Q1. The table shows how much carbon dioxide is produced when you transfer the same amount
of energy by burning coal, gas and oil.

150
100
Carhon
dioxde
produced
Carhon diozde 50
{(hased on oil = 100)
coal 150
gas 75
. 0
mil 100 coal

(&) Use the information from the table to complete the bar-chart.

)
(b) The second bar-chart shows how much sulphur dioxide is produced by burning the same
three fuels.
Sulphur
dinzde
produced
E——
coal gas ol
Compare the amount of sulphur produced by burning gas with the amount produced by
burning coal.
)
(c) Burning fuels also produces nitrogen oxides, even though the fuels contain no nitrogen.
Explain why this happens.
)
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(d) When you release the same amount of energy from coal, gas and oil, different amounts of
carbon dioxide are produced.

Use the information below to explain why.

Coa tsmanly  MNorth Seagas is
carbon tnanly methane

Cil 15 made from molecul es amilar to
the one shown

@)

(e) What other element do coal and oil usually contain?

@)
(Total 9 marks)

Q2. Crude oil is a mixture of long-chain hydrocarbons. It is cracked to produce a mixture of
smaller alkanes and alkenes. Among the gases formed are ethane and ethene.

(&) Write the structural formula for:

(i) ethane

@)

(i) ethene

@)
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(i)  Give an example of one chemical reaction which both ethane and ethene undergo.

)
(iv) Describe how to distinguish between ethane and ethene. Include a description of the
practical method you would use and what you would expect to observe.
®)
(b) Ethene may be polymerised to form a polymer. Give the name of the polymer and a use
for it.
NAME oo USE i
)
(Total 7 marks)
Q3. The amount of carbon dioxide in the atmosphere is increased by reactions that occur in

internal combustion engines (X) and is decreased by reactions in sea water (Y).

Carbon dioxide

\____'___.-'\________,.
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Describe, in as much detail as you can, the reactions which take place at X and Y.

€2 I G PURTTPR USRI
2
(o) T SR RRUSRR
3)
(Total 5 marks)
Q4. Crude oil is obtained by drilling into the Earth’s crust. The diagram shows a section through

the Earth’s crust to show how this is done.

drilling rig

non-—porous rock

ol

waler

(@) Crude oil contains many hydrocarbons. Which elements do hydrocarbons contain?

@)
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(b) The crude oil is separated by fractional distillation. The diagram shows a column used

for this.
Nameof No. of C atoms
fractiom in molecules
_,7 petroleum gases l o4
T gasoline 4012

naphtha Tto 14

diesel oil 14t 19
lubricating oil 18 to 30

[
|: kerozene 11to 15
[
[

heated _ |
criade o1l
residue more than 30

()  Explain, as fully as you can, how fractional distillation works.

®)
(i)  Naphtha burns more easily than diesel oil. Explain why.
)
(if)  Naphtha contains a saturated hydrocarbon with the formula CH .
Draw the structural formula of this compound.
)

(Total 7 marks)
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Q5.

Q6.

Crude oil is a complex mixture of hydrocarbons, mainly alkanes. The number of carbon
atoms in the molecules ranges from 1 to over 100.

(@ How does the boiling point change as the number of carbon atoms in the
molecules increases?

@
(b) Name the method used to separate petroleum into fractions.
@
(c) The simplest hydrocarbon is methane, CH . Its structure can be represented:
H
I
H—C—H
I
H
Draw the structure of ethane, C H..
@

(Total 3 marks)

To make crude oil more useful it is separated into different fractions.

—= Refinery gas

40°C
| oo ——* PFetrol
e 110°C
Rt
L0
A B L\'v; LROC
—*  Kerosene
iy
al 260°C
. — Gas oil
Crude _IW_E_L\‘ 350°C

————» [Fuel oil

oil —*
]
L 400°c

o

Ower 400°C
>

Heat
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(a) Complete the gaps in the following sentences.

Crude oil is separated into different fractions by a process called .............cccceeeneee.
.................................. . Each fraction has a different ............ccccovvveeiivii i

2

(b) Each fraction is a mixture of compounds. Most of these compounds are hydrocarbons,

made up of the elements hydrogen and carbon.
(i)  Explain the difference between a mixture and a compound.

2
(i)  Explain the difference between a compound and an element.

2

(Total 6 marks)

Q7. Crude oil is a mixture of mostly alkanes.

