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1 (a) The following equations represent reactions of Group 1 and Group 7 elements.

Reaction A: sodium 1 water  sodium hydroxide 1 hydrogen

Reaction B: potassium 1 fluorine  potassium fluoride

Reaction C: sodium bromide 1 chlorine  sodium chloride 1 bromine

Reaction D: potassium iodide + bromine  potassium bromide 1 iodine

(i) In Reaction A the sodium floats on the surface of the water, gets smaller and
eventually disappears leaving a colourless solution. State three other
observations you would make.

1.

2.

3.
[3]

(ii) In Reaction B, a potassium atom becomes a potassium ion. Write a half
equation for this reaction.

[2]

(iii) Write a balanced symbol equation for Reaction C.

[3]

(iv) In Reaction C chlorine gas is bubbled into a solution of sodium bromide.
State the colour change observed in the solution.

From ______________________ to _________________________ [2]

(v) In Reaction D a bromine molecule becomes bromide ions. Write a half
equation for this reaction.

[3]
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(b) The diagram below shows part of a mass spectrum of a sample of a Group 2
element. Each peak in the spectrum represents an isotope of this element.
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(i) Based on the mass spectrum above, how many isotopes of the element are
present in the sample?

[1]

(ii) What is the mass of the isotope with the greatest relative abundance?

[1]

(iii) Suggest the identity of the Group 2 element using your Data Leaflet.

[1]

(iv) Suggest one advantage of using mass spectrometry to analyse elements.

[1]
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2 Drugs containing metal compounds may be used to treat different medical
conditions.

(a) An excess of hydrochloric acid in the stomach can cause indigestion. Antacid
tablets containing calcium carbonate can be taken to relieve the symptoms of
indigestion.

(i) State the observations made when an antacid tablet containing calcium
carbonate is dropped into a beaker of dilute hydrochloric acid.

[3]

(ii) Write a balanced symbol equation for the reaction between calcium
carbonate and hydrochloric acid.

[3]

(b) Other brands of antacid tablets contain aluminium hydroxide.

(i) Write the formula of aluminium hydroxide.

[1]

(ii) State the colour of aluminium hydroxide.

[1]
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(iii) Aluminium hydroxide reacts with hydrochloric acid to form a solution
containing aluminium ions. Describe a chemical test for aluminium ions and
state the result for a positive test. Comment on the validity of the test.

[5]

(c) Other metal ions can be detected using flame tests. Complete the table below.

Metal ion Flame colour

Na+

Brick red

Ba2+

[3]
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(d) People who suffer from anaemia are often prescribed iron supplements. The
supplements contain iron(II) sulfate.

Describe in detail how a solid iron supplement may be tested to confirm the
presence of iron(II) ions and sulfate ions.

Your answer should include:

 The chemical test for iron(II) ions and the expected result
 The balanced ionic equation for the test for iron(II) ions
 The chemical test for sulfate ions and the expected result
 The balanced ionic equation for the sulfate ion test.

In this question you will be assessed on your written communication skills
including the use of specialist scientific terms.

[9]
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3 The Shard in London is 309 metres high and is currently the tallest building in the
European Union. It is the fifty-ninth tallest building in the world.

 

(a) In the construction of the Shard, 12 000 tonnes of steel were used. Steel is an
alloy of carbon and iron. One form of carbon is graphite.

(i) What is meant by the term alloy?

[2]

(ii) Graphite and iron have different types of bonding and structure. Complete
the table below to state the type of bonding and structure for graphite and
for iron.

Type of bonding Type of structure

Graphite

Iron

[4]

© chrisdorney / iStock / Thinkstock
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(iii) Describe, in detail, the bonding and structure of graphite and iron.

In this question you will be assessed on your written communication
skills including the use of specialist scientific terms.
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[6]
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(b) There are 11 468 panels of glass in the Shard, enough to cover eight football
pitches. The glass is made from silicon dioxide, sodium oxide, calcium oxide and
small amounts of other compounds.

(i) What type of bonding is found in silicon dioxide?

[1]

(ii) What type of bonding is found in calcium oxide?

[1]

(iii) Using full electronic configurations, draw dot and cross diagrams to show
how atoms of sodium combine with atoms of oxygen to form sodium oxide.
Include the charge on each ion.

[6]
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(c) The glass used in the Shard is ‘low iron glass’ which is very clear. Any iron(II)
oxide impurity in the glass would produce a tint.

(i) Iron(II) oxide contains the iron(II) ion. Complete the table below by giving the
formula of the iron(II) ion and the number of protons, neutrons and electrons
present in this ion.

Formula of ion Mass
Number

Number of
protons

Number of
electrons

Number of
neutrons

56

[4]

(ii) What is meant by the term ion?

