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01.1 Which of the substances below have high melting points and can conduct electricity

when molten?
Tick two boxes.
Sodium chloride
Silicon dioxide
Sulfur dioxide
Scandium

Sulfur

[1 mark]

01.2 Which of the following substances have weak intermolecular forces?

Tick three boxes.
Carbon dioxide
Methane
Graphite
Graphene
Diamond

Oxygen

[1 mark]
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01.3 Calcium fluoride is used in the manufacture of windows and lenses.
Explain how calcium fluoride is formed from atoms of calcium and fluorine.

Use a dot and cross diagram in your explanation.

[4 marks]

01.4 As well as a dot and cross diagram, a three-dimensional diagram can be used to represent
calcium fluoride.

Suggest one limitation of using a dot and cross diagram and one limitation of using a
three-dimensional diagram.

[2 marks]

Turn over >
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02 Some students investigated the temperature change during the neutralisation of sodium
hydroxide and hydrochloric acid.

The students used the apparatus in Figure 2.1 to collect the data.

Figure 2.1

Thermometer

Lid

Insulated vessel

Reaction mixture

The students carried out eight experiments.

In each experiment, they added a volume of 2 mol/dm3 sodium hydroxide to a fixed volume
and concentration of hydrochloric acid.

The volumes of 2 mol/dm? sodium hydroxide added and the temperatures recorded are
shown in Table 2.1

Table 2.1
Volume of NaOH (cm3) Temperature (°C)
5 25.80
10 26.40
15 27.00
20 27.60
25 27.40
30 27.20
35 27.00
40 26.80

02.1 Name a suitable material to make the insulating material and the lid in Figure 2.1

[1 mark]
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02.2 Using a suitable scale on your axes, plot all the points from Table 2.1

Question 2 continues on the next page

[4 marks]
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02.3 Draw two straight lines of best fit on the graph to show how the temperature changes as
the volume increases.

[2 marks]
02.4 The point of neutralisation occurs at the highest temperature rise.
What is the volume of sodium hydroxide at the point of neutralisation?
[1 mark]
02.5 Write an ionic equation for the neutralisation reaction.
[1 mark]

02.6 Draw one line from each volume of sodium hydroxide added to the acid to the acid’s
expected pH range.

Volume of sodium pH range
hydroxide (cm?3)

0-2
10 2-4
25 4-6
40 6-8
15 8-10

10-12 [4 marks]
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03.1 Which diagram represents the correct atomic structure for oxygen?

Tick one box.

/@\

@""

[1 mark]

03.2 Draw the electronic structure of the oxide ion.

[2 marks]

Question 3 continues on the next page
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03.3 Which statement about the sizes of the atoms and the nucleus is true?

Tick one box.

The radius of an atom is about 10 nm

The radius of a nucleus is about 10 nm

The radius of an atom is about 0.1 nm

The radius of a nucleus is about 0.1 nm [1 mark]

03.4 Which two statements about isotopes are true?

Tick two boxes.

Isotopes have the same physical properties.

Isotopes contain the same number of protons.

Isotopes contain the same number if neutrons.

Isotopes contain the same number of electrons. [2 marks]

03.5 Oxygen has three isotopes:

Describe the similarities and differences between the three isotopes of oxygen.

[2 marks]
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03.6 Table 3.1 shows the percentage of each isotope in a sample of oxygen.

Calculate the relative atomic mass of oxygen in the sample.

Give your answer to 4 significant figures.

Table 3.1
Percentage Isotope
70 e
25 50
5 e

[3 marks]

Turn over >
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04 Scientists used to think that atoms were like ‘plum puddings’. An experiment using positively

charged alpha particles and gold foil changed scientists’ ideas.

radioactive sample emits

beam of alpha particles

some alpha particles
bounce back

fluorescent
screen

most alpha
particles hit here

are deflected

gold foil

some alpha particles

1. Scientists thought the alpha particles would pass straight through the gold foil.

2. Alpha particles were fired at a sheet of gold foil.

3. Some alpha particles did go straight through the gold foil; others were deflected.

04.1 Which two statements about Rutherford’s experiment provided evidence for the nuclear

model of the atom?

Tick two boxes.

The beam produced is deflected by an electric field.
Alpha particles were fired at a thin piece of gold foil.

A high voltage was applied to produce a beam.

Flashes of light were observed when particles hit a screen. [2 marks]
04.2 Describe the evidence collected through this experiment.
Explain how the evidence led to new conclusions about the structure of the atom.
[4 marks]
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05 A student is given four unknown metals and a bottle of nitric acid.

05.1 Describe an experiment she could carry out to determine the relative reactivity of
the metals.

In your description:
e Describe any observations or measurements she should make.
e Explain how she would make the investigation a fair test.

e Explain how her results would lead to any conclusions.

