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Percentage
of electricity 2.0
generated (%)

This question is about fuels and energy.

Figure 1 shows the percentage of electricity generated in the UK between
2007 and 2017 using:

e Oil

e solar energy.

Figure 1
I I [T1 I
| Key
3'5_: [ ] Oil [l Solar energy
3.0
25
15 -]
1.01+
O‘S-A 1
0 ‘ C ]
2007 2009 201 2013 2015 2017

Year

|I| Describe the changes in the percentage of electricity generated in the UK between

2007 and 2017 using:
e Oil

e solar energy.

Use data from Figure 1 in your answer.
[3 marks]

M 0zt of ol \eo dosiensed o 2% b 0-5%

e cuge o} ool w%mcm@d fm O% [ > 4%

Bebwoon 2007 aud 2011, ave ol e vsed aud
bdwoan 2013 @ud 2017, e selar ST TINRW.S usod].
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@ Oil contains carbon and some sulfur. box

When oil is burned, the products of combustion may be released into the atmosphere.

Explain the environmental effects of releasing these products of combustion into
the atmosphere.

[6 marks]

1B/M/Jun21/8462/2H
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@ Suggest one reason why using solar energy is a more sustainable way of generating box
electricity than burning oil.
[1 mark]
Sdac o o togwalde s o ewran,
I ad
E Solar energy may not be able to replace the generation of electricity from
fossil fuels completely.
Suggest two reasons why.
[2 marks]
i Ok ok sandiie & anidiakle
2 lncieasod  dowmd [ ensrapn,
L4 J u —_—
12

Turn over for the next question
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This question is about alkanes.

Table 1 shows information about some alkanes.

Table 1
Number of carbon atoms Boiling point of alkane
in alkane molecule in °C
4 0
5 36
6 69
7 X
8 126
9 151
El Plot the data from Table 1 on Figure 2.
Figure 2
/
160 o
140
/
120 7
. /
point of /
alkane
in °C
60
40
20
/
/
0
1 2 3 4 5 6 7 8 9 10
Number of carbon

atoms in alkane molecule

[2 marks]
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El Predict the boiling point X of the alkane with seven carbon atoms in a molecule.

Use Table 1 and Figure 2.
[1 mark]

x= 100 ¢

E Figure 2 is not suitable to show the boiling point of the alkane with three carbon
atoms in a molecule.

Suggest one reason why.

T Colouy pral df Qe s (ower
Qan  0°C

[1 mark]

E What is the state at 20 °C of the alkane with four carbon atoms in a molecule?

Use Table 1.

A G

[1 mark]

Question 2 continues on the next page
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Table 1 is repeated below.

Table 1
Number of carbon atoms Boiling point of alkane
in alkane molecule in °C
4 0
5 36
6 69
7 X
8 126
9 151

The alkane with nine carbon atoms in a molecule is called nonane.

E Complete the formula of nonane. Cr\ Hgm 4 2

[1 mark]
Ca‘ H (9.::0\) td
Ca o

CgHio_

E Nonane will condense lower in a fractionating column during fractional distillation
than the other alkanes in Table 1.

Explain why.

You should refer to the temperature gradient in the fractionating column.

ﬁaﬂm‘uﬁa\\m\w\amhm oml(imw\
M,_umm C(N\CQOAIBBS wier Uy

W o \pleo (omgiadue e, oot daw (o
Senekcmakous -

[2 marks]
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This question is about paper chromatography.

A food colouring contains a dye.

|I| Plan an investigation to determine the Rt value for the dye in this food colouring.

_ distance moved by substance
"~ "distance moved by solvent

Your plan should include the use of:

e a beaker
e a solvent

e chromatography paper.

[6 marks]

Q&LJC(Q CﬂF g(uﬂ

Meosione  distmng edwenn otak (o oud
aoluenk  frowl:-

Use 5 G Qoo B ¢ valus .
L
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IZ| Two students investigated a dye in a food colouring using paper chromatography. box
Each student did the investigation differently.
The Ry values they determined for the same dye were different.

How did the students’ investigations differ?
[1 mark]
Tick (v') one box.

Different length of paper used

Different period of time used

Different size of beaker used

Different solvent used \/

. Paper chromatography involves a stationary phase.

What is the stationary phase in paper chromatography?
[1 mark]
Tick (v) one box.

