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This question is about copper wire and copper compounds.

Copper is used to make electrical wires.

called poly(butene).

Figure 1

Poly(butene) insulation

Copper wire

CH; CHg
o
C—C
.

H H /n

Poly(butene) is produced from the monomer butene.

Complete Figure 2 to show the displayed structural formula of butene.

Figure 2
CH; CHj
I |
C—=—C
.
H H

|I| The addition polymer poly(butene) has the displayed structural formula:

Figure 1 shows how copper electrical wire is insulated using an addition polymer

[2 marks]
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Copper can be obtained by recycling scrap copper wire.

@ Suggest why poly(butene) insulation must be removed from scrap copper wire before
the copper is recycled.

Qs copus wedd Yo impase
(N\So\nlom 4ecc\c!9.9j S!LQQJ&ML.)

[1 mark]

El Describe how scrap copper wire can be recycled to make new copper water pipes.

[2 marks]
(Mu uhe \MM_UALMWJ walks

qualm

El Suggest two reasons why recycling scrap copper is more sustainable than extracting
copper from copper ores.

1%& o eusrgy
2 (qasutues coput_ove.

[2 marks]

Question 1 continues on the next page
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Lo[1].[5]

[o]1].[6]

Copper sulfate is a compound of copper.

Copper sulfate solution contains copper(ll) ions and sulfate ions.

A solution can be added to copper sulfate solution to show the presence of
copper(ll) ions.

Name the solution added.

Give the result of the test.

Name of solution added ﬁﬂﬂm \kb\&ﬂl‘/dﬁ

Result H 2§10 @g@eg!ﬂng

[2 marks]

Describe one test to show the presence of sulfate ions in copper sulfate solution.

Give the result of the test.
[2 marks]

Test d.dd ao‘\co)\gf\ed &m‘gﬂ E!A\an'(lﬂ SG!ML‘QI' \
Result gﬁihih ()QQQA‘ p‘;&-a(:c ( Ba g)ﬁt LS}MHA.
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A student investigated the change in mass when hydrated cobalt chloride was heated.
The word equation for the reaction is:

hydrated cobalt chloride = anhydrous cobalt chloride + water

This is the method used.

1. Add 2.0 g of hydrated cobalt chloride to an empty test tube.
2. Measure the mass of the test tube and contents.

3. Heat the test tube and contents gently for 30 seconds.

4. Allow the test tube and contents to cool.

5. Measure the mass of the test tube and contents.

6. Repeat steps 3 to 5 until the mass of the test tube and contents does not change.

Table 1 shows the results.

Table 1
Total heating time in seconds Mzcs)f\tzt\ttzsitnt;?:r:zd
0 26.5
30 26.2
60 259
90 256
120 25.6

0 6
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|I| Determine the mass of the empty test tube.
[1 mark]
L0, Wi of L+ QO‘\ G, = %'55
Moss o} anphy kol = 265 -20=%5
Mass of empty test tube = QL[’ 6 g
@ Explain why the mass of the test tube and contents decreased.
[2 marks]

cca!w wgh @@4 thmgl
mm@LM bJo.a

@ Suggest why the test tube and contents were heated until the mass did not change.
[1 mark]

TQ Mgh gt E!m!- tlo xea;i\m WD CNQ‘)LIJL

Question 2 continues on the next page
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Energy is taken in from the surroundings when hydrated cobalt chloride is heated.

E When 238 g of hydrated cobalt chloride is heated until the mass does not change,
88.1 kJ of energy is taken in.

The student heated 2.00 g of hydrated cobalt chloride until the mass did not change.

Calculate the energy taken in during this reaction.

Give your answer to 3 significant figures.

[3 marks]

2585 (olyoh0  fols o 25145

281 _

\ 4 i " ~ Zag — - 03) k)
200, - " © 0:3]7x2= OM0 k)
J
Energy taken in (3 significant figures) = 00 kJ
E What type of reaction takes place when hydrated cobalt chloride is heated?

[1 mark]

oo
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This question is about life cycle assessments (LCAs).

|I| Milk bottles can be made from glass or from a polymer.

Table 2 shows information about milk bottles of equal volume.

