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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 (a) Fertilisers are sometimes added to soil.

(i) State why fertilisers are added to soil.

to make plants grow more/ faster/ bigger

(ii) Fertilisers contain compounds of different elements.
Three of these elements have the symbols K, N and P.

Use the periodic table to state the names of these three elements.

K . Potassium

3
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 to make plants grow more/ faster/ bigger
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Potassium



Nitrogen


Phosphorus 


(b) The fertiliser ammonium sulfate may be made by titrating ammonia solution with
dilute sulfuric acid.

Three pieces of apparatus, P, Q and R, used to measure volumes of liquid are
shown in Figure 1.

P Q R

Figure 1

(i) Give the names of the pieces of apparatus P and Q.

S = U= - T

Q Pippete .........................................................................................................

(i) In the titration experiment, small volumes of dilute sulfuric acid are added
gradually to the ammonia solution in a flask.

Give the letter, P, Q or R, of the piece of apparatus in Figure 1 that should be
used to add the dilute sulfuric acid.

Burette
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(i) The titration experiment is used to produce a solution of ammonium sulfate.

Describe how solid ammonium sulfate should be obtained from this solution.
(2)
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(Total for Question 1 = 8 marks)

&

oS

& X

Q

oS

S <
%

b X

X

&

& %
X

& o

&

& %
(X

& o

&

oo
X

SO

- DONOT-WRITE IN THIS AREA:

5

AR TR A Turn over »
P 6 7 0 6 7 A 0 5 2 8 urnove


Mobile User
Heat 



until all water evaporates/
disappears


2 If liquid water is cooled below 0°C it turns into the solid, ice.

(@) (i) Give the name for the change of state from liquid to solid.

(ii) Here are five statements about ice and water.

Place ticks in boxes by the two statements that are correct.

the molecules move faster in water than in ice \/

the molecules are more randomly arranged in ice than in water

the molecules start moving when water becomes ice

the molecules are arranged regularly in ice but not in water v

the molecules have more energy in ice than in water

P 6 7 0 6 7 A 0 6 2 8
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pure water contains {only water ~ sodiumions 2
(molecules)/ only one subgtance}
/ impure water contains mqgre
than one substances (1)

* identification from label o
impurity: dissolved solids/ pH 7
calcium (ions) / sodium (ions) / J
hydrogencarbonate (ion) / ions

(b) Figure 2 shows a label from a bottle of drinking water.

4 )
Pure drinking water

Mass of dissolved solids in mg per 1000 cm?

calcium ions 60

hydrogencarbonate ions 200

i pH of water

Figure 2

(i) Explain why this drinking water should not be described as pure water.

(iii) Calculate the mass of calcium ions in 250 cm? of this drinking water.

15 mg with or without working scores 2
+ 250/1000 (1) (=0.250)

(c) State how you know that calcium is a metal from its position in the periodic table.

Its on the left

(Total for Question 2 = 9 marks)

7

MR 0 O Turn over
P 6 7 0 6 7 A 0 7 2 8


Mobile User
pure water contains {only water
(molecules)/ only one substance}
/ impure water contains more
than one substances (1)
• identification from label of
impurity: dissolved solids/
calcium (ions) / sodium (ions) /
hydrogencarbonate (ion) / ions

Mobile User
pH (=7 )

Mobile User
15 mg with or without working scores 2
• 250/1000 (1) (=0.250)
• 60 x 250/1000 (1) (=15)

Mobile User
Its on the left


3 (a) Hydrogen and oxygen are reactants in some fuel cells.

Which word equation shows the overall reaction that occurs in these fuel cells?

X O O

N

O N w >

hydrogen
hydrogen
hydrogen
hydrogen

+

+

+

+

oxygen
oxygen
oxygen

oxygen

(b) A torch contains a chemical cell.
The torch is turned on and then left on for many hours.

Ll

hydroxide
sulfuric acid
water

hydrochloric acid

Describe what you would see happen when the torch is turned on and then left
for many hours.

* bright light at start

+ fades/ gets dimmer

* then goes out

(c) A chemical cell can be made by placing two metals into an electrolyte.

Figure 3 shows how the voltage of a simple chemical cell can be measured.

rod P

copper rod

electrolyte

Figure 3

P 6 7 0 6 7 A 0 8 2 8
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A student investigated how the voltage of this cell was affected by the metal used
for the rods.

