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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 5¢ and then mark your new answer with a cross X.

1 (a) The two most common gases in today’s atmosphere are nitrogen and oxygen.

(i) What is the third most common gas in today’s atmosphere?

KA
1 B
L c
1 D
(if)
0 A
0 B
C
0 D

argon
butane
chlorine

hydrogen

What is the percentage of oxygen in today’s atmosphere?

0.04
1
21

78

(b) Give the name of the most common gas in the Earth’s early atmosphere.

_.CarbonDioxide .

(c) This early atmosphere was hot and contained water vapour.
The atmosphere today contains less water vapour.

Explain what caused the amount of water vapour in the atmosphere to decrease.

Earth cooled

. \Water- (Vapou r) CCORA RSO -+
*oceans formed /seas
OO A FAIATAL oot
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Earth cooled 
• water (vapour) condensed
•oceans formed /seas
formed/ rainfall
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(d) The concentration of carbon dioxide in the atmosphere can be measured
in parts per million (ppm).

Figure 1 shows the measurements in January 2018 and January 2019.

concentration of
carbon dioxide in ppm

January 2018 407.96

January 2019 410.83

Figure 1

(i) Calculate the increase in the concentration, in ppm, of carbon dioxide from
January 2018 to January 2019.

Give your answer to the nearest whole number.

allow 2 for correct answer with or without working
CRARGS TN CONCOMTALION < 410183 = 40706 (L DLG7)

increase in concentration of carbon dioxide = ... ppm

(i) Give a possible cause for this increase in the concentration of carbon dioxide.

volcanic activity / burning of

(Total for Question 1 = 8 marks)

3
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Mobile User
allow 2 for correct answer with or without working
change in concentration = 410.83 - 407.96 (= 2.87) 
= 3 

Mobile User
volcanic activity / burning of
fossil fuels / deforestation /
respiration
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2 (a) Astudentinvestigated the reaction between potassium iodide and lead nitrate.

(i) Solutions of potassium iodide and lead nitrate were mixed together.
Lead iodide and potassium nitrate were formed.

Complete the word equation.

(i) The student recorded the total mass of the reactants and the total mass of the
products.

The results are shown in Figure 2.

reactants products

total massing 21.7 21.7

Figure 2

State how the results in Figure 2 show that mass is conserved in this reaction.

(mass conserved because) the

numbers are the same/nothing is
lost/nothing is gained

5
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potassium                   + lead (1)                             → lead                                potassium (1)

iodide                           nitrate.                               iodide.                                 nitrate

Mobile User
 (mass conserved because) the
numbers are the same/nothing is
lost/nothing is gained


(b) In another experiment, a student investigated the temperature decrease when
different amounts of ammonium nitrate crystals were dissolved in 100 cm?® of water.

The apparatus used is shown in Figure 3.

thermometer
beaker
[~ polystyrene
cup
Figure 3

The student used the following method.
step 1 pour 100cm? of water into the polystyrene cup
step 2 add one spatula of ammonium nitrate crystals to the water
step 3 stir the mixture
step 4 use the thermometer to record the lowest temperature reached by the mixture

step 5 repeat steps 1 to 4 using different amounts of ammonium nitrate

(i) Name a piece of apparatus that should be used to measure the 100 cm?® of water
in step 1.

measuring cylinder / (volumetric)

pipette / burett
(ii) The student cannot work out the temperature decrease using the method described.

State what the student must do before step 2 to be able to work out the
temperature decrease.

measure the initial temperature (of

(iii) State why a polystyrene cup is used in this experiment.

insulator / reduces heat transfer /

P 6 2 0 9 8 A 0 6 2 4

YISV SIHLNEILIEM LON-Od V3ady SIHL NI 31IdM LON Oa

YISV SIHENEILIIM 1ONOC


Mobile User
measure the initial temperature (of
the water)

Mobile User
 measuring cylinder / (volumetric)
pipette / burett

Mobile User
insulator / reduces heat transfer /
poor conductor of heat
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(iv) Figure 4 shows the reaction profile for this reaction.

