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As you start and work through this worksheet you can tick off your progress to show yourself how much you have done,
and what you need to do next. The first task is just to read the first question and should take you less than 3 minutes to
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What the most thoughtful students will get out of their extensive studying will be a capacity to do meaningful brain-based
work even under stressful conditions, which is a part of the self-mastery skillset that will continue to deliver value for the
whole of their lives. Outstanding grades will also happen, but the most important outcome from skillful action in study is
being better at any important tasks even if circumstances are do not feel ideal.

Learning how to manage oneself so we can more reliably get ambitious and successful outcomes out of our challenges in a
productive and positive way is one aspect of life’s most valuable pursuit summarised and inscribed on the Temple of Apollo at
Delphi: “know thyself”.

1. To complete these questions, as important as your answer, is checking your answer against the mark scheme.
For each question, or page, convert your mark score into a percentage. This will allow you to see (and feel) your
progress as you get more experience and understanding with each topic.

3. Ifyou find you get a higher percentage answering short answer questions than multiple choice questions that
often means you are using the marking scheme correctly; your correct answer might not be fully complete. The

b _':)' f;f :?.'

1 DO NOT work on these higher levels of completion unless you have also achieved at least a “Silver” (25%) in the samég;tgp,}gjh
Paper 5, if it exists. ’{/\\" ‘:., 4 T
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24  Electrochemistry
24.1 Electrolysis

Learning outcomes

Candidates should be able to:

1 predict the identities of substances liberated during electrolysis from the state of electrolyte (molten or
agueous), position in the redox series (electrode potential) and concentration

2 state and apply the relationship F = Le between the Faraday constant, F, the Avogadro constant, [, and the
charge on the electron, e

3 calculate:
(a) the quantity of charge passed during electrolysis, using Q = It
(b) the mass and/or volume of substance liberated during electrolysis
4 describe the determination of a value of the Avogadro constant by an electrolytic method

24.2 Standard electrode potentials E®; standard cell potentials E?eu and the Nernst equation

Learning outcomes

Candidates should be able to:

1 define the terms:
(a) standard electrode (reduction) potential
(b) standard cell potential
describe the standard hydrogen electrode
3  describe methods used to measure the standard electrode potentials of:
(a) metals or non-metals in contact with their ions in agueous solution
(b) ions of the same element in different oxidation states
4 calculate a standard cell potential by combining two standard electrode potentials
5 usestandard cell potentials to:

(a) deduce the polarity of each electrode and hence explain/deduce the direction of electron flow in the
external circuit of a simple cell

(b) predict the feasibility of a reaction

6 deduce from E° values the relative reactivity of elements, compounds and ions as oxidising agents or as
reducing agents

7 construct redox equations using the relevant half-equations

24.2 Standard electrode potentials E”; standard cell potentials E?eu and the Nernst equation (continued)

Learning outcomes
Candidates should be able to:

8 predict qualitatively how the value of an electrode potential, £, varies with the concentrations of the
aqueous ions

[oxidised species]

[reduced species]

9 use the Nemnst equation, e.g. F = E” + (0.059/z) log

to predict quantitatively how the value of an electrode potential varies with the concentrations of the
aqueous ions; examples include Cu®*(aq) + 2e™= Cu(s), Fe**(aq) + & = Fe**(aq)

10 understand and use the equation AG® = —HE?E“F

,{,
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Q# 1/ ALvl Chemistry/2022/m/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)
3 Titanium is a transition element in Period 4. It is commonly found as TiO, in minerals.

(c) Acidified Ti*(aq) reacts with oxygen dissolved in water as shown.
4Ti* + 0, + 2H,0 — 4Ti0* + 4H* AG*®=-436 1kJmol
The standard reduction potential, E®, of O, + 4H* + 4~ = 2H,01is +1.23V.

(i) Calculate the standard reduction potential, E®, in V, of the TiO*(aq)/Ti*(aq) half-cell.
Show your working.

Q# 2/ ALvl Chemistry/2022/m/TZ 1/Paper 4/Q# 2 /www.SmashingScience.org :0)
2  Silicon is the second most abundant element by mass in the Earth’s crust.

(c) Silicon can also be produced by electrolysis of SiO, dissolved in molten CaCl,.
The relevant half-equation for the cathode is shown.

Si0, + 4e- — Si + 20%

Calculate the time, in seconds, required to produce 1.00g of 5i by this electrolysis, using a
current of 6.00A.
Assume no other substances are produced at the cathode.

Qi 3/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Qi# 3 /www.SmashingScience.org :0)
(b) (i) Define the term standard cell potential, EZ

4
A
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(ii) Draw afully labelled diagram of the apparatus that can be used to measure the cell potential
of a cell composed of a Cu(Il)/Cu electrode and an Fe(Ill)/Fe(II) electrode. Include all
necessary reactants.

[3]

(d) When aqueous solutions of S,0.% and tartrate ions are mixed the reaction proceeds very
slowly. However, this reaction proceeds quickly in the presence of an Fe**(aq) catalyst.
The overall equation for this reaction is shown.

tartrate ions

OH

0, CO;”  + 35,02 + 2H,0 - 2CO, + 2HCO,” + 6H* + 6SO,>

OH

(ii) Use the overall equation to deduce the half-equation for the oxidation of tarirate ions,
C.H,0,%, to carbon dioxide, CO,, and methanoate ions, HCO,™.

CHOE + oo e e ee e eee e eee e ee e 1

Qi 4/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 3 /www.SmashingScience.org :0)
3 lodates are compounds that contain the IO, anion.

(a) The IO anion is shown.

www.SmashingScience.org Patrick Brannac Page 4 of 52
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(c) The decomposition of hydrogen peroxide, H,0O,, is catalysed by acidified 10,
H.,O, reduces acidified 10, as shown.
5H,0, + 2H* + 210, — [, + 50, + 6H,0

This reaction is followed by the oxidation of I, by HyOs.

half-equation E=IV

H,O, + 2H* + 2¢” = 2H,0 +1.77
10, + BH* + 5e- = 11, + 3H,0 | +1.19
0, + 2H* + 2e- = H,0, +0.68

(i) Use the data to show that the separate reactions of H,0O, with IO, and with I, are both
feasible under standard conditions.

In your answer, give the equation for the reaction of H,O, with I,.

Qi 5/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 2 /www.SmashingScience.org :0)
2 (a) Iron(II) compounds are generally only stable in neutral, non-oxidising conditions.

It is difficult to determine the lattice energy of FeO experimentally.

(b) Heating of FeO results in the formation of Fe;0,, as shown.
reaction 1 4FeO — Fe + Fe,0,
Each formula unit of Fe,0, contains one Fe* and two Fe* ions.

(i) Show how reaction 1 can be described as a disproportionation reaction.

Pt

¢ A7
SMASHING] )}
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Fe,0,(l) can be electrolysed using inert electrodes to form Fe.

(ii) Wnte the half-equation for the reaction that occurs at the anode duning the electrolysis of
Fe,0,(1).

(iii) Calculate the maximum mass of iron metal formed when Fe,O,(l) is electrolysed for
six hours using a current of 50A.

Assume the one Fe®* and two Fe* ions are discharged at the same rate.

massofiron= ... g [3]

(¢) LiFePQO, can be used in lithium-ion rechargeable batteries.
When the cell is charging, lithium reacts with a graphite electrode to form LiC,.
When the cell is discharging, the half-equations for the two processes that occur are as follows.
anode half-equation LIC; — 6C + Li* + e~
cathode half-equation Li* + FePO, + & — LiFePO,

(i) State one possible advantage of developing cells such as lithium-ion rechargeable
batteries.

SMASHING] )}
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(ii) Use the cathode half-equation to determine the change, if any, in oxidation states of lithium
and iron at the cathode dunng discharging.

change in oxidation state during discharging
metal
from to
lithium
iron
[1]
(iii) 'Write the equation for the overall reaction that occurs when this cell is discharging.
______________________________________________________________________________________________________________________________________ - [1]

Q# 6/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

3 (a) ldentify the substances liberated at the anode and at the cathode during the electrolysis of
agueous sodium sulfate, Na,S0,(aq).

= T T [ U

(o= 11T T

[1]

(b) When molten sodium chloride is electrolysed, chlorine is liberated at the anode and sodium is
liberated at the cathode.

A sample of molten sodium chloride is electrolysed for 1.50 hours using a current of 4 50A.

Calculate the volume of chlorine and the mass of sodium that are liberated under room

conditions.
volume of chlorine= . _____dm?
massofsodium= . .__..._.....Q
4]
www.SmashingScience.org Patrick Brannac Page 7 of 52
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(c) The equation representing the standard electrode potential, E®, for the reduction of MnO,~(aq)
to Mn*(aq) in acid solution is given.