Which is the only variable that should be changed in the investigation?

the size of the beaker

the element used for rod P

O O X O

A
B
C the concentration of the electrolyte
D

the temperature of the electrolyte

(d) (i) Explain why covering iron tools with a thin layer of grease prevents rusting.

air/oxygen excluded

(i) Sacrificial protection is another way of preventing rusting.

An example of sacrificial protection is when lumps of zinc are connected to
the iron-containing structure of an oil rig.

Explain how the zinc protects the iron from rusting.

* zinc is more reactive (than iron)
‘SoreaCtSIHStead ............................................................................................................................................................................................................................

(Total for Question 3 = 8 marks)
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4 (a) When chromium reacts with oxygen, chromium oxide is formed.

(i) Write the word equation for this reaction.

o] romiur?

(i) WHEISIBIuE — chromium Oﬁlde

+_o0xygen 7
reactlc\§ﬂ occurs when chromium reacts wit oxygen?

condensation
evaporation

A
B
C neutralisation
D

M O O O

oxidation
(iii) Calculate the relative formula mass of chromium oxide, Cr0..

(relative atomic masses: O = 16, Cr = 52)

152 with or without working scores 2.

relative formula mass =
(b) Three different metals are added to separate test tubes of acid.

The observations are shown in Figure 4.

metal observation
silver no change is seen
iron very slow bubbling
magnesium steady bubbling
Figure 4

(i) Place the metals in order of reactivity from most to least reactive.

most reactive

least reactive

10

P 6 7 0 6 7 A 0 1 0 2 8

.Magnesium.............ccccccccovivinnn.

00D

Silver

YISV SIHENEILIEM TON O VIdY SIHLNIEILIIM LONOG

YISV SIHLENEILIIM 1ON-OC


Mobile User
chromium +  oxygen                        → chromium oxide
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152 with or without working scores 2.
(52 x 2) + (16 x 3) (1)
= 152 (1)
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(i) Hydrogen is given off when magnesium reacts with acid.
The hydrogen is tested by collecting the gas in a test tube and igniting it.

What is the safest way to ignite the gas?

[] A addfuel to the test tube

[] B heatthe test tube with a Bunsen burner

C put a lighted splint at the open end of the test tube
[0 D putthe test tube in an oven

(i) State the observation made in this test that shows that the gas is hydrogen.

(c) Ironis extracted by heating iron oxide with carbon.
Electrolysis of molten iron oxide is not used to extract iron.

(i) State why iron can be extracted by heating iron oxide with carbon.

iron is less reactive (than carbon) ORA

(i) State why electrolysis is not used to extract iron.

electrolysis is expensive/ more expensive method than heating with
........ca.r.bgn./..he.ati.ng..wi.t.h..car.bon..isuc.he,ape.r/..electrolysis.ne.edsua.‘la.rge..am.oum ........................................................
of electricity

(Total for Question 4 = 9 marks)
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iron is less reactive (than carbon) ORA

Mobile User
electrolysis is expensive/ more expensive method than heating with
carbon/ heating with carbon is cheaper/ electrolysis needs a large amount
of electricity
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5 Ammonia is made by reacting nitrogen with hydrogen.

(a)

The nitrogen and hydrogen are obtained from raw materials.

Draw one straight line from each gas to the raw material it is obtained from.

gas raw material

air

hydrogen

natural gas

nitrogen

+ sea water

(b) When nitrogen and hydrogen are reacted together, the reaction can reach a

dynamic equilibrium.

Use words from the box to complete the sentences about dynamic equilibrium.

backward different equal faster reversible

In a dynamic equilibrium two reactions occur at the same time.
These are the forward reaction and the Backward ... reaction.

The rates of the two reactionsare ... YT .

The reaction between nitrogen and hydrogen happens at a pressure of
200 atmospheres.

Another unit of pressure is Pascals, Pa (1 atmosphere = 101325 Pa).

Calculate the value of 200 atmospheres in Pascals.