(@) Crude oil is separated into useful fractions by fractional distillation.

(i)  Describe and explain how the mixture of alkanes is separated by fractional
distillation.

@)

Page 7 of 26



(i)  The table gives the name and formula for each of the first three alkanes.

Complete the table to show the formula of butane.

Name of alkane Formula
Methane CH,
Ethane CH,
Propane CSH8
Butane

(b)  The structural formula of methane, CH,, is:

H
H‘Hﬂ?‘fﬁ]H
H

Draw the structural formula of propane, C3H8

(c) The relative amounts of and the market demand for some hydrocarbons from the
fractional distillation of crude oil are shown in the graph.

50
¥ =% in crude oil
o,
40 < =% market demand
Fy
30 K
Percentage by o 7 N
mass of each = £ A
hvdrocarbon : 2T R A
fraction 20 : P . F < *
1' B
A O
pd i
hs H \'\
].U L u L ~ \\ <
- "'-XJ Y
Lo Tx
R
0 i
C—Cy Cs—Cq Co—Ca C;3Cig Cp—Cy Gy-Cy Cast

Hvdrocarbon fraction

@)

@)
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Q8.

(ii)

(i)

Why is the market demand for the C_ — C_fraction higher than the market demand for
the C,-C, fraction?

)
Cracking is used to break down large hydrocarbon molecules into smaller
hydrocarbon molecules.
Complete the symbol equation by writing in the formula of the other hydrocarbon.
CoH, ColH, + 2

)
The C.-C, fraction has low supply and high market demand.
Suggest three ways in which the oil industry could overcome this problem.
T
ST SSTPRSN
B et e et ettt en et R et aRe Rt be Rt et e Rt eR e e eteeReenteeeeereentenreenee e e

(©)

(Total 10 marks)

A large reservoir is surrounded by trees. Planners need to protect the environment. The
distance around the reservoir is many kilometres. There will be only one road access to a car
park a few kilometres from the reservoir. From the car park people would be transported to
accommodation, activities or places of interest by steam train.

$****§**;#*****

i ‘.i_._n_.l_i‘.i-.l-i"wr““I”"“ﬂm"lu"]{r""’”m"m"' * LerL forest * *
; # 5
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p 1 g g g s, PG
* i e i

-
-

To Larpdrk;
* * * * |

4 .
*. 4 * S # " Track for A
‘i.' ' * * the steam train
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(&) Coal contains carbon and small amounts of sulfur. The steam train would cause
environmental problems if coal were used as the fuel.

Explain why.

4
(b) The planners have stated that, as a result of using the steam train, there must be no
overall increase of carbon dioxide added to the atmosphere. The steam train would be
considered as ‘carbon neutral’ if wood, from the surrounding forest, were used as the fuel.
Suggest why.
3)

(Total 7 marks)
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Q9. Since 2000 there has been a lot more research into alternative, environmentally-friendly fuels
for road transport.

Several pollutants are found in the exhaust emissions produced when fossil fuels are used for
road transport.

Carbon monoxide (CO) interferes with the way that red blood cells carry oxygen. Carbon dioxide
(CO,) increases the level of carbon dioxide in the atmosphere and causes global warming.

Oxides of nitrogen (NOX) are produced at high temperatures when nitrogen and oxygen from the
atmosphere combine.

Sulfur dioxide (SO,) is produced when sulfur impurities in the fuel combine with oxygen in the
atmosphere.

Tiny particles of solids are produced when the fuel does not burn completely.
This increases the level of particulates (PM10) in the atmosphere.
(@) Name the environmental effect caused by:

(i)  oxides of nitrogen (NOX) and sulfur dioxide (SOZ)

@)

(i) the increased level of particulates (PM10).

1)
(b) Diesel obtained from crude oil is often called fossil diesel. Biodiesel can be made from
many vegetable oils. One research project compared the exhaust emissions when fossil
diesel or biodiesel were used as fuels.

Some of the relative amounts of these exhaust emissions are shown in the bar chart.

120
100 {1 Ko
e [] Fasail diesel

Relative . M Biodiesel
amount of 60 . u
exhaust - ]
BT E51011 N ]

20 1 I H

g . [

co MO, 0, P10
Trpe of exhaust emizsion
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(i)  Use your knowledge and the information above to explain the environmental benefits
of using biodiesel as a sustainable, low pollution fuel.