MnO, (aq) + 8H*(aq) + 5e- == Mn*{aq) + 4H,0(l) E®=+152V
(i) Draw a diagram of the apparatus that would be used to measure the E® value of this

half-cell. Your diagram should be fully labelled to identify all apparatus, substances and
conditions.

[4]

(ii) Use the Data Booklet to identify a substance that could be used to oxidise Mn** ions to
MnO,~ ions under standard conditions.

Write an equation for the reaction.

- [

[Total: 11]
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Qi 7/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 9 /www.SmashingScience.org :0)

9 (a) Manganese(IV) oxide, MnO,, catalyses the decomposition of hydrogen peroxide, H,O,, as
shown.

MnQ,
2H,0.(aq) —— 2H,0(l) + O,(g)

The mechanism involves the formation of the intermediate species, Mn?, in the first step which
Is subsequently used up in the second step.

State and use relevant electrode potentials, E®, to construct two equations to show how MnQ,
can catalyse this reaction.

L= [0 T= 1T o T
EQUATION 2
31
Qi 8/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Qi# 3 /www.SmashingScience.org :0)
3 The overall reaction for photosynthesis is shown.
6C0O, + 6H,0 - C,H,,0, + 60,
Water is oxidised in this process according to the following half-equation.
2H, O —» O, + 4H" + 4de” half-equation 1
(a) (i) Use these equations to deduce the half-equation for the reduction of carbon dioxide in this
process.
[2]
www.SmashingScience.org Patrick Brannac Page 9 of 52 ~ 4'/_-,;“17
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(i) Draw a fully labelled diagram of the apparatus that should be used to measure the standard
electrode potential, E®, of O,(g) in half-equation 1 under standard conditions. Include all

necessary chemicals.

[4]

(iii) For the cell drawn in (a)(ii), use the Data Booklet to calculate the E%, and deduce which

electrode is positive.

Ei

identity of the positive electrode = ...

(1]

Qi 9/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3 /www.SmashingScience.org :0)
3 Gold is an unreactive metal that can only be oxidised under specific conditions.

(a) The standard electrode potential, E2, of Au*(aq)/Au(s) is +1.50V.

(i) Define the term standard electrode potential.

www.SmashingScience.org Patrick Brannac Page 10 of 52
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(ii) Draw a fully labelled diagram of the apparatus that should be used to measure the standard
cell potential, EZ,, of Au*(aqg)/Au(s) and HNO,(aq)/NO(g).

Include all necessary chemicals.

Some relevant half-equations and their standard electrode potentials are given.

half-equation E=IV

1 Au*(aq) + 3e- = Au(s) +1.50
[AuClJH(aq) + 3e- = Au(s) + 4Cl(aq) +1.00
NO,(aq) + 4H*%(aq) + 3e- = NO(g) + 2H,O() | +0.96

{iii) Write an ionic equation to show the spontaneous reaction that occurs when an electric
current is drawn from the cell in (a)(ii).

Pt

17
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(iv) Calculate the EZ,of the reaction in (a)(iii).

(v) Gold can be oxidised by a mixture of concentrated hydrochlornc acid and concentrated
nitric acid, known as agua regia. Concentrated hydrochloric acid is 12moldm.
Concentrated nitric acid is 16 moldm.

Explain why agua regia is able to dissolve gold.

In your answer, state and explain what effect the use of concentrated hydrochloric acid
and concentrated nitric acid have on the E values of half-equations 2 and 3.

Q#t 10/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 2 /www.SmashingScience.org :0)
2 (a) Group 2 metals form stable carbonates and sulfates.

(b) Aluminium is extracted from Al,O, by electrolysis. Al.O, is dissolved in cryolite in this process.

(i) The half-equation for the reaction at the anode is shown.
0> +C - CO + 2¢

Use this half-equation to write the ionic equation for the electrolysis of ALO,.

www.SmashingScience.org Patrick Brannac Page 12 of 52
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(i) Aluminium oxide is electrolysed for 3.0 hours using carbon electrodes and a current of
35x10°A.

Calculate the mass of aluminium that is formed.

mass of aluminium= .. g [3]

Q# 11/ ALvl Chemistry/2019/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
1 An electrochemical cell is constructed using two half-cells.

¢ an Sn*/'Sn?* half-cell
e an AI*/Al half-cell

(a) State the material used for the electrode in each half-cell.

o SN SN half-Cell

o AIIALha-cell

(b) The cell is operated at 298 K.
The AI**/Al half-cell has standard concentrations.

The Sn*/Sn* half-cell has [Sn*] = 0.300moldm~ and [Sn?*] = 0.150 moldm=3.

[1]

(i) Use the Nemnst equation to calculate the electrode potential, E, of the Sn*/Sn** half-cell

under these conditions.

(ii) Calculate the E_; under these conditions.

cell —

www.SmashingScience.org Patrick Brannac Page 13 of 52
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(iii) Write an equation for the overall cell reaction that occurs.

- [2]
(e) Aluminium is produced industrially by electrolysis of a melt containing large amounts of
Al*ions.

Calculate the mass of aluminium that is obtained when a current of 300000A is passed for
24 hours. Give your answer to three significant figures.

MASS = e UNIES = .

[4]

(d) Explain why chromium metal cannot be obtained by the electrolysis of dilute aqueous
chromium(Il) sulfate. Your answer should include data from the Data Booklet.

Q# 12/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)
3 Chlorate(V) ions are powerful oxidising agents.

(a) Thereduction of chlorate(V)ions, CI1O,, with SO, forms chlorine dioxide, C10,, and sulfate ions,
S0O,*, as the only products.

Construct an equation for this reaction.

M

AR
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(b) (i)

(ii)

Chlorine dioxide, C10,, disproportionates with hydroxide ions, OH™(aq), to form a mixture
of CIO,;” and ClO, ions.

2C10, + 20H- — CIO, + ClO; + H,0

Explain, using this reaction as an example, what is meant by disproportionation.

]

Deduce the ionic half-equations for the reaction in (b){i).

- [2]

(e) Alithium-iodine electrochemical cell can be used to generate electricity for a heart pacemaker.
The cell consists of a lithium electrode and an inert electrode immersed in body fluids. When
current flows lithium is oxidised and iodine is reduced.

(i)

(ii)

www.SmashingScience.org

Use the Data Booklet to write half-equations for the reactions taking place at the two
electrodes. Hence write the overall equation for when a current flows.

OVeTall EQUaION e

[2]

Use the Data Booklet to calculate the EZ,, for this cell.

V]

AR
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(iii) A current of 2.5 x 10-°A is drawn from this cell.

Calculate the time taken for 0.10g of lithium electrode to be used up. Assume the current
remains constant throughout this period.

time=__ .5 [3
Q#t 13/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 8 /www.SmashingScience.org :0)

(e) In a methanol-oxygen fuel cell, CH,OH{l) and O,(g) are in contact with two inert electrodes
immersed in an acidic solution.
The half-equation for the reaction at the methanol electrode is shown.

CH,OH + H,0 = CO, + 6H* + 6e" °=_0.02V

(i) Use the Data Booklet to write an equation for the overall cell reaction.

M

(ii) Use E®values to calculate the EZ,, for this reaction.

L 7 ¢
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Q# 14/ ALvl Chemistry/2018/s/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

3 (a) Complete the table, identifying the substance liberated at each electrode durning electrolysis
with inert electrodes.

substance liberated substance liberated

electrolyte at the anode at the cathode

AgNO;(aq)

concentrated NaCl(aq)

CuS0O,(aq)
[3]
(b) Molten calcium iodide, Cal,, is electrolysed in an inert atmosphere with inert electrodes.
(i) Write ionic equations for the reactions occurring at the electrodes.
[2]

(ii) The electrolysis of molten Cal, is a redox process.

Identify the ion that is oxidised and the ion that is reduced, explaining your answer by
reference to oxidation numbers.

- [2
(iii) Describe two visual observations that would be made during this electrolysis.
[1]

(c) An oxide of iron dissolved in an inert solvent is electrolysed for 2.00 hours using a current of
0.BD0OA. The electrolysis products are iron and oxygen. The mass of iron produced is 1.11g.

Calculate the oxidation number of Fe in the oxide of iron. Show all your working.

oxidation numberof Fe = ...

4
A
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Q# 15/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 6 /www.SmashingScience.org :0)
6 The apparatus shows a cell which can be used to determine a value of the Avogadro constant, L.

variable
resistor

power
supply

silver
electrodes

electrolyte Y

(a) (i) Mame component X.

