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1

Answer ALL questions.

The table shows the numbers of protons, neutrons and electrons in some atoms and ions.

Atom or ion Protons Neutrons
P 6 8
Q 5 6
R 9 10
S 3 4
T 6 6

(@) (i) Which particles have the same mass?

electrons and protons
electrons and neutrons

neutrons and protons

I I I
O N @ >

electrons, neutrons and protons

(i) What is the atomic number of P?

6
8

O 0O o o

A
B
C 12
D 14

(iii) What is the mass number of Q?

5
6
10

0 I N A
O N @ >

11
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Electrons
6
5
10



(b) Which group of the Periodic Table contains element T?

(Total for Question 1 = 7 marks)
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2 The equation for the thermal decomposition of copper(ll) carbonate is
CuCO,(s) — CuO(s) + CO,(g)

A student investigates the decomposition of copper(ll) carbonate using this apparatus.

I_O_I
heat 000
- -

She uses this method.

weigh the crucible, lid and copper(ll) carbonate
® heat the crucible, lid and contents for 2 minutes
e allow to cool and then reweigh

e heat for a second period of 2 minutes

e allow to cool and then reweigh

e heat for a third period of 2 minutes

e allow to cool and then reweigh

The table shows the student’s results.

Mass of crucible, lid and contents in grams

St el e after h?ating after h?ating after hgating
for 2 minutes for 4 minutes for 6 minutes

1 26.3 23.0 219 214

2 25.8 22.7 21.5 21.5

3 26.0 23.0 21.2 21.2

4 26.1 23.2 21.8 21.8

(@) Why does the mass decrease during heating?

P 4 4 2 6 9 A 0 6 2 0



(b) State the colours of the solids in the reaction.

(iii) Which statement could explain why the decomposition might not be complete?

[J A The student used a higher temperature than in the other experiments.
[0 B The student used less copper(ll) carbonate than in the other experiments.

[ € The student heated the crucible without a lid on.

[J D The student used a spirit burner instead of a Bunsen burner.

(d) In another experiment, the student calculates that she should obtain a mass of 3.7 g of
CuO(s) after completely decomposing a sample of CuCO,(s).

She actually obtains a mass of 3.4 g of CuO(s).

Calculate the percentage yield in her experiment.

percentageyield = ... %

(Total for Question 2 = 8 marks)
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3 This question is about halogens and halides.

(@) At room temperature bromine is

] A abrown gas
[J B ared-brown liquid
[0 € acolourless liquid

[J D agrey solid

(b) Sodium reacts with bromine to form sodium bromide.

Balance the equation for this reaction.

P 4 4 2 6 9 A 0 9 2 0
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(c) A student carries out some experiments to investigate displacement reactions.

She adds some halogen solutions to halide solutions and observes whether a
reaction occurs.

The table shows her results.

Halogen solution added

Halide solution bromine chlorine iodine
lithium chloride no reaction (not done) no reaction
sodium bromide (not done) reaction occurs no reaction
potassium iodide reaction occurs reaction occurs (not done)

(i) The table shows that she did not do three experiments.

Suggest why she did not do these experiments.

(ii) The table shows that there was no reaction in three experiments.

Why was there no reaction in these experiments?

i AR O R T A
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(iii) The student writes this word equation for one of the experiments in which a
reaction occurs.

bromine + potassium iodide — potassium bromine + iodine
The name of one of the substances is incorrect.

Write the correct name of this substance.

(iv) A reaction occurs when the student adds chlorine solution to
potassium iodide solution.

Complete the chemical equation for this reaction.

(v) All displacement reactions are examples of redox reactions.

State the meaning of the term redox.

(vi) The ionic equation for another reaction is
Br, + 2I — 2Br + |,

Explain which species is oxidised in this reaction.

(Total for Question 3 = 10 marks)
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4 The scheme shows some reactions involving ethanol.

reaction 2

e
reaction 1

glucose —_—> ethanol ethene

<—
reaction 3

(a) (i) Two conditions used in reaction 1 are

e atemperature of about 30 °C
e the use of water as a solvent for the glucose

State the name of the catalyst used in this reaction.

