Equilibria and Redox




3 (a)

3 (a) ()

Sulfuric acid is made from SOz which can be manufactured in a series of stages
from iron(ll) disulfide (FeS,), found in the mineral iron pyrites.

In the first stage, FeS, is roasted in air to form iron(lll) oxide and sulfur dioxide.

Balance the following equation for this reaction.

.......... FeS, + ..........0, _— cieeinnFE03 + ........S0O5
(1 mark)
3 (a) (ii) Deduce the oxidation state of sulfur in each of the following compounds.
] SR POPPPPERRR
B S e e e e e e e e
(2 marks)
3 (b) In the second stage of the manufacture of sulfuric acid, sulfur dioxide reacts with
oxygen. The equation for the equilibrium that is established is shown below.
SO,Q) + 30,0 == SO0s(g) AH = —98kJmol™
State and explain the effect of an increase in temperature on the equilibrium yield
of SO3
Effect of increase in temperature on yield ..............ccc
EXPIANATION ...t e e e e s
(3 marks)
(S ] o 1= T ) I P PP PPRPPP PPN
3 (¢) In the extraction of iron, carbon monoxide reacts with iron(lll) oxide. Write an equation
for this reaction and state the role of the carbon monoxide.
EQUATION ..ttt e e e e e e s
Role of the carbon MoNOXide ...
(2 marks)
Turn over
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5 Nitric acid is manufactured from ammonia in a process that involves several stages.

5 (a) Inthe first stage, ammonia is converted into nitrogen monoxide and the following
equilibrium is established.

4NH3(g) + 50,(g) 4NO(g) + 6H,0(g) AH = -905kJmol ™t

The catalyst for this equilibrium reaction is a platinum-rhodium alloy in the form of a
gauze. This catalyst gauze is heated initially but then remains hot during the reaction.

5 (@) (i) Interms of redox, state what happens to the ammonia in the forward reaction.

(1 mark)
5 (a) (ii) Suggest areason why the catalyst must be hot.

(1 mark)
5 (a) (i) Suggest a reason why the catalyst remains hot during the reaction.

(2 mark)
5 (a) (iv) State how a catalyst increases the rate of a reaction.

(2 marks)
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5 (b

5 (0

In the second stage, nitrogen monoxide is converted into nitrogen dioxide. The
equation for the equilibrium that is established is shown below.

2NO(g) + O,(9) 2NO,(g)  AH =-113kJmol™

Explain why the equilibrium mixture is cooled during this stage of the process.

(2 marks)

In the final stage, nitrogen dioxide reacts with water as shown by the following
equation.

2NO,(g) + H,0() ——> H¥(ag) + NO3 (aq) + HNO»(aq)

Give the oxidation state of nitrogen in each of the following.

09>
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[ USRS
HIN O D et b bbbttt st bt
(3 marks)
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SECTION A

Answer all questions in the spaces provided.

1 A mixture was prepared using 1.00 mol of propanoic acid, 2.00 mol of ethanol and 5.00 mol
of water. At a given temperature, the mixture was left to reach equilibrium according to the
following equation.

CH3CH,COOH + CH3CH,OH CH3CH,COOCH,CH3 + H,0 AH® = -22kJImol !

The equilibrium mixture contained 0.54 mol of the ester ethyl propanoate.

1 (a) (i) Calculate the amounts, in moles, of propanoic acid, of ethanol and of water in
this equilibrium mixture.

Moles Of PropanoiC aCid ..........cccveiiieiiiiii e
MOIES OF ETNANOI ...

IMOIBES OF WWATET ..o,
(3 marks)

1 (@ (i) Write an expression for the equilibrium constant, K, for this equilibrium.

1 (@) (iii) Calculate a value for K; for this equilibrium at this temperature. Explain why
this K; value has no units.

01 [o10] F= 1110 TR TR
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3 Areas outside
the box will
not be scanned

for marking
1 (b) For this equilibrium, predict the effect of an increase in temperature on each of the
following.

1 (b) (i) the amount, in moles, of ester at equilibrium

(1 mark)
1 (b) (i) the time taken to reach equilibrium

(1 mark)
1 (b) (iii) the value of K,

(2 mark)

10
Turn over for the next question
Turn over
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10

5 (a) (i)

5 (a) (ii)

5 (a) (iii)

A sample of nitrogen dioxide gas (NO,) was prepared by the reaction of copper with
concentrated nitric acid.

