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Q1.           

This question is mainly about alkenes.

(a)  A few drops of bromine water are added to separate test tubes of propane and propene and
the mixtures are shaken.

Describe what is seen at the end of each experiment.

(2)

Propane

.............................................................................................................................................

Propene

.............................................................................................................................................

(b)  Give the reagents and conditions for each of these conversions.

(i)  CH2==CH2 → CH3CH2OH

(1)

.............................................................................................................................................

.............................................................................................................................................

(ii)  CH2==CH2 → CH2OHCH2OH

(1)

.............................................................................................................................................

.............................................................................................................................................

(c)  Draw the structure of Z-3-methylpent-2-ene.

(1)

(d)  Exactly 720 cm3 of hydrogen gas, measured at room temperature and pressure (r.t.p.),
reacted with 0.010 mol of an alkene to form an alkane.

Deduce the number of double bonds in one molecule of the alkene.
You must show your working.

[Molar volume of gas at r.t.p. = 24 000 cm3 mol−1]

(2)

.............................................................................................................................................

.............................................................................................................................................

(e)  A student drew a mechanism for the addition of bromine to ethene.
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Describe the three changes needed to correct this student's mechanism.

(3)

Change 1

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Change 2

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Change 3

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(f)  Part of the structure of a polymer is shown.

Draw the structure of the monomer used to make this polymer.

(1)

 

(Total for question = 11 marks)

 

 

Q2.           
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This question is about the compound ammonium dichromate(VI), (NH4)2Cr2O7.

(a)  (NH4)2Cr2O7 breaks down at around 180 °C, producing an oxide of chromium, nitrogen and
water as the only products.

(i)  Write an equation for the reaction.

State symbols are not required.

(2)

(ii)  Give a name for this type of reaction.

(1)

.............................................................................................................................................

(b)  When 0.00100 mol of ammonium dichromate(VI) was heated, 25.2 cm3 of nitrogen gas,
measured at laboratory temperature, was formed.

Calculate the temperature in the laboratory, in degrees Celsius, using the ideal gas equation.
Use atmospheric pressure = 101 kPa.

(4)

(c)  (i)  Draw a dot-and-cross diagram of the ammonium ion.

Use dots (●) for the nitrogen electrons and crosses (X) for the hydrogen electrons.

(2)

(ii)  Explain the shape of the ammonium ion using electron-pair repulsion theory.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(d)  Ammonium dichromate(VI) comes with several warnings on its packaging.
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(i)  Some of the symbols shown are used for ammonium dichromate(VI).

Identify the symbols for ammonium dichromate(VI) by placing a tick ( ) in the box under each
relevant symbol.

(2)

(ii)  Suggest why ammonium dichromate(VI) is not stored in the same cupboard as alkanes.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 14 marks)
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Q3.           

This question is about alkenes.

(a)  An alkene has a molar mass of 112 g mol−1.

Deduce the molecular formula of this alkene.

(1)

(b)  There are a number of different alkenes with the molecular formula C4H8.

(i)  Draw the structure of the branched-chain alkene with the molecular formula C4H8.

(1)

(ii)  Give the structures and names of the two geometric isomers with the molecular formula
C4H8.

(2)

(c)  Two reactions of 1-methylcyclohexene are shown.
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(i)  Draw the skeletal formula of compound X formed in Reaction 1.

(1)

(ii)  Give the reagent and condition needed for Reaction 2.

(2)

Reagent
.............................................................................................................................................

Condition
.............................................................................................................................................

(d)  Iodine monochloride, ICl, reacts with alkenes in a similar way to hydrogen bromide.

Complete the mechanism for the reaction of iodine monochloride with propene to form the 
major product.
Include curly arrows, the relevant lone pair and the structures of the intermediate and product.

(4)

(e)  A section of a polymer showing two repeat units is given.

Give the name of the monomer that forms this polymer.

