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A2 Electrochemistry

Electrochemistry

(b) The following diagram shows the apparatus used to measure the standard electrode potential,
E®, of a cell composed of a Cu(Il)/Cu electrode and an Fe(Il)/Fe electrode.

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

3 r 3 r
A | |8
a,/——"’f .--\-\_H—H-\_H--" —

[ - e J \ J D

(if) In the spaces below, identify or describe what the four letters A-D represent.
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A2 Electrochemistry

(1) Use the Data Booklet to calculate the E* for this cell.

(lv) 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,

(¢) The iron(Il) complex ferrous bisglycinate hydrochloride is sometimes prescribed, in capsule
form, to treat iron deficiency or anaemia.

A capsule containing 500 mg of this iron(11) complex was dissolved in dilute H.SO, and titrated
with 0.0200 moldm™ KMnQ,.
18.1em? of KMnO, solution were required to reach the end point,

The equation for the titration reaction is as follows.
5Fe™ 4 MnO, + 8H* —» GFe™ 4 Mn®* + 4H,0

(i) Describe how you would recognise the end point of this titration.

.............................................................................................................................................

() Calculate

e the number of moles of Fe** in the capsule,

e the mass of iron In the capsule,

e the molar mass of the iron(1l) complex, assuming 1 mol of the complex contains 1 mol
of iron.

(4]
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A2 Electrochemistry

s/14/qp41

2 Lead(ll) chloride, PbCI,, can be used in the manufacture of some types of coloured glass.

PbCl,is anly sparingly soluble inwater. The [Pk*] in a saturated solution of PbC/, can be estimated
by measuring the cell potential, £,,,, of the following cell.

A
H,(g) —= .
1atm, 298 K salt bridge
B [ b
__saturated solution
of PbCI,
c- solid PbC1,

(a) Inthe spaces below, identify what the four letters A-D in the above diagram represent.

SRR, W D oo
(4]

(b) In a saturated solution of PbCI,, [PbCl.(aq)] = 3.5 = 10~ meldm,

(I) The E*forthe Pk /Pb electrode is =0.13 V. Predict the potential of the right-hand electrade
in the diagram above. Indicate this by placing a tick in the appropriate box in the table
balow.

alectrode place one tick only
potential /V in this ealumn

=0.17
=0.13
=0.09

0.00

Explain your answer,
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A2 Electrochemistry

(c) The behaviours of PbCl, and SnCl, towards reducing agents are similar, but their behaviours
towards oxidising agents are very different.

(i) Illustrate this comparison by quoting and comparing relevant E® values for the two metals

and their ions. Explain what the relative E® values mean in terms of the ease of oxidation
or reduction of these compounds.

(if) Writing a balanced molecular or ionic equation in each case, suggest a reagent to carry
out each of the following reactions.

the reduction of PbC1,

s/14/qp42
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A2 Electrochemistry

(c) When aqueous solutions of KI and K,S,0, are mixed almost no reaction occurs, but when a
few drops of Fe**(aq) or Fe**(aq) are added, iodine, I,(aq), is produced at a steady rate.

(i) Write an equation for the overall reaction.

(ilf) By means of equations or otherwise, explain why the presence of either Fe?* or Fe* is able
to speed up the reaction.

s/14/qp42
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A2 Electrochemistry

2 (a) (i) With the aid of a fully-labelled diagram, describe the standard hydrogen electrode.

(if) Use the Data Booklet to calculate the standard cell potential for the reaction between
Cr* ions and Cr,0,* ions in acid solution, and construct a balanced equation for the
reaction.

E2y= o V
Yo 1= | (T o SRS

(iii) Describe what you would see if a blue solution of Cr** ions was added to an acidified
solution of Cr,O,* ions until reaction was complete.

s/13/qp42
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A2 Electrochemistry

Answer all the questions in the spaces provided.

1 (&) What is 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.

(c) The reaction between Fe™ ions and I~ ions is an equilibrium reaction,
2Fe(ag) + 2I(ag) = 2Fe’(aq) + Liaq)
(I) “Use the Data Booklet to calculate the EZ for this reaction.

