OXFORD

INTERNATIONAL
AQA EXAMINATIONS

4 Please write clearly in block capitals.

Centre number Candidate number

Surname  StemUp_Model Solution

Forename(s)

Candidate signature

| declare this is my own work.

INTERNATIONAL A-LEVEL
CHEMISTRY (9620)

Unit 3: Inorganic 2 and Physical 2

Monday 12 June 2023 07:00 GMT  Time allowed: 1 hour 30 minutes

Materials
For this paper you must have:

the Periodic Table/Data Sheet, provided as an insert
a ruler with millimetre measurements
a scientific calculator, which you are expected to use where appropriate.

Instructions

Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

You must answer the questions in the spaces provided. Do not write
outside the box around each page or on blank pages.

If you need extra space for your answer(s), use the lined pages at the end
of this book. Write the question number against your answer(s).

All working must be shown.

Do all rough work in this book. Cross through any work you do not

want to be marked.

Information

The marks for questions are shown in brackets.

¢ The maximum mark for this paper is 80.

For Examiner’s Use
Question Mark
1
2
3
4
5
6
7
8
9
10
TOTAL

JUN2 3 CHO301

stemup.co.uk  IB/M/Jun23/E7

CHO3


https://stemup.co.uk

Do not write
outside the

Answer all questions in the spaces provided. box

This question is about enthalpy changes.
Figure 1 shows an incomplete Born—Haber cycle for magnesium oxide.

Figure 1

Mg2*(g) + O2=(g)

Mg?*(g) + 2¢~ + 0(g)

Mg**(g) + e + 07(g)

Mg*(g) + e + 0(g)

Mg(g) + O(9)

Mg(s) + O(9)

Mg(s) + 3 Oo(g)

MgO(s)

IIl Write the formulas, including state symbols, of the appropriate species on each of the
three blank horizontal lines in Figure 1.

[3 marks]
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Table 1
Enthalpy change AH | kJ mol™!
Atomisation of magnesium +150
Atomisation of oxygen +248
First electron affinity of oxygen -142
Second electron affinity of oxygen +844
Enthalpy of formation of magnesium oxide -602
First ionisation energy of magnesium +736
Second ionisation energy of magnesium +1450
Use Figure 1 and Table 1 to calculate the enthalpy of lattice dissociation, in kJ mol-*,
for magnesium oxide.
[2 marks]
AH; + AH, = AH,(Mg) + DAH,(0) + IE) + IE;, + EA) + EA,
AH, = 150 + 248 + 736 + 1450 + (-192) + 844 — (-602)
AH, = +3888 kJ mol™
Enthalpy of lattice dissociation +388¥ kJ mol-!
@ The enthalpy of lattice dissociation of barium oxide is less endothermic than the
enthalpy of lattice dissociation of magnesium oxide.
Explain why.
[2 marks]
The Ba®* ion is larger than the Mg** ion, so it has a lower charge
density.
So there is a weaker attraction between the Ba’* jon and the oxide ion,
so less energy is needed to separate them.
Izl Suggest why the second electron affinity of oxygen is endothermic.
[1 mark]
The negative electron is repelled by the negative O~ jon, so energy must
be supplied to add it. 8
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Lead(ll) nitrate decomposes when heated.

Table 2 shows how the free-energy change (AG) for this reaction varies with

temperature (7).

2Pb(NO3)a(s) — 2PbO(s) + 4NOx(g) + Oa(g)

Table 2
T/IK 200 400 600 800 1000
AG / kJ mol™ 440 280 120 —40 —200
lil Use the data from Table 2 to draw a graph on Figure 2.
[2 marks]
Figure 2
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Use your graph in Figure 2 and the equation AG = AH — TAS to deduce the
enthalpy change, in kJ mol-*, for the reaction.

[1 mark]

When T = 0, AG = AH, so AH = intercept on the AG axis
Enthalpy change +600 kJ mol-'
@ Use your graph in Figure 2 to calculate the entropy change, in J K-' mol-,

for the reaction.

[3 marks]
gradient = (=200 — 600) <+ (1000 — 0) = —0.800 ki K™ mol™
AG = AH — TAS, so gradient = —AS
AS = +0.800 kJ K~ mol™
AS = 0.800 x 1000 = +800 J K~' mol™

Entropy change 300 J K" mol-’

El Deduce the temperature, in K, at which the decomposition becomes feasible.

