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Materials
For this paper you must have:

Time allowed: 1 hour 30 minutes

¢ the Periodic Table/Data Sheet, provided as an insert (enclosed)

e a ruler with millimetre measurements

¢ a scientific calculator, which you are expected to use where appropriate.

Instructions

e Use black ink or black ball-point pen.

e Fill in the boxes at the top of this page.
o 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

e The marks for questions are shown in brackets.

¢ The maximum mark for this paper is 80.
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Section A box

Answer all questions in this section.

A student does a series of reactions with aqueous solutions of some
potassium halides (P, Q and R) of equal concentration. Each solution contains a
different halide ion (chloride, bromide or iodide).

The student adds 3 drops of bromine water to 3 drops of each aqueous solution of
potassium halide. The student also adds 3 drops of the bromine water to
3 drops of water.

Table 1 shows the student’s observations.

Table 1
Observation when 3 drops
of bromine water are added
Solution P Orange solution
Solution Q Brown solution
Solution R Orange solution
Water Orange solution

|I| Identify the halide ion present in Q.

Give the ionic equation for the reaction that occurs when bromine water is added to Q.
[2 marks]

Halide ion in @ lodide ion, I~

lonic equation

Bry + 21" » |, + 2Br

02

stemup.co.uk 1B/M/Jun24/7404/1


https://stemup.co.uk

@ Explain, in terms of oxidising ability, why the observations from these reactions
do not allow the student to identify the halide ion present in P and the halide ion

present in R.
[2 marks]

Bromine is not a strong enough oxidising agent to oxidise chloride ions

(Bry is a weaker oxidising agent than Cl,), so no visible change.

Bromine cannot oxidise bromide ions either, as it has the same oxidising

ability as itself, so again no visible change: P and R both stay orange.

. The student does a second experiment to determine the halide ion in each of P and R.

The student adds a few drops of aqueous silver nitrate solution to
2 cm? of each potassium halide solution.

Table 2 shows the student’s observations.

Table 2

Student’s Observation

P Precipitate formed

R Precipitate formed

Describe a further chemical test that the student can complete on the precipitates
formed to identify the halide ion present in P and the halide ion present in R.

Describe how the observations from this test can be used to identify the halide ion

present in P and the halide ion present in R.
[3 marks]

Add dilute ammonia solution to each precipitate, then add concentrated

ammonia to any precipitate that does not dissolve.

The precipitate containing chloride ions (white A9Cl) dissolves in dilute

ammonia to form a colourless solution.

The precipitate containing bromide ions (cream AgBr) does not dissolve

in dilute ammonia, but does dissolve in concentrated ammonia.

Do not write
outside the
box
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This question is about the elements in Group 2.

|I| Explain why the third ionisation energy of beryllium is much higher than the
second ionisation energy of beryllium.

[3 marks]

The third electron is removed from the Is subshell, whereas the second

electron is removed from the 2s subshell.

A Is electron is closer to the nucleus, is lower in energy and has less

shielding.

So there is a much stronger attraction between the nucleus and the

electron being removed, so much more energy is needed.

@ Magnesium reacts slowly with cold water but rapidly with steam.

Compare these reactions, in terms of the products formed.
You should identify one similarity in, and one difference between, these reactions.
[2 marks]

Similarity Both reactions produce hydrogen gas (and a white solid Mg**

compound,).

Difference Steam forms magnesium oxide, Mg0, but cold water forms

magnesium hydroxide, Mg(OH),.

E The reaction of calcium with water is a redox reaction.

Explain, in terms of oxidation states, why this reaction involves both oxidation
and reduction.

[2 marks]

The oxidation state of Ca increases from 0 to +2, so calcium is

oxidised.

The oxidation state of H decreases from +! (in H,0) to 0 (in H,), so

hydrogen is reduced.

