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14 Introduction to organic chemistry

Organic chemistry involves the study of a large class of chemical compounds 
containing carbon. This topic introduces naming conventions, organic reaction 
terminology and structures of organic molecules.

14.1 Formulae, functional groups and the naming of organic compounds

14.2 Characteristic organic reactions

14.3 Shapes of organic molecules; σ and π bonds

14.4 Isomerism: structural and stereoisomerism 

 

 

 

 

CEDAR COLLEGE  9 INTRO TO ORGANIC

INTRO TO ORGANIC



CEDAR COLLEGE  10 INTRO TO ORGANIC

�

Cambridge International AS and A Level Chemistry 9701 syllabus Syllabus content  

35Back to contents page www.cie.org.uk/alevel

Organic chemistry and analysis

14 An introduction to organic chemistry

Organic chemistry involves the study of a large class of chemical compounds containing carbon. This 
topic introduces naming conventions, organic reaction terminology and structures of organic molecules.

Learning outcomes
Candidates should be able to:

14.1  Formulae, 
functional groups 
and the naming 
of organic 
compounds

a) interpret and use the general, structural, displayed and skeletal formulae 
of the following classes of compound:

(i) alkanes, alkenes and arenes

(ii) halogenoalkanes and halogenoarenes

(iii) alcohols (including primary, secondary and tertiary) and phenols

(iv) aldehydes and ketones

(v) carboxylic acids, esters and acyl chlorides

(vi) amines (primary only), nitriles, amides and amino acids
(Candidates will be expected to recognise the shape of the benzene ring 
when it is present in organic compounds. Knowledge of benzene or its 
compounds is not required for AS Level.)

b) understand and use systematic nomenclature of simple aliphatic organic 
molecules with functional groups detailed in 14.1(a), up to six carbon 
atoms (six plus six for esters and amides, straight chains only) 

c) understand and use systematic nomenclature of simple aromatic 
molecules with one benzene ring and one or more simple 
substituents, for example 3-nitrobenzoic acid, 2,4,6-tribromophenol 

d) deduce the possible isomers for an organic molecule of known 
molecular formula

e) deduce the molecular formula of a compound, given its structural, 
displayed or skeletal formula

14.2  Characteristic 
organic reactions

a) interpret and use the following terminology associated with organic 
reactions:

(i) functional group

(ii) homolytic and heterolytic fission

(iii) free radical, initiation, propagation, termination

(iv) nucleophile, electrophile

(v) addition, substitution, elimination, hydrolysis, condensation

(vi) oxidation and reduction

(in equations for organic redox reactions, the symbols [O] and [H] are 
acceptable for oxidising and reducing agents)



�

ORGANIC COMPOUNDS

Today, organic chemicals (artificially made or naturally occurring) number well 

over 10 million. Hundreds of thousands of new compounds are being made 

each year. Why are there so many of them? There are two main reasons:  

In general, organic compounds are kinetically stable. Even exothermic 

organic reactions have an unusually high activation energy. 

Carbon atoms have an exceptional ability to form chains, branched chains 

and rings of varying sizes. No other element can form long chains of its atoms 

in the same way as carbon. This process of carbon-carbon bond formation is 

called catenation.

 1

CATENATION

Carbon–carbon bonding allows chains and 

rings of carbon atoms to be produced by a 

process called catenation. Other elements 

don't make such strong single bonds.  

What is more, the ability of carbon to make 

4 single bonds allows branched chains 
to occur, and the attachment of other 

atoms, increasing further the number of 

structures possible.

 2

Bond Bond enthalpy/kJ mol−1 

C — C 350

Si — Si 222

N—N 160

O—O 150
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CATENATION

There are four different ways in which we can arrange four linked carbon atoms: 
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CATENATION

With five carbon atoms there are ten different arrangements. Some of them are 

shown below.
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One structure will contain a chain of five carbon atoms:  

If we take one carbon atom from the end and join it to 

the middle of the chain, we produce another structure:  

If we do this once more, we get a three-carbon chain 
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CATENATION

All of the above are imperfect ways of drawing the five-carbon chain in the two 

dimensions of a page, but each shows that there is a chain of five carbon atoms. 

Merely ‘bending’ the shape of the chain does not alter it.  

This is because the carbon atoms in a chain are not arranged in a straight line, but 

are in fact positioned in a zig-zag manner, with each C—C—C angle being 109.5°.  

 5
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CHEMICAL STABILITY OF ORGANIC COMPOUNDS

In general, organic compounds are kinetically stable. This is due to the 

strong bonding that occurs between carbon atoms. 

Consequently, organic reactions require a high activation energy and the 

rate of reaction may be slow under normal conditions. 

With the right conditions and catalysts, it is possible to convert one 

‘stable’ organic compound into another ‘stable’ compound. It is even 

possible to use the same reagent (e.g. hydroxide ions) on the same 

compound (e.g. a bromoalkane) to produce two different products, 

depending on the conditions of solvent used. 
 6
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CHEMICAL STABILITY OF ORGANIC COMPOUNDS

Consider the reaction of 2-bromopropane with Sodium Hydroxide under 2 

different conditions: 

• When warmed in water:  

CH3CHBrCH3 (l) + NaOH (aq) ⟶ NaBr + CH3CH(OH)CH3 (Reaction 1) 

• When heated in ethanol: 

CH3CHBrCH3 (l) + NaOH (in ethanol) ⟶ NaBr + H2O + CH2==CHCH3 

(Reaction 2)

 7

CHEMICAL STABILITY OF ORGANIC COMPOUNDS

Organic compounds 

occupy ‘low energy’ 

valleys with ‘high 

energy’ hills in 

between them. The 

right conditions can 

allow for conversion 

from one to another.

 8

ORGANIC CHEMISTRY

212

The fi rst stage in the combustion of methane involves the breaking of a C¬H bond:

CH3¬H → CH3 + H

This involves the input of 439 kJ of energy per mole – a large value.
Organic compounds are thermodynamically unstable not only with respect to 

oxidation, but often also with respect to other transformations. For example, the 
hydration of ethene to ethanol is exothermic, as is the joining of three molecules of 
ethyne to form benzene:

3CH CH

CH2 CH2 + H2O C2H5OH

∆H1 = −635 kJ mol–1

∆H1 = −43 kJ mol–1

And yet ethene gas can be collected over water, and ethyne has no tendency to form 
benzene under normal conditions. If the right conditions and catalysts can be found, 
however, it is possible to convert one ‘stable’ organic compound into another ‘stable’ 
compound. It is even possible to use the same reagent (hydroxide ions) on the same 
compound (a bromoalkane) to produce two different products, depending on the 
conditions of solvent used (see section 15.3 for details):

  
warm in water

CH3CHBrCH3(l) + NaOH(aq)  NaBr + CH3CH(OH)CH3 (1)

 heat in ethanol
CH3CHBrCH3(l) + NaOH(in ethanol)  NaBr + H2O + CH2“CHCH3 (2)

Figure 12.2 Reaction profi les for ‘typical’ 
organic reactions. Ea1 and Ea2 are the activation 
energies for reactions 1 and 2, respectively. 
The activation energy is the energy that 
the reactants need in order to undergo the 
reaction.

en
er

g
y

progress of reaction

CH3CH(OH)CH3

CH3CHBrCH3

CH2         CHCH3

Ea1

Ea2

reaction 1

12_02 Cam/Chem AS&A2

Barking Dog Art

Organic compounds can be considered as occupying stable low-energy ‘valleys’, 
with high-energy ‘hills’ in between them. One catalyst, or set of conditions, can 
afford a low activation energy ‘mountain pass’ to a valley next door, whereas a 
different catalyst can open up a new low-energy route into another valley on the 
other side.

12.3 The shapes of organic molecules
After Wöhler’s conceptual breakthrough in 1828, the next 50 years saw a tremendous 
increase in activity by organic chemists, making many new compounds and 
determining their empirical and molecular formulae. However, it was not until after 
the work of Joseph Le Bel, Jacobus van’t Hoff and Friedrich Kekulé in the period 
1860–75 that chemists started to think of organic compounds as being made up of 
separate, three-dimensional molecules. After this period chemists appreciated that 
the molecular formula was merely a summary of the structure of the molecule, rather 
than telling the whole story.

181333_12_AS_Chem_BP_209-233.indd   212 19/09/14   4:54 AM

Take a look at the energy profile for reactions 1 and 2: 
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SHAPES OF ORGANIC COMPOUNDS

We have learned before how atomic orbitals overlap to create molecular 

orbitals. These orbitals generally follow the same orientation (in the x, y or 

z-plane) as the parent atomic orbitals. 

For compounds that have trigonal planar or tetrahedral geometry, these 

orbitals are insufficient. Suitable orbitals, ‘pointing’ in the right direction, 

can be obtained by hybridising (mixing) s and p orbitals in different ways.  

 9

The following figures show 2 different types of hybridisation. When one s 

orbital combines with the px and py orbitals, the result is three identical 

orbitals pointing 120 degrees away from one another. This is called sp2 

hybridisation.

SHAPES OF ORGANIC COMPOUNDS

 10
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SHAPES OF ORGANIC COMPOUNDS

 11

When one s orbital combines with all three p orbitals, the result is four 

identical orbitals pointing 109.5 degrees away from one another. This is 

called sp3 hybridisation.

SHAPES OF ORGANIC COMPOUNDS

The shapes of organic 

compounds depend upon bond 

lengths and angles, which are 

subject to the repulsive force 

between electron pairs. This is 

where hybridisation comes into 

play. 

 12
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Take a look at the bond angles in some organic compounds:
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REPRESENTING ORGANIC COMPOUNDS

There are 6 different ways of representing organic compounds. Some of these 

formulae you are familiar with, and some may be new to you. They are: 

Empirical Formula: this shows the simplest ratio in which atoms in an organic 

molecule combine, and so many different molecules can have the same 

empirical formula. For example, the empirical formula for all alkenes is CH2! 

Molecular Formula: this is a whole number multiple of the empirical formula 

and tells us the exact number of atoms in any organic molecule. For instance, 

the molecular formula of ethanoic acid is C2H4O2, while that of propene is 

C3H6 (obtained by multiplying the empirical formula by 3). 

 13

REPRESENTING ORGANIC COMPOUNDS

Structural Formula: this shows how the atoms are joined together in an 

organic compound. Carbon-carbon double bonds are always shown in a 

structural formula, carbon-carbon single bonds (if needed to make the 

structure clearer). Here are some examples: 

 14

÷f Fogg? •••~4μ
o - a Nhek

0E x ton
CHZCOCHZ CHZCHZCHCCHDZ CHZCOZCHZCH

:I It . " on 'k*

(CHZCHDZCHCH - CHCI ¢HDzC(OH)CHzCH(CHDCOZH CICHZCHZCHCCOHDZ

CEDAR COLLEGE  17 INTRO TO ORGANIC



�

REPRESENTING ORGANIC COMPOUNDS

 15

Displayed Formula: this is an ‘expanded’ form of the structural formula, 

showing the location and type of every bond in an organic molecule. The 

displayed formula for ethanoic acid is:
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DISPLAYED & SKELETAL FORMULAE

Here are some examples of 

displayed and skeletal 

formulae:
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REPRESENTING ORGANIC COMPOUNDS

Stereochemical Formula: this shows the positions of molecular bonds in 

3 dimensions. ‘Wedges’ represents bonds coming out of the plane of the 

paper and ‘dotted lines’ represents bonds to atoms behind the plane of 

the paper. Here are some compounds and their stereochemical 

formulae: 
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Methane, CH4 Ethanol, C2H5OH Ethanoic Acid, CH3CO2H
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#REPRESENTING ORGANIC COMPOUNDS

Skeletal Formula: this is the simplest way of representing larger or more 

complex organic compounds. Every ‘corner’ represents a carbon atom, 

and the lines between carbon atoms show the type of bonding that 

exists. Side chains or functional groups can be easily ‘added on’ to 

illustrate important features of the compound. Here are some examples: 
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SKILL CHECK 1

Find the molecular and skeletal formulae for the following 

compounds: 

a. Propane, CH3CH2CH3 

b. Ethane-1,2-diol (glycol), HOCH2CH2OH 

c. Dicholoroethanoic acid, CHCl2CO2H 

 19

SKILL CHECK 2

Work out the structural, molecular and empirical formulae of the 

following compounds:

 20
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REPRESENTING ORGANIC COMPOUNDS

Skeletal formulae are very useful for representing ‘rings’ of carbon 

atoms. Take a look at the following:

 21
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SKILL CHECK 3

Find the molecular formulae for the following compounds:
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FUNCTIONAL GROUP & HOMOLOGOUS SERIES

A functional group is the atom (or 

group of atoms) that gives an 

organic compound its characteristic 

properties. For example, the –OH 

group is responsible for most of the 

reactions of alcohols, while the rest 

of the molecule remains relatively 

unreactive (due to stable carbon-

carbon bonds).  

 23

FUNCTIONAL GROUP & HOMOLOGOUS SERIES

Some compounds have more than one functional group:

 24
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SKILL CHECK: FUNCTIONAL GROUPS

Q1: Name the functional group in the following compounds:

 25
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FUNCTIONAL GROUP & HOMOLOGOUS SERIES

A homologous series is a way to classify organic compounds that have 

the same functional group in which the formula of each successive 

member differs by CH2. 

The features of a homologous series are:  

They can usually be described by a general molecular formula, e.g. 
CnH2n+2 for alkanes (non-cyclic) or CnH2n for alkenes.  

Members of the series show similar chemical properties.  

Members of the series show a gradation in physical properties such as 
boiling point. 

 26
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EXAMPLE OF A HOMOLOGOUS SERIES

 27

TYPES OF HOMOLOGOUS SERIES

 28
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TYPES OF HOMOLOGOUS SERIES

 29
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Ketone 11 H - C - C - c- c- C- H Penland - one

c-
c- C ⇐

t H H

It H

I I I A
carboxylic acid - c A - c- c- C pnpanoicacidnot 1 1 6- A

H H

It Br HHehalogenoalkane ×=aorB✓orI A - c-C - C - C - A 2- bnmobutane
I I I I

H H H H

It H H H
I I I 1

amine
- Mtz A - c- c- c- N - A propylamine

"t H H⇒
"

C H 0 ,
1 1

ester c- O
IC-C- C- H methylpropanoate

o H - C-

0¥
- Ho_0

- c :+ H
I I

nitrite - c=N A - c- c-

⇐N
pnpanenilvile

I I

H H

It H

=
I

amide -
c- Nitz A - c- C- C propanamide

I I
- NHZ

H H
.

TYPES OF HOMOLOGOUS SERIES
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It H H A
1 1 1 1

alkane A - c-C - C- C- A butane
1 1 1 1

H H H H

YFYF
alkene Cfc H - C=tc-c-H butt - ene

I I

H H

It H H
I I I

alcohol OH A - c-C - C- Out pnpan -1-01

"t H H

It HliIaldehyde
-

Ent A - g-g- c- H pnpanal

H H

H 0 It H H

° I 11 I  11
Ketone 11 H - C - C - c- c- C- H Penland - one

c-
c- C ⇐

t H H

It H

I I I A
carboxylic acid - c A - c- c- C pnpanoicacidnot 1 1 6- A

H H

It Br HHehalogenoalkane ×=aorB✓orI A - c-C - C - C - A 2- bnmobutane
I I I I

H H H H

It H H H
I I I 1

amine
- Mtz A - c- c- c- N - A propylamine

"t H H⇒
"

C H 0 ,
1 1

ester c- O
IC-C- C- H methylpropanoate

o H - C-

0¥
- Ho_0

- c :+ H
I I

nitrite - c=N A - c- c-

⇐N
pnpanenilvile

I I

H H

It H

=
I

amide -
c- Nitz A - c- C- C propanamide

I I
- NHZ

H H
.
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HOMOLOGOUS SERIES: PHYSICAL PROPERTIES

 31

)'+

HdajW^a^in�^c�lViZg�VcY�Wd^a^c\�ed^ci�d[�Y^[[ZgZci�]dbdad\djh�
hZg^Zh
The functional group present in a molecule will infl uence its physical 
as well as chemical properties. A summary of the physical properties of 
the various homologous series is given in Table 10.3 . The individual 
functional groups will be discussed in more detail below.

AZVgc^c\�dW_ZXi^kZh

r� Understand what is meant by 
structural isomerism

r� Draw structural isomers for 
molecules with up to six C 
atoms

Structural isomers are two or 
more compounds that have the 
same molecular formula but 
diff erent structural formulas, i.e. 
the atoms are joined together in a 
diff erent way.

=

=

=

8

=

=

8

=

=

8

=

=

8 = =

=

=

8

8=(

=

8

=

=

8 =

The second molecule has a branched chain.

=dbdad\djh�hZg^Zh EdaVg^in >ciZgbdaZXjaVg�[dgXZh 7d^a^c\�ed^ci HdajW^a^in�^c�lViZg

Va`VcZ cdc"edaVg kVc�YZg�LVVahÉ adl ^chdajWaZ

Va`ZcZ cdc"edaVg kVc�YZg�LVVahÉ adl ^chdajWaZ

VaXd]da edaVg ]nYgd\Zc�WdcY^c\ ]^\] adlZg�bZbWZgh�hdajWaZ0�
]nYgd\Zc�WdcY^c\�id�lViZg

VaYZ]nYZh$`ZidcZh edaVg Y^edaZÄY^edaZ ]^\]Zg�i]Vc�Va`VcZh0�adlZg�i]Vc�
VaXd]dah

adlZg�bZbWZgh�hdajWaZ0�edaVg�
VcY�lViZg�XVc�]nYgd\Zc�WdcY�
id�i]Zb

XVgWdmna^X�VX^Y edaVg ]nYgd\Zc�WdcY^c\ ]^\]/�]^\]Zg�i]Vc�VaXd]dah0�bdgZ�
]nYgd\Zc�WdcY^c\�

adlZg�bZbWZgh�hdajWaZ0�
]nYgd\Zc�WdcY^c\�id�lViZg

]Vad\ZcdVa`VcZ edaVg Y^edaZÄY^edaZ ;dg�hVbZ�cjbWZg�d[�8�Vidbh/
^dYd�3�Wgdbd�3�X]adgd0
kVc�YZg�LVVahÉ�[dgXZh�higdc\Zg�^[�
Cg�]^\]Zg

^chdajWaZ

IVWaZ�&%#(� I]Z�e]nh^XVa�egdeZgi^Zh�d[�hdbZ�]dbdad\djh�hZg^Zh#

In general, solubility in water decreases as the hydrocarbon chain gets 
longer, owing to the non-polar nature of the hydrocarbon chain.

&%#'� >hdbZgh
There are various forms of isomerism. The simplest of these is structural 
isomerism.

The two structural isomers with the molecular formula C4H10 are:

SKILL CHECK 4

The first and third members of a homologous series have the 
molecular formulae C2H2 and C4H6.  

• What is the formula of the fourth member of the series?  

• What is the general formula of the series?  

 32
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SKILL CHECK 5

The formulae of the first two members of 3 homologous series are 

shown below. For each, state the molecular formula of the 5th member 

and the general formula of the series: 

1. CH2O, C2H4O 

2. C2H3N, C3H5N 

3. C6H6, C7H8

 33

NAMING ORGANIC COMPOUNDS
Before the International Union of Pure and Applied Chemists (IUPAC) adopted a 

systematic set of naming rules, organic compounds (like their inorganic counterparts) 

were derived from Latin words. Here are some examples of compounds where the 

non-standard names are still used: 

However, the rapidly increasing number of man-made organic compounds made it 

necessary to have a standardised way to name organic compounds.
 34

a '¥±. Q¥I±e; EI¥¥a"He: #¥e?I¥'

(⇒ CHT "ky,
H A

A

¥€at.
'
¥

.FM#tEsThesqtnCHsm

( Coat

Wu
,

:mats T\ NOHthat the
,

tko

COZH GHZ

YHCAD A COZH

fH2 # OH !ozH

cost CHKHDZ oxalic acid
malicacid menthol Cethandiocaadf
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NAMING ORGANIC COMPOUNDS

A systematic name for an organic compound is often based on the ‘parent’ hydrocarbon 

(the hydrocarbon that resembles the compound most closely). Each name consists of the 

components listed below (not all may be present, however - it depends on the 

complexity of the compound):  

1. A stem: this specifies the number of carbon atoms in the longest carbon chain. If the 
carbon atoms are joined in a ring, the prefix ‘cyclo’ is added.  

2. A stem-suffix: this indicates the type of carbon-carbon bonds that occur in the 
compound. 

3. A suffix: this indicates any oxygen-containing groups that might be present. 

4. One or more prefixes: these indicate non-oxygen-containing groups, which may be 
other carbon (alkyl) groups, or halogen atoms which are substituted for hydrogen along 
the carbon chain. 

 35

Stem  name # a carbon  atoms .

meth - I

eth - 2

prop - 3

but - 4

pent - 5

hex - 6

nept - 1

Oct - 8

I A stem - # a carbon atoms .

If the Carlson  atoms are ioinedui a  ring,
the prefix ' oycw

' is added
.

A systematic name for an organic compound is open based on the ( parent
'

hydrocarbon . Each name consists of the components listed below

( not  all Maybe present )

ORGANIC NAMING: THE STEM

 36
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ORGANIC NAMING: THE STEM-SUFFIX

 37

Stem - suffix Meaning
- an all C- Csingkbonds
- en onetcdonbwbond
- dien two C=C double bonds

- Wien three C=C double bonds

- yn one Ctctripkbond

2A  stem . suffix typeg carbon - Carbon bonds
, eg. single,

double .

CHZ - CHZ ethane

CH5CH=CHz propene
CH=CH - CH=CHzis butadiene -

# are added before the stem suffix Toshow positions any
double bond .Eg .

CHFCH - CH - Cltzisbntaulzdienl
cHz=C=CH - Utzisbnta - 1,2 -dien
Asnffix - the functional group

Suffix Functional group

:
- al an  aldehyde group a

A

O

- one a ketone group in
I

-01 an alcohol group
- +

°
X

- oicacid Acarboxylicacidgnhp
- %

H

ORGANIC NAMING: THE STEM-SUFFIX

 38

CHZ - CHZ ethane

CH5CH=CHz propene
CH=CH - CH=CHzis butadiene -

# are added before the stem suffix Toshow positions any
double bond .Eg .

CHFCH - CH - Cltzisbntaulzdienl
cHz=C=CH - Utzisbnta - 1,2 -dien

CH=CHz

CEDAR COLLEGE  29 INTRO TO ORGANIC



�

Asnffix - the functional group

Suffix Functional group

:
- al an  aldehyde group a

A

O

- one a ketone group in
I

-01 an alcohol group
- +

°
X

- oicacid Acarboxylicacidgnhp
- %

H

ORGANIC NAMING: THE SUFFIX

 39

O
11

a
c c

ORGANIC NAMING: THE SUFFIX

 40

CHSTCHOIS
ethanol

CHZ - CHZ - COZH ispropanoicacid
CHZ . CO - atzatzisbutanone

Prefix Meaning
methyl - CH5
ethyl . CHZCHZ -

propyl - CHSSCHZCHE

chloro - a -

bromo - Bh

hydroxy . Ao -

Cl - CHZ - CHZ - CHO

Zthlooproanal

c- aEat

41

. la prefix stem stem

.sn#suffixCH5CHCotD-CHgpnpan=zolot~

'
- c

stem Siem

.sn#snffixCHztCHC1-CHCCHsDzZCh1oroJ-memy1buta

/
C - cma prefixes skin stem . suffix

HC 3-

methylbutzn

. 1- d
.

yfuttthott

7
Jnftix* prefix stem

stem
. suffix
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ORGANIC NAMING: THE PREFIX

 41

CHSTCHOIS
ethanol

CHZ - CHZ - COZH ispropanoicacid
CHZ . CO - atzatzisbutanone

Prefix Meaning
methyl - CH5
ethyl . CHZCHZ -

propyl - CHSSCHZCHE

chloro - a -

bromo - Bh

hydroxy . Ao -

Cl - CHZ - CHZ - CHO

Zthlooproanal

c- aEat

41

. la prefix stem stem

.sn#suffixCH5CHCotD-CHgpnpan=zolot~

'
- c

stem Siem

.sn#snffixCHztCHC1-CHCCHsDzZCh1oroJ-memy1buta

/
C - cma prefixes skin stem . suffix

HC 3-

methylbutzn

. 1- d
.

yfuttthott

7
Jnftix* prefix stem

stem
. suffix

ORGANIC NAMING EXAMPLES
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CHSTCHOIS
ethanol

CHZ - CHZ - COZH ispropanoicacid
CHZ . CO - atzatzisbutanone

Prefix Meaning
methyl - CH5
ethyl . CHZCHZ -

propyl - CHSSCHZCHE

chloro - a -

bromo - Bh

hydroxy . Ao -

Cl - CHZ - CHZ - CHO

Zthlooproanal

c- aEat

41

. la prefix stem stem

.sn#suffixCH5CHCotD-CHgpnpan=zolot~

'
- c

stem Siem

.sn#snffixCHztCHC1-CHCCHsDzZCh1oroJ-memy1buta

/
C - cma prefixes skin stem . suffix

HC 3-

methylbutzn

. 1- d
.

yfuttthott

7
Jnftix* prefix stem

stem
. suffix

CHSTCHOIS
ethanol

CHZ - CHZ - COZH ispropanoicacid
CHZ . CO - atzatzisbutanone

Prefix Meaning
methyl - CH5
ethyl . CHZCHZ -

propyl - CHSSCHZCHE

chloro - a -

bromo - Bh

hydroxy . Ao -

Cl - CHZ - CHZ - CHO

Zthlooproanal

c- aEat

41

. la prefix stem stem

.sn#suffixCH5CHCotD-CHgpnpan=zolot~

'
- c

stem Siem

.sn#snffixCHztCHC1-CHCCHsDzZCh1oroJ-memy1buta

/
C - cma prefixes skin stem . suffix

HC 3-

methylbutzn

. 1- d
.

yfuttthott

7
Jnftix* prefix stem

stem
. suffix
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ORGANIC NAMING EXAMPLES

 43

Zthlooproanal41
/

C - cma prefixes skin stem . suffix

7
HC 3- . 1- d
.

yfuttthott Jnftix* prefix stem
stem

. suffix

ORGANIC NAMING EXAMPLES

 44

2- Methyl pentane

methyl.gr,ouPH H H EH
.

