C7: Organic Chemistry 1

ANSWER KEY

171

What is crude oil?

A mixture of hydrocarbons

17.2 What is crude oil formed from? The remains of ancient biomass (mostly
plankton)
17.3 Crude oil is a finite resource. What is One that will run out (non-renewable)
meant by a finite resource?
17.4 What is a hydrocarbon? A compound made of atoms of carbon and
hydrogen only
17.5 What is an alkane? A hydrocarbon with only single bonds
17.6 How many covalent bonds does each 4
carbon atom form in an alkane?
17.7 Name the first four alkanes e Methane (Monkeys)
e Ethane (Eat)
e Propane (Peeled)
¢ Butane (Bananas)
17.8 What is the general formula for CnHzn+2
alkanes?
17.9 How does boiling point change as The longer the molecule, the higher its boiling point
alkane molecules get longer?
17.10 Why does the boiling point e stronger forces of attraction
increase? e Dbetween the longer molecules
e so more heat energy needed to
separate the molecules
17.11 How does viscosity change as alkane The longer the alkane, the more viscous (the
molecules get longer? thicker) it is
17.12 How does flammability change as The longer the alkane, the less flammable it is
alkane molecules get longer?
17.13 What is fractional distillation? A process used to separate mixtures of
substances with different boiling points
17.14 What are the steps involved in e Crude oil is heated into vapour

fractional distillation?

¢ which rises up tower, cools, condenses

e similar chain lengths condense at
similar points on tower

e as they have similar boiling points

e Smallest molecules stay as gas and
collect at top of tower
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C7: Organic Chemistry 2

ANSWER KEY
18.1 Why is fractional distillation important? Because the different fractions have different
uses
18.2 What is fuel? A substance which releases energy when
reacted with oxygen
18.3 What is combustion? The reaction of a fuel with oxygen
18.4 What are the products of complete Carbon dioxide and water
combustion of hydrocarbon fuels?
18.5 When does incomplete combustion When there is not enough oxygen present
occur?
18.6 What are the products of Carbon monoxide, carbon and water
incomplete combustion of
hydrocarbon fuels?
18.7 What is cracking? The process of breaking down a long
hydrocarbon into smaller hydrocarbons
18.8 What are the products of cracking? Short alkanes and alkenes
18.9 Why is cracking important? Because smaller hydrocarbons are more useful
than longer ones
18.10 Why are shorter chain alkanes in They are more flammable, and make better
higher demand than longer chains? fuels
18.11 What are the two types of cracking? Catalytic and steam cracking
18.12 What are the conditions used for High temperature and a catalyst
cracking?
18.13 What are alkenes? A different type of (more reactive) hydrocarbon
with a double bond
18.14 What are alkenes uses for? As a starting material to make more useful
chemicals like polymers (plastics)
18.15 Complete the diagram below showing H H [H  HY
the formation of poly(ethene) | [ |
. nCc=¢ —> —TC—C
H H | VLo
| [ | H H \H H I,-"“
ncC=Cc — cC c )
| \ f ¢ single bonds between all C/H atoms
H H /n e trailing bonds through brackets
18.16 What is the correct test and e add bromine water

observation for an alkene?

e orange —> colourless
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FOUNDATION TIER

Q1. Alkanes are hydrocarbons found in crude oil.

(@) (i) Complete the sentence. Hydrocarbons contain the elements

and only.

(1)

(i)  Ethane is an alkane with the formula C2He

Draw a ring around the correct answer to complete the sentence.

CnHn

Alkanes are hydrocarbons with the general formula | CnHzn

CnH2n+2

(1)

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

/J_ — Refinery gas

— Gasoline

FFA—NE — Kerosene
I'm_‘.E —— Diesel

— Fuel oil

Crude oil —»

— Bitumen
Describe and explain how crude oil is separated into fractions by fractional distillation.

Use the diagram to help you answer the question.

(4)
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(c) Dodecane (Ci2Hz26) from crude oil is cracked to produce ethene (CzH4).
(i) Complete the equation for this reaction.

CioHe — 2CH4 +

(1)
(i) Give two conditions needed for cracking.

1.

2.

(2)
(Total 9 marks)

Q2. Crude oil is a resource found in rocks. Most of the compounds in crude oil are hydrocarbons.

(@) Complete the sentence.

Crude oil is formed by the decomposition of

(1)
(b) Alkanes are hydrocarbons.

Give the name of the alkane molecule that has three carbon atoms.

(1)

(c) The figure below shows two alkane molecules.

Methane Hexane
H H H H H H
s ol e 0 o O
rL H H H &‘4 }L r’a
The table below shows the melting points and boiling points of methane and
hexane.
Melting point in | Boiling point in
°C °C
Methane -183 -162
Hexane -95 69

Compare the structure and properties of methane and hexane.

Page 4 of 12



(6)

Hydrocarbons are cracked to produce more useful alkanes and alkenes.
(d) Decane (C1oHz2) is cracked to produce two products.

Complete the equation for the reaction.

CioHz — + C:H.

(1)

(e) CaHais an alkene.
What is the test for alkenes?

Give the result of the test if an alkene is present.