(If you were unable to answer Question 02.2 or Question 02.3 you should use the

values AH = +105 kJ mol~" and AS = +140 J K-' mol~"
These are not the correct values.)

Feasible when NG < 0, where the line crosses the T axis:

T=AH = AS = 600 +~ 0.8300 = 750 K

Temperature 750

[1 mark]
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Lo]3][1]

[0[3][2]

Propanoic acid (CH3CH>.COOH) is a weak acid.

When propanoic acid is added to water, an equilibrium is established.

CH3CH,COOH + H,O = CH3CH,COO- + H30*
The acid dissociation constant (K;) can be given by the expression

[CH;CH,COO][H307]

Ka= ~—CH,CH,COOH]

Explain why the expression for K, does not include the concentration of water.

Water is in such large excess that its concentration is very high and

[1 mark]

effectively constant, so it is included in K,.

Calculate the pH of a 0.150 mol dm=2 solution of propanoic acid at 25 °C

Give your answer to 2 decimal places.

For propanoic acid, K, = 1.34 x 105 moldm=3 at 25 °C

[H*] = K, x [CH3CH,C00H]) = /.34 x 1075 x 0.150)
[H*] = 1.42 x 103 mol dm™3

pH = —log(1.42 x 1073) = 2.8S

pH

[2 marks]

285
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El A student prepares an acidic buffer solution using propanoic acid and

sodium propanoate.

The student dissolves some solid sodium propanoate in
100 cm?® of 0.150 mol dm-2 propanoic acid.

Calculate the mass, in g, of sodium propanoate needed to prepare
a buffer solution with pH = 5.06 at 25 °C

For propanoic acid, K, = 1.34 x 105 moldm=3 at 25 °C

[H*] = 1075% = 8.7] x 107 mol dm™

K, = [H*][CH3CH,C007] + [CH3CH,CO0H]

[CH3CH,C007] = K, x [CH3CH,CO0H] + [HY]

=134 x 1075 x 050 + (8.7] x 107%) = 0.23] mol dm™3
n(CH3CH,COONa) = 0.23) x 100 + 1000 = 0.023] mol
M,(CH3CH,CO0Na) = 3(12.0) + 5(.0) + 2(16.0) + 23.0 = 96.0

mass = 0.023] x 96.0 = 2.22 ¢

Mass

222 4

[5 marks]
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Figure 3
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Table 3 shows the pH ranges for some indicators.
Table 3
Indicator pH range
Methyl orange 3.1-4.4
Phenol red 6.8-8.4
Indigo carmine 11.4-13.0
Which indicator should be used in this titration?
Tick (v) one box.
[1 mark]
Methyl orange
Phenol red \/
Indigo carmine 9

0 8

stemup.co.uk 1B/M/Jun23/CH03


https://stemup.co.uk

[ofa][1]

[0[4][2]

[0]4][3]

The lithium cell is a rechargeable electrochemical cell commonly used in
mobile phones.

The cell has an EMF of +3.60 V

The reaction that occurs at the positive electrode when the cell is used as a source of
electrical energy is

Li* + CoO2 + e= — Li*[CoO2]~ E® =+0.60V

Give the oxidation state of cobalt in LiCoO-

[1 mark]
+3
Write an equation for the reaction at the negative electrode when the
cell is being electrically recharged.
Calculate the electrode potential for this electrode.
[2 marks]
Equation
Lit+e - Li
EMF = Eposftive - Enegatfve
3.60 = 0.60 — E, so E = 0.60 — 3.60
Electrode potential -3.00 \Y;
Some lithium cells use graphite as one of the electrodes.
Give two reasons why a graphite electrode can be used in a lithium cell.
[2 marks]

Reason 1 Graphite is inert (unreactive with the electrolyte).

Reason 2 Graphite conducts electricity.
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CIEREY

This question is about Period 3 elements and their compounds.

Magnesium reacts rapidly with H,O
State a condition needed for the reaction.
Describe two observations you would make during the reaction.