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

s/13/qp41
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A2 Electrochemistry

2 The diagram shows a laboratory illustration of a simple hydrogen-oxygen fuel cell, ‘ .
(V)
F \\1.‘_,.#{ N

JI f
oxygengasat ||| | @ — hydrogen gas at
1 atmosphara = . 1 atmosphara

B .

salt bridge
O
solutionof = [~ solution of
hydrochioric acld: = = hydrochloric acld:

[Hs0*] = 1 mol dm™ [Hy0*] = 1 mol dm™

™ Inert electrodes ~

(a) Write the half equation for the reaction occurring at the left hand (oxygen) electrode
when the call ﬂpﬂlﬂtﬂﬂ-.

..........................................................................................................................................

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]

(b) State tha polarity (+ or =) of the laft hand (oxygen) alactrode. ..........cooviviviniiiiinnnnn [1]
(c) Use the Dala Booklet to calculate tha voltage produced by this caell.

- [1]

{d) Only a very small current can be drawn from this laboratory cell. Suggest one way In
which It could ba modified to enable a larger current to ba drawn from It.

1]

{e) A fuel call In an orbiting satellite Is required to produca a current of 0.010 A for 400 days.
Calculate the mass of hydrogan that will be neaded,

. [3]
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A2 Electrochemistry

(f) State one advantage, and one disadvantage of using fuel cells to power road vehicles
compared to hydrocarbon fuels such as petrol.

E2 (0|2 L] = Lo = USSR

[Total: 9]

w/04/qp4
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A2 Electrochemistry

2 (a) What do you understand by the term standard electrode potential?

- [2]

(b) By reference to relevant E* data in the Data Booklet, explain how the halogen/halide
electrode potentials relate to the relative reactivity of the halogens as oxidising agents.

2]

(c) Use data from the Data Booklet to construct redox equations, and calculate the
standard cell potentials, for the reactions between

(i) Acidified H,0,(aq) and KI(aq),

(i) Cly(aq) + SO,(aq).

(4]
(d) Use data from the Data Booklet to predict the likely product of the reaction between
I;(aq) and tin metal, writing a balanced equation for the reaction.

. [2]
[Total: 10]

w/05/qp4
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A2 Electrochemistry

1 Siiver bromide, AgBr, Is widely used in photography. In a phnmgraphlt: film, AgBr crystals
are pracipitated into a gelatine base as ‘grains’ of diameter about 1 = 10%m.

(a) C-EI|CU|H!G‘£|‘IE approximate number of silver ions contained in a grain of AgBr of mass
2.5 = 10-12g,

(b) AgBr is only sparingly soluble in water. The [Ag*] in a saturated solution of AgBr can
be estimated by measuring the E__, of the following cell.

—_—

o
Hs(g), 1 alm, 298K ———=
2(9) Y
o/
salt bridge

Y

[Ag*(ag)]=x moldm

(I) In the spaces below, identify what the four letters A — D In the above diagram

reprasent,
N . S ST ) S— C
- W O (TR, . = R

(Il) Predict how the potential of the right hand alectrode might vary as [Ag*] Is
decreased,

In its saturated solution, [AgBr(ag)] = 7.1 = 10" mol dm=3.

(i) Write an expression for the solubllity product of AgBr, and calculate its value,
including units,

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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w/05/qp4
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A2 Electrochemistry

3 Potassium manganate(VIl) and potassium dichromate(VI) are both used as oxidising
agents In acldic solution,

(a) Using data from the Data Booklet, write either ionic or full equations for the reaction
between

() KMnO, and FeSO, In dilute H,S0,,

(1) K,Cr,0; and SO, In dilute H,S0,.

(3]

(b) KMnO, Is often usad In titrations to estimate reducing agents, It Is added from a burette
to a solution of the reducing agent.

() What colour is KMnO, solution?
() How is the end polint In the titration recognised?

R R R T ]

(1) A solution of 0,010 mol dm™ KMnO, was used to estimate the amount of FaSO, In
an Iron dietary supplemant tablet, ﬁ\a tablet was crushed under dilute H,S0, and
the KMnO, solution was added from the burette. It was found that 14.00 cm? were
required,

Calculate the mass of FeSO, In the tablet,

-----------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................
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A2 Electrochemistry

w/03/qp4

3 (a) A ftransition element X has the electronic configuration [Ar] 4s2 3d®.

(i) Predict its likely oxidation states.

otassium manganate(VII), KMnQ,, is a useful oxidising agent in titrimetric analysis.
b) Potassi t KMnQ,, i ful oxidisi tin titrimetri lysi
(i) Describe how you could use a 0.0200 moldm—2 solution of KMnO, to determine
accurately the [Fe?*] in a solution. Include in your description how you would

recognise the end-point in the ftitration, and write an equation for the ftitration
reaction.

