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(b) Ammonia is manufactured by the Haber Process. The economics of this process require
that as much ammonia as possible is made as quickly as possible.
Explain how this can be done using the following information.
The conditions for the following reversible reaction are:
e 450°C
e 200 atmospheres pressure
e iron catalyst

N,(g) + 3H,(g) = 2NH,(9) the reaction is exothermic

0620/s13/qp31

(c) Vanadium(V) oxide is used t se the exothermic reaction between sulfur dioxide
and oxygen in the Cont

250, + 0, = 250,

The rate of thi

an be increased either by using a catalyst or by increasing the
tempgﬁp’re.

y a catalyst is used and not a higher temperature.

0620/s12/qp31
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6 (a) Methanol can be made from a mixture of carbon monoxide and hydrogen.
CO(g) + 2H,(g) = CH,OH(g)
The forward reaction is exothermic.

(i) Explain why the concentration of methanol at equilibrium does not change.

(ii) Suggest conditions, in terms of temperature and pressure, which would give a high
yield of methanol.

(iii) How would the conditions used in practice compare with
explanation of any differences.

0620/s11/qp32

(b) Sulfur dioxide is used to me@Qr trioxide in the Contact Process.
QDQ ) + 0,(g) = 250,(g)

The forward rea othermic. The conditions used are:

tem p”;&e:
pressure?

catalyst: hadium(V) oxide

Explain, mentioning both position of equilibrium and rate, why these conditions give the
most economic yield.

0620/s11/qp31
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(b) At most temperatures, samples of nitrogen dioxide are equilibrium mixtures.

2NO,(g) = N,0,(9)
dark brown pale yellow

(i) At 25°C, the mixture contains 20 % of nitrogen dioxide. At 100 °C this has risen to

90 %. Is the forward reaction exothermic or endothermic?
Give a reason for your choice.

(if) Explain why the colour of the equilibrium mixture becomes lighter. n the pressure
on the mixture is increased.

0620/510/qp32

Q'&’Q’a

¥
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6 Ammonia is manufactured by the Haber process.
Na2(g) + 3Ha(g) = 2NHs(g) the forward reaction is exothermic
(a) (i) Name the raw materials from which nitrogen and hydrogen are obtained.
nitrogen from [1]

hydrogen from [1]

(ii) Name the catalyst used in this process.

........................................................................................................... 0 (1]

(b) The following graph shows how the percentage of ammglizbe uilibrium mixture

changes with temperature.
% ammonia 06
at equilibrium

Y

temperature
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(c) (i) Sketch a graph which shows how the percentage of ammonia in the equilibrium
mixture varies with pressure.

2

% ammonia
at equilibrium

0 -
0 pressure
@ v
(ii) Explain why the graph has the shape shown. a q
.......................................................................................................................... 2]
[Total: 10]

0620/509/qp31
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5 Carbonyl chloride, COClL, is a colourless gas. It is made by the following reaction.
cool
CO(g) + Ch(g) == COCkL(g)
heat

(a) When the pressure on the equilibrium mixture is decreased, the position of equilibrium
moves to left.

(i) How does the concentration of each of the three chemicals change?

.................................................................................................................................. (2]
(ii) Explain why the position of equilibrium moves to left.
[2]
,é@ ........................
(b) Using the information given with the equation, is the fi reaction exothermic or
endothermic? Give a reason for your choice. 0
(2]

0620/s08/qp31

Q’°Q
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5 Sulphuric acid is made by the Contact process in the following sequence of reactions.
sulphur — sulphur dioxide — sulphur trioxide — sulphuric acid

(a) (i) How is sulphur dioxide made from sulphur?

................................................................................................................................... [1]
(i) Sulphur dioxide has other uses.
Why is it used in the manufacture of paper?
................................................................................................................................... [1]
(iii) How does it preserve food?
................................................................................................................................. [1]
(b) The equation for a stage of the Contact process is e
2S0; + O, = 2S0;
L/
The percentage of sulphur trioxide in the equilibrium mi ries with temperature.
percentage of &
sulphur trioxide
/
temperature
(i) How does t tage of sulphur trioxide in the equilibrium mixture vary as the
s? Circle the correct answer.
N stays the same decreases
s
.9" [1]

(i) Is the féfward reaction in the equilibrium 2SO, + O, = 2S0; exothermic or
endothermic? Give a reason for your choice.
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(iii) Explain, mentioning both rate and percentage yield, why the temperature used in
the Contact process is 450°C.