Do not write
outside the
box

0 4

stemup.co.uk 1B/M/Jun24/7404/1


https://stemup.co.uk

Do not write
outside the

Turn over for the next question box

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

Turn over »

05

stemup.co.uk IB/M/Jun24/7404/1


https://stemup.co.uk

This question is about structure and bonding.
|I| Define electronegativity.
[1 mark]
The ability of an atom to attract the pair of electrons (electron
density) in a covalent bond.
@ Explain why the C—Cl bond is polar.
[2 marks]

Chlorine has a higher electronegativity than carbon.

So the bonding pair of electrons is pulled towards C| and the electron

density is unsymmetrical: chlorine becomes 6— and carbon becomes 6+.

E Although the C—Cl bond is polar, CCls is a non-polar molecule.

Explain why. 2 el
marks

CCly is a symmetrical, tetrahedral molecule, with an even distribution of

electron density.

So the four dipoles cancel out.

06
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E There are van der Waals forces between non-polar molecules.

Explain what causes these forces.
[3 marks]

Electrons in a molecule are constantly moving randomly, so at any

instant the electron density can be uneven, creating a temporary dipole

in one molecule.

This temporary dipole induces a dipole in a neighbouring molecule.

The 6+ end of one temporary dipole and the 6— end of the induced

dipole in a different molecule attract each other.

Barium reacts with oxygen to form barium oxide.

Barium oxide has a high melting point and an ionic lattice structure similar to that of
sodium chloride.

Draw a 3D diagram to show how the particles are arranged in a barium oxide lattice.
You should draw eight particles.

[2 marks]

Ba?* and 0% ions alternate
in a cubic lattice

Do not write
outside the
box
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A student is provided with separate unlabelled samples of four different solutions
for analysis.

The four solutions are known to be ammonium nitrate, potassium sulfate,
sodium carbonate and magnesium nitrate, but the student does not know which
sample is which.

Outline a series of test-tube reactions that the student can use to identify each of
these solutions.

Include:
¢ the expected observations
¢ ionic equations for any reactions.

[6 marks]

Test I: add a few drops of sodium hydroxide solution to a fresh sample

of each of the four solutions and warm gently. Hold damp red litmus

paper at the mouth of each test tube.

Magnesium nitrate gives a white precipitate of magnesium hydroxide:

Mg?* + 20H" - Mg(OH),

Ammonium nitrate gives no precipitate but gives off ammonia gas,

which turns the damp red litmus paper (at the mouth of the tube)

blue:

NHL,+ + OH™ = NH3; + H,0

Potassium sulfate and sodium carbonate show no visible change with

sodium hydroxide.

Test 2: add dilute hydrochloric acid (or witric acid) to fresh samples of

the two remaining solutions. Sodium carbonate effervesces (fizzes) and

the gas produced turns limewater cloudy (milky), as it is carbon dioxide:

6032— + 2H - 602 + H20

The other solution shows no visible change with the acid.

Test 3: add dilute hydrochloric acid followed by barium chloride solution

(acidified BacCl,) to a fresh sample of the last solution. Potassium

sulfate gives a white precipitate of barium sulfate:

0 8
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Dom_)t write
Ba®* + 50,2~ - BaSO, o
This confirms the identity of all four solutions: potassium sulfate is also
the only solution left after the first two tests.
6
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SFe and SF3* have different shapes and different bond angles.
Deduce the shape of SFs and the shape of SF3*
State the bond angle in SFs and the bond angle in SF3*

Justify the bond angles by referring to electron pairs.
[6 marks]

SFs is octahedral, with a bond angle of 90°.

Sulfur has 6 outer electrons, all used to form 6 bonding pairs with the

F atoms, so there are 6 bonding pairs and no lone pairs around S.

All the bonding pairs repel each other equally, so they are arranged as

far apart as possible, giving bond angles of 90°.

SFs" is trigonal pyramidal, with a bond angle of 107°.

S* has S outer electrons: 3 are used to form 3 bonding pairs with F,

leaving | lone pair, so there are 4 electron pairs around S.