(b) In an experiment, a current of 0.200A was passed through the cell for 40.0 minutes. The mass
of the silver cathode increased by 0.500q9.

The charge on the electron is —1.60 x 10-"°C.
Calculate the:

¢ number of moles of silver deposited on the cathode

# number of coulombs of charge passed

& number of electrons passed

¢ number of electrons needed to deposit 1 mol of silver at the cathode.

www.SmashingScience.org Patrick Brannac Page 18 of 52 "Té-v,;; A
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Q# 16/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 2 /www.SmashingScience.org :0)

2 (a) Describe the trend in the reactivity of the halogens CI,, Br, and L, as oxidising agents.
Explain this trend using values of E° (X,/X") from the Data Booklet.

(ii) Use standard electrode potential, £2, data from the Dafa Booklet to calculate the EZg for
the following reaction.

Cl; + 200~ = CI- + CIO~ + H,O

(iii) The [OH7] was increased and the E_,, was measured.

Indicate how the value of the E_, measured would compare to the E2, calculated in (ii) by
placing one tick (v ) in the table.

E.. becomes less positive than Edy,.

E,, stays the same as E3,

E.., becomes more positive than E?,,.

Explain your answer.

www.SmashingScience.org Patrick Brannac Page 19 of 52 ~ ; ,«'/‘_-,\17
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(c) A half-equation involving bromate(V) ions, BrO,~, and bromide ions is shown.

BrO;{aq) + 3H,0(l) + 6e- = Br(ag) + 60H(aq)

“=+058V

(i) An alkaline solution of chlorate(I}, C10-, can be used to oxidise bromide ions to bromate(V)

ons.

Use the Data Booklet and the half-equation shown to write an equation for this reaction.

(ii) Calculate the E, for the reaction in (i).

(iii) When a concentrated solution of bromic(V) acid, HBrO,, is warmed, it decomposes to
form bromine, oxygen and water only.

Write an equation for this reaction. The use of oxidation numbers may be helpful.

Qi 17/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org

3 (a) Define the term standard cell potential.

www.SmashingScience.org
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(b) (i) Draw a fully labelled diagram of the experimental set-up you could use to measure the
standard electrode potential of the Pb*(aq)/Pb(s) electrode. Include the necessary
chemicals.

[4]
(ii) The E® for a Pb*(aq)/Pb(s) electrode is —0.13V.
Suggest how the E for this electrode would differ from its £® value if the concentration of

Pb?*(aq) ions is reduced. Indicate this by placing a tick (v ) in the appropriate box in the
table.

more negative no change less negative

Explain your answer.

2]

(c) Car batteries are made up of rechargeable lead-acid cells. Each cell consists of a negative
electrode made of Pb metal and a positive electrode made of PbO,. The electrolyte is H,50,(aq).

When a lead-acid cell is in use, Pb%* ions are precipitated out as PbSQO,(s) at the negative
electrode.

Pb(s) + SO,7(aq) — PbSO4s) + 2e

(i) Calculate the mass of Pb that is converted to PbSO, when a current of 0.40A is delivered
by the cell for 80 minutes.

massof Pb= .

www.SmashingScience.org Patrick Brannac Page 21 of 52
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(ii) Complete the half-equation for the reaction taking place at the positive electrode.

PbO,(s) + SO,2(aq) + —ccccooee. + oo, —> PbSOL(S) + oo
[1]

(d) The diagrams show how the voltage across two different cells changes with time when each
cell is used to provide an electric current.

lead-acid cell H./ O, fuel cell

voltage /V \ voltage /V

time/hours time/ hours

Suggest a reason why

» the voltage of the lead-acid cell changes after several hours,

¢ the voltage of the fuel cell remains constant.

[2]
Q#t 18/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 3 /www.SmashingScience.org :0)

3 (a) The diagram shows the apparatus used to measure the standard electrode potential, E®, of
Fe**(aq)/Fe®{aqg).

N\

L |

(i) Identify what the letters A to F represent.

S D e e e
B e e e E e e
e F o
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(ii) Label the diagram to show

e« which is the positive electrode,
& the direction of electron flow in the external circuit.

Use the Data Booklet to help you.
[1
(b) In another experiment, an Fe*(aq)/Fe*(aqg) half-cell was connected to a Cu*(aq)/Cul(s)
half-cell.
Determine the standard cell potential, E%,,, when these two half-cells are connected by a wire

and the circuit is completed.
Use the Data Booklet to help you.

(c) (i) The E®of Ni**(ag)/Ni(s) is —0.25V.

State and explain how the electrode potential changes if the concentration of Ni**(aq) is
decreased.

1]
(i) The E®of Cr*(aq)/Cr®*(aq) is —0.41V.

Calculate the electrode potential when [Cr¥*(ag)] is 0.60moldm=? and [Cr*(aq)] is
0.15moldm=. Use the Mernst equation.

0.059 [oxidised species]
]
E-Ers Z log [reduced species]
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Q# 19/ ALvl Chemistry/2016/w/TZ 1/Paper 4/Q# 4 /www.SmashingScience.org :0)
4 (a) Cobaltis a transition element that forms complex ions with oxidation states +2 and +3.
(c) Define the term standard electrode potential.

-2

(d) An electrochemical cell was set up to measure the standard electrode potential, E%,, of a cell
made of a Co*/Co half-cell and a Fe*/Fe* half-cell.

(i) Complete the table with the substance used to make the electrode in each of these

half-cells.
half-cell electrode
Co*/Co
Fe*/Fe®
[1]
(ii) Write the equation for the overall cell reaction.
- 11
(iii) Use the Data Booklet to calculate the EZ,
Etg=™ e V1]

(e) The electrochemical cell in {d) was set up again but this time the concentration of Co**(aq) was
0.050 moldm3.

The Nernst equation can be used to calculate the value of an electrode potential at different
concentrations.

E=E® + (0.059/z)log[Co*(aq)] Mernst equation

(i) Use the Data Booklet and the MNemst equation to calculate the value of E for the
Co*/Co half-cell in this experiment.

EforCo*/Co= ... ...V [1]

A
T~

SMASHING )}

www.SmashingScience.org Patrick Brannac Page 24 of 52



http://www.smashingscience.org/

(if) Suggest how this change will affect the overall cell potential, E,.,, compared to EZyin
(d)(iii).

Circle your answer.

less positive no change more positive
[1]
(f) Iron(III) ions can oxidise vanadium metal.
Construct an equation for the reaction of an excess of iron(II) ions with vanadium metal.
Use of the Data Booklet will be helpful.
- [2

Q# 20/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 4 /www.SmashingScience.org :0)
4 (a) (i) Define the term standard cell potential, E2

M

The following incomplete diagram shows the apparatus that can be used to measure the EZ,
for a cell composed of the Fe*/Fe? and Ag*/Ag half-cells.

(ii) Complete the diagram, labelling the componenis you add. M
(iii) Identify the components A-D.

[3]

(b) (i) Use E*values towrite an equation for the cell reaction that takes place if the two electrodes
in (a) are connected by a wire and the circuit is completed.

4
A
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(ii) Another electrochemical cell was set up using 0.31moldm™? Ag*(aq) instead of the
standard Ag solution.

Use the Nernst equation, E = E® + 0.059log[Ag*(aqg)], and the relevant E® values to
calculate the new E_,, in this experiment.

E= N2

cell

Q#t 21/ ALvl Chemistry/2016/m/TZ 2/Paper 4/Q# 5 /www.SmashingScience.org :0)

5 Some reactions of chromium ions are shown below.

reaction 1 reaction 2

[CHH,0)e]**(aq) - [Cr(H,0)el**(aq) = Cr,0;(aq)
metal + H,SO,
. reaction 3
H3D {ECI} DH_I:EQ}
CrO,*(aq)

(a) (i) Use the Data Booklet to suggest a suitable metal to carry out reaction 1.

(b) A student suggested that reaction 2 could be carried out using acidified hydrogen peroxide
solution.

Use the Dafa Booklet to show whether or not this reaction is feasible.
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(d) The student used an acidified solution of Cr,O;/*(aq) to electroplate a steel box with
chromium metal.

Calculate how long it would take for a current of 0.125A to deposit 0.0312g of chromium
metal.

time=______ . [3]

[Total: 10]

Q# 22/ ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 5 /www.SmashingScience.org :0)
5 Xis a metallic element.

{(a) (i) Draw a fully labelled diagram to show how the standard electrode potential, E®, of
X?*(aq)/X(s) could be measured.