Balance the equation for the reaction of copper with concentrated nitric acid.

Cu + ... HNO3; —— Cu(NO3), + ........ NO, + ... H,O

(2 marks)

Deduce the half-equation for the conversion of HNO3 into NO, in this reaction.

(1 mark)
5 (b) The following equilibrium is established between colourless dinitrogen tetraoxide gas
(N,0O,4) and dark brown nitrogen dioxide gas.
N,O4(g) == 2NO,(g) AH = +58kImol™
5 (b) (i) Give two features of a reaction at equilibrium.
ST LU | £ R UUPPPPPPPRPRN
AU 2 o e oot a e e e e e e et b e e e aaaaaeaaae
(2 marks)
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11

5 (b) (ii) Use Le Chatelier’s principle to explain why the mixture of gases becomes darker in
colour when the mixture is heated at constant pressure.

(2 marks)

5 (b) (iii) Use Le Chatelier’s principle to explain why the amount of NO, decreases when the
pressure is increased at constant temperature.

(2 marks)

Turn over for the next question

Turn over
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3 The following dynamic equilibrium was established at temperature T in a closed
container.
P(g) + 2Q(g) =—= 2R(0) AH®= -50kJ mol™
The value of K, for the reaction was 68.0 mol™* dm?® when the equilibrium mixture
contained 3.82 mol of P and 5.24 mol of R.
3 (a) Give the meaning of the term dynamic equilibrium.
(2 marks)
(S ] 0= (o ) I SOTSSPPPPPP
3 (b) Write an expression for K, for this reaction.
(1 mark)
3 (¢) The volume of the container was 10.0 dm?®.
Calculate the concentration, in mol dm™=, of Q in the equilibrium mixture.
(4 marks)
(S ] o 1= 1o ) TP SO PPPRPP PP
08D
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3 (d) State the effect, if any, on the equilibrium amount of P of increasing the temperature.
All other factors are unchanged.
(1 mark)
3 (e) State the effect, if any, on the equilibrium amount of P of using a container of larger
volume. All other factors are unchanged.
(1 mark)
3 () State the effect, if any, on the value of K. of increasing the temperature.
All other factors are unchanged.
(2 mark)
3 (9) State the effect, if any, on the value of K. of using a container of larger volume.
All other factors are unchanged.
(1 mark)
3 (h) Deduce the value of the equilibrium constant, at temperature T, for the reaction
2R(g) == P(9) + 2Q(9)
(1 mark)
Turn over for the next question
Turn over
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1 (¢)

1 (c) (i)

1 (c) (i)

An equilibrium is established between oxygen and ozone molecules as shown below.
30,(9) =— 203(9) AH = +284kJ mol™

State Le Chatelier’s principle.

Use Le Chatelier’s principle to explain how an increase in temperature causes an
increase in the equilibrium yield of ozone.

1 (d) Chemists supported the legislation to ban the use of CFCs. Modern refrigerators
use pentane rather than CFCs as refrigerants.
With reference to its formula, state why pentane is a more environmentally acceptable
refrigerant.
(1 mark)
(ST = T = 1o =) L
Turn over
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10

10 (a)

10 (a) (i)

10 (a) (ii)

10 (a) (iii)

Reactions that involve oxidation and reduction are used in a number of important
industrial processes.

lodine can be extracted from seaweed by the oxidation of iodide ions.
In this extraction, seaweed is heated with MnO, and concentrated sulfuric acid.

Give the oxidation state of manganese in MnO,

Write a half-equation for the reaction of MnO, in acid to form Mn?* ions and
water as the only products.

(1 mark)
10 (b) Chlorine is used in water treatment. When chlorine is added to cold water it reacts
to form the acids HCI and HCIO
The following equilibrium is established.
Cly(aq) + H,O() == H'(aq) + Cl(ag) + HCIO(aq)
10 (b) (i) Give the oxidation state of chlorine in Cl, and in HCIO
SRS PPPPPERRR
[ [ O T EPU PP
(2 marks)
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10 (b) (ii)

10 (¢)

10 (c) (i)

10 (c) (ii)

Deduce what happens to this equilibrium as the HCIO reacts with bacteria in
the water supply. Explain your answer.