(ii) Complete the equation for reaction 1.

CH,O, — 2CHOH + ...

6 1276
(b) Ethanol can also be manufactured by reaction 3, which uses steam, a catalyst of
phosphoric acid and a pressure of about 65 atm.

State the temperature used in reaction 3.

(c) State the type of reaction that occurs in

reaction 1

reaction 3

12
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(d) State two advantages of using reaction 3 to manufacture ethanol rather than
reaction 1.

(f) Reaction 2 may be used in the future to manufacture ethene.

(i) Write an equation for this reaction.

(Total for Question 4 = 10 marks)
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5 A student uses this apparatus to measure the temperature change when lithium iodide
dissolves in water.

100 g of water

He measures the steady temperature of the water before adding the lithium iodide.

He then adds the lithium iodide, stirs the mixture until all the solid dissolves and
records the maximum temperature reached.

The diagram shows the thermometer readings before and after dissolving the lithium iodide.

20

25

15

20

)
=
D
@

before

(@) Use the readings to complete the table.

Temperature in °C after adding lithium iodide
Temperature in °C before adding lithium iodide

Temperature change in °C

14
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(b) In a second experiment, using the same mass of water, the student records a
temperature increase of 4.9 °C.

(i) Use this expression to calculate the heat energy change in this experiment.

heat energy change = mass of water x 4.2 X temperature change
(in joules) (in grams) (in °C)

heat energy change = ... J
(i) In this experiment, 6.3 g of lithium iodide were used.
Calculate the amount, in moles, of lithium iodide in 6.3 g.

M. of lithium iodide = 134]

amountofLil= ... mol

15
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() In a third experiment the student obtains these results.

heat energy change in J 2400

amount of lithium iodide in mol 0.048

(i) Calculate the molar enthalpy change, in kJ/mol, in this experiment.

molar enthalpy change = ... kJ/mol

(ii) The temperature change in this experiment shows that dissolving lithium iodide
in water to form lithium iodide solution is an exothermic process.

Complete the energy level diagram to show the position of the lithium iodide
solution.

Label the diagram to show AH, the molar enthalpy change.

Energy lithium iodide + water

(Total for Question 5 = 11 marks)
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6 Magnesium and its compounds have many uses.

Magnesium is never found as an element in the Earth’s crust, but its compounds
occur naturally in rocks and seawater.

(@) Suggest why magnesium is not found as an element in the Earth’s crust.

(b) Magnesium can be extracted from seawater by a multi-stage process.

stage 1  calcium hydroxide reacts with magnesium chloride in seawater to form
a precipitate of magnesium hydroxide

stage 2 the magnesium hydroxide is filtered off and converted into magnesium
chloride solution by reacting it with hydrochloric acid

stage 3 the magnesium chloride solution is converted into solid magnesium chloride

stage4 the solid magnesium chloride is melted and electrolysed

(i) Which stage involves a neutralisation reaction?

L] stage 1

A
[ B stage?2
[0 C stage3
[l D stage4

(ii) Suggest the name of the other product formed in stage 1.

18
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(iv) The ionic half-equation for the reaction at the negative electrode in stage 4 is
Mg** + 2e- — Mg

Write the ionic half-equation for the reaction at the positive electrode.

(c) A manufacturer makes a batch of magnesium by electrolysing magnesium chloride.

(i) Calculate the mass of magnesium chloride (MgCIz) needed to make 48 kg of
magnesium.

mass of magnesium chloride = ... kg

(i) Calculate the amount, in moles, of electrons needed to make 48 kg of magnesium.

amount of electrons = ... mol

QUESTION 6 CONTINUES ON THE NEXT PAGE

19

AR R RO A Turn over
P 4 4 2 6 9 A 01 9 2 0



(d) Magnesium oxide can be used to make magnesium sulfate by this reaction.
MgO(s) + H,SO,(aq) — MgSO,(aq) + H,O(l)
A student is provided with a beaker of dilute sulfuric acid.

Outline the steps she should use to obtain a pure sample of hydrated magnesium sulfate
crystals using this reaction.

(Total for Question 6 = 14 marks)

TOTAL FOR PAPER = 60 MARKS
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