?; H

I I I I

H - C - C - C - C - [- H
' itty' :[ t

'

longest continuous carbon chain

longest continuous carbon chain

methyl group
-

.

HIIHZIH
H )I I I

H - d-c- c- c- A
1  2  34itty'
ticket't

methyl group

2,2 - dimethyl butane
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ORGANIC NAMING EXAMPLES

 45

H H H it '

It
' '

'
'

⇒H - C- C- C- [
,

C-Hi
I I I  11;
H H H A -f- H ' H ,

longest continuous - 1
'

- -

methyl group
Carbon chain H - C - H

:-
3- methyl hexane 41

methyl group
.

. ,
- -

-

,

HIEHIIHH.tt
it ;

I I I i I I
,

H - C- C- C -Cpc-c-H, 41\
I /

/If It Itc-AtHiemygouplongest continuous-1- -
'

Carbon chain A -
*

It

4. ethyl - 2- methyl hexane

,
-

-

,

It It It It ' It '

I I
I I I I l I l

It - C - C - C -CTC- It '

I I I I l I l

It It It It -C-Hl It
,

'

longest continuous - I
'

- -

methyl group
carbon chain It -
y

- It

It

3- methyl hexane

I

l I

CTCC-Hly

ORGANIC NAMING EXAMPLES

 46

CH3

:
HH

Hzc - C-
C-

CHZ - CHZ

iiCHZCHZ

3,3/4 . trimethylhexane :
H A H H A CHZ H H

Attila't't'c .hintI I I  11 I

H CHZH H H CHZ H H

2,6,G- trimemylocta:
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ORGANIC NAMING EXAMPLES

 47

H
CHZH

H zmethylbuttene
I 1 I I

H - C -

C-C-C - HH
t

4- Methylpenkzene
it

CHZH
I I I

A- c-c=C
- C - C - Hftp.t.et.pt#tHenpe.ItI%EenHot.ItItItattEtheX-3-enezmethylpenttene

hexze

: -

CHZH
I I Irancor . in 'PHPf¥¥,¥p.

' tPHP¥¥E¥'t
1 1 1 1 1

H H H H H H

4-methyl pent - tone zmemylpentzene 3-methyl pent -2 - ene

H
CHZH

H zmethylbuttene
I 1 I I

H - C -

C-C-C - HH
t

4- Methylpenkzene
it

CHZH
I I I

A- c-c=C
- C - C - Hftp.t.et.pt#tHenpe.ItI%EenHot.ItItItattEtheX-3-enezmethylpenttene

hexze

: -

CHZH
I I Irancor . in 'PHPf¥¥,¥p.

' tPHP¥¥E¥'t
1 1 1 1 1

H H H H H H

4-methyl pent - tone zmemylpentzene 3-methyl pent -2 - eneORGANIC NAMING EXAMPLES
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H
CHZH

H zmethylbuttene
I 1 I I

H - C -

C-C-C - HH
t

4- Methylpenkzene
it

CHZH
I I I

A- c-c=C
- C - C - Hftp.t.et.pt#tHenpe.ItI%EenHot.ItItItattEtheX-3-enezmethylpenttene

hexze

: -

CHZH
I I Irancor . in 'PHPf¥¥,¥p.

' tPHP¥¥E¥'t
1 1 1 1 1

H H H H H H

4-methyl pent - tone zmemylpentzene 3-methyl pent -2 - ene

H
CHZH

H zmethylbuttene
I 1 I I

H - C -

C-C-C - HH
t

4- Methylpenkzene
it

CHZH
I I I

A- c-c=C
- C - C - Hftp.t.et.pt#tHenpe.ItI%EenHot.ItItItattEtheX-3-enezmethylpenttene

hexze

: -

CHZH
I I Irancor . in 'PHPf¥¥,¥p.

' tPHP¥¥E¥'t
1 1 1 1 1

H H H H H H

4-methyl pent - tone zmemylpentzene 3-methyl pent -2 - ene
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ORGANIC NAMING EXAMPLES

 49

CHZ

CHZ

fttz ATwutz ~ 4
Lt LI-3 CHZ

hzdimethylcycbhlxane 1,3 . dimethyl cyclone 't Ahl
1,4 -dimethyl cycwhexane

OH
OH OHAA-Br nuI

Br Bv
2- bnmocycwhexanol 3-bnmocycbhexanol 4-bnmocycwhexanol

the, its HE
, A

C=C Cm \
H H H Cltz

citbukzene trans - but -2 - ene

HE
,

CHZ -

Chtz Cl
, ,H¥⇐cT

"

,¥⇐K
"

to ,
H H a A

SKILL CHECK 6

Name the following compounds: 

 50

: t H

CHZH CHZ

CHz÷C- c- it

A -

c-
c- A H - d- [- chg CHZCCHDZCKHD } 1 1

1 1 1 1

HH
- C -

AH
CHZGHZ CHZCHZ 1 1

H -

c-
C - H

CHZ

ted
t
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SKILL CHECK 7

Name the following compounds: 

 51

- -

q

r
.

-=¥t¥H¥I¥t¥I¥#I¥±¥I¥t¥I¥t¥i¥¥I¥#I¥±
1

1

1-
-

-1 1-
- -

-1

buanittat buanittat

CHZH
A

CHZIc-u
it It HIT

YB ,H CASH1 1

- c- c- -com
+ H H H

repeating unit monomer

*t¥"¥⇒ .IE#tIiHtntit*tHIsHet.*HEHEH
I I I
H It CHZ

'¥¥tItI *HeE¥tItI*

H H OH H H H

*

.tt#*ttIItIeiItItItIsPrYsPe!i!tItlEHkitkHHCHzCH3.CHzCHzCH3.CHz
H

F prime
1 1 1 1 1 1

1 H
CHZH

CHZH LHZH
CHZH

CHZH CHZ
H -

c-
c- c- c- H 1 1 1 1 1 1 1 1

1 1  11 - C-
c-

had -c-c-

c-
d- c- d-c-

HCHZCHZH ¥
t CASH utztf that CASH utztf th

CHZ - CHI Chztttz - CHZ CHZTYH- CHECHZ

at

CH5CHz-CHztH

:Hz

CHS - choc'¥

to
J I U

C - C - c- OH OH OH
I

CHZ - CHZTHZ - OH CH5dHtHz c- c- C

propantol propane -01

a - CHZ - CHZCI CHAT CHCIZ
litdichloroethane htdichlooethane

CH5CHz-CH=CHz CATCH - CH - CHG
but . tene butzene

C- C - C - C C - C - C- C

SKILL CHECK 8

Name the following compounds:

 52

KHDKCHCOHXHZCHZ CH3CH=cHCH3 #tCH3

Cuts)}OH mats Hzc - CHZTHFOH) - CHSH
CHZ

(CHDZCHCHZCHZOH
CICHZCHZCHII

2- methylpnpan -201

1,2 - dimethylcydohexane
butan -2-01

3- methylbntan -1-01

1,3 - dioniorpropane
2-methyl-2,3 . dibnmopentane
2,2 - dimethyl propane
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SKILL CHECK 9

Name the following compounds:

 53

KHDKCHCOHXHZCHZ CH3CH=cHCH3 #tCH3

Cuts)}OH mats Hzc - CHZTHFOH) - CHSH
CHZ

(CHDZCHCHZCHZOH
CICHZCHZCHII

2- methylpnpan -201

1,2 - dimethylcydohexane
butan -2-01

3- methylbntan -1-01

1,3 - dioniorpropane
2-methyl-2,3 . dibnmopentane
2,2 - dimethyl propane

53 CKHz)zoH Clubs )z0H

C(CHz)z0H

Alkenes

go
CHECK t H2O TO] → CHzCoH7CHzOH

ethene ethan -1,2 - did

32 + H2O

Horlogmohklnet
10 oh

under
11 reflux

SKILL CHECK 10

Draw the following compounds:

 54

KHDKCHCOHXHZCHZ CH3CH=cHCH3 #tCH3

Cuts)}OH mats Hzc - CHZTHFOH) - CHSH
CHZ

(CHDZCHCHZCHZOH
CICHZCHZCHII

2- methylpnpan -201

1,2 - dimethylcydohexane
butan -2-01

3- methylbntan -1-01

1,3 - dioniorpropane
2-methyl-2,3 . dibnmopentane
2,2 - dimethyl propane
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SKILL CHECK 11

Draw the following compounds:

 55

KHDKCHCOHXHZCHZ CH3CH=cHCH3 #tCH3

Cuts)}OH mats Hzc - CHZTHFOH) - CHSH
CHZ

(CHDZCHCHZCHZOH
CICHZCHZCHII

2- methylpnpan -201

1,2 - dimethylcydohexane
butan -2-01

3- methylbntan -1-01

1,3 - dioniorpropane
2-methyl-2,3 . dibnmopentane
2,2 - dimethyl propane

Isomerism

Structural isomerism

/

H koisomerism

molecules that have the same
Molecules that have the same

molecular formula but different Structural formula but differentstructuralformulae spatial arrangements

111 ms trans optical
chain position functional

group ( geometrical)

ISOMERISM

 56
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STRUCTURAL ISOMERS
Structural isomers are compounds with the same molecular formula but 

different structural formulae.  

Chain isomers have different chains of carbon atoms. For instance, look at 

the following isomers of C4H10: 

 57

A
1

H H H H HH
- yet ifItitle,#tf- it to

- c-cu
H H It It H It It

butane 2-

methylpopa

+
1

H H A H 0 H
1 1 1  11A- ¢ -c-c- O - H H -c-c- out
1 1 1 1 1

H It It H H H

pnpant -01

pnpantHSO

.tItItIo**i¥otE¥n .

poopan -1-01 methoxymethome
can alcohol ) ( another )

STRUCTURAL ISOMERS
Position isomers have different positions of the same functional group.  

Consider the case of propan-1-ol and propan-2-ol. All alcohols contain the –

OH functional group, but in these compounds the –OH group is in different 

positions on the carbon chain:

 58

A
1

H H H H HH
- yet ifItitle,#tf- it to

- c-cu
H H It It H It It

butane 2-

methylpopa

+
1

H H A H 0 H
1 1 1  11A- ¢ -c-c- O - H H -c-c- out
1 1 1 1 1

H It It H H H

pnpant -01

pnpantHSO

.tItItIo**i¥otE¥n .

poopan -1-01 methoxymethome
can alcohol ) ( another )
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STRUCTURAL ISOMERS
Functional group isomers have different functional groups 

Propan-1-ol is an alcohol with the –OH functional group. Methoxyethane is 

an ether with the C–O–C functional group. Both of these compounds have 

the same molecular formula, C3H8O:

 59

A
1

H H H H HH
- yet ifItitle,#tf- it to

- c-cu
H H It It H It It

butane 2-

methylpopa

+
1
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SKILL CHECK 12

Draw and name structural isomers of the following: 

A. Alkenes with the formula C5H10 

B. Alcohols with the formula C4H9OH 

C. Halogenoalkenes with the formula C2H2Cl2 

D. Alkanes with the formula C6H14

 60
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SKILL CHECK 13

Draw and name structural isomers of the following: 

A. Halogenoalkanes with the formula C4H9Cl 

B. Alkenes with the formula C6H12 

C. Alcohols with the formula C5H11OH 
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STEREOISOMERS
Stereoisomers are molecules with the same molecular formula and the 

same structural formula but with a different arrangement in space.  

There are two types of stereoisomerism: 

1. Geometric isomerism (cis–trans isomerism).  

2. Optical isomerism. 

 62
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CIS-TRANS ISOMERISM
Geometric isomerism occurs with alkenes that do not have two identical 

groups on both ends of the C–C double bond. It arises because, unlike the 

case of a C–C single bond, it is not possible to rotate one end of a C–C 

double bond with respect to the other.  

 63

Ctt
¥I¥i¥n

Bond is fixed .

CIS-TRANS ISOMERISM

 64

The following two forms of but-2-ene are therefore distinct and 

separate isomers: 

H
, /H At , ,H

C=C Cr \
Hf CH3 H

cis but-2-ene trans but-2-ene
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CIS-TRANS ISOMERISM

 65

CHZCH - CHCHZ -7 hx

"÷c¥: "*e↳
cis trans

\=⇒i x

CIS-TRANS ISOMERISM
The isomer with both methyl groups on the same side of the double bond is called the 

cis isomer, and that with the methyl groups on opposite sides is called the trans isomer.  

Note that the carbon atoms on both ends of the double bond must each be bonded to 

two non-identical groups. These three arrangements can result in cis–trans isomerism 

because there is restricted rotation about the C–C double bond:
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C=C
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B B

A A

=C=C1 1
�1� D

A 13
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CIS-TRANS EXAMPLES

 67

fitBr Br Br H
\ / \ /

C=C C=C=
t It Br

cis - 1,2 . dibromocthene trans . 1,2 - dibromoethehe

A CHZCH } CHZCHZ
, ,

CHZCHZCHZCHZ

¥C Cn \
CHZCHZCHZ Cl CH3 CH3

trans -3,4 . dichloroheptifenl cis -3,4 . dimethyl Oct . 3- one

CIS-TRANS EXAMPLES

 68

A A H a
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CIS-TRANS EXAMPLES
How many cis–trans isomers does the compound C8H12 have? 

Consider the structure of C8H12: 

In order to calculate the number of geometric isomers it has, we have to first 

discover which of the three C–C double bonds exhibit cis–trans isomerism. 
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H.ge/CH2CHzCHzCHzCHzgc=gCH2CHz
\ \

H H CHZCHZ H
nocistransisomer nocistransisomer

Hzc CHZ HK H

w=L CanHZCHZ H CHZCHZ CHZ

Hot - CHCH - CHCHZCH - CHCHZ

it it
\ 1

Hzc=CHCH=CHCHzCH=CHCH3 ÷f '
cotta

H A

Y=d CHz=CHCH=CHCHzcH=CHCH3

Czttz C4H7

H H

HZKCHCHHHCHZCIHCHCHZ TEsttf
'
city

CIS-TRANS EXAMPLES
Let us look at the first carbon–carbon double bond from the left: 

The first carbon from the left is bonded to 2 hydrogen atoms, as shown above. 

Overall, at this point there are three-of-a-kind atoms around the two carbon 

atoms on either side of the double bond, so this site does not exhibit cis–trans 

isomerism.
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CIS-TRANS EXAMPLES
Let us look at the second carbon–carbon double bond from the left: 

Both carbon atoms around the double bond are bonded to 2 different 

atoms, as shown above. So this site will exhibit cis–trans isomerism.
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CIS-TRANS EXAMPLES
Let us look at the third carbon–carbon double bond from the left: 

Both carbon atoms around the double bond are bonded to 2 different atoms, as 

shown above. So this site will exhibit cis–trans isomerism. 

The entire molecule has 2 cis–trans sites. So, the total number of geometric 

isomers, which are calculated using the formula 2n (where ‘n’ is the number of 

cis–trans sites), is 22 = 4 cis–trans isomers. 
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CIS-TRANS EXAMPLES

 73

HEFHCHHHCHZCH

,=CHCHz
A#

us /

=^I=/TFtran.
=/

trans cis

=/±V7 =F^T
cig trans trans

CIS-TRANS EXAMPLES

Look at the following molecule. Three of its 8 cis-trans isomers are drawn for you 

as an example.

 74

CHZCH = CHCH = CH CH  = CHCI

#9 cis Wans sites =3 #9 optical isomers for this structure = 23=8

¥¥
"

trans
us as±¥tz,

trans

asthe
cis

trans q
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SKILL CHECK 14

Which of the following will exhibit cis–trans isomerism? If the molecule 

exhibits cis–trans isomerism, draw out the isomers.  

A. 2,3-dimethylpent-2-ene 

B. 3,4-dimethylpent-2-ene 

C. 1,2,3-trimethylcyclopropane 

D. 1,3-dimethylcyclobutane
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STEREOISOMERISM EXAMPLES
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OPTICAL ISOMERISM
Optical isomerism arises out of the three-dimension symmetry (or 

asymmetry) of certain organic molecules.  

If a molecule can exist as two non-superimposable mirror images, it is said 

to have two enantiomers, or optical isomers.  

The most common kind of optical isomerism arises when a carbon atom is 

singly bonded to 4 different atoms or groups of atoms. This kind of a carbon 

atom is called a chiral center.  

Chiral molecules have no plane of symmetry. 
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STEREOISOMERS
Below is an example of chirality due to the presence of 4 different groups 

around a carbon atom:
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STEREOISOMERS
Below is an example of chirality in ring compounds. Notice the placement 

of the C–H bond at the base of the ring (going behind the plane of the 

paper on the left and coming out of the plane of the paper on the right):
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STEREOISOMERS
Physical properties such as melting point, boiling point and solubility are 

identical in enantiomers.The only difference in physical properties is in the 

direction of rotation of the plane of plane-polarised light.  

Chemical properties of enantiomers are identical for reactions with 

compounds that are not optically active. Enantiomers may, however, react 

differently with other optically active compounds. 

 80
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SKILL CHECK 15

Which of the following molecules have chiral centers? Find the chiral 

carbon (if one exists) for each of these: 
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SKILL CHECK 16

Which of the following molecules has a chiral centre correctly labelled 

with an asterisk?  

A  CH3C*HClCH3  

B  CH3C*HClCH2Br  

C  HOCH2C*H(OH)CH2OH  

D  CH3C*Br2CH3  

 82
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SKILL CHECK 17

Find the chiral centers in the following molecule:

 83
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SKILL CHECK 18

Find the chiral centers in the following molecule:

 84

CEDAR COLLEGE  52 INTRO TO ORGANIC



�

Yt
¥to "

E¥.

EI
HI 'CHz
menthol menthone

*e£t¥¥t *

*EY?I¥¥th
x

cholesterol

qEEfIOH
JOH 9

'¥¥↳
€¥EjT¥t

-

testosterone

SKILL CHECK 19

Find the chiral centers in the following molecule:
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SKILL CHECK 20

Find the chiral centers in the following molecule:

 86
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SKILL CHECK 21

Find the chiral centers in the following molecule:
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SKILL CHECK 22

Find the chiral centers in the following molecule:
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REACTIONS OF ORGANIC COMPOUNDS

Most organic compounds can be represented as R–Fg, where Fg 

represents the functional group and R represents the rest of the 

molecule.  

Most organic reactions are those of functional groups. The rest of the 

molecule does not change under the conditions of the reaction that 

changes the functional group. If it did change, it would have become a 

functional group itself! 

Many functional groups have characteristic reactions.
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REACTIONS OF ORGANIC COMPOUNDS

An addition reaction is a reaction in which an organic molecule (usually 

containing a double bond) reacts with another molecule to give only one 

product: A   +   B   ⟶  C only.  

A substitution reaction is a reaction in which one functional group in an 

organic compound is replaced by another functional group.

 90
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TYPES OF PARTICLES IN ORGANIC CHEMISTRY
A radical is an atom or a group of atoms that has an unpaired electron Examples 

include the hydroxyl radical (HO•) and the triplet carbene radical (:CH2). 

An electrophile is an atom or group of atoms that is attracted to regions of high 

electron density and accepts a pair of electrons to form a covalent bond.  

Examples include cations or positive end of a dipole such as H+, NO+ and the Hδ+ 

in Hδ+–Clδ−. 

A nucleophile is an atom or group of atoms that is attracted to electron-deficient 

regions in molecules and donates a pair of electrons to form a covalent bond. 

Examples include anions or compounds with lone pairs such as I- or F-  and :NH3.

 91

FREE RADICAL SUBSTITUTION
Radicals (sometimes called free radicals) are highly reactive and are 

intermediates in many of the reactions of alkanes. They have the same 

number of protons as electrons, so are electrically neutral (unlike cations or 

anions).  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free radical substitution alkane
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ELECTROPHILIC SUBSTITUTION
Electrophiles possess either a positive charge or an empty orbital in their 

valence shell, or they contain a polar bond producing an atom with a partial 

charge, shown as δ+. 
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NUCLEOPHILIC SUBSTITUTION
All nucleophiles possess a lone pair of electrons, and many are anions. 

Nucleophiles are called ligands when they react with transition metals. 
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free radical substitution alkane
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ELECTROPHILIC ADDITION
An example of an electrophilic addition reaction is the bromination of 

alkenes.

 95

Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI

electnphilicsnbstitnon arene NOZ

§/HtN0z €# +420

nuckophilic substitution hawqnoakane OH ' tCHzB✓→CHzoH+Br '

alcohol CHsOHtHBr CH3BrtHzO
electrophilic addition alkene CHz=CHz+Brz BNCHZCHZBV +420

nudeophilic addition aldehyde or ketone
He OH31

qf=o+Hav
Bhc

CN
3

hydrolysis ester CHZCOZCHZ +420-7 Cttzcadt  +4+304

condensation aldehyde otkelml A:

+y=O+HzN-R
"

%=N - Rtitz
HC
3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH

NUCLEOPHILIC ADDITION
An example of a nucleophilic addition reaction is the addition of hydrogen 

cyanide to carbonyl compounds such as aldehydes and ketones.
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Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI
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3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH
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HYDROLYSIS
Hydrolysis is a reaction in which a molecule is split into two by the action of 

water (often helped by OH− or H+ as a catalyst).  

An example of a hydrolysis reaction is the dissociation of an ester into its 

parent carboxylic acid and alcohol.
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Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI
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%=N - Rtitz
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3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH

CONDENSATION
Condensation is the opposite of hydrolysis. Two molecules come together 

to form a bigger molecule, with the elimination of a molecule of water (or 

other small molecule, such as HCl).  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Reaction type Functional group Example
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3

hydrolysis ester CHZCOZCHZ +420-7 Cttzcadt  +4+304

condensation aldehyde otkelml A:

+y=O+HzN-R
"

%=N - Rtitz
HC
3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH
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ELIMINATION
Elimination is a reaction that forms an alkene by the removal of a molecule 

of H2O from a molecule of an alcohol, or a molecule of H-X from a molecule 

of a halogenoalkane. 