(ii) A 2.00g sample of iron ore was dissolved in dilute H,SO, and all the iron in the
salts produced was reduced to FeZ*(aq). The solution was made up to a total
volume of 100cm3,

A 25.0cm? portion of the solution required 14.0 cm?® of 0.0200 mol dm— KMnO, to
reach the end-point.

Calculate the percentage of iron in the ore.

s/06/qp4
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A2 Electrochemistry

1 A student decided to determine the value of the Faramay constant by an alactrolysis
expariment. The following incomplete diagram shows the apparatus that was used.

hydrogen
baing
collected —
o [ @
dilute stc},--.t_ I H | " J =E;pwm pack

%

inert electrodes

(a) (i) Apartfrom connecting wires, what two additional pieces of equipmant are needed
for this axparimant?

NN RN RN R R R R RN RN NN RN NN RN RNy

() Complete the diagram, showing additional equipment connacted in the cireuit, and
showing the powerpack connected to the correct electrodes,

(i) List the measuremants the studant would nead to make in ordaer to use the rasults
to calculate a value for the Faraday constant.

(b) (I) Using an equation, state the relationship between the Faraday constant, F, the
Avogadro constant, L, and the charge on the alectron, &.

(ll) The value the student obtalnad was: 1 Faraday = 9.63 = 10* Coulombs

Use this value and your equation In (b)(l) to calculate the Avogadro constant (take
the charge on the alactron to ba 1.60 = 10719 Coulombs)

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

[Total: 9]
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A2 Electrochemistry

w/05/qp4

1 Magnesium is used extensively in the form of alloys as a constructional material due to its
low density (1.7gcm™3, compared to 7.8 gem= for iron). It is usually prepared by the
electrolysis of magnesium chloride, MgCl,, at a temperature a littie above its melting point of
715°C.

(a) Suggest the half-equation that represents the production of magnesium at the cathode
during the electrolysis.

(c) Suggest two properties of its atoms that could explain why magnesium is less dense
than iron.

s/04/qp4

(c) The last oxide in Group IV, PbO,, reacts with concentrated hydrochloric acid liberating
chlorine gas.

Use the Data Booklet to calculate the EZ

e @nd to write a balanced equation for this
reaction.

s/03/qp4
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A2 Electrochemistry

1 (a) Whatdo you undarstand by the term standard electrode poltential?

2]

(b) Tha rallawlng cell was set up between a copper alectrode and an unknown metal
alactrode M=*(aq)/M(s). The standard cell potential was found to ba 0.76V, and the
copper foll was the positive alectrode.

diraction of electron flow

O ~

_- copper foll
unknown metal _— - PP

wire, M

M (1 mol dm=)_| - CuS0,(1 mol dm-¥)

-~ S o/

() Use the Data Bookiet to calculale the standard olectrode potential of the
MZ=*(aq)/ M(s) systam.

(i) Draw an arrow ovar the voltmeter symbol In the above diagram to show the
diraction of elactron flow through tha voltmatar,

(i) Pradict the outcomas of the following situations, Dascriba what you might see and
writa lonic aquations for any reactions that occur.

I Arod of matal Mis dipped into a solution of 1 moldm™ CuSO,.
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A2 Electrochemistry

Il Dilute sulphuric acid is added to a beaker containing a powdered sample of metal
M.

[6]

(c) Because of its increased scarcity, cheaper copper ornaments are no longer made from
the solid metal, but from iron that has been copper plated.

(i) Complete the following diagram showing the set-up for a copper electroplating

process. Show clearly the polarity (+/~) of the power source, and suggest a suitable
elactrolyte.

o'o @

-

object to be plated

\ electrolyte:

D

./

(if) A current of 0.500 A is passed through the electroplating cell. Calculate the time
required to deposit a mass of 0.500 g of copper on to the ornament.

(5]
[Total : 13]

s/03/qp4
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A2 Electrochemistry

4 (a)

(b)

(c)

s/02/qp4

Complete the electronic configuration of the Fe3* ion.
182 282 2D8 382 3P0 et na [1]

By quoting suitable data from the Data Booklet, explain how E*# values can be used to
show the relative oxidising abilities of

(i) the halogens CL, Br,, 1,,,

(i) the transition metal ions Cr3+, Fe3*, Co3*.