Beaker

Dye

Paper \/

Solvent

Turn over »
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This question is about poly(ethene) and polyesters.
|I| Poly(ethene) is produced from ethene.
Figure 3 shows part of the displayed structural formula equation for the reaction.
Complete Figure 3.
[2 marks]
Figure 3
T T
n C=C —— C—C
H H H Hlip
IZ| Poly(ethene) is a thermosoftening polymer.
Suggest why poly(ethene) is easier to recycle than thermosetting polymers.
[2 marks]
OGU\ (M) walls, so o can oo eshoypeol
ools  how (xuﬂucks
E Ethene produces different forms of poly(ethene).
How can different forms of poly(ethene) be produced from ethene?
[1 mark]

12
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E Two different forms of poly(ethene) are: box

¢ high density poly(ethene) (HDPE)
¢ low density poly(ethene) (LDPE).

Figure 4 represents part of the structures of HDPE and LDPE.

Figure 4

Explain why HDPE has a higher density than LDPE.
[2 marks]

la HOPE By pbywor Nais ove ot laogllloc

Question 4 continues on the next page.
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Figure 5 shows three monomers, A, B and C.

Monomer A can react with monomer B and with monomer C to produce polyesters.

i
'il Figure 5 ||4 B
H—0—c {— 1 Cc—o-—H

o—c—{_ Monomer A —CI‘ —2,.5
- H Cober
Eoker H i
|N\k R
O:?—:—C':O O:(|3—|:I—(|3:O
H—O O—H Cl Cl
Monomer B Monomer C

[o[4][5]

[0]4][e]

Draw a circle on Figure 5 around an alcohol functional group.
[1 mark]

Complete Table 2 to show the formula of the small molecule produced when:

e monomer A reacts with monomer B

e monomer A reacts with monomer C.

[1 mark]
Table 2

Reacting monomers | Formula of small molecule produced

Aand B HQ.O
AandC H (1

Do not write
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Lo]5].[1]

Lo]5][2]

This question is about fertilisers.

Some fertilisers are described as NPK fertilisers because they contain three elements
needed for healthy plant growth.

Which two compounds each contain two of these elements?
[2 marks]

Tick (v') two boxes.

Ammonium nitrate A/

Ammonium phosphate N < P /

Calcium chloride

Calcium phosphate P

Potassium chloride [<

Potassium nitrate \< 4 }\/ (/

Rocks containing calcium phosphate are treated with acid to produce soluble salts
that can be used as fertilisers.

Name the soluble salts produced when calcium phosphate reacts with:

cnicacid  Cag (P0y), +6HNO, —>JH,P0, 3a(A0,)
e phosphoric acid. Covb (POq, . +GH5P04%5(0‘ (HIPO‘J:( +5H2

[2 marks]
Nitric acid CCIXUMM\ Nl(ab. CO\ (\noﬁ)ﬂ
Phosphoric acid \ i )\ \lalz CO\ H PO

N
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E Ammonium sulfate is a compound in fertilisers.

Ammonium sulfate can be made using an industrial process or in the laboratory.

In the industrial process, the following steps are used.

1. React streams of ammonia solution and sulfuric acid together.
2. Evaporate the water by passing the solution down a warm column.

3. Collect dry crystals continuously at the bottom of the column.

In the laboratory, the following steps are used.

1. React ammonia solution and sulfuric acid in a conical flask.
2. Evaporate water from the solution until crystals start to form.
3. Leave to cool and crystallise further.

4. Separate the crystals using filtration.

5. Dry the crystals between pieces of filter paper.

Evaluate the two methods for producing a large mass of ammonium sulfate.

[4 marks]
J&Mmﬁ Oaes:

Do not write
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box

17

Turn over »

1B/M/Jun21/8462/2H



18

This question is about cycloalkenes.

Cycloalkenes are ring-shaped hydrocarbon molecules containing a
double carbon-carbon bond.

Cycloalkenes react in a similar way to alkenes.

Lofe][1]

Describe a test for the double carbon-carbon bond in cycloalkene molecules.

Give the result of the test.

Test (\&A \’)Mﬂ WG'Q!-M

Result Q[Mﬂ%ﬂg, !m l&)m@[g@uga &; gg&(a_,l(g%

[2 marks]

@ Table 3 shows the name and formula of three cycloalkenes.

d!hﬂll'- C!\ Hln

Table 3

.: ,I| .: ,I. Name Formula
H—f—f—?—'c=€.—|C—il Cyclobutene C4Hs
WoW oW HOWOH Cyclopentene CsHs
CF,\\ Cyclohexene CeH1o
0\6/ \CIS‘"
N When e end C alowss join Logebluec
¥ gr Lo fow a m«p 1 H aloua {emoved
¥ Determine the general formula tor cycloalkenes.