 99

Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI

electnphilicsnbstitnon arene NOZ

§/HtN0z €# +420

nuckophilic substitution hawqnoakane OH ' tCHzB✓→CHzoH+Br '

alcohol CHsOHtHBr CH3BrtHzO
electrophilic addition alkene CHz=CHz+Brz BNCHZCHZBV +420

nudeophilic addition aldehyde or ketone
He OH31

qf=o+Hav
Bhc

CN
3

hydrolysis ester CHZCOZCHZ +420-7 Cttzcadt  +4+304

condensation aldehyde otkelml A:

+y=O+HzN-R
"

%=N - Rtitz
HC
3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH

Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI

electnphilicsnbstitnon arene NOZ

§/HtN0z €# +420

nuckophilic substitution hawqnoakane OH ' tCHzB✓→CHzoH+Br '

alcohol CHsOHtHBr CH3BrtHzO
electrophilic addition alkene CHz=CHz+Brz BNCHZCHZBV +420

nudeophilic addition aldehyde or ketone
He OH31

qf=o+Hav
Bhc

CN
3

hydrolysis ester CHZCOZCHZ +420-7 Cttzcadt  +4+304

condensation aldehyde otkelml A:

+y=O+HzN-R
"

%=N - Rtitz
HC
3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH

Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI

electnphilicsnbstitnon arene NOZ

§/HtN0z €# +420

nuckophilic substitution hawqnoakane OH ' tCHzB✓→CHzoH+Br '

alcohol CHsOHtHBr CH3BrtHzO
electrophilic addition alkene CHz=CHz+Brz BNCHZCHZBV +420

nudeophilic addition aldehyde or ketone
He OH31

qf=o+Hav
Bhc

CN
3

hydrolysis ester CHZCOZCHZ +420-7 Cttzcadt  +4+304

condensation aldehyde otkelml A:

+y=O+HzN-R
"

%=N - Rtitz
HC
3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH

Reaction type Functional group Example

free radical substitution alkane Cltytaz -74+34 THCI

electnphilicsnbstitnon arene NOZ

§/HtN0z €# +420

nuckophilic substitution hawqnoakane OH ' tCHzB✓→CHzoH+Br '

alcohol CHsOHtHBr CH3BrtHzO
electrophilic addition alkene CHz=CHz+Brz BNCHZCHZBV +420

nudeophilic addition aldehyde or ketone
He OH31

qf=o+Hav
Bhc

CN
3

hydrolysis ester CHZCOZCHZ +420-7 Cttzcadt  +4+304

condensation aldehyde otkelml A:

+y=O+HzN-R
"

%=N - Rtitz
HC
3

elimination halogenoalkane CHzCHzBrtoH CHz=CHz+Br+Hz0

alcohol CHZCHZOH ->CHz=cHz+HzO
reduction aldehyde or ketone

Air%⇒+2[H] μ$c}y+
3

Oxidation alcohol CHzOHt[o] HCHO the

aldehyde HCHD t[] HCOZH

REDUCTION AND OXIDATION
Reduction and oxidation – these have their usual meanings. Reduction 

addition hydrogen and Oxidation is the addition of oxygen. 
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BREAKING BONDS
Chemical reactions involve the breaking of bonds and the formation of new 

bonds.  

A detailed description of which bonds break and which form, and in what order 

these processes occur is called a mechanism.  

A mechanism also includes a description of how any catalyst that might be 

involved in a reaction works. There are two different ways in which a covalent 

bond to a carbon atom may break. Each way produces a different carbon species. 

These are:  

Bond Homolysis (Homolytical Fission). 

Bond Heterolysis forming carbocations.
 101

BREAKING BONDS

Homolysis, often called homolytic fission, results in carbon radicals. It is the splitting of 

a bond giving an equal share of bonding electrons to each particle. In the figure below, 

the carbon and hydrogen atoms take one electron each. The curly arrows with only half 

a head represent how each electron in the bond moves when the bond breaks. 
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free radical substitution alkane

CH4tClz-7CHz4tHClelectrophilicsnbstitnonareneNOz@THtNOz-7fDJtHzonucleophilicsnbstitnbMhawqn0a1kaneOH-tCHzBr-7CHzoHtBra1ushdCHsOHtHBr-yCH3BrtHz0CHz-CHztBrz-BrCHzCHzBVtHzCoH3jf-otHav-BhcaCN3hydrolysisesterCHzCOzCHztHzO-CAzc0zHtcH3oHcondensahmaldewydeotketonlAefgC-OtHzN-RtltkyN-RtHzOHC3lliminahMha1ogenoa1KaneCHzCHzBrtoH-CHzCHztBrtHz0a1whdCHzCHzOH-CHzIHztHzOreduchMaldehydlorketoneAiIgfot2EH-ltp3strsOxidahMa1coho1CHzOHtfo-HCH0tHzOa1dln4deHC1t0tO-zHCOzHHuoxioxHXCFH-7HXCxt.H

• 'm⇒t H

kmth-> it -cxt.tt
1

"
1

H H

÷
 # lqxE: itxlgxtgt +  EE: '

×

: : it

# the A-
dt

+ :c ,
-

1 1

H it

The carbon atom in the methyl radical CH3 has 

only seven electrons around it. Methyl radicals 

are highly reactive, and readily form bonds with 

other atoms or molecules to regain their full 

octet of electrons. 

CEDAR COLLEGE  61 INTRO TO ORGANIC



�

BREAKING BONDS
Heterolysis involves the splitting of a bond giving an unequal share of bonding 

electrons to each particle. In the figure below, the chlorine atom has taken both the 

bonding electrons, leaving the carbon atom with none. The curly arrow describes the 

movement of the bonded pair of electrons to the chlorine atom. 
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free radical substitution alkane

CH4tClz-7CHz4tHClelectrophilicsnbstitnonareneNOz@THtNOz-7fDJtHzonucleophilicsnbstitnbMhawqn0a1kaneOH-tCHzBr-7CHzoHtBra1ushdCHsOHtHBr-yCH3BrtHz0CHz-CHztBrz-BrCHzCHzBVtHzCoH3jf-otHav-BhcaCN3hydrolysisesterCHzCOzCHztHzO-CAzc0zHtcH3oHcondensahmaldewydeotketonlAefgC-OtHzN-RtltkyN-RtHzOHC3lliminahMha1ogenoa1KaneCHzCHzBrtoH-CHzCHztBrtHz0a1whdCHzCHzOH-CHzIHztHzOreduchMaldehydlorketoneAiIgfot2EH-ltp3strsOxidahMa1coho1CHzOHtfo-HCH0tHzOa1dln4deHC1t0tO-zHCOzHHuoxioxHXCFH-7HXCxt.H

• 'm⇒t H

kmth-> it -cxt.tt
1

"
1

H H

÷
 # lqxE: itxlgxtgt +  EE: '

×

: : it

# the A-
dt

+ :c ,
-

1 1

H it

Chlorine, being more electronegative than 

carbon, has already attracted the bonding 

electrons partially, forming a bond dipole δ+C–

Clδ−. This movement of the electron pair 

results in the carbon atom in the methyl 

carbocation having only six electrons in its 

outer shell, and a single positive charge. It is a 

strong electrophile. 

SKILL CHECK 23
Use curly arrows to describe what happens to the electrons when (ionic) 

ammonium chloride is made from ammonia and hydrogen chloride:  

NH3 + HCl ⟶ NH4Cl 
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24 There are three structural isomers with the formula C
5
H
12
. 

 

Which formulae correctly represent these three structural isomers? 

A CH
3
CH

2
CH

2
CH

2
CH

3
 CH

3
CH

2
CHCH

3
CH

3 
CH

3
CH

3
CCH

3
CH

3
 

B CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH

2
(CH)CH

3
CH

3 
C(CH

3
)
4
 

C CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH

2
CH

3 
CH

3
C(CH

3
)
2
CH

3
 

D CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH

2
CH

3 
CH

3
CH

2
CH(CH

3
)CH

3
 

 

 

25  CH
3
CH

2
COCH

2
CH

3
 reacts with hydrogen cyanide to form an organic product called a 

cyanohydrin. 

 

Which feature applies to the cyanohydrin product? 

A It has one chiral centre. 

B It is formed by electrophilic addition. 

C It is formed via an intermediate which contains the C–OH group. 

D Its formation requires the use of cyanide ions as a catalyst. 

 

 

26  How many moles of oxygen molecules are needed for the complete combustion of one mole of  

3-methylpent-2-ene? 

A 9 B 9
2

1

 C 18 D 19 

 

 

27  The hydrocarbon C
17
H
36
 can be cracked. 

 

Which compound is the least likely to be produced in this reaction? 

A C
3
H
8
 B C

4
H
8
 C C

8
H
16
 D C

16
H
34
 

 

 

28  Compound X has the molecular formula C
4
H
10
O

2
. X has an unbranched carbon chain and 

contains two OH groups. 

 

On reaction with an excess of hot, acidified, aqueous manganate(VII) ions, X is converted into a 

compound of molecular formula C
4
H
6
O

4
. 

 

To which two carbon atoms in the chain of X are the two OH groups attached? 

A 1st and 2nd 

B 1st and 3rd 

C 1st and 4th 

D 2nd and 3rd 

 

 

� 
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30 Artemisinin is a powerful anti-malarial drug. 

 

O

O

O

O

O

CH3

CH3

CH3

artemisinin
 

 

How many chiral centres are there in each molecule of artemisinin? 

A 4 B 6 C 7 D 8 

 

 

� 
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19 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 0.125  mol of chlorine gas, Cl 2, is reacted with an excess of cold aqueous 
sodium hydroxide. One of the products is a compound of sodium, oxygen, and chlorine. 

 

Which mass of this product is formed? 

A 9.31 g B 13.3 g C 18.6 g D 26.6 g 
 

 

20  The diagram shows the skeletal formula of phenazine. 

 

N

N

phenazine

N

N

 

 

What is the empirical formula of phenazine? 

A C6H4N B C6H6N C C12H8N2 D C12H12N2 

 

 

21 Halogenoalkanes undergo a range of nucleophilic substitution reactions. 

 

Which reaction proceeds only  by an SN1 mechanism? 

A CH3CH2Br  +  NH3 

B CH3CH2CH2I  +  OH
–

 

C CH3CHBrCH3  +  NH3 

D (CH3)3CI  +  OH
–

 

 

 

22 Which alcohol has a chiral centre and can be oxidised to a ketone? 

A pentan-2-ol 

B pentan-3-ol 

C 3-methylhexan-1-ol 

D 3-methylhexan-3-ol 
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29 How many geometrical (cis-trans) isomers are there of hex-2,4-diene, CH
3
CH=CHCH=CHCH

3
? 

A none; hex-2,4-diene does not show geometric isomerism 

B 2 

C 3 

D 4 

 

 

30 Butanoic acid can be produced from 1-bromopropane using reagents X and Y as shown below. 

 

 reagent X reagent Y 

1-bromopropane    compound Q    butanoic acid 

 

What could be reagents X and Y? 

 

 X Y 

A KCN in ethanol HCl (aq) 

B KCN in ethanol NaOH(aq) 

C NH
3
 in ethanol HCl (aq) 

D NaOH(aq) H
+ / Cr

2
O

7

2–

(aq) 
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23  Considering only structural isomers, what is the number of alcohols of each type with the formula 

C5H12O? 

 

 primary secondary tertiary 

A 3 3 2 

B 4 2 2 

C 4 3 1 

D 5 2 1 

 

 

24  Lactic acid, CH3CH(OH)CO2H, causes pain when it builds up in muscles. 

 

Which reagent reacts with both of the –OH groups in lactic acid? 

A acidified potassium dichromate(VI) 

B ethanol 

C sodium 

D sodium hydroxide 

 

 

25  In the hydrolysis of bromoethane by aqueous sodium hydroxide, what is the nature of the 

attacking group and of the leaving group? 

 

 attacking group leaving group 

A electrophile electrophile 

B electrophile nucleophile 

C nucleophile electrophile 

D nucleophile nucleophile 

 

 

26  Corticosterone is a hormone involved in the metabolism of carbohydrates and proteins. 

 

CH3

CH3

O

O OH

HO

corticosterone
 

 

How many chiral centres are there in one molecule of corticosterone? 

A 5 B 6 C 7 D 8 
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27 Which reagent will give a different observation with compounds W and X? 

 

CH2OH

W

CH3 OH

X
 

 

A hot SOCl 2 

B hot acidified K2Cr2O7 

C NaOH(aq) 

D warm Fehling’s reagent 

 

 

28 In 1869 Ladenburg suggested a structure for benzene, C6H6, in which one hydrogen atom is 

attached to each carbon atom. 

 

CH
CH

HC

CH
CH

HC

Ladenburg structure
 

 

A compound C6H4Cl 2 could be formed with the same carbon skeleton as the Ladenburg structure. 

 

How many structural isomers would this compound have? 

A 3 B 4 C 5 D 6 
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30 Methyl butanoate, C5H10O2, is an ester used in the food industry to give products the flavour of 

apples. 

 

C

O

OC

H

H

H

C

H

H

C

H

H

C

H

H

H

methyl butanoate
 

 

Including methyl butanoate, how many structural isomers are there of C5H10O2 that are esters? 

A 6 B 8 C 9 D 10 
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19 A student examines two semi-precious stones; one is agate, SiO2, and the other is calcite, 

CaCO3. 

 

How could they be distinguished? 

A Add a fixed amount of cold aqueous sodium hydroxide to each separately and measure any 

temperature change. 

B Heat each separately over a gentle Bunsen flame and note which one melts first. 

C Shake each separately with dilute hydrochloric acid and test any gas formed. 

D Shake each separately with distilled water and add a few drops of Universal Indicator. 

 

 

20 In this question, structural isomerism and stereoisomerism should be considered. 

 

How many isomeric aldehydes have the formula C5H10O? 

A 3 B 4 C 5 D 6 

 

 

21 Aldehydes and ketones are carbonyl compounds. 

 

Which of them react with both LiAl H4 and Tollens’ reagent? 

A aldehydes only 

B both aldehydes and ketones 

C ketones only 

D neither aldehydes nor ketones 

 

 

22 Pentaerythritol is used as an intermediate in the manufacture of paint. 

 

CH2OH

C

pentaerythritol

CH2OH

HOCH2

HOCH2

 

 

Which statement about pentaerythritol is correct? 

A It can be dehydrated by concentrated sulfuric acid to form an alkene. 

B Its empirical formula and its molecular formula are different. 

C It does not react with acidified potassium manganate(VII). 

D One mole of it gives two moles of hydrogen gas on reaction with an excess of sodium. 

 

 

CEDAR COLLEGE  64 INTRO TO ORGANIC WS 1



9

10

11

12

� 

[N‘15 11 Q20]

7 

© UCLES 2015 9701/11/O/N/15 [Turn over 

19 Element X forms a pollutant oxide Y. Y can be further oxidised to Z. Two students made the 

following statements. 

 

Student P ‘The molecule of Y contains lone pairs of electrons.’ 

Student Q ‘The oxidation number of X increases by 1 from Y to Z.’ 

 

X could be carbon or nitrogen or sulfur. 

 

Which student(s) made a correct statement? 

A P only 

B Q only 

C both P and Q 

D neither P nor Q 

 

 

20 How many isomeric esters have the molecular formula C4H8O2? 

A 2 B 3 C 4 D 5 

 

 

21 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 

 

Q
 

 

Which skeletal formula represents a structural isomer of Q? 

 

A B

C D
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8  Which row correctly describes the electrodes that can be used in a diaphragm cell for the 

production of chlorine, hydrogen and sodium hydroxide? 

 

 anode cathode 

A steel graphite 

B steel titanium 

C titanium graphite 

D titanium steel 

 

 

9  Hexamine is a crystalline solid used as a fuel in portable stoves. 

 

The diagram shows its skeletal structure. 

 

N

N
N N

 

 

What is the empirical formula of hexamine? 

A CH2N B C3H6N2 C C4H8N4 D C6H12N4 

 

 

10 A mixture of nitrogen and hydrogen gases, at a temperature of 500 K, was put into an evacuated 
vessel of volume 6.0 dm3

. The vessel was then sealed. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

The mixture was allowed to reach equilibrium. It was found that 7.2 mol of N2 and 12.0 mol of H2 

were present in the equilibrium mixture. The value of the equilibrium constant, Kc, for this 

equilibrium is 6.0 × 10
–2

 at 500 K. 
 

What is the concentration of ammonia present in the equilibrium mixture at 500 K? 

A 0.58 mol dm–3

 

B 0.76 mol dm–3

 

C 3.5 mol dm–3

 

D 27 mol dm–3
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26 Alkane X has molecular formula C4H10. 

 

X reacts with Cl 2(g) in the presence of sunlight to produce only two different monochloroalkanes, 
C4H9Cl. Both of these monochloroalkanes produce the same alkene Y, and no other organic 

products, when they are treated with hot ethanolic KOH. 

 

What is produced when Y is treated with hot concentrated acidified KMnO4? 

A CO2  and  CH3CH2CO2H 

B CO2  and  CH3COCH3 

C HCO2H  and  CH3COCH3 

D CH3CO2H only 

 

 

27 The compound aspartame is widely used as a sweetener in ‘diet’ soft drinks. 

 

NH

NH2O

HO

O O

CH3

C6H5

O

aspartame
 

 

Aspartame is chiral. (There are no chiral carbon atoms in C6H5.) 

 

How many chiral carbon atoms are present in a molecule of aspartame? 

A 1 B 2 C 3 D 4 
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25 Terpinen-4-ol is one of the active ingredients in tea tree oil. 

 

HO

terpinen-4-ol
 

 

What is the molecular formula of terpinen-4-ol? 

A C7H11O B C10H16O C C10H17O D C10H18O 

 

 

26 Use of the Data Booklet is relevant to this question. 

 

2.40 g of propan-2-ol were mixed with excess acidified potassium dichromate(VI). The reaction 
mixture was then boiled under reflux for twenty minutes. The organic product was then collected 

by distillation. The yield of product was 75.0%. 

 

What mass of product was collected? 

A 1.74 g B 1.80 g C 2.22 g D 2.32 g 
 

 

27 The diagram shows the structure of compound X. 

 

X

O O

 

 

What is the product of the reaction between compound X and an excess of NaBH4? 

 

OH OH

A

OH OH

B

O O

C

O OH

D
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19 Use of the Data Booklet is relevant to this question. 

 

4.70 g of an ammonium salt is heated with excess aqueous sodium hydroxide. The volume of 
ammonia gas given off, measured at room temperature and pressure, is 1.41 dm3

. 

 

Which ammonium salt was used? 

A ammonium bromide (Mr = 97.9) 

B ammonium carbonate (Mr = 96) 

C ammonium nitrate (Mr = 80) 

D ammonium sulfate (Mr = 132.1) 

 

 

20  Which ester is formed when the alcohol CH3CH2OH is reacted with CH3CH2CH2CO2H? 

A butyl ethanoate 

B ethyl butanoate 

C ethyl propanoate 

D propyl ethanoate 

 

 

21 Which compound shows optical isomerism? 

A 2-chloropropane 

B 1,2-dichloropropane 

C 1,3-dichloropropane 

D 2,2-dichloropropane 

 

 

22 Methanoic acid, HCO2H, has acidic properties similar to those of other carboxylic acids. In 

addition it can be oxidised by the same oxidising agents that are capable of oxidising aldehydes. 

 

Which pair consists of two compounds that will give the same observations with Fehling’s 

reagent? 

A HCO2H and CH3CO2H 

B HCO2H and CH3CO2CH3 

C HCO2H and CH3CH2COCH3 

D HCO2H and CH3CH2CHO 
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29 What is the skeletal formula of 2-methylpentan-1-ol? 

 

OH

A

OH

B

OH OH

C D

 

 

 

30 A possible mechanism for the exothermic hydrolysis of 2-chloro-2-methylpropane is shown. 

 

CH3 

C Cl 

CH3 

CH3 

CH3 

C  Cl 
–

CH3 

CH3  +  

CH3 

C 

CH3 

CH3 

CH3 

C 

CH3 

CH3 

slow 

fast OH– + OH + 

+ 

 

 

Which diagram represents the reaction pathway diagram for this mechanism? 

 

reaction pathway

energy

reaction pathway

energy

reaction pathway

energy

reaction pathway

energy

A B

C D
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19 Element X forms a pollutant oxide Y. Y can be further oxidised to Z. Two students made the 

following statements. 

 

Student P ‘The molecule of Y contains lone pairs of electrons.’ 

Student Q ‘The oxidation number of X increases by 1 from Y to Z.’ 

 

X could be carbon or nitrogen or sulfur. 

 

Which student(s) made a correct statement? 

A P only 

B Q only 

C both P and Q 

D neither P nor Q 

 

 

20 How many isomeric esters have the molecular formula C4H8O2? 

A 2 B 3 C 4 D 5 

 

 

21 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 

 

Q
 

 

Which skeletal formula represents a structural isomer of Q? 

 

A B

C D
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28 Menthol and menthone are both found in peppermint oil. 

 

OH

menthol

O

menthone
 

 

Which statement about these compounds is correct? 

A Both compounds can undergo mild oxidation. 

B Both compounds will give an orange precipitate with 2,4-dinitrophenylhydrazine reagent. 

C Menthol can be formed from menthone by reaction with NaBH4. 

D Menthone gives a positive test when warmed with Tollens’ reagent. 

 

 

29  What is the skeletal formula of 2-methylpentan-1-ol? 

 

OH

A

OH

B

OH OH

C D

 

 

 

30  The structure of aspartame, which is used as an artificial sweetener, is shown. 

 

O OCH3

NH2

C6H5

OH O

N
H

O
1 2

aspartame
 

 

If aspartame is warmed in aqueous alkali, which of bonds 1 and 2 will be broken? 

A both bond 1 and bond 2 

B bond 1 only 

C bond 2 only 

D neither bond 1 nor bond 2 
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20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 
attached to each carbon atom. 

 

C

H

H

H

H

H

H

C C

CC

C

Kekulé structure  
 

In this structure all of the bonds remain in the places shown. Assuming this is the structure of 
benzene, how many isomers of dichlorobenzene, C6H4Cl 2, would exist? 

A 3 B 4 C 5 D 6 
 
 
21 The diagram shows the structure of vitamin A. 
 

OH

CH3

H3C CH3
CH3 CH3

vitamin A  
 

How many chiral centres are present in one vitamin A molecule? 

A 0 B 1 C 2 D 3 
 
 
22 PVC is difficult to dispose of. Two possible methods are burying it in landfill sites and disposal by 

combustion. 
 

Which row of the table is correct? 
 

 rate of biodegradation 
of PVC in landfill sites 

gases produced when 
PVC combusts 

A fast CO2, H2O, HCl 

B fast CO2, H2O, Cl 2 

C slow CO2, H2O, Cl 2 

D slow CO2, H2O, HCl 
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28  Tollens’ reagent can be used to help identify compounds P, Q and R. 

 

C

O

P

HH3C
C

O

Q

CH3

CH3

H3C
H3C

R

C

H

OH

 

 

Which compound(s) form a silver precipitate on warming with Tollens’ reagent? 

A P and Q B P only C Q only D R only 

 

 

29  Sorbitol is a naturally-occurring compound with a sweet taste. It is often used as a substitute for 

sucrose by the food industry. 

 

H C

H

OH

OH

OH

OH

OH

OH

H C

H C

H C

H C

H C

H

sorbitol
 

 

How many chiral centres are present in sorbitol? 

A 3 B 4 C 5 D 6 

 

 

30 Which compound produces butan-2-ol and ethanoic acid on hydrolysis? 

A CH3CO2CH(CH3)2 

B CH3CO2CH(CH3)CH2CH3 

C CH3CH(CH3)CO2CH2CH3 

D CH3CH2CO2CH(CH3)CH2CH3 
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20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 
attached to each carbon atom. 

 

C

H

H

H

H

H

H

C C

CC

C

Kekulé structure  
 

In this structure all of the bonds remain in the places shown. Assuming this is the structure of 
benzene, how many isomers of dichlorobenzene, C6H4Cl 2, would exist? 

A 3 B 4 C 5 D 6 
 
 
21 The diagram shows the structure of vitamin A. 
 

OH

CH3

H3C CH3
CH3 CH3

vitamin A  
 

How many chiral centres are present in one vitamin A molecule? 

A 0 B 1 C 2 D 3 
 
 
22 PVC is difficult to dispose of. Two possible methods are burying it in landfill sites and disposal by 

combustion. 
 