[3]
Use these E* values to predict whether a reaction will occur when the following pairs

of aqueous solutions are mixed. If a reaction occurs, write a balanced equation and
calculate the E®cell.

(i) Fe*#(aq) and Cl—(aq)

(i) Co®*t(aq) and Br(aq)

(iii) Cr?*(aq) and I,(aqg)

4]
[Total: 8]
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A2 Electrochemistry

(c) Draw a fully-labelled diagram of the apparatus you could use to measure the E=of a cell
composed of the Fe**/Fe* electrode and the Cu*/Cu electrode.

[5]

(d) The E= for Cu*/Cu is +0.34V. When NH,(aq) is added to the electrode solution, the
E.....s. Changes.

k=

(i) Describe the type of reaction taking place between Cu*(aq) and NH,(aq).

(iv) Predict and explain how the E_ might change on the addition of NH,(aq).

lecirode

w/12/qp43
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A2 Electrochemistry

3 (a) Catalysts can be described as homogenaous or heteroganeous.

(1) What is meant by the terms homogeneous and helerogenecus?

(lf) By using iron and its compounds as examples, outline the differant modes of action
of homogeneous and heterogeneous catalysis,
Choose one example of each type, and for each example you should

« state what the catalyst is, and whether it is acting as a homogenaous or a
heterogenaous catalyst,
« write a balanced equation for the reaction,

s outline how the catalyst you have chosen works to decrease the activation
energy.

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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A2 Electrochemistry

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..__ | __—slectrode B
elactrode
__________ = saturated
solution
solution A solid AgCl of AgCI

(I) State the chemical composition of
E=Ta 11 1= T I . O SO TRRSRUSSPPRUSSS
o T L= SRRSO

(i) Complete the diagram to show the whole experimental set-up.
[4]

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

of AgC1 Is much less than 1,.0moldm™, The E,...... I8 related to [Ag’] by the following
aquation.

aquation 1 E = E* + 0.06 leg[Ag’]

(i) Use the Dafa Booklet to calculate the E:_., if the cell was ﬂptrating under standard
conditions.

Ex. = Y
In the above experiment, the E_, was measured at +0.17V,
(i) Calculate the value of E__ . for the Ag'/Ag electrode in this experiment,
(lll) Use equation 1 to calculate [Ag*] In the saturated solution.
% g [ maldm:?
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w/12/qp41
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A2 Electrochemistry

1 (a) Write down what you would see, and write equations for the reactions that occur, when
sllicon(IV) chloride and phosphorus(V) chloride are separately mixed with water,

sllicen(TV) chioride

(b) Iron(III) chioride, FeCl,, Is used to dissclve unwanted copper from printed circult boards
(PCEs) by the following reaction,

2FeCl,(aq) + Cu(s) — 2FeCl.(ag) + CuCl.(aq)

A solution In which [Fe*(aq)] was criginally equal to 1.50 mol dm™ was re-used several
times to dissclve copper from the PCEBs, and was then titrated as follows,

A 2.50cm’ sample of the partlally-used-up sclution was acldified and titrated with
0.0200 maldm= KMnQ,,

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

It was found that 15,0em® of KMnO,(ag) was requirad to reach the end point,

(I) Construct an lonic equation for the reaction between Fe™ and MnQ,- In acld solution.

(il) State here the Fe™* ; MnO," ratio from your @gquation In (1) ...,

(ill) Calculate the number of moles of MnO,~ usad in the titration.

(iv) Calculate the number of moles of Fe* in 2.50cm’ of the partially-used-up solution.
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A2 Electrochemistry

(v) Calculate the [Fe*]in the partially-used-up solution.

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

Mass Of COPPEN = .. g

w/12/qp41
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A2 Electrochemistry

1 (a) Complete the electronic configurations of the following ions.
Critt 1s22822p8 e,

MnZ*: 1822822p8 e,
2]

(b) Both KMnO, and K,Cr,0; are used as oxidising agents, usually in acidic solution.

(i) Useinformation from the Data Bookiet to explain why their oxidising power increases
as the [H*(aq)] in the solution increases.

(if) What colour changes would you observe when each of these oxidising agents is
completely reduced?

- KMnO,

(¢) Manganese(IV) oxide, MnO.,, is a dark brown solid, insoluble in water and dilute acids.
Passing a stream of SO,(g) through a suspension of MnO, in water does, however,
cause it to dissolve, to give a colourless solution.