(1)

.............................................................................................................................................
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https://stemup.co.uk


(f)  0.0100 mol of an alkene reacts completely with exactly 600 cm3 of hydrogen gas, measured
at 298 K and 1.24 × 105 Pa
        pressure, to form an alkane.

Use the ideal gas equation to deduce the number of double bonds in one molecule of the alkene.
You must show your working.

[pV = nRT            R = 8.31 J mol−1 K−1]

(4)

 

(Total for question = 16 marks)

 

 

Q4.           

Heptane, C7H16, is one of the compounds present in crude oil.

(a)  When heptane is reformed, the products include 2,2,3-trimethylbutane and cycloheptane.

(i)  Give a reason why petrol should not contain a high proportion of heptane.

(1)

.............................................................................................................................................

.............................................................................................................................................

(ii)  Draw the skeletal formula of 2,2,3-trimethylbutane.

(1)

(iii)  Write the equation for reforming heptane into cycloheptane.

Use molecular formulae.

State symbols are not required.

(1)

(iv)  When petrol is burned in a car engine, oxides of nitrogen are formed.

Explain how these compounds result in damage to trees.

(2)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  Heptane reacts with chlorine in sunlight.

(i)  Chlorine radicals are formed in the first step in the mechanism.

Cl2 → 2Cl•

Name this step in the mechanism.

(1)

.............................................................................................................................................

(ii)  Give the two propagation steps for the formation of chloroheptane.

Use molecular formulae. Curly arrows are not required.

(2)

(iii)  Give the termination step which forms a hydrocarbon.

(1)

(iv)  Explain how some dichloroheptane, C7H14Cl2 , also forms during this reaction.

You may include equation(s) in your answer.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 11 marks)

 

 

Q5.           
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Heptane, C7H16, is an alkane found in crude oil.

(a)  Heptane can undergo incomplete combustion.

(i)  Give a reason why incomplete combustion sometimes occurs.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Write the equation for the incomplete combustion of heptane, forming carbon monoxide and
water as the
        only products.
        State symbols are not required.

(1)

(b)  Heptane is reformed into branched-chain and cyclic hydrocarbons that are used in petrol.

(i)  Draw the skeletal formulae of a branched-chain alkane and a cycloalkane, each containing 
seven carbon atoms.

(2)

(ii)  Write the equation for the reforming of heptane into a cycloalkane.
        Use molecular formulae.

(1)

(iii)  Give a reason for adding cycloalkanes to petrol.

(1)

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

(c)  Heptane, C7H16 , reacts with chlorine in the presence of ultraviolet radiation.

(i)  State the type and mechanism of this reaction.

(2)

.............................................................................................................................................

(ii)  Give the mechanism for the reaction to produce C7H15Cl, C14H30 and HCl as the only
products.

Include the name of each of the steps in your mechanism.

Curly half-arrows are not required.

(7)

 

(Total for question = 15 marks)

 

 

Q6.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

What is the name of the product when this molecule reacts with chlorine gas?

   A    5,5-dichloro-2-methylpentane

   B    4,5-dichloro-2-methylpentane

   C    2,3-dichloro-4-methylpentane

   D    1,2-dichloro-4-methylpentane

 

(Total for question = 1 mark)
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Q7.           

An electrophile

   A    accepts a pair of electrons

   B    always has a negative charge

   C    always has a positive charge

   D    donates a pair of electrons

 

(Total for question = 1 mark)

 

 

Q8.           

Members of the homologous series of alkanes have the same

   A    boiling temperature

   B    density

   C    empirical formula

   D    general formula

 

(Total for question = 1 mark)

 

 

Q9.           

Curly arrows are used in reaction mechanisms.
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The curly arrow shown represents the movement of

(1)

   A    an electron from a bond to an atom, forming free radicals

   B    an electron from a bond to an atom, forming ions

   C    a pair of electrons from a bond to an atom, forming free radicals

   D    a pair of electrons from a bond to an atom, forming ions

 

(Total for question = 1 mark)

 

 

Q10.           