Which row of the table is correct? 
 

 rate of biodegradation 
of PVC in landfill sites 

gases produced when 
PVC combusts 

A fast CO2, H2O, HCl 

B fast CO2, H2O, Cl 2 

C slow CO2, H2O, Cl 2 

D slow CO2, H2O, HCl 
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21 The drug cortisone has the formula shown. 
 

O
OH

OH

O

O  
 

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
 
 
22 An alkene is reacted with acidified manganate(VII) ions, MnO4

–. The desired organic product has 
a relative molecular mass greater than that of the alkene by 34. 

 
What conditions should be used? 

A cold, concentrated MnO4
– 

B cold, dilute MnO4
– 

C hot, concentrated MnO4
– 

D hot, dilute MnO4
– 

 
 
23 The diagram shows a short length of an addition polymer chain. 
 

C

H

H

C

H

H

C

H

H

C

H

H  
 

The polymer has a relative molecular mass of approximately 10 000. 
 

Approximately how many monomer units are joined together in each polymer molecule? 

A 180 B 360 C 625 D 710 
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22 The reaction CH3CH2CH2CH2Br + OH
–

 → CH3CH2CH2CH2OH + Br
–

 proceeds via an SN2 

mechanism. 

The reaction (CH3)3CBr + OH
–

 → (CH3)3COH + Br
–

 proceeds via an SN1 mechanism. 

Which statement about these two reactions is correct? 

A Both reactions involve homolytic bond fission. 

B Both reactions involve hydroxide ions acting as electron pair donors. 

C Both reactions involve the formation of a positively-charged intermediate. 

D Both reactions occur in a single step. 

 

 

23  The equation shows a reaction that occurs between carbon monoxide and nitrogen monoxide in a 

catalytic converter. 

 

2CO(g)  +  2NO(g)  →  2CO2(g)  +  N2(g) 

 

Which statement is correct? 

A The catalyst used is finely divided iron. 

B The reaction prevents greenhouse gas emissions into the atmosphere. 

C The reaction reduces the possibility of the formation of photochemical smog. 

D The reaction results in increased ozone depletion. 

 

 

24 Which statement about stereoisomers is correct? 

A Cis-trans isomers are mirror images of each other. 

B Optical isomers must contain a double bond that restricts rotation. 

C Stereoisomers have the same structural formula as each other. 

D Stereoisomers must contain a chiral centre. 

 

 

25 Which compound can be oxidised by acidified potassium manganate(VII) to give 

3-methylpentan-2-one? 

 

OH

A

OH

B

O

OH

C

OH

D
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27 P, Q and R are carbonyl compounds. 
 

CH2

C

P

H3C H

C OO

CH2

C

Q

H H

C OO

CH2

C

R

H3C CH3

C OO

 
 

Fehling’s solution can be used to help identify these compounds. 
 

Which compounds form a red-brown precipitate on warming with Fehling’s solution? 

A P, Q and R B P and Q only C P only D Q only 
 
 
28 Which reaction would not give ethanoic acid? 

A heating ethanenitrile under reflux with dilute sodium hydroxide 

B heating ethanenitrile under reflux with dilute sulfuric acid 

C heating ethanal under reflux with acidified sodium dichromate(VI) 

D heating ethanol under reflux with acidified sodium dichromate(VI) 
 
 
29 Which formula represents an ester that will form propanoic acid on hydrolysis with dilute sulfuric 

acid? 
 

O

O

A B

O

O

O

O

C

O

O

D
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19 What would be produced when 60 g of nitrogen monoxide react with an excess of carbon 
monoxide in a catalytic converter? 

A 12 g of carbon and 92 g of nitrogen dioxide 

B 24 g of carbon and 92 g of nitrogen dioxide 

C 88 g of carbon dioxide and 28 g of nitrogen 

D 88 g of carbon dioxide and 56 g of nitrogen 
 
 
20 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

Which formula identifies a single substance? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CHCl 2 

D C4H10 
 
 
21 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

If a molecule contains two non-identical chiral carbon atoms, four optical isomers exist. 
 

How many isomers are there with 
 

Ɣ molecular formula C7H14O and 

Ɣ a five-membered ring and 

Ɣ a tertiary alcohol group? 
 

A 4 B 5 C 9 D 13 
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18 The reaction of nitrogen and oxygen to produce oxides of nitrogen happens at high temperatures 
in car engines or lightning strikes during thunderstorms. 

 
What is the main reason for these reactions requiring such high temperatures? 

A the lack of reactivity of nitrogen, due to the half-filled 2p subshell in the nitrogen atom 

B the lack of reactivity of nitrogen, due to the strength of the bond in N2 

C the lack of reactivity of oxygen, due to electron-electron repulsion in one of its 2p orbitals 

D the lack of reactivity of oxygen, due to the strength of the bond in O2 
 
 
19 X is a mixture of two compounds of Group 2 elements. 
 

X undergoes thermal decomposition to produce a white solid and only two gaseous products. 
One of the gaseous products relights a glowing splint. 

 
What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaO 
 
 
20 Which compound does not exhibit stereoisomerism? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CCl 2H 

D CHCl CHCl 
 
 
21 The diagram shows the skeletal formula of citric acid. 
 

O
OO

OH

OH
OHHO

citric acid  
 

What is the molecular formula of citric acid? 

A C6H8O7 B C6H4O7 C C8H8O7 D C10H8O7 
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19 What would be produced when 60 g of nitrogen monoxide react with an excess of carbon 
monoxide in a catalytic converter? 

A 12 g of carbon and 92 g of nitrogen dioxide 

B 24 g of carbon and 92 g of nitrogen dioxide 

C 88 g of carbon dioxide and 28 g of nitrogen 

D 88 g of carbon dioxide and 56 g of nitrogen 
 
 
20 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

Which formula identifies a single substance? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CHCl 2 

D C4H10 
 
 
21 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

If a molecule contains two non-identical chiral carbon atoms, four optical isomers exist. 
 

How many isomers are there with 
 

Ɣ molecular formula C7H14O and 

Ɣ a five-membered ring and 

Ɣ a tertiary alcohol group? 
 

A 4 B 5 C 9 D 13 
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21 Geraniol and linalool are compounds found in some flower fragrances. 

 

 
 

Which statement is correct? 

A They are chain isomers of each other. 

B They are geometrical isomers of each other. 

C They are optical isomers of each other. 

D They are positional isomers of each other. 

 

 

22 Which equation represents the initiation step of the substitution reaction between methane and 

chlorine? 

A CH4  →  CH3•  +  H• 

B CH4  →  CH3
–
  +  H

+
 

C Cl 2  →  2Cl • 

D Cl 2  →  Cl +  +  Cl – 
 

 

23 Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol. 

 

What should be included in a diagram of the first step in the mechanism? 

A a curly arrow from a lone pair on the OH
–
 ion to the C

δ+
 atom of 1-bromopropane 

B a curly arrow from the C
δ+

 atom of 1-bromopropane to the OH
–
 ion 

C a curly arrow from the C–Br bond to the C atom 

D the homolytic fission of the C–Br bond 

 

 

CH3

CH3H3C

CH CH

C

geraniol

CH2OH
C

H

H2C

H2C

C

CH3

CH3

CH2

H3C

H

C

linalool

CH2C

HO

H2C

C
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18 The reaction of nitrogen and oxygen to produce oxides of nitrogen happens at high temperatures 
in car engines or lightning strikes during thunderstorms. 

 
What is the main reason for these reactions requiring such high temperatures? 

A the lack of reactivity of nitrogen, due to the half-filled 2p subshell in the nitrogen atom 

B the lack of reactivity of nitrogen, due to the strength of the bond in N2 

C the lack of reactivity of oxygen, due to electron-electron repulsion in one of its 2p orbitals 

D the lack of reactivity of oxygen, due to the strength of the bond in O2 
 
 
19 X is a mixture of two compounds of Group 2 elements. 
 

X undergoes thermal decomposition to produce a white solid and only two gaseous products. 
One of the gaseous products relights a glowing splint. 

 
What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaO 
 
 
20 Which compound does not exhibit stereoisomerism? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CCl 2H 

D CHCl CHCl 
 
 
21 The diagram shows the skeletal formula of citric acid. 
 

O
OO

OH

OH
OHHO

citric acid  
 

What is the molecular formula of citric acid? 

A C6H8O7 B C6H4O7 C C8H8O7 D C10H8O7 
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19 Transition elements and their compounds are widely used as catalysts. 
 

What is the identity and what is the oxidation number of the element present in the catalyst used 
in the Contact process? 

 
 element oxidation number 

A iron 0 

B iron +3 

C vanadium 0 

D vanadium +5 
 
 
20 What is true of every nucleophile? 

A It attacks a double bond. 

B It donates a lone pair of electrons. 

C It is a single atom. 

D It is negatively charged. 
 
 
21 X has the molecular formula C5H12O. X has a branched carbon skeleton and a secondary alcohol 

functional group. 
 

How many structural isomers fit this description of X? 

A 1 B 2 C 3 D 4 
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18 When burned, sulfur forms a gaseous product X which can be oxidised to produce a gas Y. 
 

Gas Y reacts with water to produce a product Z. 
 

Which row correctly shows the oxidation states of sulfur in X, Y and Z? 
 

 X Y Z 

A –2 +4 +4 

B –2 +4 +6 

C +4 +6 +4 

D +4 +6 +6 
 
 
19 One molecule of ammonia reacts with one molecule of ethyl methanoate, HCO2C2H5, to produce 

one molecule of methanamide, HCONH2, and only one other molecule, X. 
 

One molecule of methanamide decomposes on heating strongly to produce one molecule of 
ammonia and only one other molecule, Y. 

 
What could be the identities of X and Y? 

 
 X Y 

A ethanoic acid carbon monoxide 

B ethanoic acid hydrogen cyanide 

C ethanol carbon monoxide 

D ethanol hydrogen cyanide 
 
 
20 Which types of stereoisomerism are shown by 2,4-dimethylhex-2-ene? 

A both cis-trans isomerism and optical isomerism 

B cis-trans isomerism only 

C neither cis-trans isomerism nor optical isomerism 

D optical isomerism only 
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20 Fructose is a sugar with more than one chiral centre. The fructose molecule is shown with X, Y 
and Z indicating three carbon atoms. 

 

C

C

C

C

C

C

OH

OH

H H

HO H

H OH

H OH

H H

OX

Y

Z

fructose  
 

Which carbon atoms are chiral centres? 

A X, Y and Z B X and Y only C X only D Y only 
 
 
21 Which pair of alcohols are isomers of each other? 

A butan-1-ol and 2,2-dimethylpropan-1-ol 

B butan-2-ol and 2-methylpropan-2-ol  

C pentan-1-ol and 2-methylpropan-2-ol  

D propan-2-ol and 2-methylpropan-2-ol 
 
 
22 Sodium methoxide, Na+CH3O–, reacts with 2-chloro-2-methylpropane in a nucleophilic 

substitution reaction. The nucleophile is the CH3O– ion. 
 

Which row is correct? 
 

 intermediate or 
transition state product 

A (CH3)3C+ (CH3)3COCH3 

B (CH3)3C+ (CH3)3CCH2OH 

C [HOCH2- - -C(CH3)3- - -Cl ]– HOCH2C(CH3)3 

D [H3CO- - -C(CH3)3- - -Cl ]– H3COC(CH3)3 
 
 

  
[J’18 11 Q20]

7 

© UCLES 2018 9701/11/M/J/18 [Turn over 

20 Fructose is a sugar with more than one chiral centre. The fructose molecule is shown with X, Y 
and Z indicating three carbon atoms. 

 

C

C

C

C

C

C

OH

OH

H H

HO H

H OH

H OH

H H

OX

Y

Z

fructose  
 

Which carbon atoms are chiral centres? 

A X, Y and Z B X and Y only C X only D Y only 
 
 
21 Which pair of alcohols are isomers of each other? 

A butan-1-ol and 2,2-dimethylpropan-1-ol 

B butan-2-ol and 2-methylpropan-2-ol  

C pentan-1-ol and 2-methylpropan-2-ol  

D propan-2-ol and 2-methylpropan-2-ol 
 
 
22 Sodium methoxide, Na+CH3O–, reacts with 2-chloro-2-methylpropane in a nucleophilic 

substitution reaction. The nucleophile is the CH3O– ion. 
 

Which row is correct? 
 

 intermediate or 
transition state product 

A (CH3)3C+ (CH3)3COCH3 

B (CH3)3C+ (CH3)3CCH2OH 

C [HOCH2- - -C(CH3)3- - -Cl ]– HOCH2C(CH3)3 

D [H3CO- - -C(CH3)3- - -Cl ]– H3COC(CH3)3 
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22 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 
 

Q  
 

Which skeletal formula represents a structural isomer of Q? 
 

A B

C D

 
 
 
23 The conversion of propene to propan-2-ol can be carried out in two stages represented by the 

equations shown. 
 

reaction 1 CH3CH=CH2(g)  +  HI(g)  →  CH3CHICH3(l) 

reaction 2 CH3CHICH3(l)  +  KOH(aq)  →  CH3CH(OH)CH3(aq)  +  K+(aq)  +  I–(aq) 
 

How can these two reactions be described? 
 

 reaction 1 reaction 2 

A addition elimination 

B addition substitution 

C elimination substitution 

D substitution elimination 
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18 The product of the Contact process is Z. 
 

Which reaction or process leads to the formation of a gas that can neutralise an aqueous solution 
of Z? 

A atmospheric lightning 

B combustion of fuel in an internal combustion engine 

C the Haber process 

D thermal decomposition of Group 2 nitrates 
 
 
19 If ammonium cyanate is heated in the absence of air, the only product of the reaction is urea, 

CO(NH2)2. No other products are formed in the reaction. 
 

What is the formula of the cyanate ion present in ammonium cyanate? 

A CON2
– B CON2

2– C OCN– D OCN2– 
 
 
20 There are three structural isomers with the formula C5H12. 
 

Which formulae correctly represent these three structural isomers? 

A CH3CH2CH2CH2CH3 CH3CH(CH3)CH2CH3 C(CH3)4 

B CH3CH2CH2CH2CH3 CH3CH(CH3)CH2CH3 CH3CH2CH(CH3)CH3 
 

C

D
 

 
 
21 The diagram shows a molecule that has σ bonds and π bonds. 
 

OCH2CH2 CH2 CH2CHCH C

O

 
 

How many σ bonds are present in this molecule? 

A 15 B 17 C 18 D 21 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which of these reactions are redox reactions? 

1 6NO(g)  +  4NH3(g)  →  5N2(g)  +  6H2O(g) 

2 2SO2(g)  +  O2(g)  →  2SO3(g) 

3 SO3(g)  +  H2O(g)  →  H2SO4(g) 

 

 

35  When added to water, which oxides will cause a change in the pH of the water? 

1 SiO2 

2 CaO 

3 SO2 

 

 

36  Halogenated hydrocarbons have many uses. 

 

What have halogenated hydrocarbons been used for? 

1 solvents 

2 refrigerants 

3 monomers in polymer manufacture 

 

 

37  In which structures do the four carbon atoms labelled C lie in the same plane? 

 

C

1

C
C

C

2

C

C

C
C

3

C

C

CC
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33 Aluminium is extracted from aluminium oxide by electrolysis. 

 

Which statements are correct? 

1 Aluminium oxide has an extremely high melting point. 

2 Bauxite is added to the aluminium oxide to lower its melting point. 

3 Oxygen produced at the graphite cathode reacts with the graphite to produce CO2. 

 

 

34 Why does raising the pressure of a fixed mass of gaseous reactants at a constant temperature 

cause an increase in the rate of reaction? 

1 More collisions occur per second when the pressure is increased. 

2 More molecules have energy greater than the activation energy at the higher pressure. 

3 Raising the pressure lowers the activation energy. 

 

 

35 Which statements about the industrial manufacture of sulfuric acid are correct? 

1 Sulfur is burned to form sulfur dioxide. 

2 The stage that forms sulfur trioxide involves a V2O5 catalyst. 

3 The stage that forms sulfur trioxide is non-reversible. 

 

 

36 X is a Group II metal. It forms a sulfate which is more soluble than barium sulfate. It forms a 

hydroxide which is more soluble than calcium hydroxide. 

 

What could be the identity of X? 

1 strontium 

2 magnesium 

3 beryllium 

 

 

37 The diagram shows the structure of an alkene molecule. 

 

C

C C

C

CH3

CH3 CH3

CH3

H
H H

H

 

 

Which statements about this molecule are correct? 

1 All the carbon atoms are in the same plane. 

2 It has geometrical isomers. 

3 It is optically active. 
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37 P and Q are a pair of cis-trans isomers. 
 

What must be the same for P and Q? 

1 their empirical formula 

2 their functional groups 

3 their skeletal formula 
 
 
38 The following statements are about the reaction of NaOH(aq) with the three chloroalkanes 

shown. 
 

CH3CH2CHCl CH3         (CH3)2CHCH2Cl         (CH3)3CCl 
 

Which statements are correct? 

1 (CH3)2CHCH2Cl reacts with NaOH(aq) by an SN2 mechanism. 

2 The tertiary chloroalkane reacts more quickly than the others because the carbon atom 
bonded to the Cl atom is more positive in this molecule. 

3 The Cl atoms in the three chloroalkanes are attacked by OH–. 
 
 
39 For which reactions are the colour changes described correctly? 
 

 reagents colour change 

1 pentanal + hot, acidified potassium dichromate(VI) orange to green 

2 pentan-2-one + warm Fehling’s reagent no change 

3 cyclohexane + cold, acidified potassium manganate(VII) purple to colourless 
 
 
40 Which statements about ethanol and ethanoic acid are correct? 

1 Both react with a suitable reagent to form an ester. 

2 Both react with sodium. 

3 Both are soluble in water. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
39 Several structural isomers of C3H6O3 are listed below. 
 

HOCH2COCH2OH 

HOCH2CH(OH)CHO 

HOCH2CH2CO2H 

CH3CH(OH)CO2H 
 

Which statements about these structural isomers are correct? 

1 One mole of each reacts with two moles of sodium. 

2 Only one of the isomers contains a tertiary alcohol group. 

3 They all contain a primary alcohol group. 
 
 
40 When onions are peeled in air, the reaction shown is thought to occur. 
 

2CH3CH2C +  2H2O  +  2[O]  →  H2SO4  +  H2S  +  2CH3CH2CHO

H

S O  
 

Which tests would give a positive reaction with the organic product? 

1 warming with Tollens’ reagent 

2 warming with acidified potassium manganate(VII) 

3 warming with alkaline aqueous iodine 
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34 Which physical properties are due to hydrogen bonding between water molecules? 

1 Water has a higher boiling point than H2S. 

2 Ice floats on water. 

3 The H−O−H bond angle in water is approximately 104°. 

 

 

35 Under atmospheric conditions, in which transformations is sulfur dioxide involved as either a 

reagent or a catalyst? 

1 NO2 to NO 

2 NO to NO2 

3 CO to CO2 

 

 

36 The element astatine, At, is below iodine in Group VII of the Periodic Table. 

 

Which statements concerning At can be predicted to be correct? 

1 At2 reacts with hydrogen more slowly than I2 does. 

2 At – ions react with I2(aq) to form At2 molecules. 

3 At2 is a dark coloured solid at room temperature. 

 

 

37 The diagram shows a molecule of a compound used as a flame retardant. 

 

Br

Br

Br

Br

Br

Br
 

 

Which statements about this structure are correct? 

1 Each brominated C atom is chiral. 

2 The molecular formula is C12H20Br6. 

3 The C–C–C bond angles are all 120°. 
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34 The rate of chemical reactions can be increased by the addition of a suitable catalyst. 
 

For which reactions can a heterogeneous catalyst be used? 

1 N2  +  3H2    2NH3 

2 2SO2  +  O2    2SO3 

3 2NO  +  2CO    N2  +  2CO2 
 
 
35 Which chlorides, when added to water, can produce a solution with a pH of less than 5? 

1 SiCl 4 

2 Al Cl 3 

3 MgCl 2 
 
 
36 Acid rain continues to be a problem. 
 

Which statements about acid rain are correct? 

1 Acid rain is formed when oxides of nitrogen or oxides of sulfur react with water in the 
atmosphere. 

2 Acid rain causes an increase in the concentration of heavy metal ions in water courses. 

3 Nitrogen dioxide will catalyse the formation of SO3 from SO2 in the atmosphere. 
 
 
37 Which compounds contain a chiral centre? 

1 2-hydroxybutanoic acid 

2 3-hydroxybutanoic acid 

3 4-hydroxybutanoic acid 
 
 
38 The diagram shows the monomer used to make polyvinyl chloride, PVC. 
 

 
 

Assuming that one particular molecule of the polymer forms from n molecules of the monomer 
(where n is many thousands), which statements are correct? 

1 The relative molecular mass of this polymer molecule is approximately 62.5n. 

2 There are n chiral carbon atoms in this polymer molecule. 

3 There are 5n σ bonds in one polymer molecule. 
 
 

C C

H

Cl

H
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20 Molecule G is shown. 
 

O

O

G  
 

How many chiral centres are present in each molecule of G? 

A 1 B 2 C 3 D 4 
 
 
21 Sibirene, C15H24, is reacted with an excess of HBr(g). The major product is X. 
 

X
excess HBr(g)

sibirene  
 

What is the skeletal formula of X? 
 

A

Br
Br

B

Br

Br

C

Br Br Br

D

Br
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34 The temperature of a reversible gas phase reaction is increased. 
 

Which statements are always correct? 

1 More product is present at equilibrium. 

2 The average speed of the particles increases. 

3 There are more successful collisions per unit time. 
 
 
35 Three samples of chlorine gas each contain 0.710 g of chlorine. Each sample is reacted with a 

reagent. 
 

● In the first reaction a sample is reacted completely with hydrogen gas. 

● In the second reaction a sample is reacted completely with cold NaOH(aq). 

● In the third reaction a sample is reacted completely with hot NaOH(aq). 
 

Which masses of the named products would be formed? 

1 Exactly 0.730 g of HCl form in the first reaction. 

2 Exactly 0.585 g of NaCl form in the second reaction. 

3 Exactly 0.975 g of NaCl form in the third reaction. 
 
 
36 Solid barium oxide is added to some ammonium sulfate solution in a test-tube and the mixture is 

warmed. A piece of damp red litmus paper is held over the mouth of the test-tube. 
 

Which observations would be made? 

1 The damp litmus paper initially turns from red to blue. 

2 A white precipitate forms in the test-tube. 

3 A brown gas is evolved with strong heating. 
 
 
37 Which compounds show geometrical (cis-trans) isomerism? 

1 CH3CH=C(CH3)C2H5 

2 CH3CH=CHCH2CH2CH3 

3 C2H5CH=CHC2H5 
 
 
38 Which pairs of compounds may be distinguished from each other by testing with alkaline aqueous 

iodine? 

1 ethane-1,2-diol and ethanol 

2 propan-2-ol and methylpropan-2-ol 

3 ethanol and butan-2-ol 
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21 Camphor is used for medical purposes, the diagram shows its structure.

How many chiral centres are present in one molecule of camphor?

A 0           B 1           C 2           D 3

22 Chloroethane is used as a starting material for the production of ‘time-release capsules’ in
pharmaceutical products. One way of preparing chloroethane is to react chlorine and ethane in
the presence of ultraviolet light.

Which statement is correct about the first stage of the mechanism of this reaction?

A The Cl – Cl bond is split homolytically.

B The Cl – Cl bond is split heterolytically.

C The C – H bond is split homolytically.

D The C – H bond is split heterolytically.

23 Chloroethene, CH2=CHCl, is the monomer of pvc. 

What are the C–C–C bond angles along the polymeric chain in pvc?

A They are all 109 °.

B Half are 109 ° and half are 120 °.

C They are all 120 °.

D They are all 180 °.

CH3

C
CCH2 O

CH2CH2

C CH3CH3

C

H

� 
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16 In black and white photographic film, light converts silver chloride into metallic silver. After the film
has been developed, the unexposed silver chloride is removed by reaction with sodium
thiosulphate to produce a ‘fixed’ negative.