(i) Use the Dafa Booklet to suggest an equation for this reaction, and explain what
happens to the oxidation states of manganese and of sulfur during the reaction.

(ii) The pH of the suspension of MnO, is reduced.
Explain what effect, if any, this would have on the extent of this reaction.
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A2 Electrochemistry

(d) The main ore of manganese, pyrolusite, is mainly MnO,,, A solution of SnCL, can be used
to estimate the percentage of MnO, in a sample of pyrolusite, using the following method.
= Aknown mass of pyrolusite is warmed with an acidified solution containing a known

amount of SnC fz-

+  The excess Sn’'(aq) ions are titrated with a standard solution of KMnO,.

In one such ﬂxPﬁflﬂ'lﬂ_'l'll. 0.100g of pyrolusite was warmed with an acidified solution
containing 2.00 = 10 molSn?*. After the reaction was complete, the mixture was
titrated with 0,0200 moldm— KMnQ,, and required 18,1cm? of this solution to reach the
and point.

The equation for the reaction between Sn’*(aq) and MnO,~(aq) is as follows.

2MnO,~ + 53n* + 16H' — 2Mn®* + 530" + BH,O

(I) Usa the Data Bookiat to construct an aguation for tha reaction batwaen l'\-"'ll'll::'2 and
Sn?* lons In acidic solution.

(i) Calculate the percentage of MnQ, In this sample of pyrolusite by the following steps.

number of moles of MnO,~ used In the titration

number of moles of Sn?* this MnO,~ reacted with

+  number of moles of Sn?* that reacted with the 0.100g sample of pyrolusite

+ number of moles of MnQ, in 0.100g pyrolusite. Use your equation in (i).

«  mass of MnO, In 0.100g pyrolusite

percentage of MnO, In pyrolusite

PErcentage = ... %
www.megalecture.com Pageré’alﬂ
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w/11/qp43

Chlorine is manufactured by the electrolysis of brine, NaCi(aq). At the cathode, H,(g) and
OH™(aq) are produced, but the product at the anode depends on the [NaClaqg)] in the
solution. Either O,(g) or CL,(g) is produced.

(a) The equation for the cathode reaction is 2H,0(l) + 2e~ — H,(g) + 20H7(aq).

Starting from neutral NaCl(aq), write equations for the production at the anode of

(1) ©(Q): corvmveremseesmsseeeeeeesmssossseseseeess e eees e e eess st

() CL{): worveerereeeesemeeseeeseossssseseeseeessssssssss s oesmsss s ssseees o ees e esse e
(2]

(b) For electrolysis to occur, the voltage applied to the cell must be at least as large as the
E*® . as calculated from standard electrode potentials.
Use the Data Booklet to calculate £Z, for the production at the anode of

(1) ©Q): corvevevemveosmseseeeeeesessessasseseseeessoesss sttt

(1) CL(G): crrrmrereere oo eeeeeesesesssossss s e
[2]

(c) (i) By using one of the phrases more positive, less positive or no change, use the
equations you wrote in (a) to deduce the effect of increasing [C1-{aqg)] on

the E

anode

for the production of O,(g), .eeveeoeee

the E

anode

for the production of CL(g). «..ovveveeeiee e

(i) Hence explain why the CL,(g) : O,(g) ratio increases as [NaCl(aq)] increases.

(d) Sodium chlorate(V) is prepared commercially by electrolysing NaCl(aq) in a cell which
allows the cathode and anode electrolytes to mix.
The cathode reaction is the same as that described in (a).
The equation for the anode reaction is
Cl(aq) + 60H™(aq) - 6e~ — CIOy(aq) + 3H,0(l)
(i) Construct an ionic equation for the overall reaction.
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A2 Electrochemistry

(ii) Calculate the mass of NaClO, that is produced when a current of 250A is passed
through the cell for 60 minutes.

mass of NaCIO; = ..o g 4]
[Total: 11]

w/10/qp43
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3 The electrolytic purification of copper can be carried out In an apparatus similar to the one

shown below,
I
|I
impure copper anode __ _pure copper cathode
anode ‘sludge’._ - Cus0,(aq)
S "

The impure copper anode contains small quantities of metallic nickel. Zinc and silver, together
with Inert oxides and carbon resulting from the Initlal 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)

(i)

()

(v)

(vi)

Write a half equation Including state symbols for the reaction of copper at the
anode,

Use data from the Dafa Bookiet to ixplﬂih Why Zine I8 not deposited on the
cathode.