[1 mark]
S‘, g’—cz . \2, General formula = %‘-9—
5 | 10-2= 9
¢ 12-2 = 10
n 21\ - 2
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Figure 6 shows the displayed structural formula of cyclohexene, CeH1o

Figure 6
H\ /H
¢’ H (1, bchaues
Hoo ¢ CL ik
O
— I |
T W Tel for =

W Saus G (7)

Chlorine reacts with cyclohexene to produce a compound with the formula CsH10Cl2

E Complete Figure 7 to show the displayed structural formula of CeH10Cl2

[2 marks]
CL —_ CL Figure 7
H
/7
Se=¢ NV
/ Ny
1 H C H
NN S
H—C C —CL
o | |
L H-C C—cCL
—C —C—H
T ERVRAN
HooM /\
™ H
E Calculate the percentage by mass of chlorine in a molecule of CsH1oCl>
Relative atomic masses (A;): H=1 C=12 Cl=355
[3 marks]

CHACL = (axe) 4 (1= 10) 4 (255 )
= |55
N, (l, =(256x) = 7]

Lol

Do not write
outside the
box

7 (L =71, (007
15% _
Percentage by mass = Ll' G L-|- % 8
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Potash alum is a chemical compound.

The formula of potash alum is KAI(SOa):

Give a test to identify the Group 1 metal ion in potash alum.

You should include the result of the test.

Test F leg (-92"
Result L(Laa QMQ

[2 marks]

Name one instrumental method that could identify the Group 1 metal ion and show
the concentration of the ion in a solution of potash alum.

-\ y

[1 mark]

2 0
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A student identifies the other metal ion in potash alum. box

The student tests a solution of potash alum by adding sodium hydroxide solution
until a change is seen.

@ Give the result of this test.

[1 mark]
( - o=
E This test gives the same result for several metal ions.

What additional step is needed so that the other metal ion in potash alum
can be identified?
Give the result of this additional step.

[2 marks]
Additional step H(ﬁd fgj@gg ch g‘ggm k%&lgdc

Result P(Q‘ el X %

E Describe a test to identify the presence of sulfate ions in a solution of potash alum.

Give the result of the test.

Test Ndd &)M('um IMocide  salubin
ad  dolde  wdoddeic  awd

Result \I\)\ﬂ(tﬂ. ‘ompiaﬂ.z [m%
J‘)@) QDCA KQSL S,Q{ Sum‘,ahg: 9

[3 marks]

2 a-
O\ -+ 60 l — 60&50.,‘_‘_ (Z))

Turn over »
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[o[8][1]

IZ| Suggest one reason why solders B and C have different melting points.

This question is about copper and alloys of copper.

Solders are alloys used to join metals together.

Some solders contain copper.

Table 4 shows information about three solders, A, B and C.

Table 4

Solder Melting point in °C

Metals in solder

A 183 tin, copper, lead
B 228 tin, copper, silver
C 217 tin, copper, silver

Solder B and solder C are now used more frequently than solder A for health reasons.

Suggest one reason why.

Use Table 4.

[1 mark]

o ol o

Use Table 4.

T papodins ok nalale ate  difloient

[1 mark]

2 2
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lo]s][3]

Copper can be obtained by:
e processing copper ores

e recycling scrap copper.

Suggest three reasons why recycling scrap copper is a more sustainable way of
obtaining copper than processing copper ores.
[3 marks]

Question 8 continues on the next page

2 3
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Copper is extracted from low-grade ores by phytomining.

E Describe how copper is extracted from low-grade ores by phytomining.

[4 marks]

E Phytomining has not been widely used to extract copper.

Suggest two reasons why.
[2 marks]

1 1

Do not write
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A student investigated how a change in concentration affects the rate of the reaction
between zinc powder and sulfuric acid.

The equation for the reaction is:

Zn(s) + H2SOs(aq) — 2ZnSOs(aq) + Hz(g)

This is the method used.

1. Pour 50 cm? of sulfuric acid of concentration 0.05 mol/dm3into a conical flask.
2. Add 0.2 g of zinc powder to the conical flask.

3. Put the stopper in the conical flask.

4. Measure the volume of gas collected every 30 seconds for 5 minutes.

5. Repeat steps 1 to 4 with sulfuric acid of concentration 0.10 mol/dm3

Figure 8 shows the apparatus used.

Figure 8

[
(r l

II’ The student made an error in setting up the apparatus in Figure 8.

What error did the student make?