AgCl + 2Na2S2O3 ⎯→ 4Na+ + Cl– + [Ag(S2O3)2]3–

What is the function of thiosulphate?

A to make the silver ions soluble

B to oxidise the silver ions

C to oxidise the silver metal

D to reduce silver ions

17 In what order does the reducing power of the hydrogen halides increase?

A HCl, HBr, HI

B HCl, HI, HBr

C HBr, HI, HCl

D HI, HBr, HCl

18 In a solution of ammonia in water, what combination of ionic and molecular forms of ammonia are
present?

A ions only

B ions and simple molecules only

C simple molecules and hydrogen-bonded molecules only

D simple molecules, hydrogen–bonded molecules and ions

19 Nitrogen is frequently used as an inert atmosphere because it is an unreactive gas.

Which is the best explanation of this unreactivity?

A Its molecule contains a triple bond.

B The bond energy of the molecule is high (994 kJ mol–1).

C The bond in its molecule is very short (0.110 nm).

D The three p orbitals of nitrogen are half-filled.

20 How many alcohols (including both structural isomers and stereoisomers) can have the molecular
formula C4H10O?

A 3 B 4 C 5 D 6

� 


� 
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21 The isomers, citric acid and isocitric acid, are intermediates in the Krebs cycle of the oxidation of
glucose in living cells.

How many chiral centres does each acid possess?

22 The compound hex-3-en-1-ol, P, has a strong ‘leafy’ smell of newly cut grass and is used in
perfumery.

CH3CH2 CH=CHCH2 CH2 OH

P

What is produced when P is treated with an excess of hot concentrated acidic KMnO4 ?

A CH3CH2 CH(OH)CH(OH)CH2 CH2 OH

B CH3CH2 CH=CHCH2 CO2 H

C CH3CH2 CHO and OCHCH2 CH2 OH

D CH3CH2 CO2 H and HO2 CCH2 CO2 H

CH2 CO2 H

C(OH)CO2 H

CH2 CO2 H

citric acid

CH2 CO2 H

CHCO2 H

CH(OH)CO2 H

isocitric acid

citric acid isocitric acid

A 0 1

B 0 2

C 1 1

D 1 2

7
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21 The isomers, citric acid and isocitric acid, are intermediates in the Krebs cycle of the oxidation of
glucose in living cells.

How many chiral centres does each acid possess?

22 The compound hex-3-en-1-ol, P, has a strong ‘leafy’ smell of newly cut grass and is used in
perfumery.

CH3CH2 CH=CHCH2 CH2 OH

P

What is produced when P is treated with an excess of hot concentrated acidic KMnO4 ?

A CH3CH2 CH(OH)CH(OH)CH2 CH2 OH

B CH3CH2 CH=CHCH2 CO2 H

C CH3CH2 CHO and OCHCH2 CH2 OH

D CH3CH2 CO2 H and HO2 CCH2 CO2 H

CH2 CO2 H

C(OH)CO2 H

CH2 CO2 H

citric acid

CH2 CO2 H

CHCO2 H

CH(OH)CO2 H

isocitric acid

citric acid isocitric acid

A 0 1

B 0 2

C 1 1

D 1 2
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15 What are the products of the thermal decomposition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen

C magnesium oxide, nitrogen and oxygen

D magnesium oxide, nitrogen dioxide and oxygen

16 Chlorine compounds show oxidation states ranging from –1 to +7.

What are the reagent(s) and conditions necessary for the oxidation of elemental chlorine into a
compound containing chlorine in the +5 oxidation state?

A AgNO3 (aq) followed by NH3 (aq) at room temperature

B concentrated H2 SO4 at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

17 Which gaseous hydride most readily decomposes into its elements on contact with a hot glass
rod?

A ammonia

B hydrogen chloride

C hydrogen iodide

D steam

18 Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia?

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)

19 Which pollutant is formed in the internal combustion engine and, if not removed by the catalytic
converter, may become involved in the formation of acid rain?

A C B C8 H18 C CO D NO

20 How many structural and cis-trans isomers are there for dichloropropene, C3 H4 Cl2 ?

A 3 B 5 C 6 D 7
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21 Which molecule does not have a chiral centre? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22 Instead of obtaining buta-1,3-diene from fossil fuel sources, it is proposed to obtain it from 

ethanol, which can be obtained from non–food agricultural crops. The sequence of reactions is as 

follows. 

 

CH
3
CH

2
OH CH

3
CHO CH

3
CH(OH)CH

2
CHO CH

2
=CHCH=CH

2

step I step II step III

buta-1,3-diene
 

 

 Which term could be used to describe step I? 

A condensation 

B dehydration 

C dehydrogenation 

D hydrogenation 

 

 

23  How many different substitution products are possible, in principle, when a mixture of bromine 

and ethane is allowed to react? 

 A 3 B 5 C 7 D 9 

 

 

OH

A

CO H2

CH OH

HOH C

CO H2

CO H2

CH OH

H OHC

CH 3

B

C

C

OH

HO CH 3

OH

D

C

OH

HO CO C H 2 2 5

� 

[J‘06 Q21]

7 

 

© UCLES 2006 9701/01/M/J/06 [Turn over 

19 The gaseous oxides of nitrogen have positive enthalpy changes of formation. 

 

Which factor is likely to make the most significant contribution to these enthalpy changes? 

A the high bond energy of the nitrogen molecule, N2 

B the high electron affinity of nitrogen atoms 

C the high electron affinity of oxygen atoms 

D the similarity of the electronegativities of oxygen and nitrogen 

 

 

20 A new industrial preparation of ethyl ethanoate has been developed using cheap sources of 

ethanol. 

 

CH3CH2OH CH3CH(OH)OCH2CH3

CH3CO2CH2CH3

CH3CHO
Cu catalyst

– H2

Cu catalyst

– H2

Cu catalyst

+ CH3CH2OH

 

 

Which process is involved at some stage in this reaction sequence? 

A disproportionation 

B electrophilic addition 

C nucleophilic addition 

D reduction 

 

 

21 Warfarin is used as a rat poison. 

 

C C
C

C

CH CH2 CH3

OOH

O O

warfarin
 

 

How many chiral centres are present in the warfarin molecule? 

A 0 B 1 C 2 D 3 
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15  Use of the Data Booklet is relevant to this question. 

 

What volume of oxygen, measured under room conditions, can be obtained from the thermal 

decomposition of 8.2 g of calcium nitrate (Mr = 164)? 

A 150 cm3

 B 300 cm3

 C 600 cm3

 D 1200 cm3

 

 

 

16 When a mineral was heated in a Bunsen flame to constant mass, a colourless gas that turned 

lime water milky was evolved. The remaining solid was cooled and then added to aqueous 

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO3 

B artinite, MgCO3.Mg(OH)2.3H2O 

C barytocalcite, BaCO3.CaCO3 

D dolomite, CaCO3.MgCO3 

 

 

17  How does ammonia behave when its aqueous solution is used to dissolve silver chloride, AgCl ? 

A as a base 

B as a ligand with the Ag
+

 ion 

C as a ligand with the Cl –  ion 

D as a reducing agent 

 

 

18  Lime, CaO, is used to reduce the acidity of soil, and ammonium sulphate is a nitrogenous 

fertiliser. 

 

Why cannot they be used in a mixed form? 

A The dry mixture is explosive. 

B CaSO4, formed on mixing, causes hard water. 

C When dampened, ammonia is given off. 

D Sulphuric acid will form. 

 

 

19  The diagram shows the structure of vitamin C. 

 

HO OH

C

C CH CH

OH

CH2OH

C

O
O

 

 

How many chiral centres are there in one molecule? 

A 1 B 2 C 3 D 4 
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20 What is the number of isomers of C2H2Cl2 including cis-trans isomers? 

A 2 B 3 C 4 D 5 

 

 

21 Which hydrocarbon, on treatment with hot acidified potassium manganate(VII), would give 

ethanoic acid only? 

 

 

CH3CH CH2

CHCH3

CHCH3

A

B

C

CH3CH

CH3

CH3

C

CH3 CH3

CH3CH3

C CD

 

 

 

22 In the upper atmosphere chlorofluoroalkanes (CFCs) are broken down to give chlorine radicals 

but not fluorine radicals. 

 

What is the best explanation for this? 

A Fluorine is more electronegative than chlorine. 

B Fluorine radicals are less stable than chlorine radicals. 

C The C–F bond is stronger than the C–Cl bond. 

D The chlorine atom is larger than the fluorine atom. 

 

 

23 An amine is produced in the following reaction. 

 

C2H5I + 2NH3 → C2H5NH2 + NH4I 

 

What is the mechanism? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 
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19 Which molecules, each with a linear carbon chain, can have an optically active isomer? 

 

I II III IV 

C3H6BrI C3H4BrI C3H6 I2  C3H4Br2  
 

A I and II only 

B I, II and III only 

C II and III only 

D I, II and IV only 

 

 

20 In which pair do the isomers have identical boiling points? 

 

A

B

C

D

CH3 CH2 CH2 CH2 OH    and    (CH3 )2 CHCH2 OH

CH3 (CH2 )4 CH3             and    (CH3 )2 CHCH(CH3 )2

H

H

H H

CH3 CH3CH3

CH3

C C C Cand

Cl CH2 Cl

CH3

CH and

ClCl H  C2

CH3

C H

 

 

 

21 Tetramethyl-lead(IV), (CH3 )4Pb, increases the rate of the reaction of methane with chlorine. 

 

CH4 (g) + Cl2 (g) → CH3Cl(g) + HCl(g) 

 

Why can tetramethyl-lead(IV) behave in this way? 

A It is a source of methyl radicals. 

B It releases (g)CH
3

+

. 

C It reacts with chloromethane and prevents equilibrium being established. 

D Metal ions catalyse the reaction. 
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23 Which alkene could exist in cis and trans forms? 

 

CH3CH2CH    CHCH3

CH3CH2C    CH2

A

B

C

D

CH3CH2CH2CH    CH2

CH3

CH3

CH3CH    CCH3

 

 

 

24 When gaseous chemicals are transported by road or by rail they are classified as follows. 

 

flammable non-flammable poisonous 

 

Which gas is non-flammable? 

A butane 

B hydrogen 

C oxygen 

D propene 

 

 

25 Which equation or statement describes what happens when poly(propene) is burned in an excess 

of air? 

A (C3H6)n + 1
2

1

nO2 → 3nC + 3nH2O 

B (C3H6)n + 4
2

1

nO2 → 3nCO2 + 3nH2O 

C (C3H6)n + 6nO2 → 3nCO2 + 3nH2O 

D Poly(propene) does not burn. 

 

 

26 When (chloromethyl)benzene, C6H5CH2Cl, is treated in succession with two reagents X and Y, it 

gives phenylethanoic acid, C6H5CH2CO2H. 

 

What are reagents X and Y? 

 

 X Y 

A NaOH(aq) K2Cr2O7(aq) 

B Cl2(aq) NaOH(aq) 

C NaCN (in aqueous ethanol) dilute H2SO4 

D NaOH(aq) CO2 
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19 In the Contact process for the production of sulphuric acid, sulphur dioxide is mixed with air and 

passed over a vanadium(V) oxide catalyst at about 450 oC and a pressure slightly above 
atmospheric pressure. 

 

2SO2  + O2   2SO3  ; ∆H negative 

 

What affects the choice of conditions for this reaction? 

A A lower temperature would not raise the concentration of SO3  at equilibrium. 

B At a lower temperature of 300 oC the V2O5  catalyst would not be effective. 

C At 450 oC nitrogen and oxygen from the air combine to form nitrogen oxides which are 
needed as additional catalysts. 

D The heat generated by the reaction raises the temperature of the catalyst bed to 600 oC at 
which temperature the reaction begins to take place. 

 

 

20 In which class of compound, in its general formula, is the ratio of hydrogen atoms to carbon 

atoms the highest? 

A alcohols 

B aldehydes 

C carboxylic acids 

D halogenoalkanes 

 

 

21 What is the total number of different chloroethanes, formula C2H6-nCln, where n can be any 

integer from 1 to 4? 

A 4 B 6 C 7 D 8 

 

 

22 Which reaction is an example of nucleophilic substitution? 

A CH3CH2Br → CH2=CH2  + HBr 

B CH2=CH2  + HBr → CH3CH2Br 

C C3H7Br + H2O → C3H7OH + HBr 

D C2H6 + Br2  → C2H5Br + HBr 
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22 The structures below show isomers of C6H12. 

 

C C

CH3 CH3

H C2H5

C C

CH3

CH3H

C2H5

C C

CH3CH3

HC2H5

C C

CH3

CH3

H

C2H5

1 2 3 4

 

 

In which pair are the members cis-trans isomers of each other? 

A 1 and 2 B 1 and 3 C 1 and 4 D 2 and 4 

 

 

23  Use of the Data Booklet is relevant to this question. 

 

In which reaction is the relative molecular mass of the organic product the largest? 

A bromoethane + aqueous sodium hydroxide 

B bromoethane + alcoholic sodium hydroxide 

C ethane + bromine 

D ethanol + phosphorus pentachloride 

 

 

24  Light initiates the following reaction. 

 

alkane + chlorine → chloroalkane + hydrogen chloride 

 

What happens to chlorine in this photochemical reaction? 

A heterolytic fission to give an electrophile 

B homolytic fission to give an electrophile 

C heterolytic fission to give a free radical 

D homolytic fission to give a free radical 

 

 

25  High-energy irradiation in the stratosphere produces radicals from chlorofluoroalkanes, commonly 

known as CFCs. 

 

Which radical could result from this irradiation of CHFClCF2Cl? 

 

A

B

C

D

CHFClCFCl

CHClCF2Cl

CHFCF2Cl

CFClCF2Cl
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20 Sorbitol is a naturally-occurring compound with a sweet taste. It is often used as a substitute for 

sucrose by the food industry. 

 

The diagram shows its structure. 

 

H C

H

HO

H C HO

H O C H

H C HO

H C HO

H C HO

H  

 

How many chiral centres are present in sorbitol? 

A 1 B 2 C 3 D 4 

 

 

21 The compound ‘leaf alcohol’ is partly responsible for the smell of new-mown grass. 

 

CH3CH2CH=CHCH2CH2OH 

 

leaf alcohol 

 

Which two compounds will be formed when ‘leaf alcohol’ is oxidised using hot, concentrated 

manganate(VII) ions? 

A CH3CO2H and HOCH2CH2CH2CO2H 

B CH3CO2H and HO2CCH2CH2CO2H 

C CH3CH2CO2H and HO2CCH2CO2H 

D CH3CH2CO2H and HOCH2CH2CO2H 

 

 

22 Which hydrocarbon can form a monochloro-substitution derivative which shows both chirality 

and cis-trans isomerism? 

A CH3CH=CH2 

B (CH3)2C=CH2 

C CH3CH=C(CH3)2 

D CH3CH=CHCH2CH3 
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27 Compound X 

 

• has the molecular formula C
10
H

14
O; 

• is unreactive towards mild oxidising agents. 

 

What is the structure of the compound formed by dehydration of X? 

 

C

A

CH2CH2 CH2CH

B

CHCH2 CH3CH

CHCH CH2

CH3

D

CHC CH3

CH3

 

 

 

28 Ethanal, CH
3
CHO, can be reduced using an aqueous methanolic solution of NaBH

4
 as the 

reducing agent. 

 

This is a nucleophilic addition reaction. 

 

What could be the first step of this mechanism? 

A attack of an H
+

 ion at the carbon atom of the carbonyl group 

B attack of an H
+

 ion at the oxygen atom of the carbonyl group 

C attack of an H
–

 ion at the carbon atom of the carbonyl group 

D attack of an H
–

 ion at the oxygen atom of the carbonyl group 

 

 

29 Which compound is both chiral and acidic? 

 

CH(OH)CO2H

CH2CO2H

A B C D

H CO2H

H CO2H

C

C

CH3 OH
HCO2CH

CH2Br

CH3
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19 Which molecules, each with a linear carbon chain, can have an optically active isomer? 

 

I II III IV 

C3H6BrI C3H4BrI C3H6 I2  C3H4Br2  
 

A I and II only 

B I, II and III only 

C II and III only 

D I, II and IV only 

 

 

20 In which pair do the isomers have identical boiling points? 

 

A

B

C

D

CH3 CH2 CH2 CH2 OH    and    (CH3 )2 CHCH2 OH

CH3 (CH2 )4 CH3             and    (CH3 )2 CHCH(CH3 )2

H

H

H H

CH3 CH3CH3

CH3

C C C Cand

Cl CH2 Cl

CH3

CH and

ClCl H  C2

CH3

C H

 

 

 

21 Tetramethyl-lead(IV), (CH3 )4Pb, increases the rate of the reaction of methane with chlorine. 

 

CH4 (g) + Cl2 (g) → CH3Cl(g) + HCl(g) 

 

Why can tetramethyl-lead(IV) behave in this way? 

A It is a source of methyl radicals. 

B It releases (g)CH
3

+

. 

C It reacts with chloromethane and prevents equilibrium being established. 

D Metal ions catalyse the reaction. 
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21 The presence of 11-cis retinal, C20H28O, in cells in the eye is important for vision. 

 

The structure of retinal includes an aldehyde group, a cyclohexene ring and a long aliphatic side 

chain, in which a carbon-carbon double bond exists between carbons numbered 11 and 12. 

 

Which pair of statements about 11-cis retinal could be correct? 

 

A 5

total number of
>C=C< double bonds

arrangement around
the adjacent carbons

11 and 12

C C
R1 R2

H H

B 5 C C
R1

R2H

H

C 6 C C
R1 R2

H H

D 6 C C
R1

R2H

H

 

 

 

22 What is the least number of carbon atoms in a non-cyclic alkane molecule that has a chiral 

centre? 

A 7 B 8 C 9 D 10 

 

 

23  The following diagram represents the structure of a possible polymer. 

 

C

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H
 

 

By which method might this polymer be made? 

A polymerise ethene followed by hydration 

B polymerise ethene followed by oxidation with cold acidified KMnO4 

C polymerise 1,2-dichloroethene followed by hydrolysis 

D polymerise 1,2-dichloroethene followed by oxidation with cold acidified KMnO4 
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18 Most modern cars are fitted with three-way catalytic converters in the exhaust system. 

 

Which three gases are removed by such a catalytic converter? 

A carbon monoxide, hydrocarbons, nitrogen oxides 

B carbon monoxide, carbon dioxide, nitrogen oxides 

C carbon monoxide, nitrogen oxides, sulfur dioxide 

D hydrocarbons, nitrogen oxides, sulfur dioxide 

 

 

19 In an historically famous experiment Wöhler heated ‘inorganic’ ammonium cyanate in the 

absence of air. The only product of the reaction was ‘organic’ urea, CO(NH2)2. No other products 

were formed in the reaction. 

 

What is the formula of the cyanate ion present in ammonium cyanate? 

A CNO
– 

B CNO
2– 

C CO
– 

D NO
–

 

 

 

20 The drug cortisone has the formula shown. 

 

O

O

CH3

CH3 OH
CO

CH2OH

 

 

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 

present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
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18  Mohr’s salt is a pale green crystalline solid which is soluble in water. It is a ‘double sulfate’ which 

contains two cations, one of which is Fe
2+

. 

 

The identity of the second cation was determined by heating solid Mohr’s salt with solid sodium 

hydroxide and a colourless gas was evolved. The gas readily dissolved in water giving an alkaline 

solution. A grey-green solid residue was also formed which was insoluble in water. 

 

What are the identities of the gas and the solid residue? 

 

 gas residue 

A H2 FeSO4 

B NH3 Na2SO4 

C NH3 Fe(OH)2 

D SO2 Fe(OH)2 

 

 

19  In recent years a number of athletes have been banned from sports because of their illegal use of 

synthetic testosterone, a naturally occurring hormone in the body. 

 

CH3

CH3
OH

O

testosterone
 

 

How many chiral centres are present in a testosterone molecule? 

A 1 B 2 C 3 D 6 

 

 

20  The compound known as ‘gamma-linolenic acid’ is found in significant amounts in the seeds of 

the Evening Primrose plant. There is evidence that the compound may help patients with 

diabetes. 

 

CH3(CH2)4CH=CHCH2CH=CHCH2CH=CH(CH2)4CO2H 

gamma-linolenic acid 

 

How many cis-trans isomers does gamma-linolenic acid have? 

A 3 B 6 C 8 D 12 
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18  Mohr’s salt is a pale green crystalline solid which is soluble in water. It is a ‘double sulfate’ which 

contains two cations, one of which is Fe
2+

. 

 

The identity of the second cation was determined by heating solid Mohr’s salt with solid sodium 

hydroxide and a colourless gas was evolved. The gas readily dissolved in water giving an alkaline 

solution. A grey-green solid residue was also formed which was insoluble in water. 

 

What are the identities of the gas and the solid residue? 

 

 gas residue 

A H2 FeSO4 

B NH3 Na2SO4 

C NH3 Fe(OH)2 

D SO2 Fe(OH)2 

 

 

19  In recent years a number of athletes have been banned from sports because of their illegal use of 

synthetic testosterone, a naturally occurring hormone in the body. 

 

CH3

CH3
OH

O

testosterone
 

 

How many chiral centres are present in a testosterone molecule? 

A 1 B 2 C 3 D 6 

 

 

20  The compound known as ‘gamma-linolenic acid’ is found in significant amounts in the seeds of 

the Evening Primrose plant. There is evidence that the compound may help patients with 

diabetes. 

 

CH3(CH2)4CH=CHCH2CH=CHCH2CH=CH(CH2)4CO2H 

gamma-linolenic acid 

 

How many cis-trans isomers does gamma-linolenic acid have? 

A 3 B 6 C 8 D 12 
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19 Concentrated sulfuric acid reacts with both solid sodium chloride at room temperature and with 

solid sodium iodide at room temperature. 

 

Which row correctly describes how concentrated sulfuric acid behaves in each of these 

reactions? 

 

 with sodium chloride with sodium iodide 

A as an oxidising agent only as an oxidising agent only 

B as a strong acid and as an oxidising agent as a strong acid only 

C as a strong acid only as a strong acid and as an oxidising agent 

D as a strong acid only as a strong acid only 

 

 

20 How many structural isomers are there of trichloropropane, C3H5Cl 3? 

A 3 B 4 C 5 D 6 

 

 

21 Nine compounds have molecular formula C4H8Br2. 

 

Which compound may be synthesised from an alkene by an addition reaction? 

A 1,1-dibromobutane 

B 1,2-dibromobutane 

C 1,3-dibromobutane 

D 1,3-dibromomethylpropane 

 

 

22 When ethanal, CH3CHO, reacts with HCN and the organic product is hydrolysed by aqueous 

acid, organic compound Y is formed. 

 

When propanal, C2H5CHO, is heated under reflux with acidified potassium dichromate(VI), 

organic compound Z is formed. 

 

What is the difference in relative molecular mass of compounds Y and Z? 

A 12 B 14 C 16 D 17 

 

 

23 Which sequence of reagents may be used in the laboratory to convert propan-1-ol into 

2-bromopropane? 

A concentrated sulfuric acid, followed by bromine 

B concentrated sulfuric acid, followed by hydrogen bromide 

C ethanolic sodium hydroxide, followed by bromine 

D ethanolic sodium hydroxide, followed by hydrogen bromide 
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29  The compound 2-methylpropene, C4H8, is a monomer used in the production of synthetic rubber. 

 

C 

H

H CH3

CH3

C

 

 

In addition to 2-methylpropene there are x other isomers of C4H8, structural or otherwise, which 

contain a double bond.  

What is the value of x? 

A 1 B 2 C 3 D 4 

 

 

30  Which environmental problem is not made worse by the release of oxides of nitrogen from car 

engines? 

A acidification of lakes 

B corrosion of buildings 

C photochemical smog 

D the hole in the ozone layer 
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30 Which compound exhibits both cis-trans and optical isomerism? 

A CH3CH=CHCH2CH3 

B CH3CHBrCH=CH2 
C CH3CBr=CBrCH3 

D CH3CH2CHBrCH=CHBr 
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29 CH3CH2COCH2CH3 reacts with hydrogen cyanide to form a cyanohydrin. 

 

Which feature applies to the product? 

A It has one chiral centre. 

B It is formed by electrophilic addition. 

C It is formed via a C–OH intermediate. 