Concentrated sulfuric acid is reduced when it reacts with solid potassium bromide.
Concentrated sulfuric acid is not reduced when it reacts with solid potassium chloride.

Write the two half-equations for the following redox reaction.
2H* + 2Br~ + H,SO, —— Br, + SO, + 2H,0

Half-equation 1

(2 marks)

Write an equation for the reaction of solid potassium chloride with concentrated
sulfuric acid.

Question 10 continues on the next page
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10 (c) (iii) Explain why chloride ions are weaker reducing agents than bromide ions.

END OF QUESTIONS

Copyright © 2011 AQA and its licensors. All rights reserved.
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3 Synthesis gas is a mixture of carbon monoxide and hydrogen. Methanol can be
manufactured from synthesis gas in a reversible reaction as shown by the
following equation.

CO(g) + 2Hx(g) == CH3OH(g) H® = —91 kJmol™

3 (@) A sample of synthesis gas containing 0.240 mol of carbon monoxide and 0.380 mol of
hydrogen was sealed together with a catalyst in a container of volume 1.50 dm?®.
When equilibrium was established at temperature T, the equilibrium mixture
contained 0.170 mol of carbon monoxide.

Calculate the amount, in moles, of methanol and the amount, in moles, of hydrogen in
the equilibrium mixture.

L= d =T (o ] RO UUPPPPTPPPPRt
HYAIOGEN o
(2 marks)
3 (b) A different sample of synthesis gas was allowed to reach equilibrium in a similar

container of volume 1.50 dm? at temperature Tq

At equilibrium, the mixture contained 0.210 mol of carbon monoxide, 0.275 mol of
hydrogen and 0.0820 mol of methanol.

3 (b) (i) Write an expression for the equilibrium constant K. for this reaction.

(2 mark)
3 (b) (i) Calculate a value for K, for the reaction at temperature T, and state its units.
CAICUIBLION ... nnnnnes
L0 PP P TP PPPPPPR
(4 marks)

3 (b) (iii) State the effect, if any, on the value of K; of adding more hydrogen to the equilibrium
mixture.

(1 mark)
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3 (¢)

3 (d)

3 (e)

The temperature of the mixture in part 3 (b) was changed to T, and the mixture was
left to reach a new equilibrium position. At this new temperature the equilibrium
concentration of methanol had increased.

Deduce which of T, or T, is the higher temperature and explain your answer.

HIGNEI TEMPEIATUIE ..ottt e e e e e e e e e e e e eeeaeas

EXPIaN@tiON ...ooooiiiiiiiie

(3 marks)

The following reaction has been suggested as an alternative method for the production
of methanol.

COy(g) + 3Ha(g) ==  CH3zOH(g) + H20(g)
The hydrogen used in this method is obtained from the electrolysis of water.

Suggest one possible environmental disadvantage of the production of hydrogen by
electrolysis.

One industrial use of methanol is in the production of biodiesel from vegetable oils
such as

ClinOOCC17H35
?HOOCCNHﬂ
CH,00CC17Hag

Give the formula of one compound in biodiesel that is formed by the reaction of
methanol with the vegetable oil shown above.

09>

Turn over

WMP/Jan11/CHEM4

Do not write
outside the
box




2 (b) State and explain what happens to the yield of methanol when the total pressure is
increased in this synthesis.
COx(g) + 3Hx(g) == CH3OH(g) + H20(9)
EFfECE ON YIEIA o.eveeeeeeeeeeeeeeee e e
EXPIANATION ...ttt e e e e s
(8 marks)
(S =] o 1= 1o =) PP PPPRPPR PPN
2 () The hydrogen required for this synthesis is formed from methane and steam in a
reversible reaction. The equation for this reaction is shown below.
CH4(g) + H,O(g) =— CO(g) + 3Hx(q) AH = +206 kI mol™
State and explain what happens to the yield of hydrogen in this reaction when the
temperature is increased.
=T od 00 Y/ 1 o PR
D d o] = TaT= Lo o [P PPPPRPPPPRPRP
(3 marks)
(S ] 0= (o ) IS OROPPPPPPP
Question 2 continues on the next page
Turn over
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Section A

Answer all questions in the spaces provided.