Use the words from the box to complete the labels on Figure 4.

activation energy products reactants

(2)

heat energy

Products

Reactants

Activation energy

progress of reaction

Figure 4

(Total for Question 2 = 8 marks)

J
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Products
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3 Chlorine, bromine and iodine are elements in group 7 of the periodic table.
(@) Chlorine is toxic.

State one safety precaution that should be taken when using chlorine in the laboratory.

use of fume-cupboard / fume
il il

(b) Chlorine reacts with hydrogen to form hydrogen chloride.
(i) Write the word equation for this reaction.

Hydrogen + chloride )
............................................................................................................................. —2 Hydrogen.ChloHAE. .......c.occcvvvrrrrriiiic

(i) Hydrogen chloride dissolves in water to form an acidic solution.

State what is seen when blue litmus paper is placed into this solution.

turns) red /

(i) A chlorine atom has seven electrons in its outer shell.
A hydrogen atom has one electron in its outer shell.

Complete the dot and cross diagram of a molecule of hydrogen chloride.
Show outer shell electrons only.

(iv) Name the type of bonding in a molecule of hydrogen chloride.

Covalent

9
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use of fume-cupboard / fume
hood

Mobile User
Hydrogen + chloride 

Mobile User
Hydrogen chloride

Mobile User
turns) red /pink

Mobile User
Covalent


(c) If chlorine solution is added to sodium bromide solution a reaction occurs.
chlorine + sodium bromide — sodium chloride + bromine

Give a reason why this reaction occurs.

chlorine is more reactive than bromine

_O O
supply
A -
inert o inert
electrode T 4+ electrode
_ — | __solution
\ — ) investigated
Figure 5

Glucose solution and sodium chloride solution are tested.
Glucose is a typical simple molecular covalent compound.
Sodium chloride is an ionic compound.

(i) State what would happen to the lamp when glucose solution is tested.

lamp) does not light up / unlit /

b

‘no,thlng ......................................................................................................................................................................................................................................................
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(e) Figure 6 shows how the conductivity of one solution changes as its concentration
increases.

increasing
conductivity

|-
| | | | | | | | | |

0 50 100 150 200 250 300 350 400 450 500

concentration of solution ingdm™

Figure 6

Describe how the conductivity of this solution changes as its concentration
increases from 0 to 500gdm=.

+ conductivity increases and then

..... d ecreases
AND any one quantitative description

f.r.om ...................................................................................................................................................................................................................................................................
+ conductivity increases (from 0) to

150(gdm_3) ..........................................................................................................................................................................................................................................

(Total for Question 3 = 10 marks)

1
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• conductivity increases and then
decreases 
AND any one quantitative description
from
• conductivity increases (from 0) to
150 (g dm-3) 


4 (a) Methane is a hydrocarbon fuel.

(i) Complete the word equation for the complete combustion of methane in
oxygen.

(ii) The incomplete combustion of methane can produce carbon and
carbon monoxide.

Give the reason why carbon and carbon monoxide are produced in the
incomplete combustion of methane.

(b) Crude oil is a complex mixture of hydrocarbons.
Crude oil can be separated into useful fractions by fractional distillation.

Figure 7 shows a fractional distillation column and the fractions produced when
crude oil is distilled.

fraction

ﬁ =—>» gases

—— petrol

——————» kerosene

————» diesel ail

crude oil —» fuel oil

N J

& — bitumen

Figure 7

(i) Name the fraction in Figure 7 that is used to surface roads.

12
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Oxygen

Mobile User
Carbon dioxide

Mobile User
limited supply of oxygen
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Bitumin
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(ii) Name the fraction in Figure 7 that contains hydrocarbons with the lowest
boiling point.

(c) When crude oil is fractionally distilled, the demand for some fractions is more
than the amount produced.

