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Barbecues are heated by burning charcoal or burning hydrocarbons.

(&) Use the Chemistry Data Sheet to help you to answer this question.
The chemical equation for charcoal burning is:
C + 0O,b, —» CO,
Complete the word equation for this reaction.

carbon + — carbon dioxide

1)
(b) Propane is a hydrocarbon.

(i)  Complete the displayed structure of propane. Draw in the missing bonds.

H H H

H—C C C H

H H H
1)

(i)  Write the chemical formula of propane.

1)

(i) Draw a ring around the correct answer to complete the sentence.

hydrogen.
Propane burns in air to produce carbon dioxide and hydroxide.

water.

1)
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©)

The table shows information about six hydrocarbons.

State at room

Hydrocarbon temperature (20°C) Boiling pointin °C
Ethane (C,Hg) gas -89
Ethene (C,H,) gas -104
Butane (C4H1g) gas -1
Butene (C4Hjg) gas -6
Hexane (CgH14) liquid +69
Hexene (CgH1>5) liquid +64
Tick (v") two correct statements about the six hydrocarbons.
Statement Tick (v)

Ethane and butane boil at temperatures less than 20°C.

Hexene and butene are alkanes.

Butane and hexane are liquid at 0°C.

Ethene and hexene each have a carbon-carbon double bond.
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Crude oil is used to make useful substances such as alkenes and plastics.

(@)

The alkene shown is ethene.

(i)

(ii)

I—0O—I
I
I—0O—=I

Tick ( v") the correct formula for ethene.

Formula

Tick (v)

CH,

CoH,

CoHs

Tick (¥") the name of the plastic formed when many ethene molecules join together.

Name of plastic

Tick ( v)

Poly(ethene)

Poly(ethenol)

Poly(propene)
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(b) Read the article about plastics and then answer the questions.

THE PROBLEM WITH PLASTIC WASTE
Millions of tonnes of plastics are made from crude oil every year.
Most of the litter found on beaches is plastic waste.

80 % of plastics produced end up in landfill sites.

(i) Draw aring around the correct answer in the box to complete the sentence.

decomposes.

Plastic waste needs to be removed from beaches because it is reactive.

is not biodegradable.

1)

(i)  Suggest a problem caused by 80 % of plastics going to landfill sites.

)

(i) Suggest one way of reducing the amount of plastics going to landfill sites.

1)
(Total 5 marks)
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The figure below shows the displayed structures of five organic compounds, A, B, C, D and E.

A B Cc
H H H H H O H H
HoG—G—0—H  ¢=¢  H—C—G—o—0—&—H
I A A

D E
H H H

H—é—é—ﬂ H—é—CZD
o Lo

(& Choose which organic compound, A, B, C, D or E, matches the descriptions.
You may choose each compound once, more than once or not at all.

Write the letter of the compound that:

(i) is asaturated hydrocarbon

(i)  comes from a homologous series with the general formula C,Ho,

(i)  has the empirical formula C,HgO

(iv) reacts with calcium carbonate to produce carbon dioxide

(v) reacts with compound A to produce compound C.

Oxford International AQA Examinations

1)

1)

(1)

1)

1)

Page 6 of 20



(b) Compound B (C,H,) and CgH;g are produced by cracking C;4H3q
CigHzg ——* 3CyHs + CgHyg

()  Give two conditions for cracking.

()

(i)  Explain why CgH4g has a lower boiling point than C;4H3q

()

(c) Compound B is a colourless gas.
Give a chemical test and its result to show that compound B is unsaturated.

Test

Result

(2)

(d) Compound B is ethene.

Complete the equation to show the formation of poly(ethene) from ethene.

H H
||

n C=0C  —
|
H H

(©)
(Total 14 marks)
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Crude oil is a mixture of hydrocarbons. Most of these hydrocarbons are alkanes.
(@) The general formula of an alkane is C Hzn42

Complete the structural formula for the alkane that has six carbon atoms in its molecules.

H H H H

I
YT
H H H H

1)
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(b) The boiling points of alkanes are linked to the number of carbon atoms in their molecules.

80

60

40

20

-20
Boiling —40
point
in°C _g0o

—801

—100-

—120-

~140-

—160-

-180

Number of carbon atoms in molecules

(i)  Describe the link between the number of carbon atoms in an alkane molecule and its
boiling point.