1 (a)

1 (a) (i)

A mixture of 1.50 mol of hydrogen and 1.20 mol of gaseous iodine was sealed in a
container of volume V dm3. The mixture was left to reach equilibrium as shown by the
following equation.

Hx(@) + I(g) == 2HI(9)

At a given temperature, the equilibrium mixture contained 2.06 mol of hydrogen iodide.

Calculate the amounts, in moles, of hydrogen and of iodine in the equilibrium mixture.

MOIES OF NYATOGEN ...ttt e e e e e e e e e e e e aaaaaaaaaaeens
1Y o] =TS 0 o To 1 = P EPPR PR
(2 marks)
1 (a) (i) Write an expression for the equilibrium constant (K) for this equilibrium.
(1 mark)
1 (a) (iii) K; for this equilibrium has no units.
State why the units cancel in the expression for K,
(2 mark)
1 (a) (iv) A different mixture of hydrogen, iodine and hydrogen iodide was left to reach
equilibrium at the same temperature in a container of the same volume.
This second equilibrium mixture contained 0.38 mol of hydrogen, 0.19 mol of iodine and
1.94 mol of hydrogen iodide.
Calculate a value for K, for this equilibrium at this temperature.
(2 marks)
(S =] o 1= 1o ) T PP PSSP PPPRPP PP
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3 Do not write
outside the
box

1 (b) This question concerns changes made to the four equilibria shown in parts (b) (i) to
(b) (iv).
In each case, use the information in the table to help you choose from the
letters A to E the best description of what happens as a result of the change
described. Write your answer in the box.

Each letter may be used once, more than once or not at all.

Position of equilibrium Value of equilibrium constant, K.
A remains the same same
B moves to the right same
C moves to the left same
D moves to the right different
E moves to the left different

1 (b) (i) Change: increase the temperature of the equilibrium mixture at constant pressure.

Ho(g) + l(g) == 2HI(g) AH®= +52kJmol™?

(1 mark)

1 (b) (i) Change: increase the total pressure of the equilibrium mixture at constant temperature.

3Hy(g) + Ny(g) == 2NHs(g) AH® = —92kJmol™

(2 mark)
1 (b) (iii) Change: add a catalyst to the equilibrium mixture at constant temperature.
CO(g) + H,0( == COyg) + Hy(9) AH®= —41kJmol™?
(1 mark)
1 (b) (iv) Change: add chlorine to the equilibrium mixture at constant temperature.
PCls(g) == PCli(g) + Cly(9) AH® = +93kJImol™
(2 mark)
10
Turn over
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2 Ammonia is manufactured by the Haber process in which the following equilibrium is
established.

No(9) + 3Ha(g) = 2NHs(g)

2 (a) Give two features of a reaction at equilibrium.
FATUIE L ..o et e e ettt e e e e et ettt b e e e e e e ee et b aeeaaaaaaae
FEATUIE 2 ..ottt e ettt e e et eaaaennae
(2 marks)
2 (b) Explain why a catalyst has no effect on the position of an equilibrium.
(2 marks)
(S ] 0= (1) IR PRSP
Question 2 continues on the next page
Turn over
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2 (o)

E_quilibrium 40
yield of
ammonia/% 304

2 (c) (i)

The diagram shows how the equilibrium yield of ammonia varies with changes in
pressure and temperature.

20- 600K

60

0 5 10 15 20 25 30 35 40

Pressure/MPa

Use the diagram to state the effect of an increase in pressure at constant temperature
on the yield of ammonia. Use Le Chatelier’s principle to explain this effect.

EFfECT ON YIEIA ..ot e e

T 0] = = 11T o PP
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2 (c) (i)

2 (d)

2 (d) (i)

Use the diagram to state the effect of an increase in temperature at constant pressure
on the yield of ammonia. Use Le Chatelier’s principle to explain this effect.

EFfECT ON YIEIA ..ot e e

0] P> = 11T o S

At equilibrium, with a pressure of 35MPa and a temperature of 600K, the yield of
ammonia is 65%.

State why industry uses a temperature higher than 600 K.