[4]

(ii) What are the conditions needed for the value measured to be a standard electrode
potential?

(iii) State the charge cammers that transfer current through

the solutions, ... thewire. ..
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(b) An electrochemical cell was set up consisting of an X**(aq)/X(s) half-cell (E® = —0.40V) and
an Ag*(aq)/Ag(s) half-cell (E= = +0.80V).

(i) Write an equation for the reaction that would take place if the electrodes of this cell were
connected by a wire.

....................................................................................................................................... [1]
When the current was allowed to pass for a period of time,
the Ag electrode gained 1.30g in mass,
the electrode made of metal X lost 0.67 g in mass.
(ii) Calculate the A of metal X; hence suggest an identity for X.
Show all your working. Use of the Data Booklet is relevant to this question.
Xis o
[4]
[Total: 11]
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Q# 23/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 5 /www.SmashingScience.org :0)
(e) (i) State the relationship between the Faraday constant and the Avogadro constant.

(ii) When a current of 1.2A was passed through dilute sulfuric acid for 30 minutes, it was
found that 130 cm? of oxygen, measured at 25°C and 1atm, was collected at the anode.
The following reaction takes place.

2H,0(l) — 4H*(aq) + O,(g) + 4de-

Use these data and data from the Data Booklet to calculate a value for the Avogadro
constant, L, by calculating

e the number of moles of oxygen produced,
« the number of moles of electrons needed for this,
e the number of coulombs passed,
« the number of electrons passed,
e the number of electrons in one mole of electrons (L).
T s e e A A mol™’
[4]
[Total: 15]
1=k
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Q# 24/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 4 /www.SmashingScience.org :0)

4 (a) Silver sulfate, Ag,SO,, is sparingly soluble in water. The concentration of its saturated solution
is 2.5 x 102moldm™ at 298K.

(¢) An electrochemical cell is set up as follows.

S

Ag
Ag,SO,(aq)
Ag,SO,(s)

Fe,(S0O,)s(aq)
+

FeSO,(aq)

(i) Use the Data Booklet to calculate the value of EZ,4 under standard conditions, stating
which electrode is the positive one.

b positive electrode: ... [1]

(ii) How would the actual E, of the above cell compare to the E¢,under standard conditions?
Explain your answer.

(iii) How would the E_, of the above cell change, if at all, if a few cm® of concentrated Na,SO,(aq)
were added to

« the beaker containing Fe*(aq) + Fe*(aq),

(iv) Explain any changes in E_, you have stated in (iii).

Q# 25/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)

(c¢) (i) Use E=* values from the Data Booklet to predict the relative oxidising abilities of fluorine
and chlorine.
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(ii) Predict the type of reaction that would occur between the interhalogen compound chlorine
fluoride, CIF, and potassium bromide solution.

[Total: 8]
Q# 26/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
(b) The following diagram shows the apparatus used to measure the standard electrode potential,
E®, of a cell composed of a Cu(II)/ Cu electrode and an Fe(II)/Fe electrode.

(i) Finish the diagram by adding components to show the complete circuit. Label the
components you add.

\ ( ) (
/ \\
C—\ ) . J ™D

(ii) In the spaces below, identify or describe what the four letters A-D represent.

(iv) Predict how the size of the overall cell potential would change, if at all, as the concentration
of solution C is increased.
Explain your reasoning.

R 1 |
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Q# 27/ ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
Section A

Answer all the questions in the spaces provided.

I (a) Whatis meant by the term standard electrode potential, SEP?

(b) Draw a fully labelled diagram of the apparatus you could use to measure the SEP of the
Fe*/Fe? electrode.

[5]

(¢) The reaction between Fe* ions and I~ ions is an equilibrium reaction.
2Fe*(aq) + 2I(aq) = 2Fe*(aq) + I,(aq)
(i) Use the Data Booklet to calculate the EZ,, for this reaction.

(ii) Hence state, with a reason, whether there will be more products or more reactants
at equilibrium.

R 1 |
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Q# 28/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 2 /www.SmashingScience.org :0)

2 (a) The diagram below shows an incomplete experimental set-up needed to measure the
E_, of a cell composed of the standard Cu?/Cu electrode and an Ag*/Ag electrode.

copper —__ | ] | __—electrode B
electrode - = _:_ T
A ke _J—saturated
: solution
soution solid AgC1 of AgCI

(i) State the chemical composition of
SOOI ON A, e
OO B oo e T S S S S SO

(ii) Complete the diagram to show the whole experimental set-up.

[4]

(b) The above cell is not under standard conditions, because the [Ag*] in a saturated solution

of AgClis much less than 1.0moldm=. The E___.,. is related to [Ag*] by the following
equation.

equation 1 Eecrode = Efecroge ¥ 0.06 log[Ag?]

(i) Use the Data Booklet to calculate the EZ,, if the cell was operating under standard
conditions.

In the above experiment, the E_, was measured at +0.17V.

(ii) Calculate the value of E, ... for the Ag*/Ag electrode in this experiment.

<j\71 £ &
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(¢) (i) Write an expression for K, of silver sulfate, Ag,SO,, including units.

Using a similar experimental set-up to that illustrated opposite, it is found that [Ag*] in a
saturated solution of Ag,SO, is 1.6 x 10?moldm=.

(ii) Calculate the value of K, of silver sulfate.

Q# 29/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)

(b) Iron(III) chloride, FeCl,, is used to dissolve unwanted copper from printed circuit boards
(PCBs) by the following reaction.

2FeCla(aq) + Cu(s) — 2FeCly(aq) + CuCl,(aq)

A solution in which [Fe*(aq)] was originally equal to 1.50 moldm= was re-used several
times to dissolve copper from the PCBs, and was then titrated as follows.

A 250cm® sample of the partially-used-up solution was acidified and titrated with
0.0200 moldm= KMnO,.

This oxidised any FeCl, in the solution back to FeCl,.

It was found that 15.0 cm® of KMnO,(aq) was required to reach the end point.

(i) Construct an ionic equation for the reaction between Fe? and MnO,~ in acid solution.

(ii) State here the Fe?:MnO, ratio from your equation in (i). ...

(iii) Calculate the number of moles of MnO,~ used in the titration.

(iv) Calculate the number of moles of Fe? in 2.50 cm?® of the partially-used-up solution.
(v) Calculate the [Fe#] in the partially-used-up solution.

R 1 |
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(vi) Calculate the mass of copper that could still be dissolved by 100 cm® of the
partially-used-up solution.

MAass OF COPPEF = coioasii niacisszios g

(d) Calcium forms three calcium silicides, Ca,Si, CaSi and CaSi,. The first of these reacts
with water as follows.

(i) Balance this equation. You may find the use of oxidation numbers helpful.
(ii) During this reaction, state
which element(s) have been oxidised, ...

which element(s) have beenreduced. ...

(2]

[Total: 14]

Qi 30/ ALvl Chemistry/2011/w/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

(c) Heating a solution containing potassium ethanedioate, iron(II) ethanedioate and
hydrogen peroxide produces the light green complex K;Fe(C,0,);. which contains the
ion [Fe(C,0,),1*.

The structure of the ethanedioate ion is as follows.

-0 o-
\C C/
/ \
O/ \O
(i) Calculate the oxidation number of carbon in this ion. ........ccccveeeiiiiiiiicccee e 1]

(iv) In sunlight the complex decomposes into potassium ethanedioate, iron(II)
ethanedioate and carbon dioxide.

Use oxidation numbers to help you balance the following equation for this
decomposition.

KsFe(C,04); — e K,C.O, + ...... FeC,O, + ..... CO, 2
[Total: 14]
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Q# 31/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

3 The electrolytic purification of copper can be carried out in an apparatus similar to the one
shown below.

impure copper anode pure copper cathode

L
o””

CuSO,(aq)

\
anode ‘sludge’
gl

-

U

The impure copper anode contains small quantities of metallic nickel, zinc and silver, together
with inert oxides and carbon resulting from the initial reduction of the copper ore with coke.
The copper goes into solution at the anode, but the silver remains as the metal and falls to
the bottom as part of the anode ‘sludge’. The zinc also dissolves.

(a) (i) Write a half equation including state symbols for the reaction of copper at the
anode.

(ii) Use data from the Data Booklet to explain why silver remains as the metal.
(iii) Use data from the Data Booklet to predict what happens to the nickel at the anode.
(iv) Write a half equation including state symbols for the main reaction at the cathode.

(v) Use data from the Data Bookilet to explain why zinc is not deposited on the
cathode.