0620/s06/qp3

(c) Sulphuric acid is manufactured by the Contact Process. Su de is oxidised to
sulphur trioxide by oxygen.

‘\
250, + O, —»@‘

(i) Name the catalyst used in this reactic%

(1]
(ii) What temperature is us

(1]
(iii) Describe ho

(2]

0620/s05/qp3
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2  Sulphur

is used to make sulphuric acid. In the UK, the annual production of the acid is

about 2.5 million tonnes.

(a) The reactions in the manufacture of sulphuric acid by the Contact Process are shown

below.
Sulphur - Sulphur dioxide
S reaction 1 SO,
Sulphur dioxide + oxygen - Sulphur trioxide
280, + O, reaction 2 2S0;
Sulphur trioxide - @m
S0, reaction 3 QSZO;
O
Oleum + water - * Sulphuric acid
H.S,07 reaction 4 c H2SO4
(i) Give a large scale source of the element s
................................................................................................................... [1]
(if) State another use of sulphur d
......................................................................................................................... [1]
(iii) How is sulphur,c
.................................................................................................................. [1]
(iv) N t sed in reaction 2.
* e
....... D o )
(v) Reaction 2 is exothermic. Why is a catalyst, rather than a higher temperature, used

(vi)

0620/s04/qp3

to increase the rate of this reversible reaction?

................................................................................................................................... [2]
Write a word equation for reaction 3.
................................................................................................................................... [1]
Write a symbol equation for reaction 4.

(1]
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5 Ammonia is manufactured by the Haber Process.

N2(g) + 3H(g) == 2NH;(g)
200 atmospheres
450°C

The forward reaction is exothermic.

(a) (i) Whatis the catalyst for this reaction?

(ii) Newer catalysts have been discovered for this process. Using these catalysts, the
operating temperature is lowered from 450°C to 400°C. What is the advantage of
using a lower temperature?

Explain your answer.

B " —

explanation ®

(b) After passing over the catalyst, the mixture cohtains 15% of ammonia. It is cooled and

the ammonia liquefies and is separated e unreacted nitrogen and hydrogen.
They are recycled.

(i) How are the gases recycled? 00

........................................ O N L
(ii) Only ammonia Q@ uggest an explanation for this.
.................................................................................................................. (1]
0620/w06/qp3 4. &
-
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7 In 1909, Haber discovered that nitrogen and hydrogen would react to form ammonia. The
yield of ammonia was 8%.

Nz2(g) + 3Hz(9g) = 2NH; (g) the forward reaction is exothermic
catalyst platinum
temperature 600 °C

pressure 200atm

(a) Describe how hydrogen is obtained for the modern process.

0620/w05/qp3 c
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3 Reversible reactions can come to equilibrium. They have both a forward and a backward
reaction.

(a) When water is added to an acidic solution of bismuth(ll1) chloride, a white precipitate
forms and the mixture slowly goes cloudy.

forward
BiCh(aq) + H,O(I) = BiOCl(s) + 2HCI(aq)
colourless backward hite

(i) Explain why the rate of the forward reaction decreases with time.

(ii) Why does the rate of the backward reaction increase‘miéz.a

(iii) After some time why does the app:r%: the mixture remain unchanged?
......................................... Qa [2]

(iv) When a few ncentrated hydrochloric acid are added to the cloudy
a colourless solution. Suggest an explanation.
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(b) Both of the following reactions are reversible.

reaction 1  Ny(g + Ox(gg == 2NO(g)
reaction2  2NO(g) + O,(@ = 2NO,(qg)

(i) Suggest a reason why an increase in pressure does not affect the position of
equilibrium for reaction 1.

(ii) What effect would an increase in pressure have on the position of equilibrium for
reaction 2?7 Give a reason for your answer.