(1 mark)
2 (d) (i) State why industry uses a pressure lower than 35 MPa.
Do not include references to safety.
(1 mark)
Turn over
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10
5 lodine reacts with concentrated nitric acid to produce nitrogen dioxide (NO,).
5 (a) (i) Give the oxidation state of iodine in each of the following.
D et
HIOS ettt
(2 marks)
5 (a) (ii) Complete the balancing of the following equation.
I + 10HNO; ——> . HIO; + .. NO, + ... H20
(1 mark)
5 (b) In industry, iodine is produced from the NalO3 that remains after sodium nitrate has
been crystallised from the mineral Chile saltpetre.
The final stage involves the reaction between NalO3z and Nal in acidic solution.
Half-equations for the redox processes are given below.
037 + 5e” + 6H" —> 3H,0 + 2,
|m — %lz + e
Use these half-equations to deduce an overall ionic equation for the production of
iodine by this process. Identify the oxidising agent.
Overall ionic equation
The oXidiSING AQENT ...
(2 marks)
10>

WMP/Jan12/CHEM2

Do not write
outside the
box



Do not write
11 outside the
box

5 (¢) When concentrated sulfuric acid is added to potassium iodide, solid sulfur and a black
solid are formed.

5 (c) (i) Identify the black solid.

5 (c) (ii) Deduce the half-equation for the formation of sulfur from concentrated sulfuric acid.

5 (d) When iodide ions react with concentrated sulfuric acid in a different redox reaction, the
oxidation state of sulfur changes from +6 to —2. The reduction product of this reaction
is a poisonous gas that has an unpleasant smell.

Identify this gas.

(2 mark)
5 (e) A yellow precipitate is formed when silver nitrate solution, acidified with dilute nitric
acid, is added to an aqueous solution containing iodide ions.
5 (e) (i) Write the simplest ionic equation for the formation of the yellow precipitate.
(12 mark)
5 (e) (ii) State what is observed when concentrated ammonia solution is added to this
precipitate.
(12 mark)
5 (e) (iii) State why the silver nitrate is acidified when testing for iodide ions.
(2 mark)
Question 5 continues on the next page
Turn over
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5 (f)

5 () (@)

Consider the following reaction in which iodide ions behave as reducing agents.
Cl(aq) + 2I(aq) — lx(aq) + 2Cl(aq)
In terms of electrons, state the meaning of the term reducing agent.

(2 mark)
5 (f) (ii)) Write a half-equation for the conversion of chlorine into chloride ions.
(1 mark)
5 (f) (iii) Suggest why iodide ions are stronger reducing agents than chloride ions.
(2 marks)
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WMP/Jan12/CHEM2

Do not write
outside the
box




2 (a)

2 (a) (i)

At high temperatures and in the presence of a catalyst, sulfur trioxide decomposes
according to the following equation.

2S04(g) === 2S0,(@) + 0,(9) AH® = +196kJ mol™!

In an experiment, 8.0 mol of sulfur trioxide were placed in a container of volume
12.0dm? and allowed to come to equilibrium.
At temperature T, there were 1.4 mol of oxygen in the equilibrium mixture.

Calculate the amount, in moles, of sulfur trioxide and of sulfur dioxide in the equilibrium
mixture.

Amount of SUIfUr tHOXIAE ......cooiei
Amount of SUlfur dioXIde ........ooooiiii i
(2 marks)
2 (a) (ii) Write an expression for the equilibrium constant, K, for this equilibrium.
(1 mark)
2 (a) (iif) Deduce the units of K. for this equilibrium.
(12 mark)
2 (a) (iv) Calculate a value of K. for this equilibrium at temperature T,
(If you were unable to complete the calculations in part (a) (i) you should assume that
the amount of sulfur trioxide in the equilibrium mixture was 5.8 mol and the amount of
sulfur dioxide was 2.1 mol. These are not the correct values.)
(3 marks)
(ST = T = 1o =) LSS
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2 (b)

2 (b) (i)

2 (b) (ii)

2 (c)

The experiment was repeated at the same temperature using the same amount of
sulfur trioxide but in a larger container.
State the effect, if any, of this change on:

the amount, in moles, of oxygen in the new equilibrium mixture

The experiment was repeated in the original container but at temperature T,
The value of K. was smaller than the value at temperature T,

State which is the higher temperature, T, or T,

Explain your answer.

Higher temMpPerature ..........oooo i

EXPIaN@tioN ...ooooiiiiiiiiic

05>
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Section A

Answer all questions in the spaces provided.