(vi) Suggest why the blue colour of the electrolyte slowly fades as the electrolysis

proceeds.
[7]
&)
\ (55,
. . . IR J\ﬁm
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(b) Most of the current passed through the cell is used to dissolve the copper at the anode
and precipitate pure copper onto the cathode. However, a small proportion of it is
‘wasted’ in dissolving the impurities at the anode which then remain in solution.

When a current of 20.0 A was passed through the cell for 10.0 hours, it was found that
225¢ of pure copper was deposited on the cathode.
(i) Calculate the following, using appropriate data from the Data Booklet.

» number of moles of copper produced at the cathode

» number of moles of electrons needed to produce this copper

» number of moles of electrons that passed through the cell

(ii) Hence calculate the percentage of the current through the cell that has been
‘wasted’ in dissolving the impurities at the anode.

[4]

(c) Nickel often occurs in ores along with iron. After the initial reduction of the ore with coke,
a nickel-iron alloy is formed.
Use data from the Data Booklet to explain why nickel can be purified by a similar
electrolysis technique to that used for copper, using an impure nickel anode, a pure
nickel cathode, and nickel sulfate as the electrolyte. Explain what would happen to the
iron during this process.

[Total: 13]

Qi 32/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
(b) When sulfur is heated under pressure with chlorine, the major product is SCL, (CLS-ClI).

Sg(g) + 8Cly(g) — 8SCLy(9)

s
(4
{
' J

www.SmashingScience.org Patrick Brannac Page 37 of 52 A
G1)



http://www.smashingscience.org/

(¢) Under suitable conditions, SCI, reacts with water to produce a yellow precipitate of
sulfur and a solution A. Solution A contains a mixture of SO,(aq) and compound B.

(i) What is the oxidation number of sulfurin SCL?.........................

(i) Work out how the oxidation number of sulfur changes during the reaction of SCL,
with water.

(iii) Suggest the identity of compound B. ...

(iv) Construct an equation for the reaction between SCL, and water.

(v) What would you observe when each of the following reagents is added to separate
samples of solution A?

AgNO,(aq)

K OO (@G o

Q# 33/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 5 /www.SmashingScience.org :0)

5 Although standard electrode potentials are measured for solutions where the concentrations
of ions are 1.0moldm=3, cells used as sources of battery power tend to operate with more
concentrated solutions. This question concerns the electrode reactions involved in the
hydrogen-oxygen fuel cell and the lead-acid car battery.

(a) In the hydrogen-oxygen fuel cell, H,(g) and O,(g) are fed onto two inert electrodes
dipping into NaOH(aq).

hydrogen —= oxygen

\ NaOH(aq)

The following reactions take place.
left hand electrode (cathode): H,(g) + 20H™(aq) — 2H,0(l) + 2e~
right hand electrode (anode): O,(g) + 2H,0(l) + 4e- — 40H(aq)

(i) Use the Data Booklet to calculate E *:e" for this reaction.

B {2 7 “
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(ii) Construct an equation for the overall reaction.

(iii) By using one of the phrases more positive, more negative or no change, deduce
the effect of increasing [OH=(aq)] on the electrode potential of

. thelefthand-electrode: o i s T S s R TR I
. NENGhENANAd SIEQIOIE: ... s asas s s

(iv) Hence deduce whether the overall E__ is likely to increase, decrease or remain the
same, when [OH™(aq)] increases. Explain your answer.

(v) Suggest one other reason why a high [NaOH(aq)] is used in the fuel cell.
(b) Inthe cells of a lead-acid car battery the following reactions take place.
cathode: Pb(s) — PbZ*(aq) + 2e~
anode: PbO,(s) + 4H%(aq) + 2~ — Pb?*(aq) + 2H,0(1)
(i) Use the Data Booklet to calculate Effe" for this reaction.
(ii) Construct an equation for the overall reaction.

The electrolyte in a lead-acid cell is H,50,(aq). Most of the F‘b:’-*{aq) ions that are
produced at the electrodes are precipitated as the highly insoluble PbSO,(s).

(iii) Construct an equation for the overall cell reaction in the presence of H,S0,.

(iv) By considering the effect of decreasing [Pb2+{aq}] on the electrode potentials of
the cathode and the anode, deduce the effect of the presence of H,50,(aq) in the
electrolyte on the overall E_,.

State whether the E_ will increase, decrease or remain the same.

Overall Ece" will .
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Explain your answer.

Q#t 34/ ALvl Chemistry/2009/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)

{d) Tin forms an oxide, A, that contains the metal in both oxidation states II and IV. The
formula of A can be found by the following method.

e A sample of A was dissolved in H,50,(aq), producing solution B, which was a mixture
of tin(II) sulfate and tin(IV) sulfate.

e A250cm?sample of solution B was titrated with 0.0200 mol dm— KMnO,.
13.5cm? of KM nO, was required to reach the end-point.

s Another 25.0cm? sample of solution B was stirred with an excess of powdered
zinc. This converted all the tin into tin(II). The excess of zinc powder was filtered off
and the filtrate was titrated with 0.0200 mol dm-3 KMnO,,, as before.

This time 20.3 cm? of KMnQ, was required to reach the end-point.

The equation for the reaction occurring during the titration is as follows.

2MnO; + 16H* + 550t —> 2Mn?* + 8H,0 + 5Sn*

(i) Write a balanced equation for the reaction between Zn and Sn**.

(ii) Use the Data Booklet to calculate the E® values for the reactions between

e Znand Sn*,

o MNOZ AN SN2 .ot ne et
{iii) Use the results of the two titrations to calculate

+ the number of moles of Sn?* in the first titration sample,

e the number of moles of Sn?* in the second titration sample.
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(iv) Use the results of your calculation in (iii) to deduce the Sn?*/ Sn** ratio in the oxide
A, and hence suggest the formula of A.

8]
{e) A major use of tin is to make tin plate’, which is composed of thin sheets of mild steel

electroplated with tin, for use in the manufacture of food and drinks cans. A tin coating of
1.0 x 10~°>m thickness is often used.

(i) Calculate the volume of tin needed to coat a sheet of steel 1.0m > 1.0m to this
thickness, on one side only.

(ii) Calculate the number of moles of tin that this volume represents.
[The density of tinis 7.3g cm™—2]

(iiij The solution used for electroplating contains Sn2* ions. Calculate the quantity of
electricity in coulombs needed to deposit the amount of tin you calculated in (ii).

N

Mark Scheme A Leyel Chem 24 EQ 22m to 09y Paper 4 Electrochemistry 261marks

Q# 1/ ALvl Chemistry/2022/m/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

3c)i) |M1:AG=_nEosFANDn=4 3
M2: - ESs = —436100 /—4({96500) = 1.13V ecf

M3: ESn = E(02,4H°|H:0) — E2(TIO>(TF*) = 1.23 — ES(TI0™|TF)
- Eo{TIO™[Ti*) = (+)0.1 (V) ecf

Qi 2/ ALvl Chemistry/2022/m/TZ 1/Paper 4/Q# 2 /www.SmashingScience.org :0)

2(c) M1: 1.00 g Siis 1/28.1 = 0.0356 mol 2
- moles of e~ needed = 4 x mol 5i = 0.142 faraday (3 sf)

MZ:Q=It -~t=M1=96300+6 =2289 (s)ecl
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Q# 3/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)
b0 M1: emf/ potential difference / difference in electrode potential between two half-cells / two electrodes (in a cell) 2
M2:
{all =olutions being) 1 mol dm™
AND either 1 atm OR 298 K
3{b)(Ey | =alt bridge, voltmeter, Cu(s), Cu**(ag), Pt(s), Fe* and Fe**(ag) 3
bwo for cne mark, four for two marks, six for three marks
()
(oot i)
| W i 4 e
! . Cuis)
ol . Ct?¥aq)
-
Fe*'(ag)Fe’Y(aq)
3dyii) | CaHaOc* + 2ZH:O0 = 2C0:; + 2HCO; + 6H" + Be” 1
Qi 4/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 3 /www.SmashingScience.org :0)
JHeHi) M1: ES oy for IO/ HaOy = —0UEB + 1.18 = #0.51 |~ feasible) 3
M2: ES o for HeDs{ I = +1.77 — 1.19 = +0.53 (- feasible)
M3: 5H:0: + Ix — 4H:0 = 2104 + 2H*
3{cHu) 2H:05 — ZH:0 + O3 1
Q# 5/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 2 /www.SmashingScience.org :0)
2{b i) + Fe* reduced to Fe OR oxid no. Fe +2 — 0 1
« Fe* oxigised to Fe* (in FesOy) OR oxid no. Fe #2 — +3
BOTH bullets required
2(bNii) | 208 — Qz+ 4e 1
2(biii) M1: coulombs and comect use of + 83500 3
M2: correct use of 3 and 8
M3: correct use of 55.8 and answer
M1 @=It=50=6=80°" OR1.08=108C
AND no. of faraday = 1.08 = 108 = 96500 OR 11271118 maod e
M2: Fe*" + 2Fe™ £ Be~ — IFe
- moles of Fe = 378 = M1 =420 mol Fe ecf
M3: mass of Fe = 558 = M2 = 234 2 g ecf 3sf min
HeHi) Any one of ]
small size ! compact, low mass, high voltage OWTTE
2{e}n) Li from +1 to +1 1
Fe from+3 to+2
2{cpui) LiCs # FePOy — LiFePO, + &C 1
o . ~ J T~
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Q# 6/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