20265000 with or without

working scores 2
101325 x 200

= 20265000 (Pascals)

12
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(d) Figure 5 shows molecules of nitrogen, hydrogen and ammonia before the
reaction and at equilibrium.

before reaction at equilibrium

key to molecules

@)  =hydrogen
@ﬁ;@@%% o ®® ®®

Figure 5

(i) Complete the table showing

« the number of hydrogen molecules before reaction
« the number of hydrogen molecules at equilibrium
« the change in the number of hydrogen molecules.

number of molecules = number of molecules change in number
before reaction at equilibrium of molecules
nitrogen 4 2 -2
hydrogen 6
A0 B
ammonia 0 4 +4

N2 + 3 H2 3
(Total for Question 5 = 9 marks)
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N2 + 3 H2 


6

(@) Hydrochloric acid reacts with solid B.
Solid B is an alkali.

A student carries out an experiment to see how the pH changes when different
masses of solid B are added to dilute hydrochloric acid.

The student uses the following method.

step 1 use a measuring cylinder to measure out 100cm? of dilute hydrochloric acid
step 2 pour the acid into a beaker

step 3 measure the pH with a pH probe

step 4 add half a spatula of solid B and stir

step 5 repeat steps 3 and 4 until the pH stops changing.

(i) Give a safety precaution that should be taken during the experiment.

Wear safety goggles

(ii) Give an improvement to step 4 that would produce more accurate results.

Measure mass of solid/ use a

14

(iii) What is the most likely change in pH during the experiment?

] A fromlto7

X B from1to12
] € from7to12
[J D from12to1

(iv) If some methyl orange indicator is added to the acid in step 2, the mixture
changes colour during the experiment.

State the colour change.

colour at start in acid Red/Yellow .. ... ... colouratend .PinK....o,

P 6 7 0 6 7 A 0 1 4 2 8
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(b) Concentrated hydrochloric acid can be broken down using electricity.
The apparatus that can be used is shown in Figure 6.

chlorine hydrogen

X

concentrated Y
hydrochloric acid

—O O—
6V d.c.

Figure 6

(i) Give the name of the piece of apparatus labelled X.

Test tube

(i) The rod labelled Y in Figure 6 is made of graphite.

What is the name of this piece of apparatus?

X A electrode
L[] B electrolysis
[J C electrolyte
[ D electron

(iii) Give one reason why graphite is a suitable material to make Y.

Its conducts

(iv) Complete the balanced equation for the reaction that occurs.

....... 2. HCL = H 4+ CL

(Total for Question 6 = 9 marks)
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7 (a) This question is about the metal gold.
(i) Gold can be hammered into shape.

State the name of this property.

Malleable

(i) Gold alloys can be used to repair teeth.
One reason that gold alloys are used is that they can be hammered into shape.

Give one other reason why gold alloys are used to repair teeth.

does not corrode/ insoluble/
...... unreactive/inert/non—toxic/hard

(b) A gold alloy contains 78 % gold by mass.

Calculate the mass of gold in 2.00kg of this alloy.
Give your answer in grams.

1960 with or without working SCOTes 3

787100 (1)
78 /100 x 2.00 (1) (= 1.56 kg)

16
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Malleable 
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does not corrode/ insoluble/
unreactive/ inert / non-toxic / hard

Mobile User
1560 with or without working scores 3
78 / 100 (1)
78 / 100 x 2.00 (1) (= 1.56 kg)
1.56 x 1000 (1) (= 1560 g)
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(c) A substance used to purify gold is kept in a container.
There are some hazard symbols on the container.

Draw one straight line from each hazard symbol to its meaning.

hazard symbol meaning

corrosive

flammable

hazardous to the
environment

— e e e

oxidising

(2)

P 6 7 0 6 7 A 01 7 2 8
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*(d) Some gold alloys contain copper.
Copper reacts with oxygen when heated.
copper + oxygen — copper oxide

A teacher calculates that 1.20g of copper reacts completely with oxygen to form
1.509g of copper oxide.

A student heats 1.20g of copper pieces in a container.
Then they heat 1.20g of copper powder in another container.
After heating, the mass of the solid in the containers is found.

The results are shown in Figure 7.

colour before mass before time of heating colour after mass after

heating heatinging in mins heating heatinging
copper pieces red-brown 1.20 5 black 1.28
copper powder red-brown 1.20 10 black 1.42
Figure 7

Explain the observations and give reasons why the masses after heating are less
than expected.