Figure 8 shows the relative amounts of each fraction in a crude oil and the
relative demand for each of these fractions.

fraction relative amount relative demand

gases 2 6

petrol 12 29

kerosene 16 11

diesel oil 24 29

fuel oil 37 21

bitumen 9 4
Figure 8

Which of the following shows the fractions where the relative demand is greater
than the relative amount in the crude oil?

[ ] A kerosene, diesel oil, bitumen
X B gases, petrol, diesel oil
[] € gases, petrol, kerosene

[] D petrol, diesel oil, fuel oil

13
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(d) Cracking involves the breaking down of large hydrocarbon molecules into smaller
hydrocarbon molecules.
(i) Octane, CH

8 18/
one molecule of CH,,

can be cracked to produce one molecule of ethene, CH,, and

CH,—>CH, + CH,,

Determine the value of x in the molecule of CH,,.

(ii) Dodecane is a large hydrocarbon molecule.
When one molecule of dodecane is cracked the products are one molecule of
octane and one molecule of butene.

dodecane — octane + butene

Calculate the maximum mass of octane that could be produced when
34049 of dodecane is cracked in this reaction.

(relative formula masses: dodecane = 170, octane = 114)

allow 2 for correct answer with or

without working
170 (g) dodecane forms 114 (g) octane

1 (g) dodecane forms 114 (g) octane

170
A0 (G AOHBGARG TR T4 5 B
A
(=228(9))
mass of octane = ... g
(Total for Question 4 = 9 marks)
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Mobile User
6

Mobile User
allow 2 for correct answer with or
without working
170 (g) dodecane forms 114 (g) octane
1 (g) dodecane forms 114 (g) octane 
170
340 (g) dodecane forms 114 x 340 
170
(= 228(g))
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5 (a) Anatom of potassium has atomic number 19 and mass number 39.

(i) Give the electronic configuration of this potassium atom.

(i) This potassium atom forms the ion K*.

Which row shows the number of protons and the number of neutrons in this
potassium ion, K*?

number of protons number of neutrons

L] A 19 19
X B 19 20
1 C 20 19
[l D 20 20

(b) Potassium and caesium are in the same group of the periodic table.

Explain, in terms of electrons, why potassium and caesium are in the same group.

outer (electron) shell

(c) Fluorine boils at -188°C.
There are forces between fluorine molecules.

Explain, in terms of these forces, why the boiling point of fluorine is low.

(intermolecular) forces are

* little energy needed (to
OverComeforCes) ...........................................................................................................................................................................................................................
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outer (electron) shell 
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electron(s) 

Mobile User
 (intermolecular) forces are
weak 
• little energy needed (to
overcome forces) 
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(d) Potassium reacts with fluorine to form potassium fluoride.
Potassium fluoride is a solid.

Complete the balanced equation for this reaction and add the state symbols.

(e) What are the elements in group 1 of the periodic table called?

& A alkali metals
[0 B fullerenes

[0 € halogens

[0 D noble gases

(f) Figure 9 shows the melting points and boiling points of elements in group 7 of
the periodic table.

temperature 350 S .
i oC B melting
300 - point
250 ] boiling
point
200 -
150
100
50 ]
__________________ I do L ____ d__L__ room
0~ temperature
-50
-100 .
-150
chlorine bromine iodine astatine
Figure 9

(i) Give, using Figure 9, the boiling point of bromine.

any value between

. ) _ 51 (°C) and 70 (°C)
boiling point of bromine = ... °C

(ii) State which two elements from Figure 9 are solids at room temperature.

lodine and astatine

(Total for Question 5 = 12 marks)
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Mobile User
any value between 51 (°C) and 70 (°C)

Mobile User
Iodine and astatine

Mobile User


6 (a) Calcium carbonate reacts with dilute hydrochloric acid to produce carbon dioxide gas.

The rate of reaction between calcium carbonate and dilute hydrochloric acid at
room temperature was investigated.