Table 2
Glass Polymer
Limestone
Raw materials Sand Crude oil
Sodium carbonate
Energ.y ngedgd .to process raw 6750 1710
materials in kilojoules
Energy needed to
manufacture bottle in kilojoules 750 90
Mass of bottle in grams 200 20
Mean number of times used o5 y
during lifetime of bottle
One disposal method at end Recycled to make Recycled to make
of useful life different glass products different polymer products

Evaluate the use of glass for milk bottles compared with the use of a polymer for

milk bottles.

Use features of life cycle assessments (LCAs) in your answer.

Use Table 2.

fa Masodls

Cuude

[6 marks]

5 Yo

N\uh\% po(hd’ e endimomank

Us k O(wxaf[w\ (rl(m ‘ndwu e galla

10
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OQ‘LM Qo\a\\s'

Uvak

emg% sfg alm \oate Q?&OH

(1 OO
El Milk is also sold in cardboard cartons.
A carton is made using 40 cm?3 of cardboard.
The density of the cardboard is 0.40 g/cm3. :D \/
Calculate the mass of the carton.
Use the equation:
_ mass
density =
volume
[3 marks]
Densi y = Noss 9 My = Done'\\b X\ oluwu
Voo =0 ‘-\Oglama < 40w

Mass = \6 g

Do not write
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This question is about the fractions obtained from crude oil. o

|I| Crude oil is separated into fractions by fractional distillation.

The fractions obtained from crude oil include:
¢ |ubricating oil
¢ naphtha

e petroleum gases.

Table 3 shows the boiling point range of these fractions.

Table 3
Fraction Boiling point range in °C
Lubricating oil 300-350
Naphtha 90-200
Petroleum gases <25

Explain how these fractions are obtained from crude oil by fractional distillation.

[4 marks]
&" el [

’(w@atmma’m mm!uALW\ulo

MMM&&GM
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[o]4][2]

[0]4][3]

[0]4][4]

Fractions from crude oil can be processed to produce feedstock for the
petrochemical industry.

Which two are useful materials produced from this feedstock?

[2 marks]
Tick (v') two boxes.
Alloys mlb’-a /
Ceramics Y
Detergents /
Fertilisers (COI\(.WI\ (\\l’.fOJ(’/l\\
Solvents v
Another fraction obtained from crude oil is petrol.
Petrol contains a hydrocarbon with the formula CoH2o
Complete the equation for the complete combustion of CoH2o
You should balance the equation.
[2 marks]

CoHzo + & 0, —_ 9 (03 + _10 H,0

Petrol obtained from crude oil contains sulfur impurities.

Explain why sulfur impurities are removed before petrol is burned in car engines.
[2 marks]

W hn sgﬂm wnpuikies are owned, % paduce

OO i acd ¢

13
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[0]4].[5] Table 4 shows information about two more fractions obtained from crude oil. outs s the
Table 4
. Range of number of
Fraction .
carbon atoms in each molecule
Kerosene 11-15
Heavy fuel oil 2040

A student predicted that heavy fuel oil is more viscous than kerosene.

The student’s prediction was correct.

Justify the student’s prediction.
[2 marks]

M@MMWMJM&Q_
M%MJMM‘L«A@M
\Rosuie
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[o]4] 6]

The heavy fuel oil fraction can be processed to produce smaller
hydrocarbon molecules.
Name the process which produces smaller hydrocarbon molecules from heavy fuel oil.

Give the conditions used in this process.

Catkiny,

Conditions “{ X
- [ ablck

[3 marks]

Name of process

Hydrocarbon molecules containing seven and eight carbon atoms can be produced
when heavy fuel oil is processed.

Which pair of hydrocarbon molecules would both turn bromine water colourless?
[1 mark]

Tick (v') one box.

7/ Ve
C7H14 and CgHss

Ve

C7H14 and Csﬁw

X 7
C7H16 and C3H16

A <
CsH1s and CgH1g

H
I
H—C —

H

B¢ B¢
I |
=5
W

v/ Cthn*Q Q.ka
Caly, = elleens
H H W
I I /
H—C —C=C
I AN

H

8¢ — B¢
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There are no questions printed on this page
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This question is about water.
|I| Sewage is waste water.