Mass increase

Looxygenatoms are added | e
* oxygen atoms have mass
* increase in mass due to oxygen atoms

B OWEBT REALBA fOF IORGaT
* powder has more copper atoms exposed

* powder reacts more
* powder adds more oxygen atoms

+ copper oxide only forms on surface so less forms on piece than

..... et
* Bunsen flame not hot enough for full reaction

G OITIE COPDET POWCBI TIIAY DG TOSE IO G
* some copper oxide may be lost to air

18
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Colour change
• copper is red brown
• black colour is copper oxide
Mass increase
• oxygen atoms are added
• oxygen atoms have mass
• increase in mass due to oxygen atoms
• powder heated for longer
• powder has more copper atoms exposed
• powder reacts more
• powder adds more oxygen atoms
• powder has larger mass increase
Mass increase less than expected
• copper is unreactive metal
• unreactive metals have slow reactions
• time not enough for reaction to be complete
• copper oxide only forms on surface so less forms on piece than
powder
• Bunsen flame not hot enough for full reaction
• some copper powder may be lost to air
• some copper oxide may be lost to air
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(Total for Question 7 = 13 marks)
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8 The scientist John Dalton lived over 200 years ago.
(a) John Dalton suggested an early model of atoms.
When Dalton first described atoms he said that

+ all elements are made of atoms
« atoms are not formed of any smaller particles

- all atoms of the same element are identical.

Give two differences between Dalton’s model of atoms and today’s model of atoms.

LI Voo 10z 1= 10828 1o e W0 ) A 010 0=t da) o 1o oo oo oo OO OO
particles
2. AtOMS NAVE B NUCIEUS. ...

(b) Dalton also investigated different gases.
One of the gases that Dalton investigated was ethene.

The structure of one molecule of ethene is shown in Figure 8.

AN /
C=
/

H H
Figure 8

Give the molecular formula and the empirical formula of ethene.

20
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(c) Another gas that Dalton investigated was chlorine.

Chlorine gas reacts with water.
The two products are a solution of hydrogen chloride and the substance HCLO.

(i) Complete the balanced equation for this reaction, including the three missing
state symbols.

( ) ( )
Cl2(g) + H20(l) — HCl(aq)
(i) Hydrogen chloride solution is acidic.

The formulae of four ions are shown in Figure 9.

H* H- cl* cl

Figure 9

Give the formula of the ion in Figure 9 that causes the hydrogen chloride solution
to be acidic.

formula . Ha e
(iii) An acid reacts with an alkali.

Give the name of this type of reaction.

(iv) Describe what you would see when some copper carbonate powder is added
to a beaker of dilute sulfuric acid.

powder disappears
.ef-fefvescence/bubbleS/fIZZIng AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(Total for Question 8 = 11 marks)

21

R 0 O O A Turn over
P 6 7 0 6 7 A 0 2 1 2 8


Mobile User
Cl2(g) +                            H2O(l)               ⇌ HCl(aq) 

Mobile User

Mobile User
H+

Mobile User
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• effervescence/ bubbles/ fizzing


9 (a) Asample of potable water contains impurities.

Why is this sample of water potable even though it contains impurities?

the impurities have no smell
the impurities are colourless

the impurities are harmless

O X O O
O N w >

the impurities are soluble

(b) Waste water can be used to produce drinking water.
The processes used include sedimentation, filtration and chlorination.

(i) What is sedimentation?

[J A the waste water is heated so the impurities evaporate

[J B the waste water has an acid added to remove impurities

B4 € theimpurities in the waste water settle to the bottom of their container
[0 D theimpurities in the waste water are bleached

(i) State why the waste water is filtered.

to remove {insoluble substances /

22
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(c) Some salts can be added to waste water to remove impurities.
In an experiment, different masses of salt A were added to 1000 cm?® samples of waste water.
The experiment was repeated with salt B.
The percentages of impurities removed from the waste water are shown in Figure 10.

percentage 60
of impurities

removed 50

40

salt A

30

20 salt B

10

O | | | |
0 50 100 150 200

mass of salt in mg per 1000 cm? water
Figure 10

It was concluded that the best way to purify 1000 cm? of the waste water is to add
100 mg of salt B.