1 (a)

1 (@) ()

1 (a) (i)

Sulfuric acid is manufactured by the Contact Process.

In this process, sulfur dioxide reacts with oxygen.
The equation for the equilibrium that is established is

SOx(@) + 30290 = SOs() AH = -98 kJmol™

State and explain the effect of a decrease in temperature on the equilibrium yield of
SO3

Effect of a decrease in temperature on yield ...

D q 0] = T = Lo o PP PPPRRPRPRRR

Give two features of a reaction at equilibrium.

== 110 | (=00

(2 marks)
Question 1 continues on the next page
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1 (b) Write an equation for the reaction of concentrated sulfuric acid with potassium bromide
to form potassium hydrogensulfate and hydrogen bromide.
(2 mark)
1 (¢) Bromine is one of the products formed when concentrated sulfuric acid reacts with
hydrogen bromide.
Write an equation for this reaction.
State the role of sulfuric acid in this reaction.
Equation
ROIE Of SUIFUMIC BCIA ..uvueiiii et e e e e e e e e e et e e e e e e e eeeeserenes
(3 marks)
1 (d) Concentrated sulfuric acid is used in a two-stage process to convert 2-methylpropene
into 2-methylpropan-2-ol.
Stage 1 (CH3)2C:CH2 + H,SOy, —— (CH3)2C(OSOon)CH3
Stage 2 (CH3),C(OSO,0OH)CH; + H,O —— (CHj3),C(OH)CH3; + H»SO,4
1 (d) (i) Name and outline a mechanism for Stage 1 of this conversion.
Name Of MECNANISIM ..o et e et e e e e e e e e e e e e e aaaaaeeas
Mechanism
(5 marks)
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1 (d) (ii) Deduce the type of reaction in Stage 2 of this conversion.
(2 mark)
1 (d) (iii) State the overall role of sulfuric acid in this conversion.
(1 mark)
16
Turn over for the next question
Turn over
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4 The price of copper is increasing as supplies of high-grade ores start to run out.
The mineral covellite (CuS), found in low-grade ores, is a possible future source of
copper.

4 (a) When copper is extracted from covellite, a reaction occurs between copper(ll) sulfide

and nitric acid to form a dilute solution of copper(ll) sulfate.

4 (a) (i) Balance the equation for this reaction.

3CuS(s) + ...... HNOs(aq) ——> ...... CuSOy(aq) + ...... NO(@) + ...... H,O(1)

(1 mark)

4 (@) (ii) Give the oxidation state of nitrogen in each of the following.

(2 marks)

4 (a) (iii) Deduce the redox half-equation for the reduction of the nitrate ion in acidified solution
to form nitrogen monoxide and water.

4 (@) (iv) Deduce the redox half-equation for the oxidation of the sulfide ion in aqueous solution
to form the sulfate ion and H*(aq) ions.

10>

WMP/Jun13/CHEM2



Do not write
11 outside the
box

4 (b) Use your knowledge of metal reactivity to state and explain a low-cost method for the

extraction of copper from a dilute aqueous solution of copper(ll) sulfate.
Write the simplest ionic equation for the reaction that occurs during this extraction

process.

(4 marks)

Turn over for the next question
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2 When heated above 100°C, nitrosyl chloride (NOCI) partly decomposes to form
nitrogen monoxide and chlorine as shown in the equation.

2NOCI(g) == 2NO(g) + Cly(g)

2 (a) A 2.50mol sample of NOCI was heated in a sealed container and equilibrium was
established at a given temperature. The equilibrium mixture formed contained 0.80 mol
of NO

Calculate the amount, in moles, of Cl, and of NOCI in this equilibrium mixture.

/0] (=TT 0 ) O T
MOIES OF NOCH ...t e e e e e e e e e et e e e e e eaeeeeeesees
(2 marks)
2 (b) A different mixture of NOCI, NO and ClI, reached equilibrium in a sealed container

of volume 15.0dm?3. The equilibrium mixture formed contained 1.90 mol of NOCI
and 0.86 mol of NO at temperature T.