Sewage contains organic matter.

Describe how sewage is treated to remove organic matter.
[4 marks]

'90‘@:\615 o gt emnal

Sedivatlakion b oaduet sowngy dudyy aud flunat
(naasdoie &Ag@‘c\m o& sdid SQM_SM‘%

Neathoic ‘OLA:%D cal bieatvok ;A (A'ggjd gﬂ[qu

Question 5 continues on the next page

Turn over »
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Sea water and ground water are treated to make them potable.

Table 5 shows information about the composition and treatment of sea water and of
ground water.

Table 5

Sea water

Ground water

Concentration of sodium ions and
chloride ions before Process 1

Na*: 0.5 mol/dm?3
Cl™ : 0.5 mol/dm3

Na* : 0.001 mol/dm?
Cl™ : 0.001 mol/dm?3

Process 1 Reverse osmosis Filtration
Concentration of sodium ions and X Na* : 0.001 mol/dm?
chloride ions after Process 1 Cl™ : 0.001 mol/dm?
Process 2 Add ozone Expose to ultraviolet light

@ Sea water is desalinated during Process 1.

Which pair of concentrations could represent X in Table 5?

Lo]5].[3]

Tick (v') one box.

Na*

Na*

/
: 0.003 mol/dm3

: 0.003 mol/dm3

: 0.5 mol/dm3

: 0.5 mol/dm3

/

Cl~: 0.003 mol/dm?

v

Cl=: 0.5 mol/dm3

Cl™: 0.003 mol/dm?

Cl=: 0.5 mol/dm3

[1 mark]

No  diflerence .

Explain why the concentrations of sodium ions and of chloride ions in the ground
water in Table 5 are unchanged by Process 1.

TN Vo' aud

[2 marks]

‘CL’ NS pan @\XW.«”}V\ e {ler

bcanse Qe s o oo sdulian.
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[o]5][4]

Lo]5][5]

[o]5].[6]

Explain why the ground water in Table 5 requires Process 2 before the water is
safe to drink.
[2 marks]

e e e 1 b,

«hO\‘O\?ﬂQz

After treatment the ground water in Table 5 is sold by a company as pure water.
The ground water in Table 5 is not chemically pure because the water contains

sodium ions and chloride ions.

Suggest what the company means by ‘pure’.
[1 mark]

To wlic & cn ko colud dobi, o cmadullinld

Chlorine is also used to treat some ground water.
Describe the test for chlorine gas.

Give the result of the test.
[2 marks]

Test Os,q &M\Q hkrwz \c,m@u

Result E&g Eim P‘M g d@mj M

bt whndlz.
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This question is about the chemistry of the Earth’s atmosphere.

Figure 3 shows how the percentages of gases in the Earth’s atmosphere may have
changed since the atmosphere was formed.

Figure 3
100
90
801 2 Bl ——
NE BT
\,/ y ANEEEEEE
LR L] ]
60 e
Percentage R
(%) of gas in 504 oA
the Earth’s BEEE &%
atmosphere JinK
40 71 :
[HY AREEED
/
30y » ) SK3N RARIRARENNRSE
N e A
2015 AL ""--..,C\,.-\ > 2l
NN N N N )
) e :,,<_/"~~,..__, NN
4500 4000 3500 3000 2500 2000 1500 1000 500 O
Millions of years ago
Key
----------- Carbon dioxide
— — — Nitrogen
Oxygen

|I| Explain the change in the percentage of gas in the region labelled A on Figure 3.

[2 marks]
’f ' ‘ NCA

2 0
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@ Explain the change in the percentage of gas in the region labelled B on Figure 3.
[2 marks]

J LACOIN@R) o LINT "1!0.'_' o!! o ", 0ca 94

Ligcads  dlisselied ¢ ‘ ‘
LINT IO I oed! HUWeR o 0akd, ¢ JOVMLQ)

@ Compare the changes in the percentages of gases in the region labelled C on
Figure 3.
[2 marks]

T ey of clen digwde diieaed and bl

puicokay o} Enaen incicased.