Lone pair to bond pair repulsion is greater than bond pair to bond pair

repulsion, so the F-S—F bond angle is reduced from 109.5° (tetrahedral)

to 107°.

170
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This question is about atomic structure and mass spectrometry. box

|I| Give the full electron configuration for Br

[1 mark]
Is? 25?2 2p® 3s? 3p® 3d" 452 Gp°

A sample of bromine (Br) is analysed in a mass spectrometer.

The sample is ionised using electron impact ionisation.

@ Give an equation, including state symbols, for the process that occurs during the
ionisation of bromine.

[1 mark]

Bry(g9) - Bry*(g) + e

12
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E Bromine exists as two isotopes, "°Br and 8'Br, which exist in equal abundance. box

Figure 1 shows an incomplete mass spectrum for this sample of bromine.

Figure 1

100

75

50

Relative abundance

25

0
148 150 152 154 156 158 160 162 164 166 168 170 172 174
m/2

Complete the spectrum by adding a label to each axis, and adding any further peaks
you would expect to see.
[3 marks]

E State how the detector enables the relative abundance of each ion to be determined.
[1 mark]

Each jon gains an electron at the detector, creating a current; the

relative abundance is proportional to the size of the current. 6

Turn over for the next question
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n Some runners take tablets to help muscle recovery after long races. box
These tablets contain magnesium oxide.

A student wants to find the percentage by mass of magnesium oxide in the tablets.
Magnesium oxide reacts with hydrochloric acid to form magnesium chloride.

MgO + 2HCl — MgCl; + H.O
In an experiment, the student adds excess hydrochloric acid to some tablets.
The student then does a titration using sodium hydroxide to find how much of the
excess acid is left.

HCl + NaOH — NaCl + H20

The student follows this method:

Step 1 Place a beaker on a balance and record the mass.
Step 2 Add 6 tablets to the beaker and record the mass.

Step 3 Add 25.0 cm? of 2.00 mol dm=2 hydrochloric acid to the beaker and stir until
all the magnesium oxide has reacted.

Step 4 Make the mixture up to 250 cm? with distilled water in a volumetric flask.
Step 5 Transfer 25.0 cm? of this diluted mixture to a conical flask.
Step 6 Add 3 drops of a suitable indicator.

Step 7 Add 0.0900 mol dm~2 sodium hydroxide solution from a burette until the
indicator changes colour.

Repeat Steps 5 to 7 until concordant results are obtained.

Results:

Mass of 6 tablets =2.14 g Mean titre = 20.38 cm3

II| Each reading from the balance has an uncertainty of +0.005 g

Calculate the percentage uncertainty in using the balance in this experiment.
[1 mark]

Two readings, so uncertainty = 2 x 0.00S = 0.0] g

% uncertainty = (2 x 0.00S + 2.19) x 100 = 0.467%

Percentage uncertainty 0.967 %

1 4
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@ Calculate the amount, in moles, of hydrochloric acid that was added to the
tablets in Step 3.
Give your answer to an appropriate precision.

n(HCI) = 25.0 x 1073 x 2.00

Amount of hydrochloric acid 0.0500

[1 mark]

mol

. Use your answer to Question 07.2 and the information given to calculate
the percentage by mass of magnesium oxide in the tablets.

n(NaOH) = 0.0900 x (20.38 < 1000) = 0.0013342 mol

n(HC in excess in 25.0 em?) = n(NaOH) = 0.0013342 mol

\

n(HCl in excess in 250 em?) = 0.0018342 x 10 = 0.0133492 mol
n(HC| reacted with Mg0) = 0.0500 — 0.018342 = 0.031658 mol
n(Mg0) = 0.031658 = 2 = 0.015829 mol

mass of Mg0 = 0.015829 x 40.3 = 0.6379 g

% by mass of Mg0 = (0.6379 + 2.14) x 100 = 29.3%

Percentage by mass of MgO 29.8 %

[6 marks]

Do not write
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This question is about silver nitrate.
|I| Define standard enthalpy of formation.