D Its formation requires the use of cyanide ions as a catalyst. 

 

 

30 Which of the compounds shown have chiral carbon atoms? 

 

CH3 CH3

OH

CH3

OH

CH3

O

1 2 3 4

 

 

A 1, 2, 3 and 4 

B 1 and 4 only 

C 2 and 3 only 

D 2, 3 and 4 only 
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23  The products obtained by cracking an alkane, X, are methane, ethene and propene. 

 

The mole fraction of ethene in the products is 0.5. 

 

What is the identity of X? 

A C6H14 B C8H18 C C9H20 D C11H24 

 

 

24  Which compound does not show cis-trans isomerism? 

A 2-methylpent-2-ene 

B 3-methylpent-2-ene 

C 3,4-dimethylhex-3-ene 

D pent-2-ene 

 

 

25  Which formulae show propanone and propanal as different compounds? 

A empirical, molecular, structural and displayed formulae 

B molecular, structural and displayed formulae only  

C structural and displayed formulae only  

D displayed formulae only  

 

 

26  How many isomers with the formula C5H10 have structures that involve π bonding? 

A 3 B 4 C 5 D 6 

 

 

27  1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal. 

 

CH3 CH2 CHCl 2 CH3 CH2 CHO
NaOH(aq)

 

 

Which term describes the first step of this reaction? 

A electrophilic addition 

B elimination 

C nucleophilic substitution 

D oxidation 
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23  The products obtained by cracking an alkane, X, are methane, ethene and propene. 

 

The mole fraction of ethene in the products is 0.5. 

 

What is the identity of X? 

A C6H14 B C8H18 C C9H20 D C11H24 

 

 

24  Which compound does not show cis-trans isomerism? 

A 2-methylpent-2-ene 

B 3-methylpent-2-ene 

C 3,4-dimethylhex-3-ene 

D pent-2-ene 

 

 

25  Which formulae show propanone and propanal as different compounds? 

A empirical, molecular, structural and displayed formulae 

B molecular, structural and displayed formulae only  

C structural and displayed formulae only  

D displayed formulae only  

 

 

26  How many isomers with the formula C5H10 have structures that involve π bonding? 

A 3 B 4 C 5 D 6 

 

 

27  1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal. 

 

CH3 CH2 CHCl 2 CH3 CH2 CHO
NaOH(aq)

 

 

Which term describes the first step of this reaction? 

A electrophilic addition 

B elimination 

C nucleophilic substitution 

D oxidation 
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24 The diagram shows the structure of the naturally-occurring molecule cholesterol. 

 

HO
H H

H
CH3

CH3

H3C

H

cholesterol
 

 

Student X claimed that the seventeen carbon atoms in the four rings all lie in the same plane. 

 

Student Y claimed that this molecule displays cis-trans isomerism at the C=C double bond. 

 

Which of the students are correct? 

A both X and Y 

B neither X nor Y 

C X only 

D Y only 

 

 

25  Which isomer of C6H13OH gives the greatest number of different alkenes when it is dehydrated? 

 

A B

C D

CH3

CH3

CH3

CH CH CH2OH CH3 CH3CH2

OH

CH2 CH

CH3

CH3

OH

CH2 C CH2 CH3 CH3 CH2OH

CH3

CH3

C CH2

CH2
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24 In a sequence of reactions, ethanal is converted into a compound H. 

 

CH3CHO F G
HCN, NaCN hot dilute H2SO4 H

CH3OH, heat

trace of
conc. H2SO4

 

 

What could H be? 

A CH3CH2COOCH3 

B CH3CH(OH)COOCH3 

C CH3CH(OH)OCOCH3 

D CH3CH(OCH3)COOH 

 

 

25 What is involved in the mechanism of the reaction between aqueous sodium hydroxide and 

2-bromo-2-methylbutane? 

A heterolytic bond fission, attack by an electrophile on a carbanion 

B heterolytic bond fission, attack by a nucleophile on a carbocation 

C homolytic bond fission, attack by an electrophile on a carbanion 

D homolytic bond fission, attack by a nucleophile on a carbocation 

 

 

26 Use of the Data Booklet is relevant to this question. 

 

2.30 g of ethanol were mixed with aqueous acidified potassium dichromate(VI). The desired 
product was collected by immediate distillation under gentle warming. 

 

The yield of product was 70.0 %. 

 

What mass of product was collected? 

A 1.54 g B 1.61 g C 2.10 g D 3.14 g 
 

 

27 The molecule shown is optically active. 

 

C

Cl

Cl 

Cl

Cl

H

H H

Cl

H

H

H

H

C

H

H

CC C C

 

 

How many chiral carbon atoms are present in this molecule? 

A 1 B 2 C 3 D 4 
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18 Elements X and Y are both in period three. 

 

When the chloride of X is added to water, it reacts and a solution of pH 2 is produced. 

 

When the chloride of Y is added to water, it dissolves and a solution of pH 7 is produced. 

 

Which statement explains these observations? 

A Both chlorides hydrolyse in water. 

B X is phosphorus and Y is aluminium. 

C X is silicon and Y is sodium. 

D X is sodium and Y is phosphorus. 

 

 

19 Which diagram shows the variation of the metallic radius r of the Group I elements, Li, Na, K and 

Rb, with increasing proton (atomic) number? 

 

r 

proton number 

A 

r 

proton number 

B 

r 

proton number 

C 

r 

proton number 

D 

 

 

 

20 Carvone is found in spearmint. 

 

C 

C 
C 

C 

CH2 

H3C 

H2C 

CH2 

CH3 

C 

H 

HO 

carvone
 

 

How many σ and π bonds are present in this molecule? 

 

 σ π 

A 13 3 

B 22 3 

C 22 6 

D 25 3 
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21 An alkene has the formula CH3CH=CR CH2CH3 and does not possess cis-trans isomers. 

 

What is R ? 

A H B Cl C CH3 D C2H5 

 

 

22 Menthol is an important compound extracted from the peppermint plant. 

 

OH 

CH3 

CH3 H3C 

menthol
 

 

How many chiral centres are there in one molecule of menthol? 

A 1 B 2 C 3 D 4 

 

 

23  The cracking of a single hydrocarbon molecule, CnH2n+2, produces two hydrocarbon molecules 

only. Each hydrocarbon product contains the same number of carbon atoms in one molecule.  

Each hydrocarbon product has non-cyclic structural isomers. 

 

What is the value of n? 

A 4 B 6 C 8 D 9 

 

 

24  But-2-ene-1,4-diol is converted in two steps through an intermediate X into ketobutanedioic acid. 

 

HOCH2CH=CHCH2OH X HO2CCOCH2CO2H

but-2-ene-1,4-diol ketobutanedioic acid

hot acidified KMnO4

step 1 step 2
 

 

What could be the reagent for step 1 and the intermediate X? 

 

 reagent for step 1 X 

A cold acidified KMnO4 HOCH2CH2CH(OH)CH2OH 

B hot acidified KMnO4 OHCCH(OH)CH2CHO 

C steam and concentrated H2SO4 HOCH2CH(OH)CH2CH2OH 

D warm acidified K2Cr2O7 HO2CCH=CHCO2H 
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20 Use of the Data Booklet is relevant to this question. 

 

 A sample of propyl ethanoate is hydrolysed by heating under reflux with aqueous sodium 

hydroxide. The two organic products of the hydrolysis are separated, purified and weighed. 

 

Out of the total mass of products obtained, what is the percentage by mass of each product? 

A 32.4 % and 67.6 % 

B 38.3 % and 61.7 % 

C 42.3 % and 57.7 % 

D 50.0 % and 50.0 % 

 

 

21 Which diagram gives the skeletal formula of 2-chloropentan-3-ol? 

 

Cl

OH

C

Cl OHCl OH

D

Cl

OH

A B

 

 

 

22 When 1-bromopropane is treated in succession with two reagents, X and Y, it produces 

propanoic acid. 

 

What are reagents X and Y? 

 

 X Y 

A NaOH(aq) H
+ / Cr2O7

2–

(aq) 

B NaOH(aq) CO2 

C KCN in ethanol HCl (aq) 

D KCN in ethanol NaOH(aq) 
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18 Sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process. 

 

Which condition affects the value of the equilibrium constant, Kc? 

A adjusting the temperature 

B increasing the pressure 

C removing SO3 from the equilibrium mixture 

D using a catalyst 

 

 

19 Which reagent, when mixed and heated with ammonium sulfate, liberates ammonia? 

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D potassium dichromate(VI) in acidic solution 

 

 

20 The following compounds are found in the seaweed Asparagopsis taxiformis. 

 

Which compound could show both cis-trans isomerism and optical isomerism? 

 

A B C D

C

O

Cl

Cl

H

C

C CBr

C

Cl

H

Br

Br

Br

H

C

C
Br

Br

Br
H HCl

H

Br

I

C

C

C

Cl

H

Br

C

C

C I

Br
 

 

 

21 Lactic acid (2-hydroxypropanoic acid), CH3CH(OH)CO2H, is found in sour milk. 

 

Which reaction could occur with lactic acid? 

A CH3CH(OH)CO2H  + CH3OH → CH3CH(OCH3)CO2H +  H2O 

B CH3CH(OH)CO2H  + HCO2H → CH3CH(O2CH)CO2H +  H2O 

C CH3CH(OH)CO2H  + NaHCO3 → CH3CH(ONa)CO2H +  H2O  +  CO2 

D CH3CH(OH)CO2H  + Cl 2 → CH3CH(Cl )CO2H +  HOCl 
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18 Sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process. 

 

Which condition affects the value of the equilibrium constant, Kc? 

A adjusting the temperature 

B increasing the pressure 

C removing SO3 from the equilibrium mixture 

D using a catalyst 

 

 

19 Which reagent, when mixed and heated with ammonium sulfate, liberates ammonia? 

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D potassium dichromate(VI) in acidic solution 

 

 

20 The following compounds are found in the seaweed Asparagopsis taxiformis. 

 

Which compound could show both cis-trans isomerism and optical isomerism? 

 

A B C D

C

O

Cl

Cl

H

C

C CBr

C

Cl

H

Br

Br

Br

H

C

C
Br

Br

Br
H HCl

H

Br

I

C

C

C

Cl

H

Br

C

C

C I

Br
 

 

 

21 Lactic acid (2-hydroxypropanoic acid), CH3CH(OH)CO2H, is found in sour milk. 

 

Which reaction could occur with lactic acid? 

A CH3CH(OH)CO2H  + CH3OH → CH3CH(OCH3)CO2H +  H2O 

B CH3CH(OH)CO2H  + HCO2H → CH3CH(O2CH)CO2H +  H2O 

C CH3CH(OH)CO2H  + NaHCO3 → CH3CH(ONa)CO2H +  H2O  +  CO2 

D CH3CH(OH)CO2H  + Cl 2 → CH3CH(Cl )CO2H +  HOCl 
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19 Deposits of ammonium sulfate have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO
3
 + H

2
O + 2NH

3
 → (NH

4
)
2
SO

4
 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 
 

 

20 An organic compound X 

 

● is unaffected by hot acidified potassium manganate(VII), 

● reacts with ethanoic acid in the presence of concentrated sulfuric acid. 

 

What is compound X? 

A CH
3
CO

2
C

2
H

5
 

B CH
3
CH

2
COCH

3
 

C (CH
3
)
3
COH 

D CH
3
CH

2
CHOHCH

3
 

 

 

21 The diagram shows a molecule that has σ bonds and π bonds. 

 

C

O

OCH2CH2 CH2 CH2CHCH
 

 

How many σ bonds are present in this molecule? 

 A 15 B 17  C 18  D 21 
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21 An alkene has the formula CH3CH=CR CH2CH3 and does not possess cis-trans isomers. 

 

What is R ? 

A H B Cl C CH3 D C2H5 

 

 

22 Menthol is an important compound extracted from the peppermint plant. 

 

OH 

CH3 

CH3 H3C 

menthol
 

 

How many chiral centres are there in one molecule of menthol? 

A 1 B 2 C 3 D 4 

 

 

23  The cracking of a single hydrocarbon molecule, CnH2n+2, produces two hydrocarbon molecules 

only. Each hydrocarbon product contains the same number of carbon atoms in one molecule.  

Each hydrocarbon product has non-cyclic structural isomers. 

 

What is the value of n? 

A 4 B 6 C 8 D 9 

 

 

24  But-2-ene-1,4-diol is converted in two steps through an intermediate X into ketobutanedioic acid. 

 

HOCH2CH=CHCH2OH X HO2CCOCH2CO2H

but-2-ene-1,4-diol ketobutanedioic acid

hot acidified KMnO4

step 1 step 2
 

 

What could be the reagent for step 1 and the intermediate X? 

 

 reagent for step 1 X 

A cold acidified KMnO4 HOCH2CH2CH(OH)CH2OH 

B hot acidified KMnO4 OHCCH(OH)CH2CHO 

C steam and concentrated H2SO4 HOCH2CH(OH)CH2CH2OH 

D warm acidified K2Cr2O7 HO2CCH=CHCO2H 
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21 Which reaction will give the best yield of 1-chloropropane? 

A chlorine gas with propene gas in the dark 

B propan-1-ol with dilute NaCl (aq) 

C propan-1-ol with PCl 5 

D propene with dilute HCl (aq) 
 

 

22 The compound ‘leaf alcohol’ is partly responsible for the smell of new-mown grass. 

 

CH3CH2CH=CHCH2CH2OH 

leaf alcohol 

 

What will be formed when ‘leaf alcohol’ is oxidised using an excess of hot, acidified K2Cr2O7(aq)? 

A CH3CH2CH(OH)CH(OH)CH2CO2H 

B CH3CH2COCOCH2CO2H 

C CH3CH2CH=CHCH2CO2H 

D CH3CH2CO2H  and  HO2CCH2CO2H 

 

 

23 Which compound exhibits stereoisomerism? 

A CH3CHCl CH3 

B CH3CHCl CH2Cl 

C CH3CCl 2CH3 

D CH2Cl CH2CH2Cl 

 

 

24 A carbanion is an organic ion in which a carbon atom has a negative charge. A carbocation is an 

organic ion in which a carbon atom has a positive charge. 

 

The reaction between aqueous sodium hydroxide and 1-bromobutane proceeds by an SN2 

mechanism. 

 

How should the first step in the mechanism be described? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission followed by an attack by an electrophile on a carbanion 

C heterolytic bond fission followed by an attack by a nucleophile on a carbocation 

D homolytic bond fission followed by an attack by a nucleophile on a carbocation 

 

 

� 

[J‘13 13 Q22]

8  

© UCLES 2013 9701/13/M/J/13  

20  Ethene reacts with steam in the presence of sulfuric acid.  

 

C2H4  +  H2O  →  CH3CH2OH 

 

What type of reaction is this? 

A acid / base 

B addition 

C hydrolysis 

D substitution 

 

 

21  What is true of every nucleophile? 

A It attacks a double bond. 

B It has a lone pair of electrons. 

C It is a single atom. 

D It is negatively charged. 

 

 

22 How many isomers, including structural and stereoisomers, with the formula C4H8 have structures 

that involve π bonding? 

A 1 B 2 C 3 D 4 

 

 

23  Burnt sugar has a characteristic smell caused partly by the following compound. 

 

CH3 C

O

CHO
 

 

This compound contains two functional groups. 

 

Which reagent will react with both functional groups? 

A acidified potassium dichromate(VI) 

B Fehling’s solution 

C hydrogen cyanide 

D sodium hydroxide 
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21  Including structural and stereoisomers, how many isomers are there of C2H2Br2? 

A 2 B 3 C 4 D 5 

 

 

22 Which reaction will give the best yield of 2-chloropropane? 

A chlorine gas with propane gas in the presence of uv light 

B chlorine gas with propene gas in the dark 

C propan-2-ol with dilute NaCl (aq) 

D propan-2-ol with PCl 5 
 

 

23  Pent-2-ene, CH3CH2CH=CHCH3, reacts in a similar way to ethene. 

 

Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions. 

 

What will be produced in the greatest amount? 

A CH3CH2CH(OH)CH(OH)CH3 

B CH3CH2COCOCH3 

C a mixture of CH3CH2CH(OH)CH2CH3  and  CH3CH2CH2CH(OH)CH3 

D CH3CH2COOH  and  CH3COOH 

 

 

24  Including structural and stereoisomers, how many isomeric products are produced when alcoholic 

KOH reacts with 2-chlorobutane? 

A 1 B 2 C 3 D 4 

 

 

25  Chlorofluorocarbons, CFCs, can be used as refrigerants, aerosol propellants and fire 

extinguishers. 

 

CFCs such as CCl 3F and CCl 2F2 are more stable than chloroalkanes such as CCl 4. 
 

What is the reason for their greater stability? 

A Fluorine has a higher first ionisation energy than chlorine. 

B Fluorine radicals are more stable than chlorine radicals. 

C The C–F bond energy is larger than the C–Cl bond energy. 

D The C–F bond is more polar than the C–Cl bond. 
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29 Synthetic resins, plasticisers and many other chemicals can be made by polymerisation of a 

variety of monomers including prop-2-en-1-ol, CH2=CHCH2OH. 

 

Which structure represents the repeat unit in poly(prop-2-en-1-ol)? 

 

CH2 CH CH2 

CH2OH 

OH A 

CH2 CH B 

CH2OH 

CH C C 

OH 

CH2 CH CH2 D 

 

 

 

30 Some vegetable oils contain ‘trans fats’ that are associated with undesirable increases in the 

amount of cholesterol in the blood. 

 

In the diagrams below, R1 and R2 are different hydrocarbon chains. 

 

Which diagram correctly illustrates an optically active ‘trans fat’? 

 

CH3 (CH2)6 C C(CH2)7 CO2CH

A

H

H R1 CO2CH2

R1 CO2CH2 R1 CO2CH2

R1 CO2CH2

CH3 (CH2)6 C C(CH2)7 CO2CH

B

H

H R1 CO2CH2

R2CO2CH2

CH3 (CH2)6 C C(CH2)7 CO2CH

C

HH

R1 CO2CH2

CH3 (CH2)6 C C(CH2)7 CO2CH

D

HH

R2CO2CH2
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18 The graph below shows the variation of the first ionisation energy with the number of protons for 

some elements. 

 

first ionisation
energy / kJ mol–1

proton number

Q

R

S

T

U

V
W

X

Y

 

 

Which statement is correct? 

A Elements Q and Y are in the same period in the Periodic Table. 

B The general increase from elements R to Y is due to increasing atomic radius. 

C The small decrease between elements S and T is due to decreased shielding. 

D The small decrease between elements V and W is due to repulsion between paired 

electrons. 

 

 

19 Use of the Data Booklet is relevant to this question. 

 

Elements J and K react together to form compound L. Elements J and K are both in Period 3. 

Element J has the smallest atomic radius in Period 3. There are only two elements in Period 3 

which have a lower melting point than element K. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

20 Which diagram gives the skeletal formula of 2-bromopentan-4-ol? 

 

A

Br

OH

BrOH Br

OH

B C D

Br OH
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which pairs of compounds have the same empirical formula? 

1 ethane and ethene

2 ethene and cyclohexane

3 cyclohexane and oct-1-ene

32 In which sequences are the molecules quoted in order of increasing bond angle within the
molecule? 

1 H2O NH3 CH4

2 H2O SF6 BF3

3 CH4 CO2 SF6

33 The concepts of bond energy, bond length and bond polarity are useful when comparing the
behaviour of similar molecules, e.g. thermal stability. 

For example, it could be said

“Compared with the HCl molecule, the bond ……….X…………. of the HI molecule is
………..Y……….. .”

Which pairs of words correctly complete the above sentence?

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

X Y

1 energy greater

2 length greater

3 polarity less
� 
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37 What will always be a characteristic of a compound containing a single carbon atom with four
different groups bonded to it?

1 It will have an optical isomer.

2 It will have a chiral centre.

3 It will have a structural isomer.

38 Chloroethane can be formed from bromoethane in two steps.

step X step Y
C2H5Br                  C2H5OH                  C2H5Cl

Which statements about these steps are correct?

1 Step X involves a nucleophilic substitution.

2 Hot aqueous sodium hydroxide is the reagent in step X.

3 Hot aqueous sodium chloride is the reagent in step Y.

39 When the apparatus below was used with compound Z, a brick-red precipitate formed in the right-
hand tube. 

Which compound could be Z?

1 CH3CH(OH)CH3 2 CH3CH2CH2OH 3 CH3OH

air to pump

compound Z in
acidified potassium
dichromate(VI)

Fehling's reagent

heat

� 
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35 The element astatine lies below iodine in Group VII of the Periodic Table. 

What will be the properties of astatine?

1 It forms diatomic molecules which dissociate more readily than chlorine molecules.

2 It reacts explosively with hydrogen.

3 It is a good reducing agent.

36 Ammonia and chlorine react in the gas phase.

8NH3 + 3Cl2 → N2 + 6NH4 Cl

Which statements are correct?

1 Ammonia behaves as a reducing agent.

2 Ammonia behaves as a base.

3 The oxidation number of the hydrogen changes.

37 Which  compounds show cis-trans isomerism? 

1 but-2-ene 

2 but-1-ene

3 2-methylpropene

38 When octane is subjected to catalytic cracking, which compounds can be obtained?

1 CH2=CH2

2 CH3CH2CH=CH2

3 CH3(CH2)4 CH3

39 Which ions are present in a solution of ethanol in an excess of concentrated sulphuric acid?

1 CH3CH2O–

2 CH3CH2

+
OH2

3 HSO–
4

40 In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the
reaction mechanism are true?

1 A new carbon-carbon bond is formed.

2 In the intermediate, the oxygen carried a negative charge.

3 The last stage involves the formation of a hydrogen-oxygen bond.

�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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35 Hydroxyapatite, a basic calcium phosphate, Ca(OH)2.3Ca3(PO4)2, is the mineral found in bone. 

 

In older people, calcium ions can be lost from the hydroxyapatite, weakening the bone structure. 

In such cases, strontium salts are administered to strengthen the bone. The strontium ions 

replace the lost calcium ions in the hydroxyapatite. 

 

Which statements are correct? 

1 Strontium ions are nearly the same size as calcium ions and so may easily replace them in 

the hydroxyapatite. 

2 Strontium hydroxide is less soluble than calcium hydroxide and so will precipitate better in 

the bone structure. 

3 There is ionic, covalent and metallic bonding in hydroxyapatite which gives it strength. 

 

 

36 Ammonia and chlorine react in the gas phase. 

 

8NH3 + 3Cl2 → N2 + 6NH4Cl 
 

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2 Ammonia behaves as a base. 

3 The oxidation number of the hydrogen changes. 

 

 

37 In which pairs are the members stereoisomers of each other? 

 

CH3

C C

H

Br

Cl

CH3

C C

H

Br

H

CH3

C C

H

Br

H

CH3

C C

Br

H

Cl

Cl

CH3

C

H
Br

Cl

CH3

C

H
Br

1

2

3

 

 

 

� 
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36 Which processes involve the conversion of sulphur dioxide into sulphur trioxide?

1 the combustion of sulphur contaminated carbonaceous fuels

2 the Contact process for manufacturing sulphuric acid

3 the catalytic oxidation of sulphur dioxide by oxides of nitrogen

37 Which molecules would be present in the photochemical chlorination of methane?

1 hydrogen

2 hydrogen chloride

3 dichloromethane

38 The taste buds on the tongue are chiral and can distinguish one optical isomer from another.

Which naturally-occurring compounds will have optical isomers that may be distinguished by
taste?

39 The compound shown is a hormone produced during pregnancy to suppress ovulation.

Which reagents would give positive results with this compound?

1 aqueous bromine

2 2,4-dinitrophenylhydrazine

3 Fehling’s reagent

O

CH3

CH3

CH3

C O

CH

CH OH

O

CH OH

CH OH

CH2OH

1 2 3

CH3

CH3CH3

CH

OH

ribose menthol maleic acid

HO C

O O

CCH OHCH
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36 Which processes involve the conversion of sulphur dioxide into sulphur trioxide?

1 the combustion of sulphur contaminated carbonaceous fuels

2 the Contact process for manufacturing sulphuric acid

3 the catalytic oxidation of sulphur dioxide by oxides of nitrogen

37 Which molecules would be present in the photochemical chlorination of methane?

1 hydrogen

2 hydrogen chloride

3 dichloromethane

38 The taste buds on the tongue are chiral and can distinguish one optical isomer from another.

Which naturally-occurring compounds will have optical isomers that may be distinguished by
taste?