3)
(i) Biodiesel is called a green fuel.
This is because the life-cycle emission of carbon dioxide from biodiesel is less than
that from fossil diesel.
Use your knowledge and the information above to explain why biodiesel's contribution
to global warming is considered to be much less than that of fossil diesel.
3)

(Total 8 marks)
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Q10.

Most power stations burn coal to generate electricity. Burning coal gives off sulfur dioxide
gas which can be removed from the waste gases by using limestone.
This prevents sulfur dioxide from entering the atmosphere and causing acid rain.
One disadvantage of using limestone in a power station is that it releases ‘locked up carbon
dioxide’ into the atmosphere.

Carbon dioxide

Water vapour Emissions
Chimney
Air (oxygen) —* Power
. station .
Mixture of crushed coal —» — Mixture of ash and
and limestone (CaCO,) calcium sulfate (CaSO,)

(@) How does the limestone used in a power station:

(i) release carbon dioxide

(i)  remove sulfur dioxide?

(b) The waste gases from the chimney are monitored. One toxic gas that should not be
released is carbon monoxide.

Explain how carbon monoxide would be formed.

@)

@)

@
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(c) The use of limestone in a power station releases ‘locked up carbon dioxide’ into the
atmosphere.

()  Explain the meaning of ‘locked up carbon dioxide’.

@)
(i)  Why does the release of this carbon dioxide cause an environmental problem?

)
(Total 7 marks)

Q11. To make a plastic, such as poly(ethene), from crude oil involves many processes.

Heat for Heat for
distillation

vicat | Molecules of Heat for Molecule of
Naphtha | €racking | o alkene g polymerisation | 4 plagtic

e 008 et
o g 0"g

(@) Describe how crude oil is separated into fractions.

)
(b) Ethene is produced by cracking the hydrocarbons in the naphtha fraction.
()  Balance the symbol equation for this reaction.
C H — CH + CH
10 22 4 10 2 4
decane butane ethene
)
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(i)  Describe how cracking is carried out.

(c) Alkanes, such as butane (C4Hm)’ do not form polymers.
Alkenes, such as ethene (C_H,), do form polymers.

Explain these statements.

(d) Ethene molecules form the polymer poly(ethene). One molecule in poly(ethene) will
contain thousands of carbon atoms. The diagram represents part of a poly(ethene)

molecule.
H H H H H H

—C—C—C—C—C—C—

H H H H H H

Propene molecules form the polymer poly(propene).

H H

|

1
H CH;

Propene molecule

@

@
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Draw a diagram to represent part of a poly(propene) molecule.

)
(Total 9 marks)

Q12. Petroleum diesel is produced from crude oil.

Most vehicles that use petroleum diesel as fuel can also use biodiesel or a mixture of these two fuels. In
the UK (in 2010) there must be 5 % biodiesel in all petroleum diesel fuel.

Biodiesel is produced from plant oils such as soya. The crops used to produce biodiesel can also be
used to feed humans. The benefit that biodiesel is ‘carbon neutral’ is outweighed by the increasing
demand for crops. This increasing demand is causing forests to be burnt to provide land for crops to
produce biodiesel. Only a huge fall in the price of petroleum diesel would halt the increasing use of
biodiesel.

The graph shows the average percentage change in exhaust emissions from vehicles using different
mixtures of petroleum diesel and biodiesel.

20
0 = T
~ Key
Average Acidic nitrogen
percentage - oxides
change in —20 s Carbon
exhaust T monoxide
emissions TR
R Carbon
> dioxide
—40 SR Particulates
.!""T-
—-60
0 20 40 60 80 100

Percentage of biodiesel in the fuel mixture
There is no difference in carbon dioxide emissions for all mixtures of petroleum diesel and biodiesel.

Use the information and your knowledge and understanding to evaluate the use of plant oils to produce
biodiesel.

Remember to give a conclusion to your evaluation.
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(%)
(Total 5 marks)

Q13. Crude oil is a mixture of hydrocarbons. Most of these hydrocarbons are alkanes.

(@) The general formula of an alkane is CnH2n+2
Complete the structural formula for the alkane that has six carbon atoms in its molecules.
H H H H

N
AR

H H H H

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

80 HEEEEE
ITTIT 111

60

40

20

—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.

(€
(i)  Suggest two reasons why all of the alkanes in the bar chart are better fuels than the
alkane with the formulaC_H_
e s
SRRSO
@)
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(©

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.

