure of

about 200 atmospheres are normally used in the industrial process.

(6)

(Total 10 marks)
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The Haber process is used to make ammonia NHs.

The table shows the percentage yield of ammonia at different temperatures and pressures.

PRESSURE PERCENTAGE (%) YIELD PERCENTAGE (%) YIELD
(ATMOSPHERES) OF AMMONIA AT 350°C OF AMMONIA AT 500°C
50 25 5
100 37 9
200 52 15
300 63 20
400 70 23
500 74 25

(@) (i) Use the data in the table to draw two graphs on the grid below. Draw one graph for a
temperature of 350°C and the second graph for a temperature of 500°C.
Label each graph with its temperature.

percentage
(%) vield of
anmom a

pressure (atmospheres)
4)

(i)  Use your graphs to find the conditions needed to give a yield of 30% ammonia.

................................ °Cand .......ccccoceeveueennnne... atmospheres
(1)
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On the grid sketch the graph you would expect for a temperature of 450°C.

(1)
This equation represents the reaction in which ammonia is formed.
N2(g) + 3H2(g) — 2NH3(g) + heat
What does the symbol = in this equation tell you about the reaction?

(1)
Use your graphs and your knowledge of the Haber process to explain why a
temperature of 450°C and a pressure of 200 atmospheres are used in industry.

(5)
Ammonium nitrate is one type of artificial fertiliser.
Calculate the relative formula mass of ammonium nitrate NH,NO,.
(Relative atomic masses: H=1,N=14,0 = 16.)

(1)
Use your answer to part (c)(i) to help you calculate the percentage by mass of
nitrogen present in ammonium nitrate NH,NOs.

(2)

(Total 15 marks)
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The diagram shows the final stages in the manufacture of ammonia.

Mitrogen and Hydrogen
450°C and 200 atmospheres

b

Q00000| -~ Iron

AOOAEG

i QOO0
BOOOSO

/!

Cooler

!

Ammoma

(@) Why is iron used in the converter?

(1)
(b)  Write the word equation for the reaction in the converter.
....................................... S . SRS
e
(1)
(c) The yield of ammonia is only about 15%.
(i)  Why can the yield not be 100%?
(1)
(i)  Describe what happens to the mixture of gases after it leaves the converter.
(2)

(Total 5 marks)
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Hydrated copper sulphate is a blue solid. When it is heated, white solid anhydrous copper

sulphate is made. This is a reversible reaction.

hydrated copper sulphate [+ heat energy] &= anhydrous copper sulphate + water
(blue) (white)

(@) To make the forward reaction work, the hydrated copper sulphate must be heated all the
time.

What type of reaction is this?

(1)
(b)  Anhydrous copper sulphate can be used in a test for water. What two things will happen
when water is added to anhydrous copper sulphate?
3 S
2 ettt eeeeeeeeeeeeeiteeeeeeiseeeeeseseseseseseseseiessseesiesteeeseieseesaarteeeseareeeeaarreeeaareeeeans
(2)

(Total 3 marks)

(@) Inindustry ammonia is produced from nitrogen and hydrogen. The equation for the
reaction is:

Ny (g) + 3H;(g) == 2NHz(g)

()  What does the symbol (g) represent?

(1)
(i)  What does the symbol == represent?
(1)
(i)  Nitrogen is used for the industrial production of ammonia. From what raw material
does this nitrogen come?
(1)
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(iv) Hydrogen is used for the industrial production of ammonia. It is obtained from the

reaction between methane and steam. The equation for this reaction is:
CH4 + Hzo — 3H2 + CO
Explain how you can tell that this equation is balanced.

(2)
(b) Ammonia is used to make ammonium salts which can be used as fertilisers.
(i)  Complete the names in the following sentence.
One example is ammOoNium ..........ccccoeviiereiniieeenns which is made by reacting
ammonia With .......ccccceeiiiiiiieenn. acid.
(2)
(i)  Allammonium salts are soluble in water. Why is this a useful property of a fertiliser?
........................................................................................................................... "
(c) Ammonia is a covalent, chemical compound.
(i)  Complete the following sentence to describe a chemical compound.
In a chemical compound, tWO OF MOTE .........uuiiiiieiiiieee e
........................................................................................................................... "
(i)  Whatis a covalent bond?
........................................................................................................................... "

(Total 10 marks)
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The diagram shows the apparatus for an experiment. Hydrated copper sulphate crystals were

heated. They became anhydrous copper sulphate.