1)
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()

(i)  Suggest two reasons why all of the alkanes in the bar chart are better fuels than the
alkane with the formula C3pHg,

1.

(2)

During the last 200 million years the carbon cycle has maintained the percentage of carbon
dioxide in the atmosphere at about 0.03 %.

Over the last 100 years the percentage of carbon dioxide in the atmosphere has increased
to about 0.04 %.

Most of this increase is caused by burning fossil fuels to heat buildings, to generate
electricity and to power our transport.

Fossil fuels contain carbon that has been locked up for millions of years.

()  Burning fossil fuels, such as petrol, releases this locked up carbon. Balance the
chemical equation for the combustion of one of the alkanes in petrol.

2 CgH1s + 25 0O, CO, + H,O

—h —
(1)

(i)  Where did the carbon that is locked up in fossil fuels come from?

1)

(i)  The burning of fossil fuels has caused the percentage of carbon dioxide in the
atmosphere to increase to above 0.03 %.
Explain why.

2)
(Total 8 marks)
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(@) Alkanes are important hydrocarbon fuels. They have the general formula C,Hs.»

The points on the graph show the amount of energy released when 1 mole of methane
(CH,), ethane (C,Hg), propane (C3Hg) and butane (C4H;() are burned separately.

6000
Energy  HOHHHHHH R
released EEEE| M
in kJ 3000 B 1 ) S
per mole H e : T
®
2000 —t- :
RENR RSN A S R O S W R
10004
b
CH C,Hg CsHg  C4Hyy  CgHyp  CgHyy  CiHig  CgHyg
Alkane
(i)  Draw a line through the points and extend your line to the right-hand edge of the
graph.
1)
(i)  Use the graph to estimate the amount of energy released when 1 mole of octane
(CgH1g) is burned.
Energy released = kJ
1)
(i) Suggest why we can make a good estimate for the energy released by 1 mole of
pentane (CsHy»).
1)
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(iv) A student noticed that octane (CgH1g) has twice as many carbon atoms as butane
(C4H4p), and made the following prediction:

“When burned, 1 mole of octane releases twice as much energy as 1 mole of
butane.”

Use the graph to decide if the student’s prediction is correct. You must show your
working to gain credit.

(2)

(b) Some information about four fuels is given in the table.

Combustion products
Fuel Type Heat released CO, SO, H,O Type of flame
in kJ perg
Bio-ethanol Renewable 29 v v Not smoky
Coal Non-renewable 31 v v v Smoky
Hydrogen Renewable 142 v Not smoky
Natural gas Non-renewable 56 v v Not smoky

From this information a student made two conclusions.
For each conclusion, state if it is correct and explain your answer.

(i) “Renewable fuels release more heat per gram than non-renewable fuels.”

(2)
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(i)  “Non-renewable fuels are better for the environment than renewable fuels.”

2
(Total 9 marks)

Poly(butene) is a polymer made from crude oil in two stages.

(@) The first stage in making poly(butene) is to break down large hydrocarbon molecules from
crude oil into smaller hydrocarbon molecules, as shown in the figure below.

C._H — Reactor — CBH_E + G4H5 + EGEH4

()  The products contain two types of hydrocarbon with different general formulae.

Name the two types of hydrocarbon.

(1)

(i)  Describe the conditions in the reactor.

()

(i) Suggest why air must not enter the reactor.

1)
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(iv) Suggest a method that can be used to separate butene (C4Hg) from the other
hydrocarbons.

1)
(b) The second stage is to use butene (C4Hg) to produce poly(butene).

(i) Draw the displayed structure of a butene (C4Hg) molecule.

)

(i)  Describe how molecules of butene (C,Hg) form poly(butene).

2
(Total 8 marks)
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Mark schemes

(&) oxygen

1

must be name

do not accept oxide or dioxide

() () 2xC-C

and
5x C-H
all single (line) bonds
1
(i)  CzHg
must be formula
do not accept lower case h
1
(i)  water

(c) ethane and butane boil at temperatures less than 20°C

ethene and hexene each have a carbon-carbon double bond

(6]
(@ (@) CaHy
2 1
(i)  poly(ethene)
1
(b) (i) is not biodegradable
1
(i)  not enough landfill sites / space
accept landfill sites are filling up or plastics remain for years or
plastics not broken down
ignore cost / waste of resources / not biodegradable / wildlife
1
(i) recycle / burn
accept reduce the amount of packaging used
ignore reused
1
(5]