This question is about cycloalkanes.

(a)  When alkanes from crude oil are reformed, the products include cycloalkanes.

Write the equation for reforming hexane into cyclohexane using skeletal formulae for the
organic compounds.

(2)

(b)  The skeletal formula of cycloalkane D is shown.

(i)  Give the name of D.

(1)

.............................................................................................................................................

(ii)  Give the molecular formula of D.

(1)

.............................................................................................................................................

(c)  There are four structural isomers of C6H12 with a ring of four carbon atoms.

One of these isomers is shown, in the first box.

Complete the skeletal formulae of the other three isomers.
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(2)

(d)  A cycloalkane, E, has a molar mass of 126 g mol−1.

Deduce the molecular formula of E.

(1)

.............................................................................................................................................

(e)  A sample of gaseous cyclopentane with a volume of 25 cm3 was mixed with 250 cm3 of
oxygen (an excess) and the mixture was ignited.

Only gaseous products were formed.

2C5H10(g) + 15O2(g) → 10CO2(g) + 10H2O(g)

Calculate the volume of each gas remaining after the reaction.
All the gas volumes were measured at the same temperature and pressure.

(3)

(f)  Cyclobutane, C4H8, reacts with chlorine in sunlight.

(i)  Name the mechanism and type of reaction that is occurring.

(2)

.............................................................................................................................................

(ii)  Complete the equation for the initiation step of this reaction mechanism.

Include appropriate curly arrows.

(2)

(iii)  Write the equations for the two propagation steps to form chlorocyclobutane.

Use C4H8 as the formula for cyclobutane.

Curly arrows and state symbols are not required.

(2)
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(iv)  A small amount of a hydrocarbon forms in this reaction.

Deduce the skeletal formula of this hydrocarbon. Justify your answer.

(2)

Skeletal formula of product

Justification

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 18 marks)

 

 

Q11.           

What is the empirical formula of the following molecule?

(1)

   A    C4H4Cl

   B    C4H7Cl

   C    C8H11Cl2

   D    C8H14Cl2

 

(Total for question = 1 mark)
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Q12.           

Ethene reacts with bromine to form 1,2-dibromoethane.

For the ethene molecule, what is the type of bond broken and the type of bond fission occurring
in this reaction?

 

(Total for question = 1 mark)

 

 

Q13.           

This question is about fuels and polymers.

Used coffee grounds have been suggested as a carbon-neutral fuel to replace some fossil fuels.

(a)  (i)  Explain why coffee grounds might be considered a carbon-neutral fuel.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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(ii)  Explain how the use of fossil fuels causes climate change.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  Long chain alkanes are not normally used as fuels as they produce soot.

(i)  Name another pollutant formed by incomplete combustion of alkanes.

(1)

.............................................................................................................................................

(ii)  Write the equation for the complete combustion of octane.

State symbols are not required.

(2)

(c)  Long chain alkanes are converted into smaller, more useful molecules including alkenes.

(i)  Name this process.

(1)

.............................................................................................................................................

(ii)  Give a test for alkenes, including the positive result.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(d)  Alkenes, such as ethene, can be used to make polymers.

(i)  Write a balanced equation for the polymerisation of ethene using displayed formulae.

(1)

(ii)  Bananas produce ethene as they ripen.
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Suggest one advantage and one disadvantage of using ripening bananas as a
source of ethene for polymer production.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(e)  Burning poly(chloroethene) in an incinerator results in the formation of hydrogen chloride.

(i)  State a hazard associated with hydrogen chloride.

(1)

.............................................................................................................................................

.............................................................................................................................................

(ii)  Suggest how the hydrogen chloride could be removed from the waste gases produced in an
incinerator.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 15 marks)

 

 

Q14.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

A substance is labelled with the hazard symbol shown.
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What is the meaning of this symbol?