Test

Result

(2)
(Total 11 marks)
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HIGHER TIER

Q3. This question is about crude oil and alkanes.

(a) Describe how crude oil is formed.

The table below shows the boiling points of three alkanes.

Alkanes Boiling point in °C
CsHi2 36
CioH22 174
CisHs2 271

(b) What is the general formula for alkanes?

(c) Explain the trend in the boiling points of the alkanes.
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(d)

A student investigated one property of the alkanes CsH12, C1oH22 and C1sHs2

This is the method used.

1. Pour 20 cm? of CsH12 into a separating funnel.

2. Open the tap of the separating funnel and start a timer.
3. Stop the timer when the level of CsH12 reaches line X.
4. Repeat steps 1 to 3 with C1oH22 and CisHs2

The diagram below shows the apparatus used.

The level of CsH12 takes 6.4 seconds to reach line X.
Predict the trend in times for the other two alkanes.
Give one reason for your answer.

Trend

Reason
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Q4. This question is about crude oil.

(@)

(b)

The table shows information about crude oil fractions.

. Number of Approximate Approximate

Crude oil percentage
- carbon o/\ i percentage
fraction (%) in crude o
atoms oil (%) demand

Gas 1-4 3 4
Petrol 5-10 9 23
Naphtha 8-12 10 5
Kerosene 9-16 14 8
Diesel 15-25 16 22
Residue 20-30+ 48 38

Explain the advantage of cracking hydrocarbons.

Give one example from the table.

Ethene is a product of cracking.

Relative formula mass (M) of ethene = 28

Calculate the number of moles of ethene (C2H4) in 50.4 kg

Give your answer in standard form.

Numbers of moles =
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(c)  C21Ha4s can be cracked to produce ethene.
C21Hs — 3C2H4 + CysHa2
Relative formula mass (Mr) of C21Has = 296

Calculate the mass of Cz21H44 needed to produce 50.4 kg of ethene.

Mass = kg

(3)
(Total 9 marks)

Mark schemes

Q1.
(@) (i) hydrogen/H and carbon/C
answers can be in either order
if letters given, must be capital H

(i) CoHamo

(b)  (most) crude oil vaporises / evaporates or crude oil enters as a vapour

(vapour) cools as it rises up the tower / column or tower / column cooler at the
top or negative temperature gradient

the fractions have different boiling / condensation points / ranges

accept the larger the molecules, the higher the boiling point /
condensation point

so they will condense at different levels in the tower
allow will collect at different levels if condensation mentioned
allow will condense to give different fractions

if no other mark is gained allow 1 mark for mention of
heating

Page 9 of 12



Q2.

(c)

(@)

(b)

(i) CsHis
if one answer is given CsHs is the only acceptable answer

credit any correct combination of alkanes and alkenes, eg
CsH12 and CsHs

(i)  hot/ high temperature

accept any temperature in the range 300 — 900 °C
‘heat’ is insufficient

catalyst

accept a named catalyst — alumina or zeolites or
aluminosilicates or broken pot

ignore other named catalysts

allow (mixing with) steam as an alternative to second
marking point ignore pressure

plankton
or

(ancient) biomass
allow microscopic plants / animals

propane
allow C3H3

Level 2: Scientifically relevant features are identified; the way(s) in which they
are similar / different is made clear and (where appropriate) the magnitude of
the similarity / difference is noted.

Level 1: Relevant features are identified and differences noted. 1-3 AO1 AO2

No relevant content

Indicative content

. methane has 1 carbon atom, hexane has 6

. methane has 4 hydrogen atoms, hexane has 14

. both contain C — H bonds

. only hexane contains C — C bonds

. both are hydrocarbons

. hexane has a higher melting point than methane (or converse)
. hexane has a higher boiling point than methane (or converse)
. methane is a gas at room temperature

. hexane is a liquid at room temperature
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Q3.

(d)

(e)

(a)

(b)

(c)

CsH1s

both are small molecules

hexane has larger molecules than methane

weak forces between molecules

forces between hexane molecules stronger than between methane
molecules

hexane is more viscous than methane

both are flammable

methane is more flammable than hexane (or converse)
possible products of combustion from both are: carbon, carbon
monoxide, carbon dioxide, water

neither conduct electricity

bromine (water)

turns (from orange / brown) to colourless

MP2 is dependent on MP1 allow decolourises
ignore clear

[11]

plankton

allow biomass
allow (marine) animals / organisms

ignore plants

buried in mud

allow compressed under mud
allow compressed in sedimentary rock

ignore fossilised

over a long period of time

or

over millions of years

CnH2n+2

max 2 marks for incorrect reference to particles /

bonds

allow converse

the boiling point increases as the number of (carbon) atoms increases

(because the weak) intermolecular forces increase

or

(because the weak) forces between the molecules increase
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Q4.

(a)

(b)

(and these intermolecular forces increase) as the size of the molecules increases

MP2 dependent on correct response in MP1

(as number of carbon atoms increase) the time increases

(because) the viscosity increases

break large molecules into small molecules

to satisfy demand

example

50.4 kg = 50 400 g

50 400/28

1.8 x103

1.8/3=0.6

0.6 x 296

=177.6 kg
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