3a) (ancde =) oxygen f Oz AND (cathode =) hydrogen/H: 1
BOTH [1]

by M1: Q =15=60=60=45=24300 (C) [1] 4
M2: no. of F f moles of e~ = 24300 /96500 = 0_25(1813) [1] ecf
M3: volume of Ck = 24 = 0.252/ 2 = 3.02 dm? [1] ecf min 2sf

M4: mass of Na = 0.252 = 23 = 5.79 (5.7917) g Na [1] ecf min 2=sf

3eMi)

Hyjg) —=-
1atm 208K
alalinur DlackPi(s) '__

Pris}

A ——H"* 3311 mal dme?
M (wgl 1 mal dm!
H* (ag) Mn™"{ag) 1 mel dm?

MnCy, HY, Mn?* in same beaker AND H* in other beaker
bath electrodes Pt(z) (ALLOW graphite)
one solute clearly identified as 1M /1 mol dm™
298 K OR 1 atm
voltmeter f potentiometer labelled (or circled V)
salt bridge labelled (must touch the solution)
a good delivery system for Hz(g)
Hz{g)
mark as two correct points = 1 mark [4]

3c)ii) | Fz OR S:0: OR H:0: OR HOCIOR Co™ OR PE* [1] 2

2Mn® + 8HzO + 5Fz — 2MnQ. + 16H" + 10F 1]
OR 2Mn?* + 550+ BH2O — 2ZMnOy- + 16H* + 10502
OR Mn®* + 4H:0 + 5Co* — MnQy™ + 8H* + SCo¥
OR 2Mn?* + 8Hz0 + 5P — 2MnOy + 16H* + SPh2
OR 2Mn® + 5H20: — 2Mn0y + 6H" + 2H.0
OR 2Mn® + 10HOCT — 2ZMnQs~ + 6H* + SCL + 2H:0

Qi 7/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 9 /www.SmashingScience.org :0)

Ha) M1 data seen HO/HO +1.77 and MnOx/Mn2* +1.23 Y and Ox/H:0: +0.68 Y 3
OR Ece= 055V (firet step) and D.54 V' (second step)

MZ MnQ: + H0:+2H° = Mn®™ + 02 + 2H:0
M3 M + HaO: = MnO: + 2H"

Qi 8/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)

Jayi) |[6C0:+ 24H* + 24e = CsHi0s + 6H0 2

ALLOW 8CO:z + 12H + 1280 = CeHiz0s + 30:  for both marks

ALLOW cne mark for an unbalanced equation showing the comect species of either eguation

3{a)) | salt bridge (indicated) voltmeter /' [abelled 4
O good delivery system  H: good delivery system

Pt electrode H™ /' HCI/ H250: solution labelled (at least once)
1 atm 1 mal dm™ quoted

Ewvery two commect responses = 1 mark

@ayii) | B = (+)1.23V  AND positive electrode = O; half-cell identified 1

Qi 9/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3 /www.SmashingScience.org :0)

Ia)(i) Mark as = »'+ 2
= voltage of an electrode / half-cell

= compared ! connected to (SJHE ! hydrogen half-cell / electrode
* under standard conditions / 1 mol dm2, 1 atm, 208 K
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JHaii) a @ 4
L
1a 298K
plainum blackPis) [ Aula)
=2 o)
jea e LR N
ML, (e
1 mial dim™

Mark as « « =« =+ =

+  HMWOz(aq) and Au™{ag)

*  Au(s)and Pts) electrode

» voltmeter {or circled V)

+  salt bridge labellad

»  MNO(g)

= 3 good delivery system for NO

« 1M/ 1 mol dm™3

*  JOEK AND 1 atm
3aii) AU+ NO + 2H0 — Au+ NOs™ + 4H° 1
3ahiiv) +1.50 — 0.98 = + 0.54 W) 1
3(a)iv) M1 M2 any two [1] all four [2] 3

+  adding conc HNO; shifts equilibrium 3 to the right

=  E for (half-equation 3) increases / more positive

* adding conc HCT shift equilibrium 2 to the left

&+ E for (half-equation 2) decreases /less positive

M3 E(3) becomes greater than E(2)

Q# 10/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 2 /www.SmashingScience.org :0)
2(b)i) | 2APr+307+3C — 2a7+3CO 1

(b)Y | M1 @=If = 3.5x1F=x3=607=3.78=10°C 3
M2 no. of mol ™= 3.78 « 107/ 98500 = 3.92 = 10¢
M3 mass Al=27T x3.92 x 10%/3=35(3)x 10°g

Q# 11/ ALvl Chemistry/2019/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
1{a) Platinum / Pt Aluminium / AT BOTH 1

(b)) M1: use of or quoting a valid Nernst equation 2
E=E"+0.0580/z log [ox]/[red] OR E=0.15+(0.0590/2)og2

M2: E=(+)0.16 {0.159)" minimum 2 sig. fig.

cofmect answer scores 2 marks

kM) | E=0.16—-(-1.66)=+1.82V minimum 3 gig. fig. 1
1(b){ii) | 2AI+ 35n* — 24P+ 35n> 2
M1: species

M2: balancing

1c) MA1: number of C (=300 000 = 60 = 60 = 24) = 2.59 = 1070 (C) 4
M2: number of F(=2.5%2 = 100/ 965 = 10¢) = 2.69 = 10% {moles of electrons)
M3: moles of Al{=2.60x 105/3)=8.95x 104
M4: mass of Al(=8.95= 104x27) = 2420 kg

commect answer scores 4 marks

1{d) MA1: (Cr + 2e7= Cr) B+=-0.91 and (2H"+ 2e”= H:) £*=0.00 s=en 2

M2: hydrogen formed instead [ hydrogen (ions) easier to reduce / hydrogen has more positive £°
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Q# 12/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)
3a) 2CK05 + S0 — 2CK0: + S0,
(b)) C1in CIO: gets both oxidised and reduced or Clgoes from +4 — +5 and +4 — +3
b)) M1 CIO: + 20H — CIO5 + Hz0 + &
M2 CiO: + &= — CKO
(e M1 Li — Li*+ erandI; + 2e~ — 2I-
M2 2L + I. — 2L + 2I-
ey B =054 ({-3.04) = +3.58V [1]
)iy | M1 amount of Li =0.10/6.9 = 1.45 = 10~2mol [1]
Mz Q needed = 98500 = 1.45 = 10-2 = 1399 (1398.55) C [1] ecf
M3 t=1399/({2.5x 10) = 5.6 « 107 = [1] ecf 2=f min
Q# 13/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Qi# 8 /www.SmashingScience.org :0)
Ble)i) | 2CH:0H + 30z = 200:; + 4H:0 OR 2CH:OH +30: = 200; + 4H + 40H
Blelfi) | B = 1.23-002=121V
Q# 14/ ALvl Chemistry/2018/s/TZ 1/Paper 4/Q# 3 /www.SmashingScience.org :0)
3a) anode cathode
AgMOs (ag) oxygen | O silver ! Ag
saturated MNaCl(aq) chlorine ! CL, hydrogen !/ Hy
Cus0, (aq) oxygen O, copper/ Cu
b)) I -+ I+ 2e”
Ca™ +2¢” Ca
3By * (Ca/Calcium reduced and I/iodine oxidised
¢« Oidation number of calcium decreases from 2 to D
¢« Ouidation number of iodine increases from —1to 0
2 points = 1 mark
3 points = 2 marks
Sl i) «  metal/ grey ! silvery
* purple AND vapour/ gas !/ fumes
+  amount of melt decreases
any 2 points for 1 mark
3c) ?xB0=B0=08=57R0C