0620/w05/qgp3
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3 The simplest alcohol is methanol.
(a) It is manufactured by the following reversible reaction.
CO (g) + 2H, (9) == CH;0H (g)
300°C
30atm

(i) Reversible reactions can come to equilibrium. Explain the term equilibrium.

[1]

(ii) At 400 °C, the percentage of methanol in the equilibrium mixture is lower than at

300°C. Suggest an explanation.
(2]

(iii) Suggest two advantages of using high pressuwis reaction.
Give a reason for each advantage.

0620/w04/qgp3

Page 14|43



5 Sulphur dioxide, SO,, and sulphur trioxide, SO, are the two oxides of sulphur.

(a) Sulphur dioxide can kill bacteria and has bleaching properties. Give a use of sulphur
dioxide that depends on each of these properties.

(i) ability to Kill bacteria .......cooooe e [1]
(ii) bleaching Properties ... [1]
(b) Sulphur trioxide can be made from sulphur dioxide.

(i) Why is this reaction important industrially?

(ii) Complete the word equation.

sulphur dioxide + ... — sL@trioxide 1]

(iii) What are the conditions for this reaction? e q

. (éoQ ________________________________________ .
00
>
Q"’Q
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1 Ammonia contains the elements nitrogen and hydrogen. It is manufactured from these elements
in the Haber process.

N,(g) + 3H,(g) = 2NH,(g)
The forward reaction is exothermic.

(a) (i) Nitrogen is obtained from liquid air by fractional distillation. Why does this technique
separate liquid oxygen and nitrogen?

(ii) Name two raw materials from which hydrogen is manufactured.

pressure at 600 °C.

..................................................................................................... @[3]
(b) The table shows how the percentage of ammonia in the equ&@xture varies with

percentage ammonia 8 1 e 20
pressure/atm 200 0 | 500

(i) Explain why the percentage of a

V&@ eases as the pressure increases.

(ii) How would the pe mmonia change if the measurements had been made
at a lower te

Explain your,

0620/w03/qgp3
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1 (@) Sulphuric acid is made by the Contact Process.

(ii)

(iii)

0620/w02/qgp3

280,(g) + 0O,(g) == 2804(g) forward reaction is exothermic

What are the reaction conditions for the Contact Process?

Would the yield of sulphur frioxide increase, decrease or stay the same when the
temperature is increased? Explain your answer.

C
Q"’&
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6 lodine reacts with chlorine to form dark brown iodine monochloride.
I, + Cl, » 2ICI

This reacts with more chlorine to give yellow iodine trichloride.
There is an equilibrium between these iodine chlorides.

ICI(l) + CL(g) == ICI (s)
dark brown yellow

(a) Explain what is meant by equilibrium.

..................................................................................................................... 2]
(c) The pressure on the equilibrium mi

(i)
................................................................................... 1]
............................................................................................... 1]

(i)
.............................................................................................................................. [1]
[Total: 7]

0620/s10/gp31
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7 Titanium is a transition element. It is isolated by the following reactions.

fitanium ore — titanium(IV) oxide — titanium(IV) chloride — titanium
TiO TiC1, Ti

2

(a) Why is it usually necessary to include a number in the name of the compounds of
transition elements?

..................................................................................................................................... 1]
(b) Titanium(IV) chloride is made by heating the oxide with coke and chlorine.
TiO, + 2CL,==TiCI, + O,
2C+0,=2CO
Explain why the presence of coke ensures the maximum yield ofé&l chloride.
.......................................................................................... & \ A
.............................................................................. ¥ o [2]

0620/s10/qp31
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5

Ammonia is made by the Haber process.

N,(g) + 3H,(9) == 2NH,(g)

The forward reaction is exothermic.
The conditions in the reaction chamber are:

(a) What are the two advantages of using a high pressure? Give a reason for both.

(b)

(c)

e apressure of 200 atmospheres,
e 2 catalyst of finely divided iron,
e atemperature of 400 to 450°C.

AAVANIAGE 1 o e e ae

10T =0

A higher temperature would give a faster rea
Why is a higher temperature not used?

(i) Why is the ir used as a fine powder?

(if) Give two reasons why a catalyst is used.