   A    gloves must be worn

   B    corrosive

   C    do not store with flammable substances

   D    oxidising

 

(Total for question = 1 mark)

 

 

Q15.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Heterolytic fission produces

   A    free radicals only

   B    ions only

   C    free radicals and positive ions only

   D    free radicals and negative ions only

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

 

Q16.           
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The alkanes are a homologous series of saturated hydrocarbons.

(a)  Draw the displayed formulae of the three alkanes with molecular formula C5H12.

(3)

(b)  Give the systematic name of compound P.

(1)

Systematic name

.............................................................................................................................................

(c)  The table shows the boiling temperatures of the first four straight-chain alkanes.

Predict the molecular formula and boiling temperature of the straight-chain alkane that has five
carbon atoms in its molecules.

(2)

Molecular formula .........................................................................

Boiling temperature ....................................................................

(d)  Alkanes undergo incomplete combustion when they burn in a limited supply of air.

(i)  Write the equation for the incomplete combustion of propane, C3H8, to form carbon, carbon
monoxide, carbon dioxide and water.

State symbols are not required.

(1)

(ii)  Explain the toxicity of carbon monoxide.

(2)

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(e)  Propane reacts with chlorine in the presence of ultraviolet radiation. The reaction starts
when some chlorine molecules are split into free radicals. A mixture of products is formed.

(i)  Write the two propagating steps to show how C3H7Cl is formed.

Curly arrows are not required.

(2)

(ii)  Identify the different C3H7Cl molecules that are produced in this reaction.

(1)

.............................................................................................................................................

.............................................................................................................................................

(iii)  Give a reason why a mixture of C3H7Cl molecules is formed.

(1)

.............................................................................................................................................

.............................................................................................................................................

(iv)  Give a reason why some hexane is formed in this reaction.

(1)

.............................................................................................................................................

.............................................................................................................................................

(v)  A small amount of a product with molar mass 113 g mol−1 is formed.

Deduce the structure and name of a possible product with this molar mass.

(2)

Structure

.............................................................................................................................................

Name

.............................................................................................................................................

 

(Total for question = 16 marks)
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Q17.           

In the upper atmosphere, ozone can react with halogens and with halogen-containing
compounds, such as molecule X.

(a)  Name molecule X.

(1)

.............................................................................................................................................

(b)  The C—Cl bond undergoes homolytic fission in the upper atmosphere.

(i)  State the essential condition necessary for this process.

(1)

.............................................................................................................................................

(ii)  Write an equation for this fission in molecule X.

Include curly half-arrows.

(2)

(iii)  Write an equation for the reaction of a chlorine free radical with a molecule of X.

Curly half-arrows are not required.

(2)

(iv)  Write an equation, using displayed formulae, for a free radical formed in this sequence to
give a molecule with the formula C4H4Cl6 .

(2)

(v)  State the type of reaction occurring in (b)(iv) and the name of the product with the formula
C4H4Cl6.

(2)

.............................................................................................................................................
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.............................................................................................................................................

 

(Total for question = 10 marks)

 

 

Q18.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

A hydrocarbon X has a molar mass of 98 g mol−1. When a sample of X is shaken with bromine
water, the colour of the bromine water does not change.

Which of these could be the structure of X?

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

S T E M U P . C O . U K

https://stemup.co.uk


 

Q19.           

This question is about hydrocarbons obtained from crude oil.

(a)  Petrol used in cars has a high proportion of the alkane iso-octane. Iso-octane can be formed
by heating octane to 400 °C in the presence of a catalyst.

(i)  Give the IUPAC name for iso-octane.

(1)

.............................................................................................................................................

(ii)  Name the industrial process used to convert octane into iso-octane.

(1)

.............................................................................................................................................

(iii)  Give a reason why petrol needs a high proportion of iso-octane.

(1)

.............................................................................................................................................