2CH + 250 —_— e CO + o HO
8 18 2 2 2
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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Q14. This information about diesel was printed in a magazine.

Almost all of the crops that we eat can be converted into fuel for cars.

Vegetable oils can be used as biodiesel. Diesel from crude oil is called fossil diesel.

When either biodiesel or fossil diesel burn they both produce similar amounts of carbon dioxide.
Both types of diesel produce carbon monoxide. However, biodiesel produces fewer carbon
particles and less sulfur dioxide.

(@) Carbon monoxide can be produced when diesel burns in a car engine. Explain how.

@)
(b) Use the information at the start of this question and your knowledge and understanding to
evaluate the use of biodiesel compared with fossil diesel as a fuel for cars.
Remember to give a conclusion to your evaluation.
®)

(Total 7 marks)
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Q15.

Read the article and then answer the questions.

Milk bottles are made from glass or from plastic.

Glass milk bottles contain 0.5 litres of milk. When the milk is used up the empty
bottles are returned to be re-used. Glass milk bottles are re-used 24 times on
average. The glass to make new milk bottles is produced when a mixture of sand,
limestone, soda and recycled glass is heated to about 1600 °C in a furnace. There
are almost unlimited amounts of the raw materials needed to produce this glass.
About 35% of used glass is recycled.

The most common plastic milk bottles contain 2 litres of milk. When the milk is
used up the empty bottles are discarded as waste. The plastic used to make these
milk bottles is poly(ethene). Poly(ethene) is produced from crude oil by first using
fractional distillation, then cracking the naphtha fraction and finally polymerising the
ethene. About 5% of used poly(ethene) is recycled.

The new plastic milk bags contain 2 litres of milk. The milk bags are also made

from poly(ethene). A milk bag uses 75% less poly(ethene) than is used to make the
poly(ethene) milk bottles. When the milk is used up the empty bags are discarded as
waste.

Supermarkets launch eco-friendly plastic milk bags.
Could this be the end of the milk bottle?
L /

!
II 75% less packaging '.
|

(@)

Describe what happens in fractional distillation so that fractions, such as naphtha, are
separated from crude oil.

@)
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(b) Supermarkets claim that using milk bags instead of milk bottles would have less
environmental impact.

Do you agree with this claim?

Use the information in the article and your knowledge and understanding to make
appropriate comparisons to justify your answer.

(4)
(Total 7 marks)

Q16. Most petrol used in cars contains about 5% ethanol (C,H,OH).

(&) The complete combustion of ethanol produces carbon dioxide and water.
Complete and balance the symbol equation for the complete combustion of ethanol.

CZHSOH + O = PP TPREUPPRII
2
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(b) Ethanol can be produced from octane (C H ).

8 18
The two chemical equations represent the production of ethanol from octane.
Equation 1: CH - (H + 2CH
8 18 4 10 2 4
Equation 2: CH, + HO - (CHOH

(i)  In Equation 1 the products are a mixture of two gases.

Describe a chemical test that would indicate the presence of ethene (C2H4) in the

mixture.

@)
(i)  Describe, as fully as you can, the conditions used for the two reactions to produce
ethanol from octane.
Use Equation 1 and Equation 2 to help you with your answer.
(4)

(Total 8 marks)
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Q17.

There has been research into fuels for car engines.

Ethanol C,H,OH -114 +14 21.2
Diesel hydrocarbons About —24 +64 38.6
Petrol hydrocarbons About -57 -45 34.8
Rapeseed oll fats About +5 +130 32.8

The flashpoint is the lowest temperature a fuel vapour ignites in air.

(@) The melting point of ethanol is precise but the other melting points are approximate.

Suggest why.

(b) Ethanol is produced by fermentation of sugar cane. Rapeseed oil is produced by pressing

rapeseeds. Waste plant material from both processes is used to feed animals.

(i)  Describe how the process of fermentation is done.

(i)  Carbon neutral fuels do not increase the amount of carbon dioxide in the
atmosphere.

Suggest why using a biofuel, such as ethanol or rapeseed oil, is thought to be carbon
neutral.

@

@

@
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(c) When any fuel from the table is used in a car engine, the exhaust gases contain nitrogen
oxides.

Explain why.

@)
(d) Evaluate replacing petrol with ethanol as a fuel for cars.
To gain full marks you should give a justified conclusion.
Use the information from the table and your knowledge to answer this question.
4)

(Total 12 marks)
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