The enthalpy change when one mole of a compound is formed from its

[2 marks]

constituent elements,

with all reactants and products in their standard states (100 kPa and a

stated temperature, e.q. 298 K).

@ Silver nitrate(V) is formed when silver nitrate(lll) undergoes thermal decomposition.
2AgNO2(s) — Ag(s) + AgNOs(s) + NO(g) AH = +56.2 kJ mol~
The standard enthalpy of formation of AgQNOs(s) is —123.0 kJ mol™'
The standard enthalpy of formation of NO(g) is +90.4 kJ mol™’

Determine the standard enthalpy of formation of AgNOx(s)

[2 marks]
AH = 3AH(products) — NH(reactants)
+56.2 = (-123.0 + 90.9) — 2x
2x = —32.6 — $6.2 = —-88.%
x =888+ 2 =-44.9 kJ mol™
Standard enthalpy of formation —44.9 kJ mol™
[0]8].[3] Suggestwhy the enthalpy change for the thermal decomposition of
solid silver nitrate(lll) is difficult to determine experimentally.
[1 mark]

The silver nitrate(lll) has to be heated to make it decompose, so you

cannot measure the temperature change caused by the reaction.

Do not write
outside the
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Silver nitrate(V) solution reacts with solid sodium chloride.
AgNOs(aq) + NaCl(s) — AgCl(s) + NaNOs(aq)
A student does an experiment to determine the enthalpy change for this reaction.
The student follows this method:
1. Measure out 50 cm? of 0.10 mol dm~3 aqueous silver nitrate(V) using a clean,
dry measuring cylinder.

2. Pour the silver nitrate(V) solution into a glass beaker.

3. Weigh out 2.00 g of solid sodium chloride (an excess) using a weighing boat
and tip the solid into the silver nitrate(V) solution. Reweigh the weighing boat to
determine the mass of sodium chloride added.

4. Add a lid to the beaker that has two small holes for a stirring rod and for
a thermometer.

5. Stir the mixture with a plastic stirring rod whilst recording the temperature with
a thermometer.

6. Record the maximum temperature reached.

E Identify three aspects of this method which could cause inaccurate results.

Describe how the student could improve these three aspects of the method to obtain
more accurate results.
[6 marks]

Inaccuracy 1 Glass beaker used, so heat is lost to the surroundings.

Improvement 1 Use a polystyrene cup (insulated) with a lid to reduce heat

loss.

Inaccuracy 2 Initial temperature of the solution was not recorded.

Improvement 2 Record the starting temperature of the silver nitrate

solution before adding the sodium chloride.

Inaccuracy 3 Only max temperature recorded, so heat loss ignored.

Improvement 3 Record temperature at reqular intervals, plot a graph and

extrapolate back to find the maximum change.

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

|I| State, in terms of electrons, the meaning of the term oxidising agent.
[1 mark]

An electron acceptor.

@ Give a half-equation to show the oxidation of copper to copper(ll) ions.
[1 mark]

Cu - Cu*t + 2¢

E Give a half-equation to show the reduction of NO3™ ions in acidic solution to NO-
[1 mark]

NOs~ + 2H" + e - NO, + H,0

E Use your answers to Question 09.2 and Question 09.3 to deduce an overall equation
for the reduction of NOs™ ions by copper.
[1 mark]

Cu + 2NO3™ + GH* > Cu’t + 2NO, + 2H,0

Do not write
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Section B

Answer all questions in this section.

Only one answer per question is allowed.
For each question completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E| WRONG METHODS ‘ & H [O) H@ H dé ‘

as shown. @

Do not use additional sheets for this working.

If you want to change your answer you must cross out your original answer as shown. JE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

You may do your working in the blank space around each question but this will not be marked.

~

What is the percentage atom economy for the formation of sodium nitrate in the

reaction between sodium carbonate and nitric acid?

Na,CO; + 2HNO; — 2NaNO; + H,O + COq

A 36.6% [=]
B 50.3% [=]
C 57.8% [=]
D 73.3% (& ]

|I|I| Which involves the formation of a dative covalent bond?