Write an equation for the reaction.
[4 marks]

Condition heat the magnesium strongly in steam

Observation 1 a bright white light (flame) is seen

Observation 2 a white solid (powder) is formed

Equation

M9+H20—> M90+H2

Describe two observations you would make when phosphorus(V) oxide
reacts with H.O

Write an equation for the reaction.
[3 marks]

Observation 1 heat is given off, the reaction is vigorous (violent)

Observation 2 the white solid reacts to form a colourless solution

Equation

P,0)) + 6H,0 - GH3PO,

Write an equation for the reaction between aluminium and chlorine.
[1 mark]

2Al + 36’2 - A’zC’g

170
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IZI Explain, in terms of structure and bonding, why the melting point of sodium chloride
is higher than the melting point of silicon(IV) chloride.

[4 marks]

Sodium chloride has a giant ionic lattice structure.

There are strong electrostatic forces of attraction between the oppositely

charged Na* and CI~ ions, which need a lot of energy to overcome.

Silicon(IV) chloride has a simple molecular structure.

Only weak van der Waals' forces act between the SiCl, molecules, which

need little energy to overcome, so its melting point is lower.

E Some sodium chloride is added to a test tube of water.

What is the approximate pH of the solution formed?

Tick (v') one box.
[1 mark]

14

7 v/

E Some silicon(lV) chloride is added to a test tube of water.

What is the approximate pH of the solution formed?

Tick (v') one box.
[1 mark]

14
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This question is about copper compounds.

Iil Complete the electron configuration of a copper(l) ion.

Suggest why copper(l) chloride is not coloured.

Electron configuration 1s2 25> 2p° 3s® 3p® 34"

[3 marks]

Why copper(l) chloride is not coloured Cu* has a full 3d sub-shell (3d°), so

no d to d electron transitions are possible and it cannot absorb visible

light.

@ Aqueous copper(ll) sulfate is blue.

The energy of a transition in the spectrum of copper(ll) sulfate is 3.354 x 10-1° J

Calculate the frequency of the light absorbed in this transition.

State the units for your answer.

The Planck constant, h = 6.626 x1034 J s

E=hvy,sov=E=xh
v = (03354 x107") + (6.626 x 10739)

v =85.062 x 104 s

Frequency

Units

5.062 x 10"

[3 marks]

s (Hz2)
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Chromium forms octahedral complexes.

State what is meant by a complex.
[1 mark]

A central metal ion surrounded by ligands that are bonded to it by

co-ordinate bonds.

The [Cr(H20)4Cl2]* complex exists as two stereoisomers.

Draw the structure of each stereoisomer.

[2 marks]
Stereoisomer 1 Stereoisomer 2
H,0 cl
cl \ / OH, H,0 \ / OH,
/ Cr \ / Cr \
cl OH, H,0 OH,
H,0 al
cls trans

The [Cr(H20)s]** complex undergoes a ligand substitution reaction.

Write an equation for the complete substitution of [Cr(H20)s]** by H-NCH2CH2NH>
to form an octahedral complex.

Explain why this reaction has a positive entropy change.

[3 marks]
Equation

[CY(H20)613+ + 3H,NCH,CHLNH, —» [CV(HzNCHchzNH2)3]3+ + 6H,0

Explanation The number of moles of particles increases from 4 on the

left to 7 on the right,

so the disorder of the system increases.

Do not write
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Figure 4 shows some reactions of aqueous aluminium ions.

Figure 4
Aluminium ; ;
Reaction 1 Reaction 2
compound A < ! [Al(H,0)6]3* she
and gas B Na,CO3(aq) NHz(aq)

Reaction 3 Reagent D

Solution containing complex ion E
[A(OH),4]

Reaction 4 An excess of H,SOy(aq)

Aluminium-containing
complex ion F

Identify compound A and gas B.

Compound A Al(H,0)3(0H) 5

Precipitate C

[1 mark]

Gas B C0;

State the type of reaction that forms precipitate C.

acid-base reaction (hydrolysis / deprotonation)

[1 mark]

Identify reagent D.
State a necessary condition to form complex ion E.

Write an ionic equation for reaction 3.