39 The compound shown is a hormone produced during pregnancy to suppress ovulation.

Which reagents would give positive results with this compound?

1 aqueous bromine

2 2,4-dinitrophenylhydrazine

3 Fehling’s reagent

O

CH3

CH3

CH3

C O

CH

CH OH

O

CH OH

CH OH

CH2OH

1 2 3

CH3

CH3CH3

CH

OH

ribose menthol maleic acid

HO C

O O

CCH OHCH
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38  Which structural formulae represent 2,2-dimethylpentane? 

1 (CH3)2CHCH2CH(CH3)2 

2 (CH3)3CCH2CH2CH3 

3 CH3CH2CH2C(CH3)3 
 

 

39  Which reactions are examples of nucleophilic substitution? 

1 CH3CH2Br + OH–
 → CH3CH2OH + Br– 

2 CH3I + H2O H
+

⎯⎯⎯→  CH3OH + HI 

3 CH3CH2CH2Cl + NH3 → CH3CH2CH2NH2 + HCl 
 

 

40  The diagram shows some laboratory apparatus. 

 

water

heat
 

 

Which preparations could this apparatus be used for? 

1 bromoethane, from ethanol, sodium bromide and concentrated sulfuric acid 

2 ethanal, from ethanol, sodium dichromate(VI) and sulfuric acid 

3 1,2-dibromoethane, from bromine and ethene  
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

37 The diagram shows the structure of the naturally-occurring molecule cholesterol. 

 

HO
H H

H
CH3

CH3

H3C

H

cholesterol
 

 

Which statements about cholesterol are correct? 

1 The molecule contains a secondary alcohol group. 

2 The molecule contains two π bonds. 

3 All carbon atoms in the four rings lie in the same plane. 

 

 

38 Glyceraldehyde, HOCH2CH(OH)CHO, is formed during photosynthesis, and contains a chiral 

carbon atom. 

 

Which reagents will react with glyceraldehyde to produce an organic product without a chiral 

carbon atom? 

1 warmed acidified K2Cr2O7  

2 NaBH4  

3 Tollens’ reagent 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Which substances contain delocalised electrons? 

1 cyclohexene 

2 graphite 

3 sodium 

 

 

34  Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 Adding W to water has less effect on pH than adding Y. 

2 Adding Z to soil increases the pH of the soil. 

3 The metallic element in Y reacts with cold water more quickly than the metallic element in W. 

 

 

35  Which properties increase in the sequence hydrogen chloride, hydrogen bromide and hydrogen 

iodide? 

1 thermal stability 

2 bond length 

3 ease of oxidation 
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36 In the manufacture of sulfuric acid the reaction 2SO2(g) + O2(g)  2SO3(g) usually takes place 

at 400 °C and 1 atm pressure. In one industrial plant, it is decided to change the pressure to 
20 atm. 

 

What will be the consequences of this change? 

1 increased running costs 

2 an increased percentage of sulfur trioxide in the equilibrium mixture 

3 the rate of the backward reaction increases 

 

 

37 What is always involved in a carbon-carbon π bond? 

1 a shared pair of electrons 

2 a sideways overlap of p orbitals 

3 delocalised electrons 

 

 

38 A number of alcohols with the formula C4H10O are separately oxidised. Using 70 g of the alcohols 
a 62 % yield of organic product is achieved. 

 

What mass of product could be obtained? 

1 42.2 g of butanone 

2 51.6 g of butanoic acid 

3 51.6 g of 2-methyl propanoic acid 
 

 

39 The compound cis-hex-3-enal is responsible for the characteristic smell of cut grass. The human 

nose is particularly sensitive to this compound, being able to detect 0.25 parts per billion in air. 

 

O
cis-hex-3-enal

 

 

Which reagents will react with cis-hex-3-enal? 

1 sodium 

2 sodium borohydride 

3 Fehling’s reagent 
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34 Silver chloride dissolves in aqueous ammonia. 

 

What happens in this process? 

1 A co-ordinate bond is formed. 

2 The oxidation number of nitrogen is unchanged. 

3 Ammonia acts as a Brønsted-Lowry base. 

 

 

35 Compared with the HCl molecule, the bond ……X…… of the HBr molecule is ……Y…… 

 

Which pairs of words correctly complete the above sentence? 

 

 X Y 

1 energy less 

2 polarity less 

3 length greater 

 

 

36 Which statements are true about the Haber process for the manufacture of ammonia? 

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster. 

2 At higher pressures, the yield goes down but the rate of production of ammonia is faster. 

3 In the presence of a catalyst, the yield goes down but the rate of production of ammonia is 

faster. 

 

 

37 Which compounds can be obtained from propene in a single reaction? 

1 CH2OHCHOHCH3 

2  (  CH2CH(CH3) ) n  

3 CH2BrCH2CH2Br 

 

 

38 What are the same for a pair of optical isomers? 

1 their empirical formula 

2 their functional groups 

3 their structural formula 

 

 

39 Which statements about the photochemical chlorination of ethane are correct? 

1 Hydrogen gas is one of the products. 

2 A propagation step in the mechanism is C2H6 + Cl • → C2H5• + HCl. 

3 The initiation step is the homolytic fission of chlorine. 
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39  Which compounds will give an orange precipitate with 2,4-dinitrophenylhydrazine reagent? 

 

HO
O

O

O

O

HO

HO

HO

H

NHCH3

CH3

OR [R is an inert group]

[R is an inert group]

[R is an inert group]

1

2

3

streptomycin

avermectin B1b

cocaine

RO

CH3

CH3

CH3

CH3 CH3

CH3

OH

OH

O

OO

O

O

H3C OCH3N
O

O O

R
 

 

 

40  The structural formulae of two compounds are shown below. 

 

O

OH

CH3CH2CH2CH2CH2C

O

H

CH3CH2CH2CH2CH2OC

 

 

Which statements about these compounds are correct? 

1 The two compounds are structural isomers of each other. 

2 The empirical formula of both compounds is C3H6O. 

3 Both compounds are carboxylic acids. 
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15.1 Alkanes

a Compounds containing only carbon and hydrogen are called hydrocarbons. This 
class of compound can be sub-divided into alkanes, alkenes and arenes.

b understand the general unreactivity of alkanes, including towards polar reagents

c describe the chemistry of alkanes as exemplified by the following reactions of 
ethane:

(i) combustion

(ii) substitution by chlorine and by bromine

d describe the mechanism of free-radical substitution at methyl groups with particular 
reference to the initiation, propagation and termination reactions

e explain the use of crude oil as a source of both aliphatic and aromatic hydrocarbons

f suggest how cracking can be used to obtain more useful alkanes and alkenes of 
lower Mr from larger hydrocarbon molecules
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15 Hydrocarbons

Compounds containing only carbon and hydrogen are called hydrocarbons. This class of compound can 
be sub-divided into alkanes, alkenes and arenes.

Learning outcomes
Candidates should be able to:

15.1  Alkanes a) understand the general unreactivity of alkanes, including towards polar 
reagents

b) describe the chemistry of alkanes as exemplified by the following 
reactions of ethane:

(i) combustion

(ii) substitution by chlorine and by bromine

c) describe the mechanism of free-radical substitution at methyl groups 
with particular reference to the initiation, propagation and termination 
reactions

d) explain the use of crude oil as a source of both aliphatic and aromatic 
hydrocarbons

e) suggest how cracking can be used to obtain more useful alkanes and 
alkenes of lower Mr from larger hydrocarbon molecules

15.2  Alkenes a) describe the chemistry of alkenes as exemplified, where relevant, by the 
following reactions of ethene and propene (including the Markovnikov 
addition of asymmetric electrophiles to alkenes using propene as an 
example):

(i) addition of hydrogen, steam, hydrogen halides and halogens

(ii)  oxidation by cold, dilute, acidified manganate(VII) ions to form the 
diol

(iii)  oxidation by hot, concentrated, acidified manganate(VII) ions 
leading to the rupture of the carbon–carbon double bond in order to 
determine the position of alkene linkages in larger molecules

(iv) polymerisation (see also Section 21)

b) describe the mechanism of electrophilic addition in alkenes, using 
bromine/ethene and hydrogen bromide/propene as examples

c) describe and explain the inductive effects of alkyl groups on the stability 
of cations formed during electrophilic addition

d) describe the characteristics of addition polymerisation as exemplified by 
poly(ethene) and PVC

e) deduce the repeat unit of an addition polymer obtained from a given 
monomer

f) identify the monomer(s) present in a given section of an addition 
polymer molecule

g) recognise the difficulty of the disposal of poly(alkene)s, i.e. non-
biodegradability and harmful combustion products



�

ALKANES

Alkanes are the hydrocarbons that make up most of crude oil and natural gas. 

In alkane molecules, every carbon atom forms four single covalent bonds.The 

electrons in these four bonds repel each other to tetrahedral positions 

around each carbon atom. 

 1

structure of propane showing the tetrahedral shape around each carbon atom.

PROPERTIES

 The alkanes are non-polar molecules with only van der Waals’ forces between molecules. 

This means that they are volatile (evaporate easily), with the first four members being 

gases at room temperature. Due to their non-polar nature, they are also insoluble in water. 

As the molecules get longer and larger, the intermolecular forces increase, so the melting 

and boiling points rise as the number of carbon atoms per molecule increases.  

Because of the weak intermolecular forces they are highly volatile. As the series is 

ascended due to the increase in the number of electrons the strength of the van der 

Waals’ forces increases.  

Consequently the melting and boiling point, density and viscosity increases, while 

volatility and vapour pressure decreases. 

 2
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PROPERTIES

For any one set of isomers the boiling point decreases as branching 

increases.  

This is because as branching increases the molecules become more 

nearly spherical and expose less surface area. 

Hence less intermolecular forces are exerted. The melting point also 

depends on the packing of the molecules.  

Closer packing leads to higher melting point.

 3
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REACTIVITY

The bond enthalpies of C–C and C–H bonds are relatively high, so the 

bonds in alkanes are difficult to break.  

In addition, these bonds in alkanes are non- polar. This means that alkanes 

are very unreactive with ionic reagents in water, such as acids, alkalis, 

oxidising agents and reducing agents.  

There are, however, three important reactions of alkanes involving 

combustion, halogenation and cracking.

 5

COMBUSTION

In air or oxygen, alkanes are completely oxidised to carbon dioxide and water, and the 

reaction is highly exothermic. e.g. 

In a limited supply of air or oxygen, alkanes burn incompletely forming highly toxic 

carbon monoxide, as well as carbon dioxide and water.  

If the supply of air or oxygen is even more restricted, the major products will be soot 

(carbon) and water. 

 6

It H A It H H
1 I I I I I

It -c- C - C - c- C - C -11 N
I I I I I 1

H H H it A H It 't tl '+ H skeletal formula
1 1  11

1 displayed formula displayed formula of hexane othexane
A-c-c-c-Cut 't of pentanem

t H H It H

A It

CHZCHZCHZCHZCHZ
structural formula , ,
qpentane

HYYCWHIt ||\H Mskeletal formula HlcCIA y
~ of pentane F -

com
skeletal formula

It H qcydohexane
displayed formula
ofcydohexane

Czltg t 502 302 + 41+20

CZHS + 3.502 ->3CO + 4h20
CzH8 + 202 3C +  4h20

Catty
,g ,

+ ( n+% ) 02cg, nC02(g,
+ 9124204)

ZCO + ZNO ZCOZ + Nz

NO Nz + Oz

It H A It H H
1 I I I I I

It -c- C - C - c- C - C -11 N
I I I I I 1

H H H it A H It 't tl '+ H skeletal formula
1 1  11

1 displayed formula displayed formula of hexane othexane
A-c-c-c-Cut 't of pentanem

t H H It H

A It

CHZCHZCHZCHZCHZ
structural formula , ,
qpentane

HYYCWHIt ||\H Mskeletal formula HlcCIA y
~ of pentane F -

com
skeletal formula

It H qcydohexane
displayed formula
ofcydohexane

Czltg t 502 302 + 41+20

CZHS + 3.502 ->3CO + 4h20
CzH8 + 202 3C +  4h20

Catty
,g ,

+ ( n+% ) 02cg, nC02(g,
+ 9124204)

ZCO + ZNO ZCOZ + Nz

NO Nz + Oz

CEDAR COLLEGE  93 ALKANES



�

COMBUSTION

The exothermic nature of the combustion of alkanes has led to their widespread use as 

fuels. 

Combustion is an exothermic reaction. The greater the number of carbon atoms, the more 

energy produced and the greater the amount of oxygen needed for complete combustion.
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POLLUTION

Motor vehicles are generally the main source of air pollutants. Engines that 

burn petrol or diesel fuels can pollute the air for three main reasons:  

they do not burn the fuel completely  

the fuel contains impurities  

they run at such a high temperature that nitrogen and oxygen in the 
air can react. 

 8
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POLLUTION
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POLLUTANT PROBLEMS

Carbon monoxide 
A toxic gas that combines strongly with haemoglobin, which 
means that the blood can carry less oxygen. In low doses, this can 
put a strain on the heart. In higher doses, it kills

Oxides of nitrogen: 

NO & NO2

Reacts with moist air to make nitric acid in acid rain. Affects the 
lungs and can cause breathing problems

Unburned 
hydrocarbons 

Some of the hydrocarbons, such as benzene, are carcinogenic. 
Others react with ozone to form harmful pollutants 

CATALYTIC CONVERTERS

Catalytic converters have done a great deal to improve air quality.  

The catalyst speeds up reactions that remove pollutants from motor vehicle 

exhausts.  

The reactions convert oxides of nitrogen to nitrogen and oxygen.  

They also convert carbon monoxide to carbon dioxide and unburned 

hydrocarbons to carbon dioxide and steam. 
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GREENHOUSE EFFECT

Without the atmosphere, the whole Earth would be colder than Antarctica. The 

greenhouse effect keeps the surface of the Earth about 30 °C warmer than it would 

be if there were no atmosphere. With no greenhouse effect, there would be no life 

on Earth.  

When the Sun’s radiation reaches the Earth’s atmosphere, about 30% is reflected 

into space, 20% is absorbed by gases in the air and about 50% reaches the surface 

of the Earth.  

The surface of the Earth is very much cooler than the Sun. This means that it radiates 

most of its energy back into space. Some of this infrared radiation is absorbed by 

molecules in the air and warms up the atmosphere. This is the greenhouse effect. 

 1118.3 Greenhouse gases and climate change
Without the atmosphere, the whole Earth would be colder than Antarctica.
The greenhouse effect keeps the surface of the Earth about 30 °C warmer than
it would be if there were no atmosphere. With no greenhouse effect, there
would be no life on Earth.

Most of the energy in the Sun’s radiation is concentrated in the visible and
ultraviolet regions of the spectrum. When this radiation reaches the Earth’s
atmosphere, about 30% is reflected into space, 20% is absorbed by gases in the
air and about 50% reaches the surface of the Earth.

The surface of the Earth is very much cooler than the Sun. This means that it
radiates most of its energy back into space at longer infrared wavelengths.
Some of this infrared radiation is absorbed by molecules in the air and warms
up the atmosphere. This is the greenhouse effect.

The Earth’s average temperature stays the same if the energy input from the
Sun is balanced by the re-radiation of energy back into space. Anything that
changes this steady state gradually leads to global warming or global cooling.

Nitrogen and oxygen make up most of the air, but they do not absorb
infrared radiation. This is because they are not polar. They are never polar,
even when they vibrate, which means they cannot absorb infrared radiation
(see Section 15.1).

The gases in the air that do absorb infrared radiation are called greenhouse
gases. The natural greenhouse gases that help keep the Earth warm are water
vapour, carbon dioxide and methane. Water vapour makes the biggest
contribution.

Evidence for atmospheric change

217

2 Two of the techniques used to analyse ice samples are mass spectrometry and
infrared spectroscopy (see Topic 15).
a) Which technique is suitable for measuring the ratio of oxygen isotopes in ice?
b) Which technique is suitable for measuring the concentration of carbon

dioxide in air samples from ice bubbles?
3 Ice samples contain only tiny traces of some pollutants. Suggest two precautions

necessary to achieve accurate results when samples are sent to laboratories for
analysis.

4 What can you conclude about changes in the atmosphere of CO2 from the
information in Figure 18.4?

5 Analysis of ice in Greenland has shown that the level of lead pollution in 1969
was 200 times the level in 1700. In 1990, the level of lead was just 10 times its
natural level. Suggest explanations for these changes.

Test yourself

Visible and UV radiation from the
Sun warms the surface of the Earth.

Some of the Sun’s
radiation is reflected.

The warm surface
of the Earth radiates
infrared radiation.Greenhouse gases in the

atmosphere absorb some of the
outgoing infrared radiation.

Figure 18.5 !
Greenhouse effect.

GREENHOUSE EFFECT

 12

Visible and UV radiation from the 
Sun warms the surface of the Earth. 

Some of the Sun’s 
radiation is reflected. 

The warm surface of 
the Earth radiates 
infrared radiation. 

Greenhouse gases in the 
atmosphere absorb some of 
the outgoing infrared radiation.  

CEDAR COLLEGE  96 ALKANES



�

ENHANCED GREENHOUSE EFFECT

The Earth’s average temperature stays the same if the energy input from the Sun is 

balanced by the re-radiation of energy back into space. Anything that changes this 

steady state gradually leads to global warming or global cooling.  

The gases in the air that do absorb infrared radiation are called greenhouse gases. 

The natural greenhouse gases that help keep the Earth warm are water vapour, 

carbon dioxide and methane. Water vapour makes the biggest contribution.  

Since the Industrial Revolution, human activity has led to a marked increase in the 

concentrations of greenhouse gases in the atmosphere. This enhances the 

greenhouse effect. As a result, the Earth warms up more than it would naturally, 

and as the Earth warms up, its climate changes. 

 13

GREENHOUSE GASES

This increase in temperature could cause rising sea levels, resulting in the 

flooding of low-lying areas of land. The climate will also change around the 

world, with more extreme weather predicted. 

Unfortunately, catalytic converters can do nothing to reduce the amount of 

carbon dioxide (a greenhouse gas) given off in the exhaust gases of cars.  

Carbon dioxide is not a toxic gas but it is still considered a pollutant 

because of its contribution to enhanced global warming. 

 14
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FRACTIONAL DISTILLATION OF CRUDE OIL
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B.P / oC # of C atoms Name of fraction Uses

< 25 1 - 4 LPG Camping Gas

40-100 6 - 12 GASOLINE Petrol

100-150 7 - 14 NAPHTHA Petrochemicals

150-200 11 - 15 KEROSINE Aviation Fuel

220-350 15 - 19 GAS OIL (DIESEL) Central Heating Fuel

>350 20 - 30 LUBRICATING OIL Lubrication Oil

> 400 30 - 40 FUEL OIL Power Station Fuel

> 400 40 - 50 WAX, GREASE Candles

> 400 > 50 BITUMEN Road surfaces

The exothermic nature of the combustion of alkanes has led to their
widespread use as fuels in industry, homes and vehicles.

The combustion of alkanes involves a radical mechanism which occurs
rapidly in the gas phase. This means that liquid and solid alkanes must vaporise
before they burn and it explains why less volatile alkanes burn less easily.

The burning of alkanes is immensely important in any advanced
technological society. It is used to generate energy of one kind or another in
power stations, furnaces, domestic heaters, cookers, candles and vehicles.
Unfortunately, this mass burning of alkanes is now accepted to be the major
cause of global warming and the increased greenhouse effect (Section 18.3).

In a limited supply of air or oxygen, alkanes burn incompletely forming
highly toxic carbon monoxide, as well as carbon dioxide and water. If the
supply of air or oxygen is even more restricted, the major products will be soot
(carbon) and water.

C4H10(g) + 2 O2(g) → 4C(s) + 5H2O(g)

C4H10(g) + 4 O2(g) → 4CO(g) + 5H2O(g)

Carbon monoxide is colourless, it has no smell and it is very poisonous.
It reacts irreversibly with haemoglobin in the blood to form
carboxyhaemoglobin, and this reduces the capacity of the blood to carry
oxygen. Because of this, it is dangerous to burn hydrocarbon fuels in a poor
supply of air or in faulty gas appliances.

Reactions with chlorine and bromine (halogenation)
Alkanes react with chlorine and bromine on exposure to ultraviolet light.
During the reactions, hydrogen atoms in the alkane molecules are replaced
(substituted) by halogen atoms. These are described as substitution reactions.

Any or all of the hydrogen atoms in an alkane may be replaced and the
reaction can continue until all of the hydrogen atoms have been substituted
by halogen atoms. Consequently, the product is a mixture of similar
compounds that are difficult to separate and purify. Because of this, the
reactions of alkanes with halogens are limited as methods of synthesising
halogenoalkanes, even though these products can be used in various ways.
Alternative ways of synthesising different halogenoalkanes and the uses of
halogenoalkanes are discussed in Topic 14.

In strong sunlight, methane and chlorine react explosively. The first
products are chloromethane, CH3Cl, and hydrogen chloride (Figure 11.13).

The reaction involves breaking certain bonds for which energy must be
supplied, and then making new bonds, when energy is released.

The reaction between methane and chlorine will not occur in the dark
because the molecules do not have enough energy for bonds to break when
they collide. The energy provided by photons in ultraviolet (UV) light is
sufficient to cause homolytic fission of chlorine molecules. This produces free
chlorine atoms (highly reactive radicals) to start the reaction, and this step in
the reaction mechanism is described as initiation.

UV light
Cl2 ⎯⎯⎯→ Cl• + Cl•

1
2

1
2

140

Alkanes

Figure 11.11 !
Red Calor gas cylinders contain propane
for use as a fuel.

Figure 11.12 !
Serious faults with the engine of this lorry
means that it is emitting dangerous and
illegal levels of carbon (soot) and toxic
carbon monoxide from its exhaust
system.

Definition

A substitution reaction is one in
which an atom or group of atoms is
replaced (substituted) by another
atom or group of atoms.

Figure 11.13 "
The equation and models representing
the initial substitution reaction of methane
with chlorine. +

CH4(g) Cl2(g)

+

CH3Cl(g) HCl(g)+ +
sunlight

sunlight

REACTION WITH HALOGENS

Alkanes react with chlorine and bromine on exposure to ultraviolet light.  

During the reactions, hydrogen atoms in the alkane molecules are replaced 

(substituted) by halogen atoms. These are described as substitution reactions.  

Any or all of the hydrogen atoms in an alkane may be replaced and the reaction 

can continue until all of the hydrogen atoms have been substituted by halogen 

atoms.

 16

CEDAR COLLEGE  98 ALKANES



�

FREE RADICAL FORMATION

In the presence of u.v light chlorine undergoes homolysis to give Cl free radicals.

 17
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FREE RADICALS are reactive species (atoms or groups) which possess 

an unpaired electron. However, they are neutral. 

Their reactivity is due to them wanting to pair up the single electron. 

Formed by homolytic fission (homolysis) of covalent bonds.

FREE RADICAL FORMATION

During initiation, the WEAKEST BOND IS BROKEN as it  requires less energy. 

There are three possible bonds in a mixture of alkanes and chlorine. 

                   C — H                C — C                  Cl — Cl 

                      410                   350                      242 

The Cl-Cl bond is broken in preference to the others as it is the weakest and 

requires requires less energy to separate the atoms.
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PROPAGATION

The free radicals then attack the methane molecules abstracting a 

hydrogen atom to form hydrogen chloride and a methyl CH3! free radical.
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PROPAGATION
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Reaction with methane could occur in one of two ways. In the previous reaction, a C—

H bond has been broken, and a H—Cl bond has been formed, an exothermic reaction. 
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IF the Cl were to combine with the C atom, a C—H bond would be broken, and a C—Cl 

bond form and would result in an endothermic reaction. 
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PROPAGATION

The methyl radical formed in the first step of propagation is equally as 

reactive as a chlorine radical.  