Page 20|43



(d) The equilibrium mixture leaving the reaction chamber contains 15% ammonia. Suggest how
the ammonia could be separated from the mixture.

boiling point/°C

hydrogen -253
hitrogen -196
ammonia =33

0620/s14/qp33
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5 Carbonyl chloride is made from carbon monoxide and chlorine.
CO(g) + Cly(g) = COCIyg)

(a) Two methods of preparing carbon monoxide are from methane and oxygen, and from methane
and steam.

(i) The reaction between methane and oxygen can also form carbon dioxide. How can carbon
monoxide be made instead of carbon dioxide?

(ii) The following reaction is used to make carbon monoxide and hydrogen.
The reaction is carried out at 1100 °C and normal pressure.

CH,(@) + HO(g) == CO(g) + 3H,(9)

The reaction is reversible and comes to equilibrium. Suggest wh @temperature is
used.

(iii) What is the disadvantage of using a hig for the reaction given in (a)(ii)?

(b) Chlorine is made by the ele
Describe this electralysi

f concentrated aqueous sodium chloride.
nic equations for the reactions at the electrodes and name

0620/s14/qp32
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3  Plant growth is improved by the availability of essential elements, such as nitrogen, and by the soil
having a suitable pH.

(a) Nitrogen-based fertilisers are made from ammonia. Ammonia is manufactured by the Haber
process.

(i) Describe the Haber process giving reaction conditions and a balanced equation.
(Do not discuss reaction rate and yield.)

0620/s14/qp32
0\
4 At present the most important method of manufactu ogen is steam reforming of
methane.
(a) Inthe first stage of the process, methane r ith steam at 800°C.
CH,(g) + H,O(g 6 (g) + CO(g)
In the second stage of the proce , oh monoxide reacts with steam at 200 °C.
CO(9) g) == CO,g) *+ Hy(9)

n of equilibrium in the first reaction is affected by pressure but
ium in the second reaction is not.

(i) Suggest why a high temperature is needed in the first reaction to get a high yield of
products but in the second reaction a high yield is obtained at a low temperature.

0620/s13/qp32
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(b) Almost all samples of nitrogen dioxide are an equilibrium mixture of nitrogen dioxide,
NO,, and dinitrogen tetroxide, N,O,.

forward reaction

2NOy(9) : N,O4(9)
dark brown feversereaction  .q6rless

In the forward reaction, a bond forms between the two nitrogen dioxide molecules.
NO, + NO, —» O,N-NO,
(i) Explain the term equilibrium mixture.

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

(ii) The syringe contains a sample of the equilibrium mixture. T, er was pulled

back reducing the pressure.
How would the colour of the gas inside the syringe c@n ive an explanation for

your answer.

equi xture

(iii) A sealedt ing an equilibrium mixture of nitrogen dioxide and dinitrogen
in a beaker of ice cold water.
ixture changed from brown to pale yellow.

reaction exothermic or endothermic? Give an explanation for your

(iv) What other piece of information given in the equation supports your answer to (iii)?

NO, + NO, —» O,N-NO,

0620/s13/qp33
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(b) Nickel ores are converted into nickel(II) oxide. This can be reduced to impure nickel by
heating with carbon. The nickel is purified by the following reversible reaction.

Ni(s) + 4CO(g) = Ni(CO),(g)

hickel carbonyl
(i) Impure nickel is heated at 60 °C. The forward reaction occurs.

Ni(s) + 4CO(g) — Ni(CO),(g)

impure

The nickel carbonyl, a gas, moves into a hotter chamber at 200 °C. The backward
reaction occurs and the nickel carbonyl decomposes.

Ni(CO),(g) — Ni(s) + 4CO(g)

pure 0
Is the forward reaction exothermic or endothermic? Givég for your answer.

(ii) d by an increase in pressure.

.............................................................................. 2]

(iii) Suggest wha hQ@he impurities.
................. Y ]

ethod of refining nickel. Give a brief description of the method
suggested. A labelled diagram is acceptable.

(iv) St:}Qst a
whiéh you

[4]
0620/w11/qp33
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(b) Many fertilisers are manufactured from ammonia. Describe how ammonia is made in the
Haber process. Give the essential conditions and an equation for the process.