3| ®@ O D
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(i) B

@y A
(iv) E
(v) E

(b) (i) high temperature
ignore hot / heat
allow temperature quoted (range 300-900 °C)

catalyst or steam

(i) CgHyg smaller molecule
It = C8H18

therefore there are weaker intermolecular forces
allow intermolecular bonds
do not accept breaking covalent bonds / bonds

or

weaker intermolecular forces in CgHqg (1)
allow intermolecular bonds

so less energy to break (1)

(c) add bromine water

turns (from orange / yellow / red / brown) to colourless or decolourises
do not accept discoloured
ignore clear incorrect test = 0 marks

(d)
H H}
| 4
|
H H/n

single C — C bond

four carbon-hydrogen bonds in place and two trailing bonds
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(@)

(b)

()

complete diagram with 2 carbon atoms and 5 hydrogen atoms each C-C

structure in brackets and n at bottom right

and each C-H linked by a single line (bond)

(i)

(ii)

(ii)

(iii)

the greater the number of (carbon) atoms (in an alkane molecule) the

greater its boiling point or vice versa

allow as the (carbon) chain gets longer the boiling point increases

ignore melting points

do not accept reference to greater number of molecules

they = hydrocarbons from the graph
it = C30H62

any two from:

low boiling point / volatile
accept they are gases or liquids

low viscosity

high flammability
accept easier to burn / ignite

small molecules
accept short chains
ignore number of carbon atoms

burn completely
ignore speed of burning

16 (CO,) + 18 (H,0)

(carbon dioxide in the Earth’s early) atmosphere

accept from volcanoes (millions of years ago)
or from dead plants / animals

allow dead sea creatures

ignore shells

increase in burning / use of fossil fuels
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(@)

(b)

(ii)

(iii)

(iv)

(i)

locked up carbon (carbon dioxide) is released
allow carbon / carbon dioxide from millions of years ago is released
accept extra carbon dioxide is not ‘absorbed’ (by the carbon cycle)

(8]

straight line through the ‘points’ and extended to C gHig
do not accept multiple lines

5500
range 5400 to 5600
accept ecf from their graph

it is a straight line graph
allow directly proportional
accept constant difference between (energy) values
accept CsH;, close to values on the graph
or CsHq, comes in middle of the graph
ignore ‘fits the pattern’ unqualified
ignore ‘line of best fit’
ignore ‘positive correlation’

expected ranges for working are:
accept correct numerical answer as evidence of working

(5400 to 5600) — (2800 to 2900) = (2500 to 2800)
or

their value from (a)(ii) — a value from 2800 to 2900
or

(5400 to 5600) / their (a)(ii) divided by 2

or

a value from 2800 to 2900 - 2

no / not quite / almost / yes
this mark is only awarded on evidence from their correct working

incorrect / no or partially correct
ignore references to hydrogen
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(@)

(ii)

(i)

(ii)

bio-ethanol produces least energy

or

mark independently

bio-ethanol produces 29 kJ

ignore incorrect / correct

any two from:

hydrogen produces only H,O
accept hydrogen does not produce harmful gases / CO, / SO,

coal produces SO,
allow coal causes acid rain / respiratory problems

coal produces smoke
allow coal causes global dimming

both renewable and non-renewable fuels produce CO,

accept bio-ethanol and natural gas / coal produce CO, / global
warming

(both) the non-renewable fuels produce CO ,
accept coal and natural gas produce CO, / global warming

(both) renewable fuel s produce no smoke

accept hydrogen and bio-ethanol do not produce smoke / global
dimming

(both) renewable fuel s produce no SO,

accept hydrogen and bio-ethanol

do not produce SO, / acid rain

[9]

alkanes and alkenes

any order
allow saturated and unsaturated (hydrocarbons)

high temperature

allow temperatures from 300 — 900 °C
allow vapours
ignore heat / hot or pressure
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catalyst or steam
allow zeolite / aluminium oxide
ignore names of other catalysts

(i)  oxygen could react / burn with the hydrocarbons
allow oxygen could cause an explosion

(iv) (fractional) distillation

(b) () displayed structure of butene drawn

(i)  many monomers or many butene molecules

form chains or very large molecules

if no other mark awarded allow double bond breaks / opens up or
double bond forms a single bond for 1 mark

(8]
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