[1]
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(d) The Shard uses energy saving methods to generate heat and so its carbon
dioxide emissions are reduced.

Draw a dot and cross diagram to show the bonding in a carbon dioxide
molecule. Show outer shell electrons only.

[3]
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4 The solubility of substances varies with temperature.

(a) What is meant by the term solubility?

[4]
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(b) The graph below shows the solubility curves for four different substances, A, B,
C and D.
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(i) Which substance (A, B, C or D) is most soluble at 10°C?

[1]

(ii) At what temperature do substances A and D have the same solubility?

[1]

(iii) At what temperature would 3g of substance C saturate 10g of water?

Temperature °C [1]
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(iv) Different masses of substances A, B, C and D were added to different
masses of water as shown in the table below.

Mixture Substance Mass of
substance (g)

Mass of
water (g)

Temperature
(°C)

1 A 5 10 70

2 B 180 500 40

3 C 2.0 25 10

4 D 80 250 30

Which mixtures (1–4) are saturated solutions?

[2]

(v) On cooling a saturated solution of B containing 50g of water from 60°C to a
lower temperature, 6g of solid were deposited. Determine the temperature
to which the solution was cooled.
Show all your working out.

Temperature °C [4]
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5 Magnesium compounds have many important and wide-ranging uses. Magnesium
nitrate is used as a fertiliser and is also present in many cosmetics including hair
conditioner.

(a) On heating, magnesium nitrate breaks down according to the equation below:

2Mg(NO3)2(s)  2MgO(s) 1 4NO2(g) 1 O2(g)

(i) What term is used to describe a reaction in which a substance breaks down
when heated?

[2]

(ii) Calculate the mass of nitrogen dioxide, NO2, produced when 4.44g of
magnesium nitrate are heated.

(Relative atomic masses: N = 14; O = 16; Mg = 24)

Mass of nitrogen dioxide g [5]
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(b) Magnesium chloride has healing effects on a wide range of diseases. The
hydrated form of the salt has the formula MgCl2.nH2O.

(Relative atomic masses: H = 1; O = 16; Mg = 24; Cl = 35.5)

The following results were obtained in an experiment to determine the value of n
in the formula.

Mass of empty crucible = 13.87g
Mass of crucible and hydrated magnesium chloride = 15.90g
Mass of crucible and anhydrous magnesium chloride = 14.82g

(i) Calculate the mass of water of crystallisation lost.

Mass of water g [1]

(ii) Calculate the number of moles of water of crystallisation lost.

Moles of water [1]

(iii) Calculate the mass of the anhydrous magnesium chloride.

Mass of anhydrous magnesium chloride = g [1]

(iv) Calculate the number of moles of anhydrous magnesium chloride.

Moles of anhydrous magnesium chloride = [1]
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(v) Using your answer to parts (ii) and (iv), calculate the value of n in
MgCl2.nH2O.

n = [1]

(c) Magnesium chloride is produced when magnesium hydroxide reacts with dilute
hydrochloric acid. The balanced symbol equation for this reaction is shown
below:

Mg(OH)2 1 2HCl  MgCl2 1 2H2O

A pharmaceutical company needs to produce 0.475 tonnes of magnesium
chloride for use in the manufacture of health supplements. Calculate the mass of
hydrochloric acid, in kg, required to produce 0.475 tonnes of magnesium
chloride. (1 tonne = 1000kg)

Mass of hydrochloric acid = kg [5]
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Most chlorides, bromides and iodides
EXCEPT 
silver and lead chlorides, bromides and iodides

SOLUBILITY IN COLD WATER OF COMMON SALTS, HYDROXIDES AND OXIDES

Soluble

Insoluble

Most carbonates
EXCEPT 
sodium, potassium and ammonium carbonates

Most hydroxides 
EXCEPT 
sodium, potassium and ammonium hydroxides 

Most oxides 
EXCEPT 
sodium, potassium and calcium oxides which react with water

All sodium, potassium and ammonium salts

All nitrates

Most sulfates 
EXCEPT 
lead and barium sulfates
Calcium sulfate is slightly soluble

Positive ions Negative ions
Name Symbol Name Symbol

Ammonium +
4NH Carbonate −2

3CO

Chromium(III) +3Cr Dichromate −2
72OCr

Copper(II) +2Cu Ethanoate −COOCH3

Iron(II) +2Fe Hydrogen carbonate −
3HCO

Iron(III) +3Fe Hydroxide −OH

Lead(II) +2Pb Methanoate −HCOO

Silver +Ag Nitrate −
3NO

Zinc +2Zn Sulfate −2
4SO

Sulfite −2
3SO
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* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass
(approx)
x = atomic symbol
b = atomic number

THE PERIODIC TABLE OF ELEMENTS
Group

a
b x

1 2 3 4 5 6 7

0

*

†


