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Answer all questions in the spaces provided.

This question is about the enthalpy of lattice dissociation of calcium bromide, CaBr,

|I| Define enthalpy of lattice dissociation.

[2 marks]

The enthalpy change when one mole of a solid ionic compound is broken

apart (dissociated) into its gaseous ions.

Table 1 shows some enthalpy change data.

Table 1
AH | kJ mol™!
Enthalpy of solution of CaBr, -110
Enthalpy of hydration of Ca** -1650
Enthalpy of hydration of Br~ =335

IZ' Use the data in Table 1 to calculate the enthalpy of lattice dissociation, in kJ mol_1,
for calcium bromide.

[2 marks]
AH (CaBr;y) + DHyya(Ca®?) + 20K (Br) = AH i (CaBr,)
AH, = =110 — (-1650) — 2(-33S) = -0 + 1650 + 670
Enthalpy of lattice dissociation +2210 kJ mol™

E The enthalpy of lattice dissociation for calcium bromide calculated in Question 01.2 is
the experimental value.

Explain why this experimental value is different from the theoretical value for the
enthalpy of lattice dissociation of calcium bromide.
[1 mark]

The theoretical value assumes a perfect ionic model (ions are perfect

spheres); the experimental value includes some covalent character.
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E A student does an experiment to determine the enthalpy of solution for

Lo[1].[5]

calcium bromide.

1.25 g of solid calcium bromide is added from a weighing boat to
25.0 cm® distilled water in a plastic (polystyrene) cup and the mixture is stirred gently.

When the calcium bromide dissolves, the temperature of the mixture rises from
19.6 °Ct024.9 °C

Calculate the enthalpy of solution, in kJ mol_1, for calcium bromide.

Assume that the specific heat capacity of the solution is 4.18 J K™ g'1
Assume that the density of the solution is 1.00 g cm™

[3 marks]

g = mcAT = 25.0 x 4.8 x (24.9 — 19.6) = 25.0 x 4.18 x $.3
g = $8§3.85 7 = 0.5538S kJ
M,(CaBr,) = 40.] + 2(79.9) = 199.9
n(CaBry) = 1.25 +199.9 = 6.25 x 1073 mol
AH = =g + n = —0.55385 + (6.2 x 1072
AH = —88.6 kJ mol”  (temperature rises, so exothermic)

Enthalpy of solution -33.6 kJ mol™

Another student repeats the experiment.

After the calcium bromide is added into the plastic cup, the student washes the
weighing boat with a small volume of distilled water.

The student adds the washings to the plastic cup to ensure that all the
calcium bromide is transferred.

Explain why adding the washings causes inaccurate results.
[1 mark]

The washings increase the volume (mass) of solution in the cup to

more than 25.0 cm?, so the student does not know the true mass of

solution used in g = mcAT.
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Figure 1 shows an incomplete Born—Haber cycle for barium oxide, BaO box

Figure 1

Ba2*(g) + 0*(g)

A

Ba**(g) + 2e” + 0(g)

A

v Ba*(g) + e + 07 (y)

Ba**(g) + 2e™ + %0,(g)

Ba*(g) + e~ + 3 O,(g)

A

Ba(g) + 5 0,(9)

A

Ba(s) + 5 O,(g)

v BaO(s)

II| Write formulas, including state symbols, of the appropriate species on each of the
three blank horizontal lines in Figure 1.
[3 marks]

0 4
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Table 2 shows some enthalpy change data.

Table 2
AH | kJ mol™
Enthalpy of atomisation of barium +176
Enthalpy of atomisation of oxygen +248
First ionisation enthalpy of barium +502
Second ionisation enthalpy of barium +966
First electron affinity of oxygen -142
Second electron affinity of oxygen +844
Lattice dissociation enthalpy of barium oxide +3152

El Use Figure 1 and Table 2 to calculate the enthalpy of formation, in kJ mol™", of
barium oxide.

[2 marks]
AH: + 3152 = 176 + 248 + 502 + 966 + (—142) + 844
AHy = 25949 — 3152
AH; = =558 k3 mol™!
Enthalpy of formation -558 kJ mol™

Do not write
outside the
box
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n Magnesium reacts with carbon dioxide.
2Mg(s) + CO,(g) — 2MgO(s) + C(s)

Table 3 shows how the value for the Gibbs free-energy change (AG) for this reaction
changes with temperature.