Clorle

Glaszz tube
Tube A

. Boiling tube B

Hydrated copper
sulphate crystals

ra

Drops of clear
7t:nlnurless liguid

Bealer
conta ning
ice and water

(@) Name a suitable piece of equipment to heat tube A.

(1)
(o)  Use words from the box to complete the two spaces in the table. You may use each word
once or not at all.
black blue orange red purple white
Name Colour
Hydrated copper sulphate crystals | ...ccooooooiiiiiiiieee
Anhydrous copper sulphate |
(2)
() What is the purpose of the ice and water in the beaker?
(1)
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Drops of a clear, colourless liquid formed on the inside of tube B.

(i)  Name the liquid.

(1)
(i)  Explain how the liquid came to be inside tube B.

(2)
Anhydrous copper sulphate can be turned into hydrated copper sulphate. What would you
need to add? Apart from the change in colour, what could you observe?

(2)
Copper sulphate can be made from black copper oxide by reacting it with an acid. Name
the acid.

(1)

(Total 10 marks)

Ammonia is manufactured from nitrogen and hydrogen. The equation for the reaction
between them is:

No(g) + 3Hx(g) == 2NH;(g)

()  What is the source of the nitrogen?

(1)

(i) Why does increasing the pressure increase the chance of molecules of hydrogen
reacting with molecules of nitrogen?

(1)
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(i)  The percentage yield of ammonia is the percentage, by mass, of the nitrogen and

hydrogen which has been converted to ammonia. Calculate the mass, in tonnes, of
ammonia which can be produced from 90 tonnes of hydrogen when the percentage
yield is 50%. The relative atomic masses are: H 1; N 14.

Show clearly how you get to your answer.

MaSS = e tonnes
(2)
(b)  The percentage yield of ammonia depends on the temperature and pressure inside the
reaction vessel. The set of graphs show this.
T0% 350 °C -
0% za 400 °C -
S0%a -
BEas 450 °C -
40% ; s S eaiEan
Percentage v e _
yield of s 500 T H
arrnoma 18 N IEEEER=C
30% ' - Eisaz=ie
f et T 550 °C |
20% Pras T Sttt
1 0% SRR 1T
] g
0 5 10 15 20 25 30 35 410
Fressure in MPa
(i)  MPais the symbol for which unit?
(1)
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(i)  What is the percentage yield of ammonia produced at a temperature of 450 °C and a

pressure of 20 MPa?

(i)  Suggest what changes the chemical engineers should make to both the temperature
and the pressure to increase the percentage yield of ammonia.

TEMPEIALUIE ..ot e et e e e e e e eee e e e e e e
e (YT U (=R

(iv) How can the rate of ammonia production be increased without changing the
temperature or pressure or the mass of hydrogen and nitrogen?

About four-fifths of ammonia production is used to produce fertilisers. One of them is known
as NPK. It is made in the following way.

. Some ammonia is converted to nitric acid which is then mixed with phosphoric acid.
. The mixture is neutralised with more ammonia and the solution is partly evaporated.
. Potassium chloride is added to form granules.

. The granules are coated to make the fertiliser free-flowing.

e.co.uk

(1)

(1)

(1)
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Complete the flow-chart for the production of NPK by writing in the names of the correct
chemicals in the six boxes.

Convetter

w T b
Y

Meutraliser Evaporator ®  Granulator
g L} J
L 2
—
NPE fertiliser . Coater
S |

(2)

(Total 10 marks)

(@) Ammonium sulphate is made by the reaction:
2NHs(aq) + H,SO0,4(aq) —(NH,),SO,(aq)

(i)  Complete the three answers in the table.