Reagent D sodium hydroxide solution, NaOH (ag)

[3 marks]

Condition an excess of (concentrated) NaOH

Equation

[A,(H20)5]3+ + Q0H™ - [A’(OH)(,]' + 6H,0

1 4
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Do not write
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E Give the formula of complex ion F. box

Write an ionic equation for reaction 4.
[2 marks]

Formula [Al(H,0).7%*

Equation

[AICOH) ]~ + GH* + 2H,0 - [AI(H,0) 13" 7

Turn over for the next question
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A student does an experiment to determine the concentration of a solution of

potassium manganate(VIl)

The student reacts the potassium manganate(VIl) solution with a standard solution of

sodium ethanedioate (Na2C204)

2MnOs(aq) + 5C.04>(aq) + 16H*(aq) — 2Mn?*(aq) + 10CO2(g) + 8H20(l)

Method

¢ Dissolve 1.68 g of sodium ethanedioate in water and make the solution up to

250 cm?3 in a volumetric flask.

e Transfer 25.0 cm?3 of this solution to a conical flask and add 25 cm? of

dilute sulfuric acid.
e Warm the conical flask in a water bath to about 60 °C

¢ Add potassium manganate(VIl) solution from a burette until there is a

permanent colour change.

Table 4 shows the student’s initial and final burette readings for three titrations.

Table 4
1 2 3
Final reading / cm?® 26.25 2515 34.55
Initial reading / cm? 0.00 0.30 9.60
Calculate the mean titre.
Use the mean titre to calculate the concentration, in mol dm=3, of the
potassium manganate(VIl) solution.
Mr (N32C204) =134.0
[5 marks]
titres: 26.2S, 24.8S, 24.95 cm?
mean of concordant titres = (24.85 + 24.95) + 2
Mean titre ~ 24.90 cm?
n(Na>C50,) in 250 cm? = 1.68 + 134.0 = 0.0125 mol
n(€,0,%7) in 25.0 cm® = 0.0125 + 10 = 1.25 x 1072 mol
n(Mn0,) =125 x 103 x 2 +§ = 5.0 x 107 mol
[Mn0,] = 5.0 x 1077 + (29.90 + 1000) = 0.020] mol dm™3
Concentration  0.020] mol dm3

16
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[o]9].[5]

[o]9].[6]

Suggest why the solution in the conical flask is warmed before starting the titration.
[1 mark]

The reaction is slow at room temperature (high activation energy, as it

is between two negative ions), so warming increases the rate.

Before the first titration, a small air bubble was seen in the space below the tap of the
burette.
After the first titration, there was no air bubble in this space.

State the effect of the air bubble on the titre value.
[1 mark]

The titre value would be higher than the true volume added.

The first titration usually gives an approximate end point.

State why obtaining an approximate end point before starting accurate titrations is
good practical technique.

[1 mark]
So you know when to start adding the KMnO, dropwise: accurate
titrations then need only be dropwise over a small range.
State and explain the colour change in the conical flask at the end point.
[2 marks]

Colour change colourless to pale pink

Explanation All the C:04%" has reacted, so the next drop of MnOy ions is

in excess and its pink colour remains.

A second student does the experiment but adds hydrochloric acid instead of
sulfuric acid to the conical flask in the titration.
The chloride ions in hydrochloric acid are oxidised by the manganate(VIl) ions.

State the effect, if any, of using hydrochloric acid on the titre values.
Explain why using hydrochloric acid would be more hazardous than using

sulfuric acid.
[2 marks]

Effect on titre values The titre Va’ues WOU’O’ be hlghe}’, as more MV’OQ— [S

used up oxidising the CI~ ions.

Explanation Toxic (poisonous) chlorine gas is produced.
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This question is about the reaction of sulfur dioxide with oxygen to form sulfur trioxide.

The catalyst for this reaction is vanadium(V) oxide.

Name the type of catalysis shown in this reaction.

Write two equations to show how vanadium(V) oxide acts as a catalyst for this
reaction.
[3 marks]

Type of catalysis heterogeneous

Equation 1
S0, + V,05 » S03 + V5,0,

Equation 2
VZOZ + Vzoq - V205

State the feature of transition metal compounds that allows vanadium(V) oxide to act
as a catalyst for this reaction.
[1 mark]

variable oxidation states (V changes between +S and +4)

Describe how impurities in the reactants can decrease the effectiveness of the
catalyst.
[1 mark]

Impurities bind to (block) the active sites on the catalyst surface,

poisoning it.

Give one reason, other than cost, why a support medium is often used for the
vanadium(V) oxide catalyst in this reaction.
[1 mark]

It maximises the surface area of the catalyst available for the reaction.
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