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2
Answer all the questions.

SECTION A — Module C4
1 Look at the formulas.
co, Na Mg?2+ Zn F-
(@) Which formula represents a metal ion?

................................ ]

................................ ]

(c) The electronic structure of lithium is 2.1.
Lithium is a reactive metal.

Explain how and why a lithium atom forms a lithium ion.

(d) Sodium reacts with oxygen to make sodium oxide, Na,O.
Draw a ‘dot and cross’ diagram to show the ionic bonding in sodium oxide.
Show all of the electrons in each ion.
The electronic structure of sodium is 2.8.1.
The electronic structure of oxygen is 2.6.

Show the charges on each ion.

[31
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This question is about atoms.

(a) Atoms are made up of protons, neutrons and electrons.

Complete the table.

Particle

Relative mass

Relative charge

electron

0.0005

proton

neutron

(b) Atoms are neutral.

Explain why.

[2]

(c) Which of these describes the approximate radius and mass of an atom?

Choose from A, B, C or D.

Radius in metres Mass in grams
A 1072 10720
B 107° 1071°
c 10710 10723
D 10720 1073°

ansSwer ...

(d) An atom of an element has an electronic structure of 2.8.6.

To which group of the periodic table does the element belong?

© OCR 2017
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3 lan heats some zinc carbonate, ZnCO3.

Look at the diagram. It shows the apparatus he uses.

zinc carbonate

}

heat

What happens to the zinc carbonate when it is heated?

4  Ammonia has the formula, NH,.
Ammonia has a simple molecular structure.
Predict two physical properties of ammonia.

Explain your answers.

© OCR 2017
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5 Phil is investigating the reactions of the halogens with solutions of metal halides.

Look at the table. It shows his results.

Reaction with
Halogen : : : : o
sodium chloride | sodium bromide | sodium iodide
. . orange solution brown solution
chlorine, 012 no reaction
made made
halogen, X, no reaction no reaction no reaction
. . brown solution
halogen, Y, no reaction no reaction
made
pale green orange solution brown solution
halogen, Z, )
solution made made made

What is the order of reactivity (most reactive first) of the four halogens in the table?
Explain your answer.
Include a balanced symbol equation for the reaction between chlorine and sodium bromide.

/ The quality of written communication will be assessed in your answer to this question.
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SECTION B — Module C5

6 Sara is neutralising dilute hydrochloric acid with potassium hydroxide solution.

Look at the diagram of the apparatus she uses.

potassium
hydroxide
solution

I L U U B e e
IIIIIIIIIII ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘II

datalogger

30cm3 of dilute

hydrochloric acid
T = pH probe

(a) Sara slowly adds 50 cm? of potassium hydroxide solution to 30 cm?3 of dilute hydrochloric acid.

She measures the pH of the solution in the flask as the potassium hydroxide solution is
added.

Look at the graph of her results.

© OCR 2017
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13 ~

12

11

10

pH

N~

AN

N

0 10 20 30 40 50
volume of potassium hydroxide added in cm?

(i) What volume of potassium hydroxide solution must be added to get a pH of 127
................................ cm3 [11

(ii) What volume of potassium hydroxide solution is needed to exactly neutralise the
hydrochloric acid?

................................ cm3 [1]
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(b) (i)

(ii)

8
The concentration of the hydrochloric acid is 0.30 mol/dm?3.

Show that 30 cm? of this solution contains 0.009 moles of hydrochloric acid.

Look at the equation for the reaction.
HCl + KOH — KCI + H,0

Use your answers to parts (a)(ii) and (b)(i) to calculate the concentration of the potassium
hydroxide solution.

concentration of potassium hydroxide solution = .............cccccviieeenennn. mol/dm?3 [2]

Magnesium is an element in the periodic table.

Magnesium has a relative atomic mass of 24.

(a) What is meant by the relative atomic mass of an element?

.............................................................................................................................................. [1]
(b) A sample of 42g of magnesium carbonate contains 12g of magnesium.

Calculate the percentage by mass of magnesium in magnesium carbonate.

Quote your answer to one decimal place.

percentage by mass = .........ccccceveeeeeiiiinnen Y% [2]

© OCR 2017
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Look at the equation for the reaction between sulfur dioxide and oxygen.
Sulfur trioxide is made.
280,(g) + O,(@ = 2804(9)
The reaction is reversible.
(@) When sulfur dioxide is mixed with oxygen, eventually an equilibrium mixture is made.

Explain why, and under what conditions, the mixture reaches an equilibrium.

.............................................................................................................................................. [3]
(b) More oxygen is added to the reaction mixture at equilibrium.