Table 3
Temperature / K AG  kJ mol™
200 -165
400 -122
500 -101
700 -58
900 -15

|I| Use the data in Table 3 to plot a graph on Figure 2 on page 7 of AG (y-axis)
against temperature.

Draw a line of best fit.

[2 marks]
@ Use your graph on Figure 2 on page 7 to deduce the enthalpy change,
in kJ mol'1, for the reaction.
[1 mark]
Enthalpy change =210 kJ mol™
E Use your graph on Figure 2 on page 7 to determine the entropy change,
inJ K™ mol_1, for the reaction.
[2 marks]
gradient = —AS = (-16.5 — (-188.5)) + (300 — 100) = 0.21S kI K™ mol™
AS = —0.21S kI K mol™ = =215 7 K™ mol™
Entropy change 21§ JK " mol™
E The gradient of the line on Figure 2 changes at 923 K
Suggest why.
[1 mark]

Magnesium melts at 923 K, so a reactant changes state and the

entropy change is different.

0 6
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Use your completed Figure 2 to answer Questions 03.2 and 03.3 on page 6.
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Figure 3 shows the electrochemical cell used to measure the
standard electrode potential for the MnO, / Mn’* electrode.

In this electrochemical cell, the standard hydrogen electrode is shown on the

left-hand side.

Figure 3

O

Hy(g) ——
Salt bridge

Pt\ o6 Pt
O
o No ./
DF . ©)
HCl(aq) —— ——+——— Mixture of
L ) ¢ J KMnO,4(aq),
H,SO,(aq) and
MnSO,(aq)

|I| State three conditions needed for the standard hydrogen electrode.

[2 marks]
temperature 298 K (2§ °C)
pressure of H, gas 100 kPa
H* (HC) concentration 1.00 mol dm™3
@ Give the conventional cell representation for this electrochemical cell.
[2 marks]

Pt | Hy(g) | H*(ag) || MnOs (ag), H*(ag), Mn**(ag) | Pt

0 8
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Table 4 shows some electrode potential data.

Table 4
E° |V
MnO, (aq) + 8H*(aq) + 56” — Mn*(aq) + 4 H,0() +1.52
Cl(g) + 2" — 2Cl(aq) +1.36
2H"(aq) + 2e” — H,(9) 0.00
Na'(aq) + e — Na(s) —2.71

El Use data from Table 4 to explain why sodium chloride solution should not be used in

the salt bridge in Figure 3.
[2 marks]

EC(MnO, /Mn**) = +1.52 V, which is more positive than E°(Cl,/C)) =

+1.36 V, so the MnO,~ ions would oxidise the CI~ ions in the salt bridge

to toxic chlorine.

E The standard hydrogen electrode is replaced by a Fe*" / Fe*" electrode.

The reading on the voltmeter is 0.75 V

Calculate the standard electrode potential of the Fe* / Fe* electrode.

[1 mark]
EMF = Er/‘ght - Eleft
0.75 = 1.52 — E°(Fe**/Fe’*)
E®(Fe**/Fe*t) = 1.52 — 0.7 = +0.77 V
E® +0.77 Vv

Question 4 continues on the next page
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10

Lithium is used to make rechargeable batteries.

The half-equations at each of the electrodes in one type of lithium cell are:

Positive Electrode Li" + MnO, + & — LiMnO,

Negative Electrode Li+e — Li

E Deduce the overall equation for the reaction when this cell is being recharged.

LiMnO, - Li + Mn0O,

E®°=-0.15V

E®=-3.05V

[1 mark]

@ Suggest why there must be no water in this cell.

Lithium is very reactive and would react with water.

[1 mark]
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[o]5].[4]

This question is about acids and bases.

Calculate the pH of a 0.150 mol dm™ solution of hydrochloric acid.
Give your answer to 2 decimal places.