The value of K. for the equilibrium at temperature T was 7.4 x 10~ mol dm3,

2 (b) (i) Write an expression for the equilibrium constant K,
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5 Do not write
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2 (b) (iii) Consider this alternative equation for the equilibrium at temperature T.
NOCI(gg =—= NO(g) + %cb@)
Calculate a value for the different equilibrium constant K for the equilibrium as shown
in this alternative equation. Deduce the units of this K,
(=1 [ox 8] F= 11 o PP PP
0T € TP EPPT PP
(2 marks)
9
Turn over for the next question
Turn over
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2 A study of equilibrium is important for understanding chemical reactions.
2 (@) State Le Chatelier’s principle.
(1 mark)
(A= ] 0 = 1o =) PSPPSR
2 (b) Catalysts play an important role in many reactions.
2 (b) (i) State the meaning of the term catalyst.
Explain, in general terms, how catalysts work.
Meaning Of the term CataIYST .........oooiiiiiii e
HOW CALAIYSTS WOTK ..ottt e e e e e eas
(3 marks)
(S =TT 0= (1) PP PPPPP
2 (b) (ii) State the effect, if any, of a catalyst on the time taken to reach equilibrium.
(1 mark)
2 (b) (iii) State the effect, if any, of a catalyst on the position of an equilibrium.
(1 mark)
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2 (¢) Consider the following equilibrium reactions.
H”/kJ mol™t
P Ha(g) + I2(@) —  2HI(g) -10
Q COx(g) + 3H2(g) CH3OH(g) + H20(9) —49
R N2O4(@) ~—  2NOz(g) +58
S Na(g) + 3Hz(9) 2NHs(9) —92
T CoHa(g) + H20(g) —  CH3CHLOH(g) —42

In each of parts (c) (i) to (c) (v), you should record in the box one of the letters, P, Q,
R, S or T, that corresponds to the equilibrium that best fits the information provided.
You may use each letter once, more than once or not at all.

2 (c) (i) A decrease in temperature at constant pressure shifts the position of this equilibrium
from right to left.

(2 mark)

2 (c) (i) This equilibrium uses concentrated phosphoric acid as a catalyst in a hydration
reaction.

(1 mark)

2 (c) (iii) A decrease in pressure at constant temperature shifts the position of this equilibrium
from left to right.

(1 mark)

2 (c) (iv) There is no change in the position of this equilibrium when the pressure is increased at
constant temperature.

(1 mark)

2 (c) (v) Anincrease in the concentration of steam at constant temperature and constant
pressure shifts the position of this equilibrium from right to left.

(2 mark) | | ——
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Section A

Answer all questions in the spaces provided.

1 A dynamic equilibrium is established when gas A is mixed with gas B at a given
temperature.

A(9) +B(@) ~ C(9) + D(9)
Figure 1 shows how the concentrations of reactants and products change with time.

Figure 1

\  @+DE

Concentration/ \ /

mol dm~3 ><

/
/ e A(9) + B(9)

Time/s

1 (a) (i) On the appropriate axis of Figure 1, place an X to show the time when equilibrium is
first established.

[1 mark]

1 (a) (ii) State how the rate of the forward reaction and the rate of the reverse reaction are
related to each other at equilibrium.
[1 mark]
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1 (b)

1 (c)

1 (c) (i)

1 (c) (ii)

Give the meaning of the term dynamic in the context of a dynamic equilibrium.
[1 mark]

The total pressure on the system is increased at constant temperature.

State and explain the effect, if any, of this change on the position of this equilibrium.
[2 marks]

State and explain the effect, if any, of this change on the time taken to reach this
equilibrium.
[3 marks]

Effect

D q ] = T = o o RS RERRRRSR
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3 Antimony is a solid element that is used in industry. The method used for the
extraction of antimony depends on the grade of the ore.
3 (a) Antimony can be extracted by reacting scrap iron with low-grade ores that contain
antimony sulfide (Sb,S3).
3 (a) (i) Write an equation for the reaction of iron with antimony sulfide to form antimony and
iron(Il) sulfide.
[1 mark]
3 (a) (i) Write a half-equation to show what happens to the iron atoms in this reaction.
[1 mark]
3 (b) In the first stage of the extraction of antimony from a high-grade ore, antimony sulfide
is roasted in air to convert it into antimony(lll) oxide (Sb,0O3) and sulfur dioxide.
3 (b) (i) Write an equation for this reaction.
[1 mark]
3 (b) (ii) Identify one substance that is manufactured directly from the sulfur dioxide formed in
this reaction.
[1 mark]
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6 (@)

6 (a) (i)

6 (a) (ii)

6 (b)

6 (b) (i)

6 (b) (i)

6 (b) (iii)

This question is about Group 7 chemistry.