What happens to the position of the equilibrium?

.............................................................................................................................................. [1]
(c) This reaction is used in the Contact Process to make sulfuric acid.

One of the conditions used is a low pressure of about five atmospheres.

Describe two other conditions used in the Contact Process.

.............................................................................................................................................. [2]

Turn over
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Pete and Sue investigate the reaction between zinc and hydrochloric acid.

zinc + hydrochloricacid —> zinc chloride + hydrogen
They do the experiment four times.
Each time they use 1.0g of zinc.
They use the same volume of different concentrations of hydrochloric acid.
They measure the total volume of hydrogen made every minute.

Look at the table of their results.

Total volume of hydrogen in cm® made after
Experiment
1 min 2 min 3 min 4 min 5 min 6 min
A 10 20 27 29 30 30
B 15 25 32 39 40 40
C 5 10 12 15 15 15
D 18 27 35 40 44 48

(@) Pete concludes

was greater than in experiment A.

e

[In experiment B, the concentration of the hydrochloric acidj

\)

Sue concludes

The concentration of hydrochloric acid in experiment C
is half that in experiment A.

© OCR 2017
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Are each of the conclusions correct?

Explain your answers.

(b) Look at experiment D.
It is not possible to deduce the total volume of hydrogen at the end of the experiment.

Use the results to explain why.

(c) In experiment D, the volume of hydrogen made after 6 minutes is 48 cm3.
Calculate the mass of 48 cm?3 of hydrogen, H,, at room temperature and pressure.
The volume of 1 mole of any gas is 24 dm? at room temperature and pressure.

The relative formula mass of H,=2.

mass of hydrogen = ........cccccooiiiiiinnnnenn. g [2]

© OCR 2017 Turn over
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10 Lead iodide is an insoluble salt.

Jenna wants to make a pure, dry sample of lead iodide, PbL.,.

Jenna uses solutions of lead nitrate and sodium iodide in a precipitation reaction.
Lead nitrate contains lead ions, Pb2*.

Sodium iodide contains iodide ions, I~.

Describe the stages that Jenna uses to prepare a pure, dry sample of lead iodide.
Include an ionic equation for the reaction.

You may wish to draw a labelled diagram.

/ The quality of written communication will be assessed in your answer to this question.

© OCR 2017
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SECTION C — Module C6

Sophie investigates the hardness of water.
She finds out how many drops of soap solution are needed to produce a lather.
She does this with four samples of water.

Look at her results.

Number of drops of soap solution
needed to produce a lather

Water sample

before boiling
water sample

after boiling
water sample

A 30 1
B 25 25
C 1 1
Distilled water 1 1

(@) One sample of water contains temporary hardness.

Which one? Explain your answer using information from the table.

.............................................................................................................................................. [2]
(b) Permanent hardness in water is caused when some compounds dissolve in the water.
Which dissolved compound causes permanent hardness in water?
Choose from the list.
calcium carbonate
calcium hydrogencarbonate

calcium sulfate

carbon dioxide

sodium chloride
BINSWET ettt et e e ettt ettt e e e e e e et e etaeba e e e e e e et ettt et e oo e e e ettt et b aaeeeeeeeeeeetataa e e aeeeeeeetna e eaaaaeees [11
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(c) In hard water areas limescale can clog up pipes.

Limescale is calcium carbonate.
Calcium carbonate can be removed by reacting it with hydrochloric acid.
Calcium chloride, carbon dioxide and water are made.

Write the balanced symbol equation for the reaction.

© OCR 2017
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12 This question is about CFCs.

The use of CFCs was banned in the UK in 1989.

(@) Since 1989 safer alternatives to CFCs have been used.
Write down one type of compound that has replaced CFCs.
Choose from the list.

alcohols

alkanes

alkenes
dibromo compounds

enzymes

(b) Look at the displayed formula of a CFC.

Cl
|

F—C—ClI

F

A carbon-chlorine bond in the CFC can break to form highly reactive chlorine atoms.

Explain how, using ideas about electrons.

(c) CFCs were discovered in the 1930s.

Describe and explain how scientists’ attitude to CFCs has changed since their discovery.

© OCR 2017
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13 This question is about fuel cells.

Fuel cells are used in spacecraft.

(a) Look at the energy level diagram for the reaction between hydrogen and oxygen in a fuel cell.

A
2H, + O,

energy

2H,0

progress of reaction

Is the reaction in the fuel cell exothermic or endothermic?

Use the energy level diagram to explain why.

