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Answer ALL questions.

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 Sodium hydroxide solution can be used to test for positive ions.

(@) Sodium hydroxide solution produces a coloured precipitate when added to a
solution of iron ions.

Draw one straight line from each iron ion to the colour of the precipitate.

Iron ion Colour of the precipitate

blue

brown

+
+
—
+

Fe®* +
Fe®* +

lilac

+ yellow

(b) Sodium hydroxide solution is used to test for ammonium ions.
A gas is produced from the reaction.
The identity of this gas is confirmed using damp red litmus paper.

Explain the result of this test.

(Total for Question 1 = 5 marks)
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2 The element sodium is in Group 1 of the Periodic Table.
(@) When sodium reacts with water, a gas is given off.
(i) The gas gives a squeaky pop when ignited with a lit splint.

Identify the gas.

(i) Give one difference in the reaction with water if lithium is used instead
of sodium.

(b) Sodium reacts with oxygen to form the ionic compound sodium oxide.

(i) Complete the dot-and-cross diagram for the formation of the two ions in
sodium oxide.

Include the charge on each ion.
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(i) Give a chemical equation for the reaction between sodium and oxygen.
(2)

(iii) Explain, in terms of structure and bonding, why sodium oxide has a
high melting point.

(Total for Question 2 = 9 marks)
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3 The elements in Group 7 of the Periodic Table are known as the halogens.

(@) Whi

O o oo

(b) Whi

(|
(|
(|
(|

(c) lodi
(i)

ch halogen has a pale green colour at room temperature and pressure?

bromine
chlorine

fluorine

O N w >

iodine

ch halogen will displace chlorine from potassium chloride solution?

astatine
bromine

fluorine

O N w >

iodine

ne is a solid at room temperature and pressure.

Name the type of structure in solid iodine.

(if)

Explain why, at room temperature and pressure, bromine is a liquid but iodine
is a solid.

(Total for Question 3 = 6 marks)
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4 Electrolysis is the decomposition of a substance using an electric current.

(@) Which row of the table is correct for the electrolysis of an ionic compound?

Electrolysis occurs = Electrolysis occurs

when molten when solid
L] A no no
1 B no yes
I ¢ yes no
I D yes yes

(b) A student does an experiment involving the electrolysis of
aqueous copper(ll) sulfate solution using inert electrodes.

(i) Draw a labelled diagram for this experiment.
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(ii) Describe the observations seen at each electrode during the experiment.
(2)

negative electrode

(iii) Give the ionic half-equation for the reduction reaction in this electrolysis.
(1)

(Total for Question 4 = 6 marks)
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5 A student investigates the rate of reaction between marble chips and
dilute hydrochloric acid.

The equation for the reaction is shown.
CaCOs4(s) + 2HCl(aq) — CaCly,(ag) + H,O(l) + CO.(qg)

The marble chips are small and the acid has a concentration of 2.0 mol/dm?>.

(@) The student records the mass of CO, lost from the reaction mixture every
10 seconds until there is no further change in mass.

The graph shows the student’s results.

4.5

4.0

3.5+
3.0 5

2.5
Mass of CO, lost
in grams 2.0

1.5 7
1.0

0.5+

0.0

| | | |
0O 10 20 30 40 50 60 70 80 90 100 110 120

Time in seconds

Calculate the mean rate of reaction, in g/s, between 10 seconds and 30 seconds.

mean rate of reaction = ... g/s
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(b) The student repeats the experiment using larger marble chips but does not
change the mass of the chips or the concentration of the acid.

The table shows the student’s results.

Time

. 10 20 30 40 50 60 70 80 90 | 100
in seconds

Mass of

CO, lost 0.00 | 0.70 | 1.30 | 1.90 | 240 | 2.85 | 3.25 | 3.55 | 3.75 | 3.90 | 4.00
in grams

(i) Plot these results on the graph in part (a).
(ii) Draw a curve of best fit.

(iii) Explain how using larger marble chips affects the rate of this reaction.

(c) The student repeats the first experiment using the same mass of the small marble
chips but using an acid concentration of 1.25 mol/dm”>.

Sketch a curve on the graph in part (a) to show the effect of this change
in concentration.

You should assume that the marble chips are in excess.

(Total for Question 5 = 9 marks)
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6

PVCis a polymer used in underground water pipes.

This is the displayed formula of two repeat units of PVC.

H clL H H
b
T
H H H c

(@) Which is the empirical formula of PVC?

CHCL
CszClz
G HiCl

O O 0O O
O N w >

C,HeCL,

(b) A polymer is formed from many small molecules which join together.

(i) Give the name for this type of small molecule.

(ii) Draw the displayed formula of the small molecule that forms PVC.
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EImm

Y3dY SIHLNEILIHM 1ON Od V3HY SIHLENEILIHM 1ON Od

Y3HY SIHL NI ILIEM 1ON Od



DO NOTWRITEIN THIS AREA DO NOTWRITE INTHIS AREA

DO NOT WRITE INTHIS AREA

(c) One method of disposing of PVC is by burning.
When PVC burns, hydrogen chloride (HCl) gas is formed.
(i) A sample of PVC produces 146 g of HCl gas.
1 mol of the PVC sample produces 2400 mol of HCl gas.
Calculate the mass, in g, of the PVC sample burned.
[for HCL M, =36.5]
[for PVC M, =150000]

mass of the PVC sample = ... g

(i) Give one problem caused by the release of hydrogen chloride gas into
the atmosphere.