AND
5760 /96500 = 0.060 (0.0597) F

1.11/55.8 = 0.020 (0.0199) mol of Fe

0.06/002 =3 .. Fe¥or+3ord

Q# 15/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 6 /www.SmashingScience.org :0)
Bia)(i) X is an ammeter
B{a )il Y is AgMNO3 or AgF or AgCIOy
Bib) niAg) = 0.500/107.9 = 4.8(24) = 107
niC) = 0.200 = 40 x 80 = 480 C
n{e’)=480/1.60 = 107° = 3(.00) = 107"
nie in(Ag) = 3.00 = 10°/4.834 = 107 = 65.474 = 107 (8.5 = 107
Qi 16/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 2 /www.SmashingScience.org :0)

2(a) the E*for X2/ X~ becomes less positive / decrease down the group
so the halogens are less reactive (as oxidanits) down the group
2(p}i) |Gk + H0 —— HCI + HCIO
2(b )iy CRICT =+1.38V and CIO7™ /(ST + OHT) = +0.80 VW

50 Eemy= 1.36 - 0.80 = (+) D.4T V
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2(b)iii) box three ticked
Le Chatelier argument, more OH™ /increase reactant concentration so equilibrium shifis right or an argument based on the
half cell with OH™
Z(c)(i} |Br~ + 3CKT — BrOy + 3CIT
Zeli) |Ew=080-0583=+031V
Z(c)ii) | 4HBnD4 2Br; + 505 + 2H.0
Q# 17/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Qi# 3 /www.SmashingScience.org :0)
3ia) the potential difference between two half-cells ftwo electrodes (in a cell)
under standard conditions of 1 atm., 298 K, (all) sclutions being 1 mol dm™
3 { ¥}
(=t bradlyr)
.\x\.?‘.". ":'\"'- 5
—Phb
o Sl DY iy
/P pbh
H/Ha
8 marking points, any 2 points for each mark
H: ! hydrogen
comrect delivery system for H:
P (aq)
Pb elecirode
Pt electrode
H(aq) solution
salt bridge
voltmeter ' labelled
Sb)ii) maore negative
shifts Pb™ (+ 2&7) = Pb equilibrium{reaction to the left
3e)(i) Q=04 = 80 = 60 =1920C and use of 96500/ 193000
Moles of Pb = 1920/ 193000 = 9.95 = 107
Massof Ph=2072 =995 =107 =2.1g
OR
0 = 0.4 = 80 = 60 = 1920 C and use of 1.6 = 107%/1.2 = 10%
atoms Pb =6 = 107" moles of Pb =6 = 10%'/6 = 107 = 0.01
Massof Pb=2072=001=21g
3e)i) | PhOgs) + S0 (agq) + 4H + 267 — PhSOy(s) + 2H:0
3id) reagents/Pb0,/H,30, and used up/concentration decreases
as fuel/hydrogen is being continuously supplied !/ fuel has not rum out

Qi 18/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 3 /www.SmashingScience.org :0)

Ja)(i)

A —Hz 1atm

B — platinum

C — 1moldm™ H*/HC I ete.

D — salt bridge f KNO; etc.

E — platinum )
F—1moldm™ Fe™ AND 1 mol dm™ Fe™

3{a)i)

positive electrode is (Pt) on RHS AND electrons flow clockwise

3{b)

cell potential is 0.77 — 034 =(+) 0.43 (V)

3y

electrode potential would become more negative as equilibrium shifts to left/ explanation in terms of the Nemst equation

3(e)(ii)

E =041 + (0.0521 Jlog[Cr)[cr]
=—0.41 + 0.050 log 4.0

= —0.3T(V)
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Q# 19/ ALvl Chemistry/2016/w/TZ 1/Paper 4/Q# 4 /www.SmashingScience.org :0)

4ic) (emf/ potential / E) of an electrode OR a half-cell compared to/ connected to (S)HE which can be called a 1
“hydrogen hali-cell®

at concentration of 1 moldm™ and pressure of 1 atm (or in Pa) OR 298 K 1

4(d)i
(d)) half-cell electrode

Co™iCo Col cobalt

Fe* [Fa™ Pt/ carbon / graphite

(i) Co+2Fe™ — Co™ +2Fe™ 1

a(djfiii) | Faa=0.77—(-0.28)={+or—}1.05{V) 1

4(e)(i) | Esecsose=—0.28+(0.058/2)log[0.05]=-0.32/-0.318 (V) 1

4{e i) more positive 1

4if) AFe™ +V/ + H.0 — VO™ +4Fe™ + 2H

Vo™ 1
comect equation

Q# 20/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 4 /www.SmashingScience.org :0)

4 (a) (i) [SCPis the EMF/potential of a cell composed of two electrodes (OR half cells ) under standard conditions
(OR at 289K OR 1moldm™) [1]

(i) |woltmeterand salt bridge [1]

(i) | AisAg
B is Ag (ag) or AgNO:(aqg)
CiszPt

D is Fe™jag) and Fe™(aq) [3]

(combination of A and B can be reversed with combination of C and D)

(b) (I} (Ag” + Fe® —— Ag + Fe™ [1]

(i) |E = F*+ 0.059g [Ag'] = 0.80 - 0.03 =077V [1]
80 Eoat = 0.77 =077 = 0.0V [1]

[Total: 8]
I

Q# 21/ ALvl Chemistry/2016/m/TZ 2/Paper 4/Q# 5 /www.SmashingScience.org :0)

5 (a) (i) |any metal with an E° value more negative than —0.41V, 1
e.g. Fe, Mn, Zn, Mg, Cr, Al
R: Li/Na/K/Ca/Ba

(ii) | M1: value of E,y comectly calculated (with comect sign) for metal named in (i) 1
M2: E5, is positive and so reaction is feasible 1

(b) M1: 1
(Cr,0;° + 14H" + 6e” = 2Cr*" + TH.0) E®=+1.33V
(H:0. + 2H" + 2~ = 2H,0) E®=+1.7TV
E®2i = 0.44 (V)

Mm2: 1
E®., (0.44V)is positive (so the reaction is feasible)/ E5(Cr.0;*/ Cr*') is less
positive than E(Hz02/H:0)
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(c) M1: 1
Cr:0;* ox.no Cr = +6 because -2 = 2 x ox.no(Cr) + (7 x =2)
CrO,”: ox.no Cr = +6 because -2 = ox.no(Cr) + (4 x-2)

M2: no change in oxidation number, so reaction is not redox 1
(d) M1: no. moles Cr deposited = 0.0312/52=6.0 = 107" moles 1

M2: deduction that 6 moles of e needed per mole of Cr/ 1

reaction is Crz0; + 14H" +12e” — 2Cr + TH,0

M3: no. moles of e = 6x 6.0 x 107 =(0.125 = t)/96 500 1

sot= (6 x 6.0 x 107 x 96 500)/(0.125 x 60) = 46.3min/0.772 h/2780s

Qit 22/ ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 5 /www.SmashingScience.org :0)
5 (a) (i) M1: zalt bridge and voltmeter/ 4
Mz2: method of Hz gas delivery

M3: ¥ and Pt electrode labelled

M4: solution H™ /HC ljag)/ H,50, and X* labelled

i) |25°C/298K and 1 atm/101kPa pressure and 1 moldm~ [ solution) 1

i)y | soluion — jons er H™ and X 1
and wires — electrons /e

() () |X + 2407 — 2Ag + X¥ 1

(i) | moles Ag = 1.30/107.9 = 0.0120 4

1 moles of X react with 2 molas Ag™
moles of X lost = 0.012 = 0.5 = 0.00602
Aof X =06T/0.006 = 111-112 and X = Cd

Q#t 23/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 5 /www.SmashingScience.org :0)
(e) (i) |[F=Le 1

(ii) | moles of Ox(g) = 130/24000 = 5.417 x 10~ mol 1

moles of electrons needed =4 x 5.417 x 102 or 2.17 x 102 mol

no. of coulombs passed = 1.2 x 30 x60 or2160 C 1
no. of electrons passed = 2160/1.6 x 107'° or 1.35 x 10% 1
no. of electrons per mole = 1.35 x 10%/2.17 x 1072 = 6.2 x 10 (mol™") 1
[Total: 15]
Q# 24/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 4 /www.SmashingScience.org :0)
(c) (i) | Eocen (=0.80 - 0.77 =) (+)0.03V and Ag"/Ag or Ag/silver or right 1
(ii) | E.a would be less positive/more negative 1

because the [Ag“(ag)] (in the Ag electrode) is less than 1.0 mol dm™

(iii) e no change 1

e more negative/less positive 1

(iv) | the [Ag’(aq)] will decrease

E.ecrose Decomes less positive or due to the common ion effect 1

. . . et | T
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Q# 25/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)

