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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box [X.
If you change your mind about an answer, put a line through the box ¢ and then
mark your new answer with a cross [X.

1 Alloy steels are made when iron is alloyed with other transition metals such as
cobalt and chromium.

(@) Which row of the table shows the typical properties of a transition metal?

used as a catalyst  density = colour of metal chloride

L] A yes high colourless
B no low colourless

] C yes high coloured
D no low coloured

(b) Figure 1 shows the chain on a bicycle.

chain

Figure 1

Explain how lubricating the chain with oil prevents corrosion of the steel chain.
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(c) lron fences can be galvanised by coating them with a layer of zinc.
When the layer of zinc is scratched exposing the iron to the weather, the iron does
not rust.

Explain why the exposed iron does not rust.

ITHISAREA

(d) Metals have high melting points.

Explain, in terms of their structure and bonding, why metals have high melting points.
(2)

(Total for Question 1 = 7 marks)
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2 (a) Salts of metals can be prepared by reacting the metal with an acid to produce the
salt and hydrogen.

() Describe the test to show the gas is hydrogen.

(i) Nickel is a metal.

Explain how the structure of a nickel atom, Ni, changes when it forms a
nickel ion, Ni*".

(b) A nickel sulfate solution is made by dissolving 23.5 g of nickel sulfate to make
250 cm’ of solution.

Calculate the concentration of the solution in gdm™.
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(c) Excess solid nickel carbonate is added to dilute sulfuric acid in a beaker.

nickel sulfuric nickel carbon

. . + water
carbonate acid - sulfate dioxide ate

Nickel sulfate is formed in solution.

HsAREn

Describe how a sample of pure, dry nickel sulfate crystals can be obtained from the
mixture of nickel sulfate solution and excess solid nickel carbonate in the beaker.

(3)

(Total for Question 2 = 9 marks)
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3 Most metals are extracted from ores found in the Earth’s crust.
The method used to extract a metal from its ore is linked to the reactivity of the metal.

Part of the reactivity series is shown in Figure 2.

calcium most reactive

aluminium A

zinc

iron

copper

gold least reactive
Figure 2

(a) Iron ore contains iron oxide.
Iron is extracted from iron oxide by heating the oxide with carbon.

iron . carbon
. + carbon — iron + . .
oxide dioxide

(i) In this reaction

carbon is reduced
iron oxide is neutralised

iron oxide is reduced

g o o o
O N ®w >

iron is oxidised

(ii) The formula of the iron oxide is Fe,0Os.

Calculate the maximum mass of iron that can be obtained from 240 tonnes of
iron oxide, Fe,0;.

(relative atomic masses: O = 16, Fe = 56)
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(b) Aluminium cannot be extracted by heating its oxide with carbon.
Aluminium has to be extracted from its oxide by electrolysis.

Explain why.

THSARER
N

(d) In recent years, researchers have been investigating alternative methods of
extracting metals from soils.

Researchers have found that growing certain plants in appropriate areas can
result in the phytoextraction of copper.

Describe how growing plants can result in the phytoextraction of copper.

Bk
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(Total for Question 3 = 9 marks)
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4 (a) Hydrogen burns in air at a temperature well above 100 °C to form water.

(i) The boiling points of hydrogen and water are shown in Figure 3.

boiling point in °C
hydrogen -253
water 100

Figure 3

Use this information to add the missing state symbols to the equation for the
reaction taking place as the hydrogen burns.

VANV SHLNIZLNMIONOG

(i) The atom economy for the reaction in (i) is 100%.

State how the equation shows that the atom economy is 100%.

(b) Lead can be obtained by heating its oxide with carbon.
The balanced equation for the reaction is

'4? i '3’4 ‘]

2PbO + C — 2Pb + CO,

o]
e Th
g%é.. 3

Calculate the atom economy for the production of lead in this reaction.
(relative atomic masses: C=12, 0 =16, Pb = 207
relative formula masses: PbO = 223, CO, = 44)
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(c) (i) Inan experiment to produce lead, 7.67 g of lead are obtained.
The theoretical yield of lead for the experiment is 11.804.
Calculate the percentage yield of lead in this experiment.
(2)
percentage yield = ...
(i) In most reactions, the percentage yield of any product is less than 100%.
Give two reasons why the percentage yield is less than 100%.
(2)
FEASON T oo e
FEASON 2 oo
(Total for Question 4 = 11 marks)
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5 (a) Which of the following substances will be a solid at 20 °C and will melt when
placed in a beaker of hot water at 80°C?