T ¢ |

El What process caused the changes in the percentages of gases in the region
labelled C on Figure 37

[1 mark]
ﬂo\o%{\uwsm
J
EI Natural gas is a fossil fuel.
Describe how deposits of natural gas were formed.
[3 marks]

Do not write
outside the
box
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o0]7][2]

Ammonia is produced in the Haber process.
The raw materials for the Haber process are nitrogen and hydrogen.
The equation for the reaction is:

N2(g) + 3H2(g) = 2NHs(g)

Give the sources of the nitrogen and of the hydrogen used in the Haber process.

[2 marks]
Nitrogen a
Hydrogen  nakwsal 402
J
How does the equation for the reaction show that the atom economy of the
forward reaction is 100%?
[1 mark]

T & cm\v:) oo perduck.

(ow econtmy = anen: o} dogied praduck

amant o} alk p:o&uots

2 2
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@ Figure 4 represents the Haber process. it

Figure 4

Nitrogen Hydrogen

L

Reactor <
Unreacted
nitrogen and
Nitrogen, hydrogen and ammonia hydrogen
X
Ammonia

Explain how the ammonia produced is separated from the unreacted nitrogen and
hydrogen in X.
[2 marks]

T mokoe & carlod o Ehal mﬂ:g QU

[

Question 7 continues on the next page

Turn over »
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The Haber process uses a temperature of 450 °C and a pressure of

200 atmospheres.

Table 6 shows the percentage yield of ammonia produced at 450 °C using

different pressures.

Table 6
Pressure in Percentage (%) yield
atmospheres of ammonia

60 9

120 18

180 25
240 31
300 36
360 40
420 43

2 4
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E Complete Figure 5.

The first two points have been plotted.

You should:
e Uuse a suitable scale for the x-axis
¢ plot the remaining data from Table 6

e draw a line of best fit.

Figure 5

50

kb

40

30

Percentage (%)

yield of ammonia

N

N\

20

10

[y
N\

{-]o) A00

200 400 500
<00

Pressure in atmospheres

[4 marks]

E Determine the percentage yield of ammonia at 450 °C and 500 atmospheres.

Show your working on Figure 5.

Percentage yield = Ll’ 5

[2 marks]

%

2 5
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EI The equation for the production of ammonia in the Haber process is:

N2(g) + 3H2(9) = 2NHs(g)

The forward reaction is exothermic. E— ‘l'hedl:
acokMermic

The conditions used are:

e atemperature of 450 °C

e a pressure of 200 atmospheres

¢ the presence of an iron catalyst.

Explain why these conditions are chosen for economical production of ammonia in the
Haber process.

You should include references to the rate of reaction and the position of equilibrium.
[6 marks]

\m (iu \sv, \cacaww tem’;cm tsse/m(hgxm.c
N we il A
b B nﬁi\L Vocausr  wawe (

ML:L@H@MM@MMM
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OChex (,gdms
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Do not write
. . . . . . . tside th
This question is about the reaction between sodium thiosulfate solution and o

hydrochloric acid.

When hydrochloric acid is added to sodium thiosulfate solution, the mixture gradually
becomes cloudy.

The equation for the reaction is:

Na2S:03(aq) + 2HCl(aq) — 2NaCl(aq) + HxO(l) + SO2(g) + S(s)

|I| Sulfur is produced in the reaction.

Why does the mixture become cloudy?

[1 mark]

2 8
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A student investigated the effect of changing the concentration of sodium thiosulfate
solution on the rate of the reaction.

Figure 6 shows the apparatus used.

Light source

A smaller percentage of light from the light source reaches the light sensor as the

mixture becomes more cloudy.

This is the method used.

1. Measure 50 cm? of 0.10 mol/dm?® sodium thiosulfate solution into the beaker.

2. Add 10 cm? of hydrochloric acid to the sodium thiosulfate solution.

3. Immediately start a timer.

4. Record the percentage of light from the light source that reaches the light sensor
every 20 seconds for 120 seconds.

5. Repeat steps 1 to 4 using 0.20 mol/dm? sodium thiosulfate solution.

Question 8 continues on the next page

Reaction mixture
/

Figure 6

Beaker

Light sensor

2 9
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Figure 7 shows the results for 0.10 mol/dm? sodium thiosulfate solution.