.............................................................................................................................................

(b)  Another way to produce iso-octane is by reacting iso-butane with 2-methylpropene.

Draw the skeletal formulae of four isomers of 2-methylpropene.
Include only one isomer that does not decolorise bromine water.

(4)
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(c)  2-methylpropene reacts with hydrogen bromide to form two possible products.

(i)  Draw the mechanism for the formation of the major product of the reaction between
2-methylpropene and hydrogen bromide, HBr.

Include curly arrows, and relevant lone pairs and dipoles.

(4)

(ii)  Give the reason why your product in (c)(i) is the major product.

(1)

.............................................................................................................................................

.............................................................................................................................................

(d)  Another component of petrol, compound X, contains 92.3 % carbon and 7.7 % hydrogen by
mass.

(i)  Calculate the empirical formula of compound X.

You must show all your working.

(2)

(ii)  A sample of compound X has a mass of 0.267 g and vaporises at 85.0 °C and 104 kPa to
produce a gaseous sample with a volume of 98.0 cm3.

Calculate the molar mass of compound X.
You must show all your working.
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[pV = nRT R = 8.31 J mol–1 K–1]

(4)

(iii)  Deduce the molecular formula of compound X, using your answers to (d)(i) and (d)(ii).

(1)

 

(Total for question = 19 marks)

 

 

Q20.           

What is the systematic name of compound X?

   A    E-2-chlorobut-2-ene

   B    Z-2-chlorobut-2-ene

   C    E-3-chlorobut-2-ene

   D    Z-3-chlorobut-2-ene

 

(Total for question = 1 mark)

 

 

Q21.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

A sequence of four molecules is shown.
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(a)  What is the molecular formula for the fifth molecule in this sequence?

(1)

   A    CH4O

   B    C6H11O

   C    C6H14O

   D    C7H16O

(b)  What is the name of this type of sequence?

(1)

   A    functional group

   B    homologous series

   C    homolytic series

   D    skeletal formulae

 

(Total for question = 2 marks)

 

 

Q22.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

What is the IUPAC name of this alkane?

   A    2-ethyl-4,5-dimethylheptane
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   B    6-ethyl-3,4-dimethylheptane

   C    3,4,6-trimethyloctane

   D    3,5,6-trimethyloctane

 

(Total for question = 1 mark)

 

 

Q23.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Which structure has the name E-2-bromo-3-chloropent-2-ene?
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(Total for question = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

 

Q24.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

What is the molecular formula of the compound shown?

   A    C2HO2

   B    C4H2O4

   C    C4H4O4

   D    C4H6O4

 

(Total for question = 1 mark)

 

 

Q25.           

This question is about the reactions of propene.

(a)  Write an equation for the incomplete combustion of one mole of propene to form carbon
dioxide, carbon monoxide,

S T E M U P . C O . U K

https://stemup.co.uk


       carbon and water as the only products. Include state symbols.

(2)

(b) State one similarity and one difference that would be seen when propene is mixed with
separate samples of
       acidified potassium manganate(VII) solution and of bromine water.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  Propene reacts by addition polymerisation to form poly(propene).

Draw the structure of poly(propene), showing two repeat units.

(1)

(d)  Propene reacts with bromine monochloride, BrCl, to form 1-bromo-2-chloropropane as the
major product.

(i)  Complete the diagram of bromine monochloride to show the dipole.

(1)

(ii)  Draw the mechanism for the formation of 1-bromo-2-chloropropane in this reaction.
         Include curly arrows, and relevant lone pairs.

(3)

(e)  Propene reacts with steam in the presence of an acid catalyst to form a mixture of the
alcohols propan-1-ol and propan-2-ol.

Complete the mechanism for the formation of propan-2-ol, by adding curly arrows.
Include the species formed in the final step.

(3)
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(Total for question = 12 marks)

 

 

Q26.           

Geometric isomerism is shown by 2-chlorobut-2-ene.