[1 mark]
pH = —log[H*] = —log(0.150)
pH 0.832
Water dissociates as shown
H,0 = H"+OH"
Give an expression for K,
[1 mark]

K, = [(H"][0H7]

Calculate the pH of a 0.250 mol dm™ aqueous solution of sodium hydroxide at 30 °C

The value of K, is 1.47 x 10"* mol” dm™ at 30 °C
Give your answer to 2 decimal places.
[2 marks]

[(H*] =K, + [0H] = (1.47 x 107%) =+ 0.250 = 5.88 x 107'% mol dm™3
pH = —log(5.88 x 107%) = 13.23

oH 13.23

When the aqueous solution of sodium hydroxide in Question 05.3 is heated, the pH
of the solution decreases.

Explain why.
[2 marks]

The dissociation of water is endothermic, so on heating the eguilibrium

shifts to the right and K, increases.

So [H*] increases (as does [OH7]), and pH = —log[H*] decreases.

171
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pH 7

A student adds 0.100 mol dm~ aqueous sodium hydroxide from a burette to
25.0cm’ of an aqueous solution of the weak acid HX

Figure 4 shows how the pH changes during part of this titration at 298 K

Figure 4

|\N]

219D

0 5 10 15 20 25 30 35 4
Volume of NaOH / cm3

0
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Do not write
outside the
E Use Figure 4 to determine the concentration, in mol dm™, of the weak acid, HX box
[3 marks]

From Figure 4, volume of NaOH at equivalence = 27.0 cm?

n(NaOH) = 0.100 x 27.0 < 1000 = 2.70 x 103 mol = n(HX)

[HX] = 2.70 x 107 + (25.0 + 1000) = 0.108 mol dm™

Concentration 0.108 mol dm™
@ Use Figure 4 to determine the pH of the mixture at half equivalence

(half neutralisation).

Use this pH to determine the value of the acid dissociation constant, K,, at 298 K for
the weak acid HX

Give the units for K,

[3 marks]
pH at half equivalence 53

Half equivalence at 13.S cm?: pH = §.3

At half equivalence [HX] = [X7], so K, = [H"]

K, = 10753 = 501 x 107°

Value of K, 5.00 x 1076
Units of K, mol dm™3 12

Turn over for the next question
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|I| Give the full electron configuration of Fe*

[o]6].[2]

[o]6].[3]

This question is about metal ions and complexes.
[1 mark]

Is? 252 2p° 3s® 3p° 34°

. 2+ . . . .
In the haemoglobin complex, an Fe " ion has a co-ordination number of six.

A multidentate haem ligand and an oxygen ligand form co-ordinate bonds to Fe*
enabling oxygen to be transported in the blood.

Define multidentate ligand.
[1 mark]

A ligand that has many atoms that can each donate a lone pair of

electrons to form a co-ordinate bond to a central metal ion.

The concentration of an Fe** complex in blood can be measured by colorimetry
using light of wavelength 830 nm

Calculate the energy change (AE), in J, when a d electron is excited in this
Fe** complex.

Speed of light, ¢ = 3.00 x 10° m s™

Planck constant, h = 6.63 x 10*Js

[2 marks]
A=3830nm =830 x 100 m
AE = he = A = (6.63 x 10739 x 3.00 x 10%) =~ (830 x 107%)
AE = 2.40 x 1077 7
AE  2.40 x 1077 J

1 4
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15

Adding an aqueous solution of EDTA* to blood removes Ca?*(aq)

[Ca(H,0)e]** + EDTA* — [Ca(EDTA)]* + 6H.0

E Explain, in terms of entropy and Gibbs free-energy, why the formation of the

metal-EDTA complex in this reaction is not reversible.
[3 marks]

The number of particles increases from 2 moles of reactant species to 7

moles of product species, so the disorder increases and AS is positive

(TAS is large and positive).

Therefore NG = AH — TAS is negative, so the reaction is feasible, and

the reverse reaction would have a positive AG so it does not happen.

El Describe a test-tube reaction to show that EDTA* has removed calcium ions from an

aqueous sample of calcium chloride with a concentration of 0.100 mol dm=

State the result of the test.
[2 marks]

Test add (excess) sodium hydroxide solution

to the sample

Result 1o (white) precipitate forms, as there

are no free Ca** ions left

Do not write
outside the
box
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n This question is about transition metals.

|I| State why the d block metal zinc is not a transition metal.
[1 mark]

2inc does not have an incomplete d sub-shell in its atom or in its ion

(2n?t is 34d").