(iii) Another problem with the disposal of PVC is that PVC is an inert material.

Explain why this property is an advantage in underground water pipes.

(Total for Question 6 = 9 marks)
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(a) Steam can be used to manufacture ethanol.

(i) Give the other reactant needed for this reaction.

(i) State the pressure and catalyst used for this reaction to manufacture ethanol.

pressure

(b) The glucose in grapes can be fermented to make ethanol.

(i) State the condition needed to prevent the formation of ethanoic acid.
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(c) Grapes also contain esters.
This is the structural formula of an ester.
CH;COOCH,CH,CH,CH;

(i) Draw the displayed formula of this ester.
(2)

(ii) Deduce the name of the carboxylic acid and the name of the alcohol that
react to form this ester.
(2)

carboxylic acid

(Total for Question 7 = 10 marks)
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8 The pie chart shows the approximate proportions by volume of the main gases in

dry air at room temperature and pressure.

gas mixture X

(@) (i) Name the most abundant gas in gas mixture X.

(ii) Gas mixture X also contains carbon dioxide.

Give one problem caused by an increasing amount of carbon dioxide in the
Earth’s atmosphere.

(iii) What is the approximate volume of gas Z in 150 cm? of dry air?

80cm’
100cm?

120cm?

0o o oo
O N @ »

140cm?
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(b) A teacher heats some sulfur powder in a sample of dry air.

The diagram shows the teacher’s apparatus.

gas syringe
dry air

conical flask

sulfur powder
heat

After heating stops, the contents of the conical flask return to room temperature.
Explain why the reading on the gas syringe is unchanged.

Include a chemical equation in your answer.

(Total for Question 8 = 6 marks)
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9

A student wants to confirm that a solid is hydrated copper(ll) sulfate.
(@) The student tests for sulfate ions.
This is the student’s method.
« dissolve some of the solid in water to make a solution
« add a few drops of acidified barium chloride solution
The student’s observation confirms that the solid contains sulfate ions.

(i) Give the student’s observation for this test.

(ii) Complete the chemical equation for the reaction between copper(ll) sulfate
and barium chloride.

Include state symbols.

CuSO,(aq) + BaCl,(@Q) —> e

(b) The student confirms that copper(ll) ions are present in the solid by doing a
flame test.

Describe the method and result for this flame test.
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(c) The student heats the solid hydrated copper(ll) sulfate.
The solid changes in colour and a colourless liquid is also produced.

(i) The student decides to do a physical test to confirm that the colourless liquid
is water.

Give a physical test that could be used to confirm that the liquid is water.

(i) The student concludes that heating the solid results in the formation of
anhydrous copper(ll) sulfate and that the reaction is reversible.

Describe how the student could demonstrate that the reaction is reversible.

(iii) Give a word equation to show that heating hydrated copper(ll) sulfate is a
reversible reaction.
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(d) The formula of hydrated copper(ll) sulfate is CuSO,.xH,O
The student wants to find the value of x in the formula.

A sample of hydrated copper(ll) sulfate is placed in a test tube and heated to
remove all of the water.

The mass of the sample before and after heating is recorded.

The table shows the student’s results.

Mass

ing
Empty test tube 20.50
Test tube and CuSO,.xH,0 26.74
Test tube and CuSO, 2449

Show that the value of x in the formula CuSO,.xH,0 is 5
[for CuSO, M, = 159.5]
[forH,O M, =18]

(Total for Question 9 = 16 marks)
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10 The equation shows the reaction to produce ammonia.

N,(g) + 3Hx(g) = 2NHs(9)

Iron is used to increase the rate of the reaction.

A scientist obtains a percentage yield of 70% of ammonia when the reaction reaches

equilibrium in a sealed container.

(@) (i) The box shows three mathematical symbols.

<

>

Complete the statements about the reaction, using each mathematical

symbol once, more than once, or not at all.

The first statement has been completed for you.

rate of reaction without iron

amount of product at equilibrium

rate of forward reaction at equilibrium

<

rate of reaction with iron

amount of reactants at equilibrium

rate of reverse reaction at equilibrium

(ii) The rate of reaction decreases when iron is removed from the sealed container.

Explain why the rate of reaction decreases.
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(b) The equation shows the reaction to produce ammonia.
Ny(g) + 3H)(g) = 2NH;(g)
The mass of nitrogen gas used in the reaction is 5100g.
The percentage yield of ammonia from this reaction is 70%.
Calculate the mass of ammonia produced in this reaction.
[forN, M, =28]
[for NH; M, =17]

mass of ammonia =

.

(4)

J
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(c) The production of ammonia is shown in the equation.

N,(g) + 3H)(g) = 2NHs(9)

AH =-92kJ/mol

The scientist changes the conditions of pressure and temperature.

The table shows these changes.

Pressure Temperature
in atm in °C
Original conditions 400 400
New conditions 300 500
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Discuss how the new conditions will change the percentage yield of ammonia.

(Total for Question 10 = 14 marks)

TOTAL FOR PAPER =90 MARKS
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