Sea water is a major source of iodine.
The iodine extracted from sea water is impure. It is purified in a two-stage process.

Stage 1 b + 2H,0O + SO, ——> 2HI + H,SO,4
Stage 2 2H + Cl, —— l, + 2HCI
State the initial oxidation state and the final oxidation state of sulfur in Stage 1.

[2 marks]
Oxidation state Of S IN SOn .uuuiiiiiii et e et aens
Oxidation state 0f S iN HoS O .ciiiiiiiiiieee e
State, in terms of electrons, what has happened to chlorine in Stage 2.

[1 mark]

When concentrated sulfuric acid is added to potassium iodide, iodine is formed in the
following redox equations.

Balance the equation for the reaction that forms sulfur.

Deduce the half-equation for the formation of iodine from iodide ions.

Deduce the half-equation for the formation of hydrogen sulfide from concentrated
sulfuric acid.
[1 mark]

Question 6 continues on the next page
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8 (¢) When 3-methylbutanoic acid reacts with ethanol in the presence of an acid catalyst,
an equilibrium is established. The organic product is a pleasant-smelling ester.

(CH3),CHCH,COOH + CH3CH,OH — = (CH3),CHCH,COOCH,CH3; + H,0O
an ester

The carboxylic acid is very expensive and ethanol is inexpensive. In the manufacture of
this ester, the mole ratio of carboxylic acid to ethanol used is 1 to 10 rather than 1 to 1.

8 (c) (i) Use Le Chatelier’s principle to explain why a 1 to 10 mole ratio is used. In your
explanation, you should not refer to cost.
[3 marks]
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Section A

Answer all questions in the spaces provided.

1 This question is about the gaseous equilibrium between compounds E, F and G as
shown in the equation.
E(9 + 2F@Q) = 2G(g) H = -50 kJ mol™
1 (a) A 2.0 mol sample of E was heated in a sealed container with a 1.0 mol sample of F.
Equilibrium was established at a given temperature and the equilibrium mixture
formed contained 0.80 mol of G.
Calculate the amount, in moles, of E and of F in this equilibrium mixture.
[2 marks]
1Yo LTS 0 PP
MOIES OF F oo e e e e e e e et e e e e e e e e e e aet b eeaaaeaeeeaaraaes
1 (b) Write an expression for the equilibrium constant K. for this equilibrium.
State the units of K;
[2 marks]
T 0] (=11 (0] o RSP
U 1 £ PP PPERPPRRPRR
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1 (¢ A different mixture of E and F reached equilibrium at temperature T, in a container of
volume 1.50 dm?3. This equilibrium mixture contained 2.50 mol of E, 1.20 mol of F and
0.85 mol of G.
Calculate a value of K; for the equilibrium at temperature T,
[2 marks]
1 (d) The mixture in Question 1 (c) was allowed to reach equilibrium at temperature T, in a
different container of volume 3.00 dm3.
State whether the amount of G in the equilibrium mixture will increase, decrease or
stay the same. Explain your answer.
[3 marks]
Effect on the amount OF G ... e a e e e e e e e
(0] P> = 11 o RSP
1 (e) The mixture in Question 1 (c) was allowed to reach equilibrium at temperature T, in the
original container of volume 1.50 dm?3.
The value of K. for the equilibrium was found to have increased.
State and explain which of T, or T, is the higher temperature.
[3 marks]
HIGNEr tEMPEIALUIE ..o e e e e e e e e e e e e e e
EXPIANATION ..ot e e e s
............................................................................................................................................ 12
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Section A

Answer all questions in the spaces provided.

1(a)

1 (a) ()

1 (a) (i)

1 (a) (iii)

1 (b)

1 (b) (i) Write the simplest ionic equation for the reaction of chlorine with bromide ions.

Chlorine is an important industrial chemical.

Chlorine is formed when KMnQO, reacts with hydrochloric acid.
The ionic equation for this redox reaction is
1