In the Contact process, vanadium(V) oxide (V,O;) acts as a heterogeneous
catalyst in the oxidation of sulfur dioxide to sulfur trioxide.

@ Write two equations to show how V,0O, acts as a catalyst in the Contact process.

Explain why the catalyst is heterogeneous.
[3 marks]

Equation 1

V205 + SO, - V,04 + SO;3

Equation 2

V,0, + VZOZ - V,05¢

Explanation

V205 is a solid but the reactants SO, and 0, are gases, so the catalyst

is in a different phase from the reactants.

E Suggest why it is important that any impurities are removed from the gas before
sulfur dioxide is used in the Contact process.
[1 mark]

Impurities would poison the catalyst: they block (adsorb onto) the

active sites on the V,0s surface.

16
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Table 5 shows the colours of aqueous solutions of vanadium ions.

Table 5

Aqueous vanadium ion | VO,’(aq) | VO*(aq) v¥*(aq) V¥ (aq)

Colour Yellow Blue Green Purple

[o]7].[4]

Table 6 shows the standard electrode potentials of aqueous vanadium ions.

Table 6

Electrode half-equation E°IV

VO,’(aq) + 2H'(aq) + & — VO?'(aq) + H,0(l) +1.00
VO?*'(aq) + 2H'(aq) + &= — V**(aq) + H,O(l) +0.34
V¥(aq) + e — V¥'(aq) -0.26

V¥(aq) +2e” — V(s) -1.20

An excess of powdered zinc is added to an aqueous solution containing V02+ ions.
This causes a series of colour changes.

When zinc stops reacting, the solution is purple.

Use Table 5 and Table 6 to suggest a value for the standard electrode potential for
the reduction of Zn**

Write a half-equation, with state symbols, for the reduction of zn**
Write an overall equation for the reaction between zinc and VO, ions to form the

purple solution.
[3 marks]

Electrode potential for reduction of > —0.76 \%

Half equation

2n**(ag) + 2~ - 2n(s)

Overall equation

2V0," + SH* + 32n —» 2V?* + GH,0 + 32n**

17
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E Transition metal complexes can have a range of shapes. box
Table 7 shows the different shapes shown by transition metal complexes.
Tick (v') one box in each row of Table 7 to show the shape of each transition
metal complex.
[2 marks]
Table 7
Complex Linear Octahedral | Tetrahedral Square
Planar
FeCl, \/
Pt(NH,),CL, \/
[AQ(NHs)zr \/
[Cu(NH,CH,CH,NH,),(H,0),]*" \/ 10

18
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[o]8].[2]

[of8][3]

This question is about aluminium.

Which block of the Periodic Table contains aluminium?

Tick (v') one box.

[1 mark]
s block
p block \/
d block
f block
Give an equation for the reaction of aluminium with oxygen.
[1 mark]
GAl + 30, —» 2Al203
Aluminium hydroxide, Al(H,0),(OH),, reacts with acids and with alkalis.
State the word that describes this property.
Give an equation to show aluminium hydroxide reacting with an acid.
Give an equation to show aluminium hydroxide reacting with an alkali.
[3 marks]

Word to describe the property amphoteric

Equation for aluminium hydroxide reacting with an acid

A,(Hzo)g(OH)g + 3H" > [A’(H20)6]3+

Equation for aluminium hydroxide reacting with an alkali

Al(H,0)3(0H) 3 + OH™ - [AI(OH) I~ + 3H,0

2 0
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E Figure 5 shows the atoms in a molecule of Al,Clg

Complete Figure 5.
Use — to show covalent bonds and — to show co-ordinate bonds.

[1 mark]
Figure 5
Cl\ /Cl\ /Cl
/ Al'\ / Al\
Cl Cl Cl
E Explain why [Al(H20)6]3+(aq) forms an acidic solution in water.
Include an equation in your answer.

[3 marks]

APt is a small, highly charged ion, so it has a high charge density.