Suggest why the blue colour of the electrolyte slowly fades as the electrolysis
proceads.
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A2 Electrochemistry

(b) Most of the current passed through the cell is used to dissclve 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 call for 10.0 hours, it was found that
2254 of pure copper was deposited on the cathode,
(i) Caleulate the following, using appropriate data from the Data Bookiet,

+ number of moles of copper producaed at the cathode

« number of moles of electrons needed to produce this copper

= number of moles of electrons that passed through the cell

(il) Hence calculate the percentage of the current through the cell that has been
‘wasted In dissalving the impurities at the anode,

(4]

(c) Wickel often occcurs In cres along with iron. After the initial reduction of the cre with coke,
a nickel-iron alloy is formed.
Use data from the Data Booklet to explain why nickel can be purifled 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.

w/10/qp41
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(d) Outline the role that Fe** ions play in catalysing the reaction between iodide ions and
peroxydisulfate(VT) ions.

21" + S,0° — 1, +2S0%

[Total: 14]

w/09/qp42
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(d) Tin forms an oxide, A, that contains the metal in both oxidation states 11 and IV. The
formula of A can be found by the fallowing method.

s  Asample of A was dissolved in H,50,(aq). producing solution B, which was a mixture
of tin(I1) sulfate and tin(IV) sulfafe,

e A 250cm® sample of solution B was titrated with 0.0200 mol dm—> KMnO,.
13.5cm” of KMnO, was required to reach the end-point.

+ Another 25.0cm”® sample of solution B was stirred with an excess of powdered
zine, This converted all the tin into tin(11), The excess of zinc powder was filtered off
and the filtrate was titrated with 0.0200 mol dm'? KMnQ,. as before.

This time 20,3cm? of KMnO, was required to reach tha end-polnt,

The aquation for the reaction oceurring during the titration Is as follows,

2MnO; + 16H' + 55n*" —— 2Mn** + BH,O + 53n*

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

(i) Use the Data Booklet to calculate the E* values for the reactions between
& ZN AN SNY, e st sb s e
o MROZ AN SNZY L

{(iii) Use the results of the two titrations to calculate

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

(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,
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(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 % 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.

(if) Calculate the number of moles of tin that this volume represents.
[The density of tin is 7.3g cm— ]

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

w/09/qp41

www.megalecture.com Page 37
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5 Potassium manganate(VII) can be used to estimate the percentage of hydrogen peroxide
in household bleach. The following unbalanced equation represents the reaction between

them.
......... MnOy + ... H,O, + ol HY —— MnZ* + ... HO + ... O,
(a) Balance this equation by putting the appropriate numbers in the spaces above. 1]

(b) Use data from the Data Booklet to calculate the £, for the reaction.

(¢) When 0.020 moldm™3 KMnQO,(aq) was added from a burette into an acidified 25.0cm?
sample of H,0,, 15.0ecm? of KMnO, was required to reach the end-point.

(i) Describe what you would see during this titration, and also at the end-point.

[Total: 6]

w/07/qp4
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3  The following account describes the preparation of Péligot's salt, named after the 19" century
French chemist whao first made it

Place 6.0 g of potassium dichromate(VT) in a 100 em’ beaker and add 8,0 g of concentrated hydrochloric
acid and 1.0em’ water, Warm the mixture gently; if carefully done the dichromate(VI) will dissolve
without the evolution of chlorine. On cooling the beaker m an 1ce bath the solution will deposit long
orange-red crystals of Péligot's salt,

An analysis of Peligot's salt showed that it contained the following percentages by mass.
K. 22.4%: Cr, 29.8%; Cl, 20.3%: O, 27.5%.

(a) Calculate the empirical formula of Péligot's salt.

[2]

(b) Suggest a balanced equation for the formation of Péligot's salt,

(¢) The instructions suggest that strong heating might cause chlorine to be evolved.,
(i) What type of reaction would produce chlorine in this system?

(i) Use the Data Booklet to identify relevant half equations and E® values for the
production of chloring from the reaction batween HECFID-,- and HC/,

(lll) The use of dilute HCI{aq) does not result In the production of chlorine. Suggest
why this is so,

(iv) Use the Data Booklet to suggest a reason why it is not possible to prepare the
bromine analogue of Péligot's salt by using HBr(aq) Instead of HCI(ag).
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w/07/qp4

(c) The following information on half-reactions relates to the reaction between HNO, and an
excess of FeSO,.