(1)
melting pointin °C = boiling point in °C
L] A 122 249
] B -7 59
] cC 30 2403
] D -32 27
(b) A student set up the apparatus shown in Figure 4 to obtain pure water from
sea water by distillation.
“
sea water pure water
—
\_/
heat
Figure 4
(i) Explain how the water in sea water separates to produce the pure water in
this apparatus.
(2)
(i) Explain how the apparatus could be improved to increase the amount of
pure water collected from the same volume of sea water.
(2)
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(c) A substance is heated at a constant rate and its temperature is taken every minute.
During the heating, the substance undergoes one change of state.

The results are shown on the graph in Figure 5.

temperature
in °C

ITHISAREA

melting point

time in minutes

Figure 5

Explain the shape of the graph in terms of the changes in the movement and
arrangement of the particles as the substance is heated.
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(Total for Question 5 = 9 marks)
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6 (a) Molten zinc chloride is an electrolyte.

(i) Which row shows the products formed at the anode and at the cathode when
molten zinc chloride is electrolysed?

product at anode product at cathode
0 A oxygen zinc
] B chlorine hydrogen
(R chlorine zinc
] D oxygen hydrogen

(ii) Which of the following is the reason why molten zinc chloride is an electrolyte?

it contains molecules that can move
it has a giant structure

it contains delocalised electrons

O Nn ©w >

it contains ions that can move

(b) Copper sulfate solution was electrolysed using copper electrodes.

12

(i) Draw a labelled diagram to show the apparatus that is used to carry out this
electrolysis in the laboratory.
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(i) Before the electrolysis, the masses of the electrodes were determined.
After the electrolysis, the electrodes were washed and dried and their masses

re-determined.

Figure 6 shows these masses and the resulting changes in masses of the electrodes.

SAREA

mass of electrode = mass of electrode change in mass

before electrolysis = after electrolysis of electrode
ing ing ing
anode 11.27 10.42 -0.85
cathode 11.32 12.17 +0.85
Figure 6

Explain these results.
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(c) When sodium sulfate solution is electrolysed, using inert electrodes, hydrogen is
formed at the cathode.
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(Total for Question 6 = 10 marks)
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7 The industrial production of sulfuric acid involves several steps.

One of these steps is the reaction of sulfur dioxide, SO,, with oxygen to form
sulfur trioxide, SO;.

250,(g) + O,(g) = 2S0s;(9)
(a) What volume of sulfur trioxide, in dm?, is produced by the complete reaction of 750dm? of
sulfur dioxide?

(all volumes of gases are measured under the same conditions of temperature and pressure)

LJA 3755
[JB 750
[0JC 11255
[J D 1500

(b) Calculate the volume of oxygen needed to react completely with 750 dm?® of sulfur dioxide.
(all volumes of gases are measured under the same conditions of temperature and pressure)

volume of oxygen =

jeneree
e
DOy

(c) Calculate the mass, in kilograms, of 750 dm? of sulfur dioxide, measured at room
temperature and pressure.
(relative formula mass: SO, = 64;

1 mol of any gas at room temperature and pressure occupies 24 dm?)
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*(d) The reaction to produce sulfur trioxide reaches an equilibrium.

250,(g) + O,(g) = 250s(9)

The forward reaction is exothermic.
The rate of attainment of equilibrium and the equilibrium yield of sulfur trioxide
are affected by pressure and temperature.

A manufacturer considered two sets of conditions, A and B, for this reaction.
In each case sulfur dioxide is mixed with excess oxygen.

The manufacturer changed the temperature and the pressure and only used a
catalyst in B.

The sets of conditions A and B are shown in Figure 7.

V3V SIHLNIJLMIONOQ -

set of conditions pressure in atm temperature in °C catalyst
A 2 680 no catalyst used
B 4 425 catalyst used
Figure 7

The manufacturer chooses set of conditions B rather than set of conditions A.

Explain, by considering the effect of changing the conditions on the rate of
attainment of equilibrium and on the equilibrium yield of sulfur trioxide, why the
manufacturer chooses the set of conditions B rather than the set of conditions A.
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0 )

8 Covalent substances can be simple molecular covalent or giant covalent.

(@) (i) Ammonia is a simple molecular, covalent substance.