Figure 7
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lo]8][2]

lo]8][3]

The percentage of light reaching the light sensor decreases by 1% when 7.1 x 107
moles of sulfur is produced.

Determine the rate of reaction in mol/s for the production of sulfur at 30 seconds.

You should draw a tangent on Figure 7.
[5 marks]

Gadek o lawpd b g ok £=20s = b
(adrenl = -04210 7 ¢

Lk docieasa Yooy 17 uhon  7Ux 107 wdl S

produced.

. Rals = -0.9210 7 §' % 2\x(0° wol %~
= -6.6) 7 10 ml s

(—‘ 553;] shﬂs %o (AS\\l o lag) 'J\\

Rate = Qé\ X 10_5 mol/s

Explain why the rate of reaction changes between 0 and 60 seconds.
Answer in terms of concentration.

Use Figure 7.
[2 marks]

cand® al.on QS

docre ases,

31
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\
Percentage (%) gol {1
of light from light \
source reaching AN

light sensor

[o]8][4]

[o]8][5]

Figure 8 is a repeat of Figure 7.

Figure 8

100

\
80—\

70

pd

50 N\

/'
A
/
/

40 N

30 = RN

20

10

0O 10 20 30 40 50 60 70 80 90 100 110 120
Time in seconds
Figure 8 shows the results for:0.10 mol/dm?® sodium thiosulfate solution.

Sodium thiosulfate solution was in excess in the investigation.

The line of best fit on Figure 8 is horizontal between 80 and 120 seconds because the
reaction stopped.

Why did the reaction stop?
[1 mark]

(Sediam Uf\ioﬁl@k % o exass) ngim B temlian
hogiod a3 U \\{\J&mch\\odc acid & upd op.

Sketch a line on Figure 8 to show the results you would predict for 0.20 mol/dm?
sodium thiosulfate solution.
[2 marks]

32
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Do not write
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The same student did the investigation again the next day. box

The student found that the same method produced different results for the percentage
of light reaching the light sensor.

El How could the student improve the method so that the same percentages of light
reached the light sensor?

[1 mark]
Tick (v') one box.

Record the percentage of light every 10 seconds.

Stop light from other sources reaching the light sensor. ,/

Use a larger volume of sodium thiosulfate solution.

Use a more sensitive light sensor.

. The student improved the method so that similar results were obtained on
different days.

What name is given to similar results obtained on different days under the same
conditions by the same student?

[1 mark]
Tick (v') one box.

Anomalous

Precise

Repeatable \/

Reproducible

Turn over »
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Do ngt write
Figure 9 shows the volumes of: outside the
¢ sodium thiosulfate solution of concentration 0.10 mol/dm?
¢ hydrochloric acid of concentration 0.05 mol/dm?

which completely react to produce different masses of sulfur.

Figure 9
0.40
/ pd
0.35
I I,J
0.30 ! v
/ //
Mass of 0.25
sulfur 1
produced ; /
ingrams  0.20 i
U //
0.15 1 »
0.10 o
1
J/
0.051+ /
1
0.00
0 50 100 150 200 250 300 350 400 450 500
110 Volume of reactant in cm3 Luo
Key

———0.10 mol/dm3 sodium thiosulfate solution
—— 0.05 mol/dm?3 hydrochloric acid

3 4
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[o]8][9]

1e,5,0,
\LO

Do not write

Which expression represents the relationship between the volume (V) of sodium °”'i§‘3i e
thiosulfate solution used and the mass (m) of sulfur produced?
Use Figure 9.
[1 mark]
Tick (v') one box.
Voxm /
V~m
V <<m
V=m
Determine the simplest whole number ratio of the volumes of
sodium thiosulfate solution : hydrochloric acid
which completely react with each other.
Use Figure 9.
[3 marks]
ol 0 .
S] Q‘;}M Qtj 'u“zsaf )S sduL )]
e€N=035 Volowe ot H(L sdldion
= 10 = 025
L0
Simplest whole number ratio = \ : Ll— 17
L L0
L" END OF QUESTIONS
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