..................................................................................................................................... [4]
0620/w11/qp33
(e) When antimony chloride is added to water, a faint white precipitat nd the mixture
slowly goes cloudy.
forward ‘\
SbCl (aq) + H,O(l) = 2HCI(aq) + Cl(s)
colourless backward hite
(i) Explain why after some time the appear f the mixture remains unchanged.
............................................. 0 et [2]

(ii) When a few drops of
changes to a colourl!

rated hydrochloric acid are added to the mixture, it
ion. Suggest an explanation.

could make the colourless solution go cloudy.

0620/w11/qp32
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2 Sulfuris needed for the production of sulfuric acid. Two of the major sources of sulfur are

e underground deposits of the element sulfur,

e sulfur compounds from natural gas and petroleum.

(a) Explain why sulfur and its compounds are removed from these fuels before they are
burned.

(b) Sulfur dioxide is made by spraying molten sulfur into air. The sulfur ignites and sulfur
dioxide is formed.

(i) Suggest why molten sulfur is used in the form of a fine spray. 0

(ii) Explain why traces of sulfur dioxide act as a e in fruit juices.

HS.O, + ... N H_SO [2]

[Total: 12]
0620/w11/gp32
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4

Reversible reactions can come to equilibrium. The following are three examples of types of
gaseous equilibria.

A,(g) + B,(g) = 2AB(g) reaction 1

A,(g) + 3B,(g) = 2AB,(9) reaction 2

2AB,(g) = 2AB(g) + B,(g) reaction3

(a) Explain the term equilibrium.

(b) The following graphs show how the percentage of products of a reversible reaction at
equilibrium could vary with pressure.
For each graph, decide whether the percentage of products decre increases or
stays the same when the pressure is increased, then match ea to one of the

above reactions and give a reason for your choice.
(i) % b

% product at
equilibrium

0 essure

effect on percentage of p@g ...............................................................................

reaction ..............

N e 3]
>
iy | e

% product at

equilibrium
0 >
0 pressure
effect on percentage of products ...
PO ON
£=T= =1 USSP RTRSUPR
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(iii)

3
% product at
equilibrium
0 =
0 pressure
effect on percentage of products ...
==l 1T 3 U SEPRPSPR
FEASON oo
................................................................................................. 0 [3]
[Total: 11]
L/
0620/w11/qp31 \
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(b) Ammonia is made by the Haber Process.
N,(g) + 3H,(9) = 2NH,(g) forward reaction is exothermic

The percentage of ammonia in the equilibrium mixture varies with conditions.

pressure/atmospheres 100 200 300 400
% ammonia at 300°C 45 65 72 78

% ammonia at 500°C 9 18 25 31

The conditions actually used are 200 atmospheres, 450°C and an iron catalyst.

(i) The original catalyst was platinum. Suggest a reason why it was changed to iron.

(i)
(iii)
(iv)
AV AN A0 A et e e e
ol Y . . eeeeeeeieeeeeeeeeeeeesioeeeieeeseemeseeeeeeeeeeeeeeeieeeeeoaeaniiaaa 1
oy 1
.............................................................................................................................. [1]
[Total: 9]
0620/w10/qp31
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7  The major use of sulfur dioxide is to manufacture sulfuric acid.

(a) (i) Another use of sulfur dioxide is as the food additive E220.
How does it preserve food?

(ii) Why is sulfur dioxide used in the manufacture of wood pulp?

(b) Complete the following description of the manufacture of sulf g

L/
Sulfur dioxide reacts with ............................. to forr( rioxide.
The above reaction is catalysed by ................ 0 ..................... .
The optimum temperature for this reactiomis . ......................... °C.

0620/w10/qp32

Sulfur trioxide needs to react witroa ............... to form sulfuric acid.

[4]

Q"’Q%
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6 (a) Sulfuric acid is made by the Contact process.
250, + O, = 280,
This is carried out in the presence of a catalyst at 450°C and 2 atmospheres pressure.

(i) How is the sulfur dioxide made?

(ii) Give another use of sulfur dioxide.

(iii) Name the catalyst used. eq

(iv) If the temperature is decreased to 300°C, the !ulfur trioxide increases.

Explain why this lower temperature is not@ .