(a)  What is the skeletal formula of E-2-chlorobut-2-ene?

(1)

(b)  What is the total number of sigma bonds in Z-2-chlorobut-2-ene?

(1)
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   A    3

   B    4

   C    10

   D    11

 

(Total for question = 2 marks)

 

 

Q27.           

This question is about the production of squalane, a liquid alkane which occurs naturally in
human skin and is used in cosmetics.

(a)  Suggest two properties that make squalane useful in cosmetics.

(2)

.............................................................................................................................................

.............................................................................................................................................

(b)  Give the molecular formula of squalane.

(1)

.............................................................................................................................................

(c)  Squalane can be produced from squalene, an alkene present in shark liver oil, by reaction
with hydrogen gas in the
       presence of a suitable catalyst.

(i)  Give the name of a suitable catalyst for the hydrogenation of squalene.

(1)

.............................................................................................................................................

(ii)  Squalane used in cosmetic products must contain no more than 0.2 ppm by mass of catalyst.

Calculate the maximum permitted mass of catalyst in a product containing 50 g of squalane.
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(1)

(iii)  A reactor at 200°C contains 8500 mol of liquid squalene, and hydrogen gas at a pressure of
4.0 × 105 Pa.

Under these conditions, the complete hydrogenation of squalene requires 500 m3 of hydrogen
gas.

Calculate the number of C=C bonds in one molecule of squalene.

You must show your working.

[pV = nRT     R = 8.31 J mol-1 K-1]

(4)

(iv)  Write the equation, using molecular formulae, for the complete hydrogenation of squalene
to squalane.
         State symbols are not required.

(1)

(d)  Globally, 2.8 million dm3 of squalene is used each year.
       Traditionally squalene was obtained exclusively from shark liver oil, which is a mixture of
liquids.

The liver of a shark yields 300 g of squalene.

(i)  Suggest the name of a suitable technique to obtain squalene from shark liver oil.

(1)

.............................................................................................................................................

(ii)  Calculate the minimum number of sharks that would be needed to produce 2.8 million dm3

of squalene.

[Density of squalene = 0.86 g cm-3]

(2)

(iii)  Many large corporations now use squalane obtained entirely from plants.

Squalane can be obtained sustainably from corn starch with a yield of 23 % by mass.

The production of 1 tonne of corn starch requires 0.093 hectares of land.

Calculate the area of land, in km2, required to produce 2500 tonnes of squalane from corn
starch.

[1 tonne = 1000kg      1 hectare = 0.01 km2]

(3)

(e)  The E-isomer of beta-farnesene can also be obtained from corn starch.
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(i)  Explain why beta-farnesene exhibits geometric isomerism and has only two geometric
isomers.

You may label the structure and use this in your answer.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Draw the skeletal formula of the geometric isomer of E-beta-farnesene, giving a reason why
this is named the
         Z-isomer.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(f)  The compound alpha-farnesene, C15H24 , is a structural isomer of beta-farnesene.

The structural formula of alpha-farnesene is

(CH3)2C=CHCH2CH2C(CH3)=CHCH2CH=C(CH3)CH=CH2

(i)  State what is meant by the term structural isomers.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  State the number of geometric isomers of alpha-farnesene.
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(1)

.............................................................................................................................................

(iii)  Complete the diagram to show another structural isomer of C15H24 .

(1)

 

(Total for question = 24 marks)

 

 

Q28.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

How many structural isomers have the formula C3H6Cl2?

   A    2

   B    3

   C    4

   D    5

 

(Total for question = 1 mark)

 

 

Q29.           
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What is the systematic name for this compound?

(1)

   A    E-5-methylhex-2-ene

   B    Z-5-methylhex-2-ene

   C    E-2-methylpent-4-ene

   D    Z-2-methylpent-4-ene

 

(Total for question = 1 mark)

 

 

Q30.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

What is the systematic name of this compound?