Fe* + e —» Fe* E®=+0.77V
3H* + NO,- + 2¢¢ —» HNO, + H,0O E®=+0.94V
HNO, + H* + & — NO + H,O E®=+0.99V

(i) Suggest the formula of the nitrogen-containing final product of this reaction.

(if) Write an equation for the formation of this nitrogen-containing product.

s/12/qp41
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3 (a) State the relationship between the Faraday constant, F, the charge on the electron, e,
and the Avogadro number, L.

(b) If the charge on the electron, the A, and the valency of copper are known, the value
of the Avogadro number can be determined experimentally. This is done by passing
a known current for a known time through a copper electrolysis cell, and weighing the
mass of copper deposited onto the cathode.

(i) Draw a diagram of suitable apparatus for carrying out this experiment.
Label the following: power supply (with + and — terminals); anode; cathode; and
ammeter.
State the composition of the electrolyte.

The following are the results obtained from one such experiment.

current passed through the cell = 0.500A

time current was passed through cell = 30.0 min
initial mass of copper cathode = 52.243¢g
final mass of copper cathode = 52.542¢g

(if) Use these data and relevant information from the Data Booklet to calculate a value
of L to 3 significant figures.
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() Use relevant information from the Data Booklet to identify the substances formed at
the anode and at the cathode when aqueous solutions of the following compounds are

electrolysed.
compound product at anode product at cathode
AgF

FeSO,

MgBr,
[3]
[Total: 15]

s/11/qp43
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A2 Electrochemistry

8 The design and development of batteries has been a major research area In recent years,

(a)

(b)

(€)

Lead-acid batteries, used In cars, are made up of a number of rechargeable cells in
series, and were first developed in 1860. They have the disadvantage of a relatively high
mass compared to the energy stored, During discharge, the electrode reactions in the
cells of these batterles are as follows.

| Pb + SO - PbSO, + 2e

I PbO, + 4H' + SOJ- + 2~ = PbSO, + 2H,0

State which of these reactions occurs at the positive electrode in a lead-acid cell during
discharge, explaining your answer.

..........................................................................................................................................

Use the Data Booklet and the equations | and Il above to calculate the voltage produced
by a lead-acld cell under standard conditions.

(2]

Nickel-metal hydride batterles were developed In the 1980s and have become
Increasingly common particularly for small devices such as moblle phones and digital
cameras that need near-constant sources of electrical energy. These cells use nickel
oxohydroxide (NIO(OH)) as one electrode and a hydrogen-absorbing alloy such as LINI,
as the other electrode,
One reaction that takes place in these batteries is

NIO(OH) + H,O + @ w= NI(OH), + OH"
(I) State the oxidation state of nickel In NIO(OH). .........ccvvrvennn

(1) Suggest a likely advantage of these batteries compared with lead-acid batterles.

..................................................................................................................................

.................................................................................................................................
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(d) Hydrogen fuel cells have been suggested as the next major advance in electrically
powered vehicles. In these fuel cells hydrogen is oxidized to produce water, using a
catalyst and inert electrodes.

(i) Suggest a material for the electrodes.

(if) Use your knowledge of hydrogen to suggest a disadvantage of these fuel cells in
powering vehicles.

s/10/qp43
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4 (a) Complete the electronic structures of the Cr** and Mn2* ions.
Cri* 1822822p5 ...

Mn2* 1822822p5 ...

[2]

(b) (i) Describe what observations you would make when dilute KMnO,(aq) is added

slowly and with shaking to an acidified solution of FeSO,(aq) until the KMnQ, is in
a large excess.

(c) By selecting relevant E® data from the Data Booklet explain why acidified solutions of
Fe?*(aq) are relatively stable to oxidation by air, whereas a freshly prepared precipitate
of Fe(OH), is readily oxidised to Fe(OH), under alkaline conditions.

relevant E¥ values and half equations

s/10/qp43
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5  Although standard electrode potentials are measured for solutions where the concentrations
of lons are 1.0maldm™, 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 Q,(g) are fed onto two inert electrodes
dipping into NaOH(ag).

hydrogen —s= oxygen
NaOH(aq)
The follewing reactions take place.
left hand electrode (cathode): H,(g) * 20H (ag) — 2H,0O(l) + 2e-
right hand electrode (anode): O,(g) * 2H,0(l) + 48~ — 40H(aq)

() Use the Data Booklet to calculate E7,, for this reaction.