APt attracts electron density from (polarises) the O—H bonds in the

water ligands, weakening them so H* is released:

[A,(H20)6]3+ + H20 - [A’(HzO)g(OH)]2+ + H30+

@ Aqueous sodium carbonate is added to aqueous aluminium sulfate in a test tube.
Describe what is observed in this reaction.

Write an equation.
[3 marks]

Observation(s)

a white precipitate forms

effervescence (fizzing) as a colourless gas (CO0,) is given off

Equation

2[A’(H20)6]3+ + 36032— - 2A’(H20)3(0H)3 + 3H,0 + 3C0,

Do not write
outside the
box
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This question is about a redox titration.

lodate ions (IO, ) react with iodide ions (') in acidic conditions to produce iodine (l,).

0, +6H"+5I" — 31,+3H,0
Sodium thiosulfate (Na,S,0,) reacts with iodine.

28,0, +1, —» S,0,° +2I

volumetric flask.
e A25.0cm’ portion of the solution is transferred to a conical flask.
e An excess of sulfuric acid is added to the conical flask.

¢ An excess of potassium iodide solution is added to the conical flask.
The solution turns dark brown because iodine is produced.

e Sodium thiosulfate is added from a burette until the solution turns colourless.

This shows that all the iodine has reacted.

Table 8 shows the titration results.

0.545 g of KIO, is dissolved in water and made up to a 250 cm® solution in a

Table 8
1 2 3
Final volume / cm? 27.00 47.85 33.10
Initial volume / cm? 3.65 25.35 10.55
Titre / cm? 23.35 22.50 22.55

III Use suitable values from Table 8 to calculate the mean titre.

concordant titres: (22.50 + 22.55) +~ 2 = 22.525

Mean titre 22.53

[1 mark]

3
cm

2 2
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[o]9].[2]

Use these equations to deduce how many moles of 82032_ react with the
iodine produced from the reaction of one mole of 10,

0,” + 6H"+51" — 31,+3H,0

28,0, +1, — S,0,° +21°
[1 mark]

| mol 105~ produces 3 mol 1,

3 mol 1, react with 3 x 2 = 6 mol 5,05~

Moles of S,0,” required 6

Use your answers to Question 09.1 and Question 09.2 to calculate the
concentration, in mol dm'3, of the sodium thiosulfate solution.

(If you were unable to answer Question 09.2 then you should assume that the moles
of 82032_ required is 2.5
This is not the correct answer.)

[4 marks]

M, (KI03) = 39.) + 126.9 + 3(16.0) = 214.0
n(KI03) in 250 em® = 0.545 + 214.0 = 2.55 x 1073 mol
n(KI03) in 25.0 em® = 2.55 x 1073 + 10 = 2.55 x 107 mol
n(5,05%7) = 6 x 2.55 x 1074 = 1.53 x 1073 mol
[5,05%7] = 1.53 x 1072 + (22.53 x 1073)
[5,05°7] = 0.0678 mol dm™3

Concentration  0.0678 mol dm™

Question 9 continues on the next page

2 3
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[0]9].[4]

[o]9].[5]

The method from page 22 is repeated below.

lodate ions (IO, ) react with iodide ions (') in acidic conditions to produce iodine (l,).
0, +6H"+5I" — 31,+3H,0

Sodium thiosulfate (Na,S,0,) reacts with iodine.

25,0, +1, —» S,0,° +2I

0.545 g of KIO, is dissolved in water and made up to a 250 cm® solution in a
volumetric flask.

e A25.0cm’ portion of the solution is transferred to a conical flask.
¢ An excess of sulfuric acid is added to the conical flask.

¢ An excess of potassium iodide solution is added to the conical flask.
The solution turns dark brown because iodine is produced.

e Sodium thiosulfate is added from a burette until the solution turns colourless.
This shows that all the iodine has reacted.

Explain why there should be an excess of potassium iodide and sulfuric acid in the
conical flask.

[1 mark]
To make sure that all of the KIO; (1057) reacts to form iodine.

Explain why the exact amount of potassium iodide and sulfuric acid used in the
conical flask does not need to be known.

[1 mark]

Kl and H,S0, are both in excess, so KIOsz is the limiting reagent and

fixes the amount of |, formed.
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