(v) Sulfur trioxide is dissolved i trated sulfuric acid. This is added to water to
make more sulfuric acid. ulfur trioxide not added directly to water?

ade in the Middle East by heating the mineral, green vitriol,
ses formed were cooled.

(b) sm&;?igﬁfi

FeS0,./H,0.
FeS0,7H,0O(s) —  FeSQ4s) + 7H0(g)
green crystals yellow powder

2FeS04(s) — Fex0s5(s) + SO,(g) + SO5(qg)
On cooling

SO; + H;O — HySO4 sulfuric acid

SO, + H, O — H;S0; sulfurous acid

(i) How could you show that the first reaction is reversible?

0620/w09/qp31
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4 The distinctive smell of the seaside was thought to be caused by ozone, Os.
Ozone is a form of the element oxygen.

(a) A mixture of oxygen and ozone is formed by passing electric sparks through oxygen.
302 = 20,

Suggest a technique that might separate this mixture. Explain why this method
separates the two forms of oxygen.

technique

217 + Oy + 2H" %? + H,0
(i) What would you see when ozon@ ed through aqueous acidified potassium

iodide?

0620/w09/qp31
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6 Sulfuric acid is an important acid, both in the laboratory and in industry.
Sulfuric acid is manufactured in the Contact Process. Originally, it was made by heating metal
sulfates and by burning a mixture of sulfur and potassium nitrate.

(a) Give a major use of sulfuric acid.

(b) A group of naturally occurring minerals have the formula of the type FeS0O,.xH,0 where x is 1,
4,5, 6 or 7. The most common of these minerals is iron(Il) sulfate-7-water.

(i) When this mineral is heated gently it dehydrates.

FeSO,.7H,O0 = FeSO, + 7H,0
green pale yellow

Describe how you could show that this reaction is reversible. 0

(ii) When the iron(Il) sulfate is heated strongly, f
2FeS0O,(s) —» Fe,0,(s)

The gases formed in this reaction réact with water and oxygen to form sulfuric acid.
Explain how the sulfuric acid is f

0620/w14/qp32
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3 The main use of sulfur dioxide is the manufacture of sulfuric acid.

(a) State two other uses of sulfur dioxide.

.............................................................................................................................................. 2]
(b) One source of sulfur dioxide is burning sulfur in air.

Describe how sulfur dioxide can be made from the ore zinc sulfide.

.............................................................................................................................................. [2]
(¢) The Contact process changes sulfur dioxide into sulfur trioxide.

250,(g) + O,(g) = 2504(9) 0

the forward reaction is exothermic

temperature 400 to 450°C . b

low pressure 1 to 10 atmospheres \

catalyst vanadium(V) oxide

(i) Whatis the formula of vanadium(V) oxide? 0

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

(i) Vanadium(V) oxide is an efficient catalys ny temperature in the range 400 to 450°C.
Scientists are looking for an altern alyst which is efficient at 300°C.
What would be the advantage o a lower temperature?

........................................................................................................................ 2]
(iii) use a high pressure because of the extra expense.
ages of using a high pressure?
stions.
....................................................................................................................................... 4]
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(d) Sulfuric acid is made by dissolving sulfur trioxide in concentrated sulfuric acid to form oleum.
Water is reacted with oleum to form more sulfuric acid.
Why is sulfur trioxide not reacted directly with water?

[Total: 12]

0620/w14/gp31

4 Sulfuric acid is a strong acid. Hexanesulfonic acid is also a strong acid. It has similar properties
to sulfuric acid.

(a) Sulfonic acids are made from alkanes and oleum, H,S,0,. e

C.H,, + H,S,0, - C,H,,SOH + H,SO,

(i) Describe how oleum is made from sulfur by the Ccﬁ@c ss. Give equations

and reaction conditions.

d sulfuric acid made from oleum?

0620/w13/qp33
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3 (a) Nitric acid is now made by the oxidation of ammonia. It used to be made from air and
water. This process used very large amounts of electricity.

Air was blown through an electric arc and heated to 3000°C.

N,(g) + O,(g) = 2NO(g) equilibrium 1

nitric oxide

The equilibrium mixture leaving the arc contained 5 % of nitric oxide. This mixture was
cooled rapidly. At lower temperatures, nitric oxide will react with oxygen to form nitrogen
dioxide.