(i) Construct an equation for the overall reaction,

(i) By using one of the phrases more positive. more negative or no change, deduce
the effect of Increasing [OH-(aq)] on the electrode potentlal of

. the left hand alactrode ..o e
* th. right hﬁnd .I‘ctrad‘ R R R R L R R R R R R R R RN NN R R R R R RN R RN R N R RN IR NN NRNN RN RRRRRRRBRNREREEENY

(lv) 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.
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(b) In the cells of a lead-acid car hattery the following reactions take place.
cathode: Pb(s) — Pb%*(aq) + 2e~
anode: PbO,(s) + 4H'(aq) + 2¢- — PbZ*(aq) + 2H,0(1)

(i) Use the Data Booklet to calculate E7,, for this reaction.

The electrolyte in a lead-acid cell is H,SO,(aq). Most of the PbZ*(aq) ions that are
produced at the electrodes are precipitated as the highly insoluble PhSO,(s).

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

(iv) By considering the effect of decreasing [Pb?*(aq)] on the electrode potentials of
the cathode and the anode, deduce the effect of the presence of H,SO,(aq) in the
electrolyte on the overall E_.

State whether the E__, will increase, decrease or remain the same.
Overall E__, Will ..o .

cell

Explain your answer.

[Total: 11]

s/10/qp41
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(e) Copper powder dissolves in an acidified solution of sodium vanadate(V), NaVO,, to
produce a blue solution containing VO2* and Cu?* ions.
By using suitable half-equations from the Data Booklet, construct a balanced equation
for this reaction.

s/09/qp4
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2 (a)
(b)

(c)
s/09/qp4

Describe the observations you would make when concentrated sulfuric acid is added
to separate portions of NaCl(s) and NaBr(s). Write an equation for each reaction that
occurs.

NaCl(s):  0bservation et n e e
;;;;;;; .........................................................................................................
NaBr(s):  0bServation . e e e
;;;;;;; .........................................................................................................

[4]

By quoting relevant E° data from the Data Booklet, explain how the observations you
have described above relate to the relative oxidising power of the elements.

By referring to relevant £° data choose a suitable reagent to convert Br,, into Br—. Write
an equation and calculate the E® for the reaction.

[Total: 9]
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(c) The relative stabilities of the M2*(aq) and M*¥(aq) ions also vary down Group IV.

(i) Use the Data Booklet to illustrate this observation when M = Sn and M = Pbh.

(if) Use the Data Booklet to predict the products formed, and write equations for the
reactions occurring, when

an equimolar mixture of Sn?*(aq) and Sn**(aq) is added to I,(aq),

s/08/qp4
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1 Chlorine gas and iron(IT) ions react together in agueous solution as follows.
CL, + 2Fe?* — 2CI- + 2Fe’F

(a) The following diagram shows the apparatus needed to measure the E¢_, for the above
reaction.

(i) In the spaces below, identify what the five letters A — E in the above diagram
represent.

(ii) Use the Data Booklet to calculate the E3, for this reaction, and hence decide which
direction (left to right, or right to left) electrons would flow through the voltmeter V

when switch S is closed.

B = e, V
direction of leCtron flOW ..o e e
[7]
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(if) A solution of iron(III) chloride is used to dissolve unwanted copper from printed
circuit boards.

When a copper-coated printed circuit board is immersed in FeCl;(aq), the solution
turns pale blue.

Suggest an equation for the reaction between copper and iron(III) chloride and use
the Data Booklet to calculate the E® for the reaction.

=T (1= 1 (Lo o TSSOSO ERSRRSUPPPPPPPPRRR

s/08/qp4
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1 Zinc chloride is one of the most important compounds of zinc. It is used in dry cell batteries,

as a flux for soldering and tinning, as a corrosion inhibitor in cooling towers and in the
manufacture of rayon.

(a) Draw afully labelled diagram to show how you could use a standard hydrogen electrode
to measure the standard electrode potential, £%, of zinc.

[6]

(b) The electrolysis of zinc chloride can give different electrode products, depending on the
conditions used.

Suggest the products formed at each electrode in the following cases. One space has
been filled in for you.

conditions product at anode product at cathode

ZnC1L(l) chlorine

ZnCl,(concentrated aqueous)

ZnCl,(dilute aqueous)

[3]
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