Use the information about salt A and salt B in Figure 10 to evaluate this conclusion.

best amount of A is 150 (mg) (1)
......... ‘150mgArem0veSmorethan100(mg)B

......... ‘SOiTiSbettertOUsesaltAthansaltB

23
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best amount of A is 150 (mg) (1)
• 150 mg A removes more than 100 (mg) B

• so it is better to use salt A than salt B



*(d) A sample of water was contaminated with a dissolved solid.

Devise a plan to separate pure water from this mixture, including a test to show
that the water obtained is neutral.

You may use some or all of the apparatus shown in Figure 11 and any other
laboratory apparatus.

Figure 11

SEPARATION

* cooling water jacket
....... WS VADOUE CONUBNSEA DACK 0 TIGUIG
» water collected in beaker
AAAAAAA .Soildremalnslnﬂask
* boiling point = 100 °C
TEST .............................................................................................................................................................................................................................................................
+ take distilled water in a test tube
........... a ddaferfOpSOfneUtra||I‘thS/Uleversa||ndlcat0r
« correct neutral colour
...... OR

) R 0 O O A
P 6 7 0 6 7 A 0 2 4 2 8


Mobile User
SEPARATION
• distillation
• solution in flask
• heat
• water evaporates
• water vapour into condenser
• cooling water jacket
• water vapour condensed back to liquid
• water collected in beaker
• solid remains in flask
• boiling point = 100 °C
TEST
• take distilled water in a test tube
• add a few drops of neutral litmus/Universal Indicator
• correct neutral colour
OR
• pH probe
• pH = 7


DO:NOT WRITE IN THIS AREA

(Total for Question 9 = 13 marks)
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10 Aluminium alloys are used instead of pure aluminium in aircraft manufacture.

(@) Explain, in terms of the arrangement of metal particles, why aluminium alloys are
stronger than pure aluminium.

in pure aluminium all the atoms are
the same (size) whereas) in alloy
e
* (in aluminium) {layers/rows/sheets}
Ofatomseasilyslideo.vereachother ....................................................................................................................................................................

‘(Ina”oy){iayerS/rOWS/SheetS}Of AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
atoms cannot easily slide over each

(b) A 695.0g sample of an aluminium-magnesium alloy contains 2.00 % by mass of magnesium.

Calculate the mass of aluminium in this sample.

2.00 x 695.0 (1) (= 13.9)
e
695.0 — 13.9 (1) (= 681.1 (g))

OBt 2 A

98.00 (1) x 695.0 (1) (= 681.1 (g)) s of aluminium — .
00 o HIEREREER massofaluminium =

(c) Figure 12 shows a graph of the relative strength of aluminium-magnesium alloys
when the percentage by mass of magnesium in the alloy is changed.

relative 120
strength of
alloy

100 A

80 A

60

40

20

O | | | |
0 1 2 3 4

percentage by mass of magnesium in alloy

Figure 12

P 6 7 0 6 7 A 0 2 6 2 8
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in pure aluminium all the atoms are
the same (size) whereas) in alloy
atoms are different sizes (1)
• (in aluminium) {layers/rows/sheets}
of atoms easily slide over each other

• (in alloy) {layers/rows/sheets} of
atoms cannot easily slide over each
other 
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2.00 x 695.0 (1) (= 13.9)
100
695.0 – 13.9 (1) (= 681.1 (g))
OR
98.00 (1) x 695.0 (1) (= 681.1 (g))
100
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(i) Describe what Figure 12 shows about the relative strength of these alloys when
the percentage by mass of magnesium changes.

the strength increases

(i) Determine, using Figure 12, the percentage by mass of aluminium in an
aluminium-magnesium alloy with a relative strength of 103.

(from graph)
percentagebymasso.fmagnesium AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
=3.0%
percentagealuminiuminalioy .........................................................................................................................................................................................
=100 -3 (=97 (%)) o
percentage by mass of aluminium = ...
(d) Metal objects can be electroplated with gold.

Give two reasons why metal objects are electroplated with gold.

(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS
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Mobile User
the strength increases 

• as percentage of magnesium
(by mass in the alloy) increases

• linearly 

Mobile User
(from graph)
percentage by mass of magnesium
= 3.0 % 
percentage aluminium in alloy
= 100 – 3 (= 97 (%))

Mobile User
• improve the appearance 



• increase resistance to corrosion
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