D&hexg (e & n suﬂrmc‘z aud

[1 mark]

2 5
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Do not write
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The student corrected the error. box
Figure 9 shows the student’s results.
Figure 9
HH
80 EEEN Ry ZPREENENEYE
 (300,75)
7o dH / LLE //
Volume 50{ ¢ (xadienk = Onowne | ASEOICY
of gas ::,’::/,_ T[T
A
30//.' v/ [ . og
ESIEE 200-9
201 3
iR = 0205 an’l>
10 V’ m
0 50 100 150 200 250 300
Time in seconds
Key
0.05 mol/dm3 sulfuric acid
----- 0.10 mol/dm?3 sulfuric acid
|Z| Explain why the lines of best fit on Figure 9 become horizontal.
[2 marks]
Aeaeltan  \wpe  shopgd
\
becamsr o teadank o \oon used ap
El How does Figure 9 show that zinc powder reacts more slowly with 0.05 mol/dm?
sulfuric acid than with 0.10 mol/dm3 sulfuric acid?
[1 mark]
. -3 . .
(TR loc 0-05 wol dwi” sedlucce  acd
So) kQXb 6(.20(\)
‘ ‘|||||2|||‘|6|||| |||‘ 1B/M/Jun21/8462/2H
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E Determine the rate of the reaction for 0.05 mol/dm? sulfuric acid at 80 seconds.
Show your working on Figure 9.

Give your answer to 2 significant figures.

[5 marks]

me (MU\QML ak %0s on 005 wd dun-  cuwrue
. 0 . “}:

Grodienk = Unause in o QQLL _ O{(ML\QML

= 0-205 /9 Rate of reaction (2 significant figures) = O 1\ (_l 5[\\ cmd/s

E The activation energy for the reaction between zinc and sulfuric acid is lowered if a
solution containing metal ions is added.

What is the most likely formula of the metal ions added?
[1 mark]

Tick (v') one box.
Al /\/xawhm (\\QLO.QQJ N
s calabisls

o v Ca s (Mlb
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This question is about alkenes and alcohols.

Ethene is an alkene produced from large hydrocarbon molecules.

Large hydrocarbon molecules are obtained from crude oil by fractional distillation.

m Name the process used to produce ethene from large hydrocarbon molecules.

[1 mark]
M&G\;tc aazhw\\l

@ Describe the conditions used to produce ethene from large hydrocarbon molecules.

[2 marks]
Ui Comngorakinie
Saamo | cakaloysl

2 8
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E Ethanol can be produced from ethene and steam.

The equation for the reaction is:
CoHs(g) + H20O(g) = C2oHs0H(g)
The forward reaction is exothermic.

Explain how the conditions for this reaction should be chosen to produce ethanol as
economically as possible.

Qals:
Heolor Tempenalaane e Wikt tal due G,
Hoor Pesmisie ques Widhos cals due
Mane q'&czmu!' (02!!’5!.0!!9-
CQLM !z uaz!('o .!\.§ ! ]

Yeld

ICO\‘W( '(moemhw( lagv.az QM gzecgmg

cathing & exalhacnit

lojor Qesmnre g Wuidon %ﬂ‘dg] \gcaver Oeode  ane

mmmmohtaba on Gk haud sido.

Obhex (aclms

o Temguadkaes oud Pregualeg 112 wmate eurigy aud
tnckeast Casl:.
U Piesaon tequices  chamaer  temebian vessels o0

[6 marks]

Owrson Tamuiakaws oud Prestuks @it o compromisg
\eweon tale, opidd aud cosk.

2 9
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E Ethanol can also be produced from sugar solution by adding yeast. box

Name this process.

Fexmanlilcan

[1 mark]

E Butanol can be produced from sugar solution by adding bacteria.

Sugar solution is broken down in similar ways by bacteria and by yeast.

Suggest the reaction conditions needed to produce butanol from sugar solution
by adding bacteria.

[2 marks]

Wamn

Onamcloie  condikinvs
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Ethanol and butanol can be used as fuels for cars.

E A car needs an average of 1.95 kJ of energy to travel 1 m
Ethanol has an energy content of 1300 kilojoules per mole (kJ/mol).

Calculate the number of moles of ethanol needed by the car to travel 200 km
[3 marks]

C’fo\ﬂ aaaded o tiard 200%m: 200 1000 m

= 200,000m % {-15 &I
= 310,000 &)
N’ wales = 210.000 W3 = 200 wdeg
1200 &3 [mal

Number of moles = BOO mol

. When butanol is burned in a car engine, complete combustion takes place.

Write a balanced equation for the complete combustion of butanol.

You do not need to include state symbols.
[2 marks]

CofaOH  + 60, = 4 (0, + 54,0

Do not write
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