ITHISAREA

Which is the most likely set of properties for ammonia?
(1)
melting point boiling point ability to conduct
in °C in °C electricity in liquid state
L] A 1713 2950 does not conduct
L] —-78 -33 does not conduct
L] -39 357 conducts
1 D 801 1413 conducts
(i) Ammonia, NH;, is made by reacting nitrogen with hydrogen.
Write the balanced equation for this reaction. o)
(b) Oxygen, O,, is also a simple molecular, covalent substance.
Draw a dot and cross diagram for the molecule of oxygen. o)
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*(c) Figure 8 shows the arrangement of carbon atoms in diamond, graphene and a
fullerene (Cy).

vawSHINImMlONOD

diamond graphene a fullerene, Cq,

Figure 8

Consider these three substances.

Explain, in terms of their structures and bonding, their relative melting points,
strengths and abilities to conduct electricity.
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(a) A student placed a piece of metal P in a test tube containing excess dilute sulfuric acid.

The student repeated this with three other metals, Q, R and S.
All the pieces of all four metals were the same size.

(i) The student recorded the observations until each metal had reacted with the
acid for two minutes.
The observations are shown in Figure 9.

metal observations

p bubbles produced very slowly
some metal remained

Q bubbles produced quickly
no metal remained

R bubbles produced slowly
no metal remained

s bubbles produced very quickly
no metal remained

Figure 9

Use this information to put the four metals in order of reactivity from the least
reactive to the most reactive.
(2)

least reactive most reactive
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(i) Complete the diagram below to show how the student could add to the
apparatus to measure the volume of gas produced in the two minutes.

(2)

ITHISAREA

RS

(b) When iron reacts with copper sulfate solution, solid copper is formed.
Two possible equations for this reaction are

A CuSO,+ Fe — Cu+ FeSO,
B 3CuSO, + 2Fe — 3Cu + Fe,(SO,);

It was found that 10.00g of iron powder reacted with excess copper sulfate
solution to produce 11.34 g of copper.

Carry out a calculation to decide which equation, A or B, represents the reaction
taking place.
(relative atomic masses: Fe = 56.0, Cu = 63.5)
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-
(c) Acid solutions contain hydrogen ions.
Aluminium reacts \gvith dilute hydrochloric acid to form a solution containing
aluminium ions, Al ’,
Complete the balanced ionic equation for this reaction.
(2)
............................... to H o> AP
(d) The hydrogen ion concentration in a solution is decreased by a factor of 10.
State how the pH of this solution changes.
(1)
(e) Calculate the mass, in g, of a hydrogen atom, using the data below.
(relative atomic mass: H = 1.00;
Avogadro constant = 6.02 x 10%)
(3)
mass of hydrogen atom = ...
(Total for Question 9 = 12 marks)
.
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10 The concentration of dilute sulfuric acid can be determined by titration with
sodium hydroxide solution of known concentration.

25.00cm’ of dilute sulfuric acid was measured out using a pipette and transferred to a

conical flask.

A few drops of methyl orange indicator were added to the acid in the conical flask.
Sodium hydroxide solution was added to the acid from a burette until the indicator
changed colour.

The titration was repeated until two concordant results were obtained.

The accurate result was the average of the two concordant results.

(a) Describe the colour change seen at the end point of the titration.

V3V SIHLNIJLMIONOQ -

(b) A brief report of the practical method has been given above.
Further detail can be added to this method to ensure that anyone following the

method will obtain an accurate result.

Explain two details that could be added to this practical method to ensure an
accurate result is obtained.
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(c) In the titration, 25.00 cm? of dilute sulfuric acid reacted with
24.25 cm’ of 0.200 moldm™ sodium hydroxide solution, NaOH.

H,SO, + 2NaOH — Na,SO, + 2H,0

Calculate the concentration of the dilute sulfuric acid, H,SO,, in moldm™.

concentration of sulfuric acid = ..., moldm™
(d) The concentration of some dilute sulfuric acid, H,SO,, is 0.250 moldm™.
Calculate the concentration of sulfuric acid in this solution in g dm™.
(relative formula mass: H,SO, = 98)
(2)
concentration of sulfuricacid= ... gdm™

(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS
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