(c) (i) | E®values: F;/F =287V and CL/CI” = 1.36V 1
fluorine (has the more positive E* so) is more oxidising 1
(ii) | redox 1
(iii) | CIF + 2KBr ——— KCI + KF + Br; 1
Q#t 26/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
(b) (i) components to be added: voltmeter or V [1]
salt bridge [must be labelled] [1]
(i) M1: AandB copper (metal) or Cu and iron (metal) or Fe 1]
M2: eitherCorD as1moldm™/1M 1]
M3 Cand D Cu*" or CuSO, or CuClk or Cu (NOs); etc. and
Fe* or FeSO; etc. [1]
(iii) E%1=0.34 +0.44 =0.78 (V) [1]
(iv) if Cis Fe®; (as [C] increases), the E of the Fe*"/Fe increases/becomes more positive/
less negative [1]
so the overall cell potential/E.y4 would decrease/become less positive/more
negative [1]
or

if C is Cu®; (as [C] increases), the E of the Cu?/Cu increases/becomes more
positive /less negative [1]

so the overall cell potential/ E.4 would increase/become more positive /less negative
[1]
Q#t 27/ ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
1 (a) The potential of an electrode compared to that of a standard hydrogen electrode (SHE)

or
the EMF of a cell composed of the test electrode and the SHE 1]
all measurement concentrations of 1 mol dm™ and 298K /1 atm pressure [1]
(2]

= 7

Y

bpdogen —»- "
(st bodgr)
Pt
P // { 1 Fe fFe

H/HQ
H; and good delivery system [1]
Fe*/Fe™ solution labelled [1]
platinum electrodes (both) [1]
salt bridge and voltmeter [1]
H* or HCl or H,SO; [1]
(acid is not sufficient)

[5]

www.SmashingScience.org Patrick Brannac Page 49 of 52



http://www.smashingscience.org/

(c) (i) E®°=0.77-0.54 =0.23 (V) [1]
(ii) Since E is positive/ E- >0

So more products / the equilibrium will be over to the right / forward reaction is favoured

ecf from (c)(i) [1]

Q# 28/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 2 /www.SmashingScience.org :0)
2 (a) (i) A=CuSO, 1]
B = silver [1]
(ii) salt bridge 1]
voltmeter (1]
[4]
(b) (i) 0.80-0.34=(+)0.46V 1]

(ii) If Ecop = 0.17, this is 0.29V less than the standard E°,
SO Epgelecrose Must = 0.80 -0.29 = 0.51V [1]

(iii) 0.51 =0.80 + 0.06log [Ag’], so [Ag'] = 107°2%%%) = 1.47 x 10 moldm™ ecf from (i) [1]

[3]
(c) (i) Ks=[AgT[SOs*] (1]
units = molPdm™ ecfon K, [1]
(i) [SOS1=[Ag7)/2 K, = (1.6 x 107%)*x 0.8 x 107° = 2.05 x 10~° (mol*dm™®) [1]
[3]
Qi 29/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Qi# 1 /www.SmashingScience.org :0)
(b) (i) MnO; +8H" + 5Fe” — 5 Mn® + 4H,0 + 5Fe™ [1]
(i) 5:1
(iii) n(MnO;7) = 0.02 x 15/1000 = 3 x 10~ (mol) 1]
(iv) n(Fe*)=5x3x10™=1.5 x 10~ (mol) ecf from (i) or (ii) 1]
(v) [Fe*]1=1.5x 107 x 1000/2.5 = 0.6 (mol dm™) ecf from (iv) [1]
(vi) In the original solution, there was 0.15mol of Fe** in 100 cm”.
In the partially-used solution, there is 0.06 mol of Fe*" in 100 cm?®.
So remaining Fe* = 0.15 - 0.06 = 0.09mol. ecf from (v) [1]

This can react with 0.045 mol of Cu, which = 0.045 x 63.5 = 2.86g of copper. ecf [1]

(6]
(d) (i) CasSi+ 6H,O —— 2Ca(OH), + SiO; + 4H; [1]
(ii) silcon has been oxidised AND hydrogen has been reduced [1]
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Q# 30/ ALvl Chemistry/2011/w/TZ 1/Paper 4/Qi# 3 /www.SmashingScience.org :0)

(c) (i)
(iv)

O.N.(carbon)=+3 (4 x (-2) + 2x = -2, thus 2x = +6)

_2_ K3F8(C204)3 — _3_ K2C204 + _2_ FeC204 ¥ 2 COz
OrK;Fe(C,0,); — 312 K,C,0, + FeC,0, + CO,

(1]
[2]

[max 5]

[Total: 14]

Q# 31/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Qi# 3 /www.SmashingScience.org :0)

3 (a) (i)
(ii)
(iii)
(iv)

(v)
(vi)

Cu(s)-2e~ — Cu*(aq) allow electrons on RHS (1)

E®for Ag'/Ag is +0.80V which is more positive than +0.34V for Cu®/Cu, (1)
so it's less easily oxidised (owtte) (1)

E®for N is —0.25V, (1)
Ni is readily oxidised and goes into solution as Ni**(aq) (1)

[Mark (ii) and (iii) to max 3]
Cu*(aq) + 2e- — Cu(s) (1)
E®for Zn**/Zn is negative / = —-0.76V, so Zn*" is not easily reduced. (1)

The blue colour fades because Cu®(aq) is being replaced by Zn*(aq) or Ni¥*(aq) or
[Cu*] decreases (1) [7]

(b) amount of copper = 225/63.5 = 3.54(3) mol (1)
amount of electrons needed = 2x 3.54 = 7.08/9 (7.087) mol (1)

no. of coulombs =
no. of moles of electrons =

20x10x60x60 = 7.2x10°C
7.2 x 10°/9.65 x 10* = 7.46 mol (1)

percentage “wasted” = 100 x (7.461 — 7.087)/7.461 = 5.01 (5.0)% (accept 4.98-5.10) (1)

(4]
(c) E®data: Ni¥/Ni = -0.25V
Fe*'lFe = -0.44V (1)
Because the Fe potential is more negative than the Ni potential, the iron will dissolve (1) [2]
[Total: 13]
Q# 32/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)
(c) (i) +2(1)
(ii) (half) the sulfur goes up by +2, (1)
(the other half) goes down by -2 (1)
(iii) HCI(can be read into (iv)) (1)
(iv) 2SCL+2H,O0 — S + S0, +4HCI(1)
(v) (+AgNO;)  white ppt. (1)
(+ KzCr,05) solution turns green (1) [7]
[Total: 11]
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Q# 33/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 5 /www.SmashingScience.org :0)

5 (a) (i) E°=040-(-0.83)=1.23V (1)
(i) 2H, + O; ——— 2H:0 (1)

(iii) LH electrode will become more negative (1)

RH electrode will also become more negative / less positive (1)

(iv) no change ecf from (iii) (1)

(v) increased conductance or lower cell resistance or increased rate of reaction (1) [6]

(b) (i) E°=1.47 —(-0.13)=1.60V (1)
(i) PbO; + Pb + 4H" — 2Pb*" + 2H,0 (1)
(iii) PbO, + Pb + 4H* + 280, — > 2PbSO,s) + 2H,0 (1)
(iv) E° will increase (1)

as [Pb?] decreases, Eaecros(PbO,) will become more positive, but Execirms(Pb)

will become more negative (1) [5]
[Total: 11]
Qit 34/ ALvl Chemistry/2009/w/TZ 1/Paper 4/Q# 1 /www.SmashingScience.org :0)

(d) (i) Zn + Sn*™ —— Zn*" + Sn™ [1]
(ii) E® = 0.15-(-0.76) = 0.91V [1]
E® = 1.52-0.15 =137V [1]
(i) n(Sn*) = 0.02 x 13.5/1000 % 5/2 = 6.75 % 10~* mol use of the 5/2 ratio [1]
correct rest of working 1]
n(Sn*) = 0.02 x 20.3/1000 % 5/2 = 1.02 % 10~ mol [1]
(iv) n(Sn*) = 1.02x 102 -6.75x 107" = 3.45 x 107 mol [1]

s ratio = 6.75/3.45 = 1.96:1 = 2:1
oo formula is 2500 + Sn0: = Sny0y (cond! on calculation, but allow ecf) [1]
[8]
(e) (i) volume = 1x1x1x10° = 1x10°m® or 10 cm® [1]
(ii) mass = vol xdensity = 10x7.3 = 73g ecf [1]
moles = mass/A, = 73/119 = 0.61 mol acf [1]
(iii) Q = nFz = 0.61x965x10°*x2 = 1.18 (1.2) x 10° coulombs ecf [1]
[4]
[Total: 19]
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