(b) Hydrogen gas, H,, forms hydrogen ions, H*, at one electrode in a fuel cell.
H, — 2H" + 2e”
The hydrogen ions react with oxygen gas, O,, at the other electrode.
Water, HZO, is made in this reaction.
Write the balanced symbol equation for the reaction between oxygen and hydrogen ions.

Use e to represent an electron.

© OCR 2017 Turn over
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14 This question is about the rusting of iron and steel.

One disadvantage of ships made from iron is that iron rusts.

(@) Oxygen and water are needed for iron to rust.
Hydrated iron(III) oxide is made.
Write a word equation for the rusting of iron.
(b) Iron can be galvanised to stop it from rusting.

Explain how galvanising stops iron from rusting.

© OCR 2017
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(c) Oilrigs have large steel legs.
These legs are too large to be protected from rusting using galvanising.
The legs are protected from rusting by attaching a sacrificial metal to them.

A metal such as magnesium is often used.

il rig
/0|

| steellegs
magnesium block

attached to leg by
j/ steel cable
= |y |

sea bed

Look at the equation for the reaction that happens.
3Mg + 2Fe’** —> 2Fe + 3Mg*

Explain why this is a redox reaction.

© OCR 2017 Turn over
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15 Pete is investigating four different washing powders.

He tests the washing powders by washing dirty clothes at 40°C.

Look at the table. It shows his results.

Overall stain . Prevents
. Number . Whiteness -
Washing Price per removal colour fading
of washes . (5 = excellent,
powder packin£ | (5=excellent, (5 = excellent,
per pack 1 = poor)
1 = poor) 1 = poor)
A 20 3.19 5 4 3
B 25 2.39 5 5 3
C 25 3.00 5 5 4
D 30 3.00 3 2 4

(a) Pete thinks that washing powder C is the best to use to wash his clothes.

Is he correct? Explain your answer using information from the table.

Explain how detergents can remove oil stains from clothes.

/ The quality of written communication will be assessed in your answer to this question.
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(b) Pete looks at the washing label on his jacket.

© OCR 2017 Turn over
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SECTION D

16 The acidity of sea water is increasing.

Scientists think that increased levels of carbon dioxide and sulfur dioxide in the air cause this
increase.

Both these gases dissolve in water to make acidic solutions.
The solubility of these gases in water changes with temperature.
The more gas that dissolves in water the more acidic the solution.
(a) Look at graph 1.
It shows the solubility of carbon dioxide in water at different temperatures.

Graph 1 — solubility of carbon dioxide

4
3.5
N\
3
\
solubility 5 g
of gas \
dissolved > \
in 1kg N
of water
ing .
1
0.5
0

0O 10 20 30 40 50 60
water temperature in °C

(i) Atwhat temperature is the solubility of carbon dioxide 1.4 g dissolved in 1kg of water?
................................ °C [1]
(i) Julie has 3.0kg of water at 10°C.
She predicts she can dissolve 7.5g of carbon dioxide in this water.
Is she correct?

Explain your answer using information from the graph.

© OCR 2017
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(b) Look at graph 2.

It shows the solubility of sulfur dioxide in water at different temperatures.

Graph 2 — solubility of sulfur dioxide

250

20010\

solubility
ofgas 150 \
dissolved A
in1kg 100 <
of water N

ing 50

P4

4

0

0 10 20 30 40 50 60
water temperature in °C

(i) Sulfur dioxide is at least fifty times more soluble in water than carbon dioxide.

Explain how you can tell from graphs 1 and 2.

...................................................................................................................................... [2]
(ii) Use the graph to estimate the solubility of sulfur dioxide at 60 °C.

................................ g of gas dissolved per kg of water [1]
(iii) The Arctic Ocean is very cold.

The Indian Ocean is quite warm.

Suggest why the Arctic Ocean is more acidic than the Indian Ocean.

Use information from graphs 1 and 2.

...................................................................................................................................... [1]

©OCR 2017 Turn over
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(c) Look at the table.

It shows information obtained on sea water near a remote island in the Atlantic Ocean.

o,
Percentage (%) by Mass of carbon dioxide
Year | pH of sea water | volume of carbon . -
L . in 1kg of sea water in g
dioxide in the air
1990 8.00 0.035 1.50
1995 7.98 0.036 1.51
2000 7.95 0.037 1.52
2005 7.96 0.038 1.53
2010 7.90 0.039 1.55

Ann knows that the lower the pH the more acidic a solution.

Ann makes a conclusion.

The world’s oceans are becoming more
acidic because of increasing levels of
carbon dioxide in the air.

Nick thinks that the data in the table is not reliable or valid.
(i) He thinks that the temperature of the ocean should have been recorded in the table.

Suggest why Nick is correct.

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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