   A    1,1,2-trimethylpent-4-ene

   B    2,3-dimethylhex-5-ene

   C    4,5-dimethylhex-1-ene

   D    4,5,5-trimethylpent-1-ene

 

(Total for question = 1 mark)
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Q31.           

Limonene is an oil extracted from the skin of citrus fruits such as oranges or lemons.
It is found in some cleaning products such as those used to remove chewing gum.

Limonene has the structure shown.

(a)  Deduce the molecular formula of limonene.

(2)

.............................................................................................................................................

(b) (i)  A few drops of acidified potassium manganate(VII) solution are mixed with a sample of
limonene.

State the colour change.

(1)

From ....................................................................... to .......................................................

(ii)  Draw the skeletal formula of the structure of the organic product formed when the reaction
in (b)(i) is carried out with excess acidified potassium manganate(VII).

(1)

(iii)  Name the type of reaction that limonene undergoes in (b)(i).

(1)

.............................................................................................................................................

(c)  On heating, limonene reacts to form two molecules of a smaller hydrocarbon, Q.

Q can be polymerised to form R, a polymer used to improve the grip of car tyres.

A section of R is shown.
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Draw the structure of Q.

(1)

(d)  Give two ways in which chemists can help minimise problems caused by the disposal of
polymers.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(e)  Limonene is extracted from orange peel using a solvent.

Possible solvents are hexane and liquid carbon dioxide.

Liquid carbon dioxide can be obtained by allowing solid carbon dioxide to melt under high
pressure.

(i)  Suggest one advantage and one disadvantage of using liquid carbon dioxide rather than
hexane to dissolve the limonene. Assume that the carbon dioxide does not escape into the
atmosphere.

(2)

Advantage

.............................................................................................................................................

.............................................................................................................................................

Disadvantage

.............................................................................................................................................

.............................................................................................................................................

(ii)  Orange peel contains 1.63 % of limonene by mass.

A chewing gum remover contains 30 cm3 of limonene per bottle.

Calculate the mass of orange peel, in kg, needed to obtain 30 cm3 of limonene.

[Density of limonene = 0.841 g cm–3]

(3)

 

(Total for question = 13 marks)
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Q32.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

What type of bond breaking occurs in this process?

H2O → H+ + OH−

   A    electrophilic

   B    heterolytic

   C    homolytic

   D    ionic

 

(Total for question = 1 mark)

 

 

Q33.           

Zingiberene is the compound that gives ginger its characteristic flavour. Its IUPAC name is
2-methyl-5-(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene.

(a)  On the structure of zingiberene, draw a circle around the '2-methyl' group referred to in the
IUPAC name.

(1)

(b)  Deduce the molecular formula of zingiberene.

(2)

.............................................................................................................................................

(c)  When zingiberene reacts with excess hydrogen bromide, there are a number of possible
products. The structure of the major product is shown.
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(i)  Name the type and mechanism of the reaction.

(1)

.............................................................................................................................................

(ii)  The diagram shows a simplified structure of zingiberene, in which part of the molecule is
represented by A.

Complete the mechanism for the reaction of zingiberene with one molecule of hydrogen
bromide.

Include curly arrows, and any relevant dipoles and lone pairs.

(4)

(iii)  For the reaction in (c)(ii) there are two possible products:

Explain why I is the major product, by referring to your mechanism.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(d)  Zingiberene reacts with hydrogen gas in the presence of a catalyst.
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(i)  Identify the catalyst, by name or formula.

(1)

.............................................................................................................................................

(ii)  2.0 mol of zingiberene react completely with hydrogen at 150 °C and a pressure of 120 kPa.

Calculate the minimum volume of hydrogen needed under these conditions, stating your units.

[Ideal gas equation is pV = nRT Gas constant (R) = 8.31 J mol−1 K−1]

(4)

 

(Total for question = 15 marks)
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