[4 marks]

05.2 Write a balanced symbol equation for the reaction of aluminium with nitric acid.

[2 marks]

05.3 Calculate the number of moles of hydrogen molecules produced if a total of 72 cm? of
hydrogen is produced.

[2 marks]

Turn over >
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06 Acids react with insoluble solid substances to make useful soluble salts.
06.1 Iron(lll) nitrate is a soluble salt which can be used as a catalyst.
The balanced symbol equation to make iron(lll) nitrate from iron(lll) oxide is:
Fe,0, + 6HNO, —> 2Fe(NO,), + 3H,0
Calculate the number of particles of HNO, needed to react completely with 1 mole of Fe,O,

Write your answer in Standard Form.

[2 marks]
06.2 The concentration of HNO, used is 2 mol/dm?
Calculate the number of moles of HNO, present in 25 cm? of solution.
[2 marks]
06.3 Calculate the mass of HNO, present in this 25 cm? of solution.
M_of HNO, = 63
[2 marks]
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06.4 The percentage atom economy for a reaction is given by:

Relative formula mass of desired product from equation

x 100
Sum of relative formula mass of all reactants from equation

Calculate the atom economy for the reaction in question 06.1
Reactive formula masses: Fe,O, = 160; HNO, = 63; H,O= 18

Give your answer to 2 significant figures.

[3 marks]
06.5 Iron(lll) nitrate can also be made by reacting iron with nitric acid.
This gives a higher atom economy.
Write the balanced symbol equation for this reaction.
[2 marks]

Question 6 continues on the next page
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06.6 A chemist wants to produce a solution containing 200 kg of iron(lll) nitrate using
this reaction:

Fe,O, + 6HNO, —> 2Fe(NO,), + 3H,0
How much Fe,O, would he need?
Show your working.

Give your answer in tonnes, to 3 significant figures. (1 tonne = 1000000 g)

Answer: tonnes [4 marks]

06.7 Calculate the volume of 2 mol/dm® HNO, needed to make 200 kg of iron(lll) nitrate.
Give your answer in dm?

Give your answer to 3 significant figures.

[3 marks]
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07 Hydrochloric acid of unknown concentration is presented to a student.

To determine the concentration of the acid, they will carry out an acid-base titration,
using the equipment shown in Figure 7.1

Figure 7.1

Acid of unknown
concentration

25 cm? of 1 mol/dm? of
NaOH with indicator

07.1 Describe how the titration is carried out.

[2 marks]

Question 7 continues on the next page
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07.2 Show the calculation the student should perform to find the concentration.

[3 marks]

07.3 What could the student do to have greater confidence in the analysis?

[1 mark]
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08.1 What is the name of the ion responsible for the pH value of an acid?

[1 mark]

08.2 Two different acids, Acid A and Acid B, were reacted with calcium carbonate.
The volumes and concentrations of the acids used were the same.
The mass of calcium carbonate used (0.05 g) was the same in each reaction.
With Acid A, the volume of carbon dioxide produced after 2 minutes was 11 cm?
With Acid B, the volume of carbon dioxide produced after 2 minutes was 2 cm?

What might account for the differences in these results?

[2 marks]

08.3 What is the volume of one mole of any gas at room temperature and pressure?

[1 mark]

Question 8 continues on the next page
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08.4 Calculate the number of moles of carbon dioxide produced after 2 minutes with Acid A.

Give your answer in Standard Form to 3 significant figures.

Moles with Acid A:

[2 marks]

08.5 The pH of Acid A has a value of 2
If the concentration of the acid is increased by a factor of 10, what will the pH become?

[1 mark]

08.6 If the concentration of Acid B is increased by a factor of 10, would it produce the same
change in the pH value?

Explain your answer.

[2 marks]
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09 A piece of magnesium is placed in a solution of copper(ll) sulfate.

09.1 Describe what you would observe.

[2 marks]
09.2 Which species has been oxidised?
Use an ionic half equation to explain your answer.
[2 marks]
09.3 Write the overall ionic equation for the reaction, including state symbols.
[2 marks]

Question 9 continues on the next page
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09.4 Electricity can be produced in a cell by:
¢ placing two different metals each in a solution of its nitrate
e connecting the two metals and solutions, as shown in Figure 9.1

By convention, the metal which is most easily reduced is drawn on the right-hand side of a
diagram of the cell.

Figure 9.1

Salt bridge
1y A
=17 i — T

>
(——
(
(
(@]

G

S

Design a cell that will produce the highest voltage.

B

Use your knowledge of the reactivity series to choose metals from this list:
iron; magnesium; tin; zinc; copper; lead; silver
Then complete Table 9.1 to describe the labels A-D on Figure 9.1

Table 9.1

Label on diagram Description

A

[4 marks]
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09.5 Explain why the cell you designed in 09.4 will produce the highest voltage.

[3 marks]
09.6 Write the overall balanced ionic equation for the reaction.
Include the state symbols.
[2 marks]
Turn over >
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10.1 Compare the electrolysis of molten magnesium chloride with the electrolysis of aqueous
magnesium chloride.

Explain any differences in the half equations at each electrode.

[6 marks]

END OF QUESTIONS
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The Periodic Table
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