() The investigation was carried out with different sized calcium carbonate pieces.
The mass of calcium carbonate and all other conditions were kept the same.

The results are shown in Figure 10.

size of calcium carbonate = volume of carbon dioxide gas

pieces used produced in five minutes incm3
large 16
small 48
powder 920
Figure 10

State, using the information in Figure 10, the effect of the surface area of the
calcium carbonate on the rate of this reaction.

larger surface area {higher

(ii) The calcium carbonate powder produced 90 cm? of carbon dioxide in
five minutes.

Calculate the average rate of reaction in cm3s™'.

final answer of 0.3 with or

without working scores 3
MP1 : conversion of time from

..... ME L QYO O I IO s
..... 5 X680 =300 (SECONGS) e

MP2 : rate = volume / time
rate = 90

MP3 : evaluation of the fraction
=0.3 (cm3 s-1)

18
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larger surface area {higher
/faster} rate /ORA

Mobile User
final answer of 0.3 with or
without working scores 3
MP1 : conversion of time from
minutes into seconds
5 x 60 = 300 (seconds) 
MP2 : rate = volume / time
rate = 90 
300
MP3 : evaluation of the fraction
= 0.3 (cm3 s-1)
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(iii) The experiments were repeated at a higher temperature.
The rate of reaction for each experiment increased.

Explain, in terms of particles, why the rate of reaction increased when the
temperature was increased.

An explanation linking three of the
B {01110} Y11 o T
* particles have more energy

19
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An explanation linking three of the
following
• particles have more energy 
• so (particles) move faster 
• (so) there are more frequent
collisions between particles


*(b) Zinc metal reacts with dilute hydrochloric acid to produce hydrogen gas.
zinc + hydrochloric acid — zinc chloride + hydrogen

A student investigated the effect of doubling the concentration of the
hydrochloric acid on this reaction.

The student made the following prediction.

When the concentration of the hydrochloric acid is doubled the rate of
reaction will double and the reaction will be more exothermic.

Devise a plan, including the apparatus you would use, to test the student’s
prediction.

You are provided with pieces of zinc and two bottles of dilute hydrochloric acid.
One bottle of hydrochloric acid is double the concentration of the other.

A plan to include some of the following points

-+ Measure equal Masses - Of ZING USIAG DBIANEE i
* measure equal volumes of acid using measuring
..Gy.|ind.er./pipeﬁe/su.itab|e.4n.amed..pi.eee..of..ap.par.a.tus .................................................................................................................................
* pour acid in suitable container

A FQCOF B AL LB PO AUUED ot e A 0
* use of thermometer

B QO ZING A ACIH v
+ place bung with delivery tube in container / reaction
vessel.immediately.afterthe.ziNC.is. addEA. ...ttt
* use of timer

cestart timer. on.addition. Of ZINC. ...
* measure volume of gas evolved using a delivery tube and

.inverted measuring cylinder/burette aver water OR ..
delivery tube and (gas) syringe

* same size pieces of zinc
* same volume of acid

P 6 2 0 9 8 A 0 2 0 2 4


Mobile User
A plan to include some of the following points
• measure equal masses of zinc using balance
• measure equal volumes of acid using measuring
cylinder/pipette/suitable named piece of apparatus
• pour acid in suitable container
• record initial temperature
• use of thermometer
• add zinc to acid
• place bung with delivery tube in container / reaction
vessel immediately after the zinc is added
• use of timer
• start timer on addition of zinc
• measure volume of gas evolved using a delivery tube and
inverted measuring cylinder/burette over water OR
delivery tube and (gas) syringe
• record time to collect fixed volume of gas
• record final/highest temperature
• calculate the temperature increase
• repeat for procedure
• same initial temperature
• same size pieces of zinc
• same volume of acid
credit use a suitable labelled diagram of apparatus for rate
measurement/ temperature of acid
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(Total for Question 6 = 13 marks)
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