Question Answer

How many hydrogens are there in | ..o
the formula of ammonium sulphate?

What is the name of the subStance | ..o
with the formula NH;?

What is the name of the substance | ...
with the formula H,SO,?

©)
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(i)  What is the main use for ammonium sulphate?

(1)

(iii) A similar reaction is used to make ammonium nitrate. What is the name of the acid
which must be used?

(1)
NH; is made by the reversible reaction:
N2(g) + 3Ho(g) == 2NHs(g)
(i)  Explain what the term reversible reaction means.

(2)
(i)  What is the name of the raw material which is the source of nitrogen (N,)?

(1)
(iii)  Nitrogen is an element. Explain what the term element means.

(2)

(Total 10 marks)
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The equation for the reaction that takes place when ammonium chloride is heated is:

J——

NH,CI(s) = NHsy(@) +  HCI(g)
ammonium chloride ammonia hydrogen chloride

The diagram shows how a teacher demonstrated this reaction. The demonstration was
carried out in a fume cupboard.

(ii)

(i)

Itrverted, glass filter funnel

Y
X
- Ewaporating dish
Ammonium chlon de
HEAT

Apart from the gases normally in the atmosphere, which two gases would be
at X?

..................................................... AN oo ————

(1)
Name the white solid that has formed at Y.

(1)
Why was the demonstration carried out in a fume cupboard?

)
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(iv) Complete the four spaces in the passage.

The chemical formula of ammonia is NH;. This shows that there is one atom of
.......................................... and three atoms of .............ccccccvvvvvvneeeeenn. in €ACH
......................................... of ammonia. These atoms are joined by bonds that

are formed by sharing pairs of electrons. This type of bond is called

= U bond
(4)
(b) Electrons, neutrons and protons are sub-atomic particles.
(i)  Complete the three spaces in the table.
Name of sub-atomic Relative mass Relative charge
particle
............................... 1 +1
............................... 1 0
............................... 1 —1
1240
(2)
(i)  Which two sub-atomic particles are in the nucleus of an atom?
........................................................... AN e
(1)

(Total 10 marks)

(@) Iron powder is used in the manufacture of ammonia. Why is it used?

(1)

(o)  Ammonia is manufactured from nitrogen and hydrogen. The equation for the reaction
between them is:

N2(9) + 3H,(9) = 2NH;(g)
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(i)  Which two raw materials are used to make the hydrogen?
ANA oo —————
(1)

(i)  Why does increasing the pressure increase the chance of molecules of nitrogen

reacting with molecules of hydrogen?

.................................................................................................................... "

(i)  Calculate the mass, in tonnes, of ammonia which could be produced from

560 tonnes of nitrogen.

The relative atomic masses are: H 1; N 14.

Show clearly how you get to your answer.

Mass of ammonia = ....oooeuiveeeeee e,
(3)
(Total 6 marks)

Ammonia is manufactured in the Haber Process, from nitrogen and hydrogen.

Balance this symbol equation for the process.

(@)

Ny + H,7—=  NH,4
(2)
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(b)  The graph below shows the percentage of reacting gases converted into ammonia, at

different temperatures and pressures.

-
707 350°C
%0 of |
. &0
reacting
gases 50+
converted 4500
inteo |

ammonia 3

550°C
205

10

I:I I I | I
0 100 200 300 400

Pressure (atnospheres)

()  What does the graph suggest about the temperature and pressure needed to convert
the maximum percentage of reacting gases into ammonia?

(2)

(i)  Suggest reasons why the manufacture of ammonia in the Haber Process is usually
carried out at about 400°C and 200 atmospheres pressure.

(2)
(Total 6 marks)

Ammonia is manufactured from nitrogen and hydrogen. The reaction is shown in the equation
below.

. IH exothermic S NH
nitrogen  hydrogen cndothermic amrmoma
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The diagram shows some details of the manufacturing process.

mtrogen |¥

hydrogen

wt

COmMpressor

trixEture

of gases
under

PrESSULE

250 unreacted
armospheres nitrogen
pressure 4 and
ammonia
450°C
on
owder .
13 - ﬂuxp,u_'a
coftaning
REACTOR 15%
(reinforced ArTTonia
steel) l
armotia

cooled to liquid

and remaowved

The graph shows the percentage of reacting gases converted into ammonia at different
temperatures and pressures.