2NO(g) + O,(g) = 2NO, equilibrium 2
Nitrogen dioxide reacts with oxygen and water to form nitric acid.

(i) Suggest a reason why the yield of nitric oxide in equilibri n@wcreases with
temperature.

................................................................................... V'S é [1]
\n th

(ii) What effect, if any, would increasing the pressur,
oxide in equilibrium 17? Explain your answer.

e percentage of nitric

Y.

(iii) Deduce why equilibrium 2 is ied out at lower temperatures.

(iv) for the reaction between nitrogen dioxide, water and oxygen

(2]

(v) Ammonia is more expensive than water and air. Suggest a reason why the
ammonia-based process is preferred to the electric arc process.

0620/w13/qp32
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3 Ammonia is manufactured by the Haber process.
Ny(g) + 3H,(g) == 2NH,(g)
The forward reaction is exothermic.
(a) Describe how the reactants are obtained.

(i) Nitrogen

(b) The percentage of ammonia in the equilibrium mixtu&r es with temperature and
pressure.

(i) Which pair of graphs, A, B or C, shows ¢ Iy*how the percentage of ammonia at
equilibrium varies with temperature a% sure?

f 3 7 3
percentage percentage
pair A NH, at NH, at
equilibrium equilibrium
pressure
° I 3
o
pércent percentage
pair B NH, at
equilibrium equilibrium
temperature pressure
A
percentage percentage
pair C NH, at NH, at
equilibrium equilibrium
temperature pressure
The pair with both graphs correctis ... [1]

Page 38143



(i) Give a full explanation of why the pair of graphs you have chosen in (i) is correct.

.............................................................................................................................. (6]
(iif) Catalysts do not alter the position of equilibrium. Explain W&Iyst is used in

this process. e

[Total: 14]
0620/w13/qp31
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7 Ammonia is made by the Haber process.

Ny(g) + 3Hy(g) = 2NH,(9)

(a) State one major use of ammonia.

..................................................................................................................................... 1]
(b) Describe how hydrogen is obtained for the Haber process
.................................................................................................................................. [3]
(¢) This reaction is carried out at a high pressure, 200 atmosphe
State, with an explanation for each, two advantages of usn ressure.
...................................................................... (8]

0620/w12/gp33
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(b) Methanol is manufactured using the following method.
CH,(g) + H,0(g) — CO(g) + 3H,(9) reaction 1
CO(g) + 2H,(g) = CH,OH(g) reaction 2
The conditions for reaction 2 are:

pressure 100 atmospheres
catalyst a mixture of copper, zinc oxide and aluminium oxide
temperature  250°C

The forward reaction is exothermic.

(i) Why is high pressure used in reaction 27?

........................................................................................ éq 2]
L/
(ii) Explain why using a catalyst at 250 °C is preferre *}g a
350 °C and no catalyst.

higher temperature of
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5 The food additive E220 is sulfur dioxide. It is a preservative for a variety of foods and drinks.

(a) State two other uses of sulfur dioxide.

- [2]
(b) How is sulfur dioxide manufactured?
- 2]
(c) Sulfur dioxide is a reductant (reducing agent). Describe what yo Id see when
aqueous sulfur dioxide is added to acidified potassium mangiEa
............................................................................... . [2]
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5 Carbonyl chloride, COCI,, is widely used in industry to make polymers, dyes and
pharmaceuticals.

(a) Carbonyl chloride was first made in 1812 by exposing a mixture of carbon monoxide and
chlorine to bright sunlight. This is a photochemical reaction.

O(g) + Cl)(g) — COCI,(9)

(i) Explain the phrase photochemical reaction.

(ii) Give another example of a photochemical reaction and explain why it is important
either to the environment or in industry. E

(b) Carbonyl chloride is now made by the reversible n given below.

CO(g) + Cl(9) 2(9)

The forward reaction is exothermic.
The reaction is catalysed by carbo a temperature range of 50 to 150°C.

(i) Predict the effect on the Q carbonyl chloride of increasing the pressure.

Explain your answer. 0

(i) mhwemp s allowed to increase to above 200°C, very little carbonyl chloride
is formed, i
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