A PCl; + Clb — PCls
B Na* + H- — NaH
C Mg + Clz —» MgCl.

D BHs + H- — BH4

o] [o] [o] o]

[1 mark]

[1 mark]
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Elzl The table shows some results from a titration.
Titration Rough Titre 1 Titre 2 Titre 3
Initial reading / cm?® 0.00 11.30 0.00 8.55
Final reading / cm?® 26.85 37.20 26.20 34.55
Titre volume / cm? 26.85 25.90 26.20 26.00
What is the correct mean titre?
[1 mark]
A 25.95cm? (& ]
B 26.03 cm? [=]
C 26.10 cm?® [=]
D 26.24 cm? [=]
n Which species is never formed during the reactions of chlorine with water?
[1 mark]
A Chloride ions [=]
B Chlorate(l) ions [=]
C Hydrogen E|
D Oxygen E
Which statement is correct?
[1 mark]

A Calcium oxide is used to remove sulfur dioxide from flue gases.

B Calcium has a larger atomic radius than barium.

C Magnesium has a lower electronegativity than barium.

Magnesium is used to oxidise titanium(IV) chloride in the extraction

of titanium.

o] [o] [o] o]

2 0
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E@ Which element has the lowest melting point?

A Na [=]
B Mg [=]
C K (@]
D Ca [=]

Which row correctly shows general trends in properties across Period 37
Atomic radius First ionisation energy
A decreases increases
B decreases decreases
C increases increases
D increases decreases
n Ammonia is oxidised as shown.

wNH3 + xO2, — yH,O + zNO

Which whole number values for w, x, y and z balance the equation?

w X y z
A 2 3 3 2
B 4 7 4 4
c 4 5 6 4
D 6 7 9 6

o] [o] [o] o]

[1 mark]

[1 mark]

o] [o] [o] o]

[1 mark]
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Do not write
What is the empirical formula of an oxide of chlorine that contains 42.5% by mass o
of chlorine?
[1 mark]
A ClO; [=]
B ClO; (@]
C CLO; [=]
D ClOs [=]
Which of these solid sodium halides does not reduce concentrated sulfuric acid?
[1 mark]
A NaAt [=]
B NaBr [=]
C NaCl (@]
D Nal [=]
Samples of four different substances are analysed using

time of flight mass spectrometry.

In each case, the samples are ionised to form ions with a single positive charge.
The ions are accelerated to the same kinetic energy.

Which sample gives ions with the shortest time of flight?
[1 mark]

A A sample of “°Sc that is ionised using electron impact ionisation.
B A sample of C3Hg that is ionised using electrospray ionisation.

C A sample of CH3CH2OH that is ionised using electrospray ionisation.

o] [o] [o] o]

D A sample of CO; that is ionised using electron impact ionisation.

2 2
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Elil Which isotope has 2 more protons and 3 more neutrons than an atom of ''Cd? box
[1 mark]

A '§Cd [=]
B 'sn [=]
C '5isn (=]
D '17sb (=]

IZ@ Which equation shows the process that occurs during the second ionisation
of magnesium?
[1 mark]

A Mg(g) — Mg*(g) + e~
B Mg(g) — Mg*(g) + 2e”

C Mg*(g) — Mg*(g) + e

o] [o] [o] o]

D Mg#(g) — Mg*(g) + e

n Which of these practical steps will improve the accuracy of a titration?
[1 mark]

A Using a 10.0 cm? pipette instead of a 25.0 cm? pipette.
B Rinsing the sides of the conical flask with water.

C Rinsing the burette with water before filling.

o] [o [o] [of

D Using 6 drops of indicator instead of 3 drops of indicator.

Turn over for the next question
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Which atom has the greatest number of unpaired electrons?

BV

C Fe

D Cu

o] [o] [o] o]

END OF QUESTIONS

[1 mark]
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There are no questions printed on this page
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