%of
reacting gases
converted into

AFMITION 3

At room temperature and pressure, the reaction is very slow and only a small percentage of the

70 S

6l

504

40 4

30+

204

104

0

3s0ec

450°C

s50°C

0

T
100

T
200

T
300

Pressure (atmospheres)

reacting gases is converted to ammonia.

Use the information on the diagram and graph to:

|
400
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(@) describe the conditions used in the manufacture of ammonia to increase the rate of

reaction.

(4)

(b) describe and explain the conditions used in the manufacture of ammonia to increase the
yield.

(7)
(Total 11 marks)

Page 93 of 98



52

www.tutorzone.co.uk

Ammonia is manufactured by the Haber Process, where nitrogen and hydrogen react
together as follows:

N,

+ 3H, =

2NH,

The reaction is reversible. A balance is eventually reached when ammonia is being formed at

the same rate at which it is decomposing.

This point is called ‘equilibrium’.

PERCENTAGE OF AMMONIA AT EQUILIBRIUM

PRESSURE (ATM) 100° C 300° C 500° C
25 91.7 27.4 2.9
100 96.7 52.5 10.6
400 99.4 79,7 31.9

(i)  What is meant by a ‘reversible reaction’?

(1)

(i)  Under what conditions shown in the table is the maximum yield of

ammonia obtained?

(1)

(2)

(i)  The Haber Process is usually carried out at a higher temperature than that which

would produce the maximum yield. Suggest why.

(2)
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(¢)  Ammonia can be converted into nitric acid in three stages:

Stage 1 Ammonia reacts with oxygen from the air to form nitrogen monoxide and water

4NH3 + 502 D 4NO + 6H2O

Stage 2 On cooling, nitrogen monoxide reacts with oxygen from the air to form
nitrogen dioxide.

Stage 3 Nitrogen dioxide reacts with water to form nitric acid and nitrogen monoxide.

(i)  Describe the conditions under which the reaction in Stage 1 takes place.

(3)
(i)  Balance the equation for the reaction at Stage 2.
NO + O, —» NO,
(1)
(i)  Balance the equation for the reaction at Stage 3.
N02 + HQO — HN03 + NO
(1)
(d)  The chemical plant for manufacturing ammonia is often on the same site as plants
manufacturing nitric acid and fertilisers.
(i)  What advantages will this have for the manufacturing company?
(2)
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(i)  Briefly describe two important ways in which it is possible to reduce the
environmental impact of such plants on the surrounding area.

(2)
(Total 15 marks)

Ammonia is manufactured from nitrogen and hydrogen in the Haber Process. The diagram
shows some details of the manufacturing process.

nitro gen 2511 Luprnaeu:ted
atmospheres nitrogen and
pressure hydrogen
tizture of 450°C mixture
gases _ contaning
TR — under 1ron powder " 1594
¥ g pressure atntnotia
REACTOR ammonia

removed

(@) Nitrogen is obtained from the air.
From where is the hydrogen obtained?

(1)
(o)  What happens to the unreacted nitrogen and hydrogen?

(1)
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(¢)  Ammonium nitrate is made from ammonia.

Farmers spread nitrates on to soil to make crops grow better.
The nitrates may get into people’s bodies even if they do not eat the crops.

Explain how this can happen.

(2)
(d)  The equation for the Haber Process is this:
N, + 3H, ezothenmmic 2NH;,
At equilibrium, nitrogen, hydrogen and ammonia are present in the reactor.
(i)  What is meant by ‘equilibrium’?
(1)
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(i)  Explain, as fully as you can, why:

. the yield of ammonia decreases with increase in temperature,

. despite this fact, a comparatively high temperature of 4500C is used for the
industrial process,

. iron powder is added to the reactor.

(4)
(Total 9 marks)
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