It is likely to react with the first molecule it collides with. If it collides with a 

chlorine molecule, the following highly exothermic reaction occurs: 

 21

PROPAGATION SO FAR

In the initiation reaction, we had produced two reactive chlorine atoms 

and the following two reactions occur.
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After these two reactions have taken place we have:  

• used up one molecule of methane, and one molecule of chlorine 

• produced one molecule of chloromethane, and one molecule of hydrogen chloride 

• used up a chlorine atom, but regenerated another one.
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TERMINATION

The above two reactions together constitute a never-ending chain reaction. They 

could, in theory, continue until all the methane and chlorine had been converted into 

chloromethane and hydrogen chloride.  

This situation does not occur in practice, however. UV light initiates the production of 

many thousands of molecules of chloromethane.
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Clz 29
•
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a . + CH4 CHF + HCI } propagation
CHF + Ck CHZCI + Cf

Cl .

+ Ct Clz
CHI + Cl . CHZA } termination
CH ; + CH ;  Chsatg

Ct + CH 34 HCI +  • CHZCI
• CHZCI t Clz CHZCIZ + Cf

Cl .

+ CHZCHZ HCI + CH3CHz•

CHZCHE + CK CHBCHZCI + a .

Eventually the chain reaction comprising the 

above two reactions stops, because there is a 

(small) chance that two radicals could collide 

with each other, to form a stable molecule.

Cl .

+ Cl • Clz

CH ; + Cl . CH za

CHz•+ CH ;  CH3cHz

Clz 29
•

initiation

a . + CH4 CHF + HCI } propagation
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Cl .

+ CHZCHZ HCI + CH3CHz•

CHZCHE + CK CHBCHZCI + a .

OVERALL

Any of these reactions would use up the free radicals Cl• and CH•3, and so stop 

the chain reaction.  

It would require another chlorine molecule to slit in order to restart the chain.

 24

Overall, the chlorination of methane is 

an example of a radical substitution 

reaction.  

The different stages of the chain 

reaction are named as initiation, 

propagation and termination.
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CHLORINATION OF METHANE: ENERGY CHANGES

 25
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FURTHER SUBSTITUTION

As the reaction takes place, the concentration of methane is being reduced, and 
the concentration of chloromethane is increasing.  

Chlorine atoms are therefore increasingly likely to collide with molecules of 

chloromethane, causing the following reactions to take place:
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FURTHER SUBSTITUTION

Further substitution gives dichloromethane, trichloromethane and 

eventually tetrachloromethane. A mixture is formed. 

 27

dichloromethane Cl .

t CHZCI CHZCF + HCI

Hz t CHZCI " CHZCK + U•

trichloromemanl u• t CHIK CHCIE + Ha

Ckt CHAE CHCIG + cl•

tutrachloro Methane CP + CHCIZ Caz• + HCI

Ckt cafe cay + a
.

CHY + Uz Ha +CHμ chloromethane

CHZCI + Clz Ha + CHIK dichloromethane

CHZCK + Ck Ha + CHCB trickoromemane

CHCIZ + Uz Ha + Ccly tetrachloometnane

Ck 29 . tree radicals created

a . TCHY Chai + Ha

Azt CHz• CHZCI + C1•

H• + Ci Ck free radicals removed

Cl•tCAz• CHI
CH ; + City Cttzatz

Bvzcg) -7 2Br°

Bro + C2H6 CzHg• t HBV

CzHg• + Brz CZHSBV + Bsi

Bf + Cuts CzHsB✓

Goltz Cceltk + Cults

Ciottzz Czltg t Czltytcglho

BY PRODUCTS

A set of by-products are chlorinated ethanes.  

These arise from the ethane produced in termination) undergoing a similar 

set of substitution reactions, or chloromethyl radicals combining at 

termination stages.  

 28
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BROMINATION OF ETHANE

Bromine reacts with ethane to produce bromoethane, C2H5Br. The reaction is a 

free radical substitution reaction. 

Initiation: Bromine splits by homolytic fission using UV light. 

  

Propagation: The Br• radical removes a hydrogen atom from ethane.  

Termination: Two radicals join to form a molecule.

 29

dichloromethane Cl .

t CHZCI CHZCF + HCI

Hz t CHZCI " CHZCK + U•

trichloromemanl u• t CHIK CHCIE + Ha

Ckt CHAE CHCIG + cl•

tutrachloro Methane CP + CHCIZ Caz• + HCI

Ckt cafe cay + a
.

CHY + Uz Ha +CHμ chloromethane

CHZCI + Clz Ha + CHIK dichloromethane

CHZCK + Ck Ha + CHCB trickoromemane

CHCIZ + Uz Ha + Ccly tetrachloometnane

Ck 29 . tree radicals created

a . TCHY Chai + Ha

Azt CHz• CHZCI + C1•

H• + Ci Ck free radicals removed

Cl•tCAz• CHI
CH ; + City Cttzatz

Bvzcg) -7 2Br°

Bro + C2H6 CzHg• t HBV

CzHg• + Brz CZHSBV + Bsi

Bf + Cuts CzHsB✓

Goltz Cceltk + Cults

Ciottzz Czltg t Czltytcglho

dichloromethane Cl .

t CHZCI CHZCF + HCI

Hz t CHZCI " CHZCK + U•

trichloromemanl u• t CHIK CHCIE + Ha

Ckt CHAE CHCIG + cl•

tutrachloro Methane CP + CHCIZ Caz• + HCI

Ckt cafe cay + a
.

CHY + Uz Ha +CHμ chloromethane

CHZCI + Clz Ha + CHIK dichloromethane

CHZCK + Ck Ha + CHCB trickoromemane

CHCIZ + Uz Ha + Ccly tetrachloometnane

Ck 29 . tree radicals created

a . TCHY Chai + Ha

Azt CHz• CHZCI + C1•

H• + Ci Ck free radicals removed

Cl•tCAz• CHI
CH ; + City Cttzatz

Bvzcg) -7 2Br°

Bro + C2H6 CzHg• t HBV

CzHg• + Brz CZHSBV + Bsi

Bf + Cuts CzHsB✓

Goltz Cceltk + Cults

Ciottzz Czltg t Czltytcglho

HALOGENATION OF HIGHER ALKANES

There are two monochloropropane isomers: 1-chloropropane, CH3CH2CH2Cl, and 2-

chloropropane, CH3CHClCH3.  

When propane reacts with chlorine, a mixture of the two monochloro- compounds is 

produced.  

This is because the chlorine atom can abstract either one of the end-carbon 

hydrogens or one of the middle-carbon hydrogens, the former resulting in 

CH3CH2CH2Cl and the latter CH3CHClCH3.

 30

a •
+ CHZ - CHZ - CHZ -> CH3-CHz-CH2• + H - Cl

C1• + CHZ - CHZ - CHZ CHZ - EH - CH3 + H - 4
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SKILL CHECK

Draw the structures of all possible free radicals in the mono-chloro substitution of: 

 31

C.
CH3CHz - C - CH3

: Hz

HALOGENATION OF HIGHER ALKANES

The above reaction can produce organic by-products, in addition to 

C2H5Cl. Draw the structural formulae of four possible organic by-products. 

Two of your by-products should contain 4 carbon atoms per molecule and 

write the equation of the formation of each of your four products.

 32
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SKILL CHECK

Predict the major organic products formed during the monobromination 

of:  

(a) CH3CH2CH2CH3  

(b) (CH3)2CH—CH3  

 33

CRACKING

Cracking is the decomposition of hydrocarbons by heat and pressure with or without 

a catalyst to produce lighter hydrocarbons, specially in oil refining. It is the breakdown 

of a large alkane into smaller, more useful alkenes and an alkane.  

The larger hydrocarbon molecules are fed into a steel chamber which contains no 

oxygen, so combustion does not take place. The larger hydrocarbon molecules are 

heated to a high temperature and are passed over a catalyst. 

When large alkane molecules are cracked they form smaller alkane molecules and 

alkene molecules. Possible examples of a cracking reaction are:

 34

dichloromethane Cl .

t CHZCI CHZCF + HCI

Hz t CHZCI " CHZCK + U•

trichloromemanl u• t CHIK CHCIE + Ha

Ckt CHAE CHCIG + cl•

tutrachloro Methane CP + CHCIZ Caz• + HCI

Ckt cafe cay + a
.

CHY + Uz Ha +CHμ chloromethane

CHZCI + Clz Ha + CHIK dichloromethane

CHZCK + Ck Ha + CHCB trickoromemane

CHCIZ + Uz Ha + Ccly tetrachloometnane

Ck 29 . tree radicals created

a . TCHY Chai + Ha

Azt CHz• CHZCI + C1•

H• + Ci Ck free radicals removed

Cl•tCAz• CHI
CH ; + City Cttzatz

Bvzcg) -7 2Br°

Bro + C2H6 CzHg• t HBV

CzHg• + Brz CZHSBV + Bsi

Bf + Cuts CzHsB✓

Goltz Cceltk + Cults

Ciottzz Czltg t Czltytcglho
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CHZ
, , CHZ

, , CHZ
CH CHIHz CH3CH:

HSIEH

KHDZCHCCCHDZCHCCHDL

443,3 - tetra methyl pentane

3,3 - diethyl hexane

x
isomerisation 2,4 . dimethyl pentane

Nn
/

neptune th
⇐/ tHz

methylwgdohexane

CH4μ, t 202$) COqg, +24204 ) DHOI -890 KJMOT
'

Czottkcyt 30.502cg, 2002$ +21429, , BH=  - 13368
KJMOTI

OTHER REACTIONS

 35
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24 There are three structural isomers with the formula C
5
H
12
. 

 

Which formulae correctly represent these three structural isomers? 

A CH
3
CH

2
CH

2
CH

2
CH

3
 CH

3
CH

2
CHCH

3
CH

3 
CH

3
CH

3
CCH

3
CH

3
 

B CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH

2
(CH)CH

3
CH

3 
C(CH

3
)
4
 

C CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH

2
CH

3 
CH

3
C(CH

3
)
2
CH

3
 

D CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH

2
CH

3 
CH

3
CH

2
CH(CH

3
)CH

3
 

 

 

25  CH
3
CH

2
COCH

2
CH

3
 reacts with hydrogen cyanide to form an organic product called a 

cyanohydrin. 

 

Which feature applies to the cyanohydrin product? 

A It has one chiral centre. 

B It is formed by electrophilic addition. 

C It is formed via an intermediate which contains the C–OH group. 

D Its formation requires the use of cyanide ions as a catalyst. 

 

 

26  How many moles of oxygen molecules are needed for the complete combustion of one mole of  

3-methylpent-2-ene? 

A 9 B 9
2

1

 C 18 D 19 

 

 

27  The hydrocarbon C
17
H
36
 can be cracked. 

 

Which compound is the least likely to be produced in this reaction? 

A C
3
H
8
 B C

4
H
8
 C C

8
H
16
 D C

16
H
34
 

 

 

28  Compound X has the molecular formula C
4
H
10
O

2
. X has an unbranched carbon chain and 

contains two OH groups. 

 

On reaction with an excess of hot, acidified, aqueous manganate(VII) ions, X is converted into a 

compound of molecular formula C
4
H
6
O

4
. 

 

To which two carbon atoms in the chain of X are the two OH groups attached? 

A 1st and 2nd 

B 1st and 3rd 

C 1st and 4th 

D 2nd and 3rd 
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30 The free radical substitution reaction between methane and chlorine involves initiation, 

propagation and termination stages. 

 

Which row is correct? 

 

 
involved in 

initiation stage 

radical produced in 

a propagation stage 

A heterolytic fission H• 

B heterolytic fission CH3• 

C homolytic fission H• 

D homolytic fission CH3• 
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20 Diesters can be made from diacids such as propane-1,3-dioic acid, HO2CCH2CO2H. 

 

Which combination of reactants would form the diester CH3CH2OCOCH2CH2CO2CH2CH3? 

A butane-1,4-dioic acid and ethanol 

B ethanedioic acid and propan-1-ol 

C ethanedioic acid, ethanol and butan-1-ol 

D propane-1,3-dioic acid, ethanol and propan-1-ol 

 

 

21  In the presence of ultraviolet light, ethane and chlorine react to give a mixture of products. 

 

Which compound could be present in the mixture of products? 

A CH3Cl 

B CH3CH2CH2Cl 

C CH3CH2CH2CH3 

D CH3CH2CH2CH2CH3 

 

 

22 Compound X produces a carboxylic acid when heated under reflux with acidified potassium 

dichromate(VI). Compound X has no reaction with sodium metal. 

 

What could be the identity of compound X? 

A propanal 

B propanone 

C propan-1-ol 

D propan-2-ol 

 

 

23  Which molecule could not be obtained from the cracking of a molecule of nonane, 

CH3(CH2)7CH3? 

A CH2=CHCH=CH2 

B CH3CH2CH2CH2CH3 

C CH3CH2CH2CH2CH2CH=CH2 

D (CH3CH2CH2)3CH 
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20 Diesters can be made from diacids such as propane-1,3-dioic acid, HO2CCH2CO2H. 

 

Which combination of reactants would form the diester CH3CH2OCOCH2CH2CO2CH2CH3? 

A butane-1,4-dioic acid and ethanol 

B ethanedioic acid and propan-1-ol 

C ethanedioic acid, ethanol and butan-1-ol 

D propane-1,3-dioic acid, ethanol and propan-1-ol 

 

 

21  In the presence of ultraviolet light, ethane and chlorine react to give a mixture of products. 

 

Which compound could be present in the mixture of products? 

A CH3Cl 

B CH3CH2CH2Cl 

C CH3CH2CH2CH3 

D CH3CH2CH2CH2CH3 

 

 

22 Compound X produces a carboxylic acid when heated under reflux with acidified potassium 

dichromate(VI). Compound X has no reaction with sodium metal. 

 

What could be the identity of compound X? 

A propanal 

B propanone 

C propan-1-ol 

D propan-2-ol 

 

 

23  Which molecule could not be obtained from the cracking of a molecule of nonane, 

CH3(CH2)7CH3? 

A CH2=CHCH=CH2 

B CH3CH2CH2CH2CH3 

C CH3CH2CH2CH2CH2CH=CH2 

D (CH3CH2CH2)3CH 
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29 The citrus flavour of lemons is due to the compound limonene, present in both the peel and the 

juice. 

 

limonene
 

 

What is the mole ratio of carbon dioxide to water produced when limonene is completely burnt in 

oxygen? 

 

 
number of moles 

carbon dioxide 

number of moles 

water 

A 4 3 

B 5 4 

C 5 8 

D 9 7 

 

 

30 What is the organic product when ethanamide, CH3CONH2, is boiled with excess aqueous 

sodium hydroxide? 

A CH3CN 

B CH3CO2

–

NH4

+

 

C CH3CONH
–

Na
+

 

D CH3CO2

–

Na
+
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27 Methyl methylpropenoate is the monomer used to make Perspex. 

 

Which diagram correctly shows methyl methylpropenoate? 

 

CH2

CH3

CO2CH3

C

A B

CH3 CO2CH3CH CH

CH

CH3

CH3

C

C D

CH2 CO2CH2CH3CH CO2CH3

 

 

 

28 The ester CH3CH2CH2CO2CH3  is responsible for the aroma of apples. 

 

When this ester is hydrolysed by acid in the stomach, what is the empirical formula of the organic 

acid produced? 

A CH2O B CH4O C C2H4O D C3H6O2  

 

 

29 Which equation correctly represents the balanced equation for the complete combustion of a 

hydrocarbon with the formula CxHy? 

A CxHy  +  (x + 

2

y

)O2   →  xCO2   +  

2

y

H2O 

B CxHy  +  (x + 

4

y

)O2   →  xCO2   +  yH2O 

C CxHy  +  (x + 

4

y

)O2   →  xCO2   +  

4

y

H2O 

D CxHy  +  (x + 

4

y

)O2   →  xCO2   +  

2

y

H2O 
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20 Compound Y is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 
product is fully saturated. 

 

compound Y  
 

What is the number of chiral carbon atoms in the product? 

A 5 B 6 C 7 D 8 
 
 
21 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H6  +  Cl •  →  C2H5Cl  +  H• 

B C2H5Cl  +  Cl •  →  C2H4Cl •  +  HCl 

C C2H5Cl  +  H•  →  C2H5•  +  HCl 

D C2H5•  +  Cl •  →  C2H5Cl 
 
 
22 Maleic acid is used in the food industry and for stabilising drugs. It is the cis-isomer of butenedioic 

acid and has the structural formula HO2CCH=CHCO2H. 
 

What is the product formed from the reaction of maleic acid with cold, dilute, acidified 
manganate(VII) ions? 

A HO2CCH(OH)CH(OH)CO2H 

B HO2CCO2H 

C HO2CCH2CH(OH)CO2H 

D HO2CCOCOCO2H 
 
 
23 Primary halogenoalkanes undergo hydrolysis reactions. 
 

Which reaction would occur most rapidly if they are all warmed to the same temperature? 

A C2H5Br with H2O 

B C2H5Br with NaOH(aq) 

C C2H5Cl with H2O 

D C2H5Cl with NaOH(aq) 
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22 Crude oil is a mixture of many hydrocarbons ranging in size from 1 to 40 carbon atoms per 

molecule. The alkanes in crude oil can be separated because they have different boiling points. 

 

The table below shows the boiling points of some alkanes. 

 

alkane 

boiling point 

/ °C Mr 

butane 0 58 

pentane 36 72 

hexane 69 86 

2-methylbutane 28 72 

dimethylpropane 10 72 

2,3-dimethylbutane 58 86 

 

What is the correct explanation for the difference in the boiling points of the three isomers with 

Mr = 72? 

A Boiling point is dependent upon the length of the carbon chain only . 

B Increased branching on a carbon chain increases the boiling point. 

C Increased branching reduces the strength of the intermolecular hydrogen bonding. 

D Increased branching reduces the strength of the intermolecular van der Waals’ forces. 

 

 

23  Compound Q contains three double bonds per molecule. 

 

CH2 CH2CH CH2C

O O

C OH
X Y

Q
 

 

Which bond, X or Y, will be ruptured by hot, concentrated acidified KMnO4 and how many lone 

pairs of electrons are present in one molecule of Q? 

 

 
bond ruptured by hot, 

concentrated acidified KMnO4 

number of 

lone pairs 

A X 5 

B X 6 

C Y 5 

D Y 6 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 In 2011 an international group of scientists agreed to add two new elements to the Periodic 

Table. Both elements had been made artificially and are called flerovium, Fl, and livermorium, Lv. 
 

 Fl Lv 

proton number 114 116 

nucleon number 289 292 
 

From the information about atoms in the table, which statements are correct? 

1 One atom of Lv has one more neutron than one atom of Fl. 

2 One Fl 2– ion has the same number of electrons as one atom of Lv. 

3 One Lv+ ion has the same number of electrons as one Fl – ion. 
 
 
32 The chlorine oxide free radical, Cl O•, is produced by the reaction between chlorine atoms and 

ozone. 
 

Cl •  +  O3  →  Cl O•  +  O2 
 

Which features are present in the chlorine oxide free radical? 

1 an odd number of electrons 

2 a single covalent bond 

3 a dative covalent bond from oxygen to chlorine 
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34 Sulfuric acid is a Brønsted-Lowry acid. 

 

In which reactions is sulfuric acid behaving as an acid? 

1 H2SO4  +  HNO3  →  H2NO3

+

  +  HSO4

–

 

2 H2SO4  +  CO3

2–

  →  CO2  +  H2O  +  SO4

2–

 

3 H2SO4  +  MgO  →  MgSO4  +  H2O 

 

 

35 Silver chloride dissolves in aqueous ammonia. 

 

What happens in this process? 

1 Ammonia forms a complex with the Ag
+

 ion. 

2 Ammonia acts as a Brønsted-Lowry base. 

3 A redox reaction occurs. 

 

 

36 A car has a catalytic converter fitted to its exhaust. On analysis its exhaust gases are shown to 

contain small quantities of nitrogen oxides. 

 

Which modifications would result in lower exhaust concentrations of nitrogen oxides? 

1 an increase in the surface area of the catalyst in the converter 

2 an increase in the rate of flow of the exhaust gases through the converter 

3 a much higher temperature of combustion in the engine 

 

 

37 Which alcohols cannot be dehydrated to form alkenes? 

1 CH3OH 

2 (CH3)3COH 

3 CH3CH2OH 
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Answer all the questions in the spaces provided.

1 (a)  Defi ne the term mole.

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

  ..............................................................................................................................................   [1]

 (b)  10 cm3 of a gaseous hydrocarbon, CxHy, was reacted with 100 cm3 of oxygen gas, an excess.

  The fi nal volume of the gaseous mixture was 95 cm3.

  This gaseous mixture was treated with concentrated, aqueous sodium hydroxide to absorb the 
carbon dioxide present. This reduced the gas volume to 75 cm3.

  All gas volumes were measured at 298 K and 100 kPa.

 (i)  Write an equation for the reaction between sodium hydroxide and carbon dioxide.

  .......................................................................................................................................   [1]

 (ii)  Calculate the volume of carbon dioxide produced by the combustion of the hydrocarbon.

volume of CO2 produced = ................. cm3  [1]

 (iii)  Calculate the volume of oxygen used up in the reaction with the hydrocarbon.

volume of O2 used = ................. cm3  [1]

 (iv)  Use your answers to (b)(ii) and (b)(iii), together with the initial volume of hydrocarbon, to 
balance the equation below.

 ............CxHy  +  ............O2  o  ............CO2  +  zH2O [2]

 (v)  Deduce the values of x, y and z in the equation in (iv).

 x = .............................

 y = .............................

 z = .............................
[3]
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3  Ethane reacts with chlorine to form chloroethane.

C2H6(g)  +  Cl 2(g)  o  C2H5Cl (g)  +  HCl (g)

 (a) (i)  Use bond energies from the Data Booklet to calculate the enthalpy change for this reaction. 
Include a sign in your answer.

enthalpy change = ................................. kJ mol–1  [3]

 (ii)  State the conditions needed for this reaction to occur.

  .......................................................................................................................................   [1]

 (iii)  Use a series of equations to describe the mechanism of this reaction including the names 
of each stage and an indication of how butane can be produced as a minor by-product.

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

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

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

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

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

  .......................................................................................................................................   [5]

 (b)  Chloroethane can be converted back into ethane by a two-stage process via an intermediate 
compound, X.

C2H5Cl C2H6X
reaction 1 reaction 2

 (i)  Give the name of X.

  .......................................................................................................................................   [1]

 (ii)  Suggest the reagent and conditions needed for reaction 1.

  .......................................................................................................................................   [2]

 (iii)  Suggest the reagent and conditions needed for reaction 2.

  .......................................................................................................................................   [1]

[Total: 13]
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3  Heptane, C7H16, is an undesirable component of petrol as it burns explosively causing ‘knocking’ in 
an engine.

 (a)  There are nine structural isomers with the formula C7H16, only two of which contain chiral 
centres.

 (i)  Explain the meanings of the terms structural isomers and chiral.

 structural isomers  ...............................................................................................................

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

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

 chiral  ...................................................................................................................................

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

  .............................................................................................................................................
[2]

 (ii)  Give the structures and names of the two structural isomers of C7H16 which contain a chiral 
centre.

[4]

 (b) (i)  Write an equation for the complete combustion of heptane.

  .......................................................................................................................................   [1]

 (ii)  Write an equation for the incomplete combustion of heptane leading to the production of a 
solid pollutant.

  .......................................................................................................................................   [1]

 (iii)  Incomplete combustion can also lead to emission of unburnt hydrocarbons.

  State one environmental consequence of this.

  .......................................................................................................................................   [1]
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 (c)  The reaction of heptane with chlorine in the presence of UV light produces a wide variety of 
products.

  Formation of the monochloroheptanes can be represented by the following equation.

C7H16  +  Cl 2  →  C7H15Cl  +  HCl

 (i)  Name the mechanism of the reaction between heptane and chlorine in the presence of
UV light.

  .......................................................................................................................................   [1]

 (ii)  Describe this mechanism, using suitable equations and including the names of each stage 
in the process.

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

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

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

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

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

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

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

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

  .......................................................................................................................................   [5]

[Total: 15]

CEDAR COLLEGE  116 ALKANES WS 2



4

 

6

9701/23/M/J/16© UCLES 2016

3  Crude oil is a mixture of hydrocarbons and provides many useful chemicals when processed.

  Two of the stages involved in the processing of crude oil are fractional distillation and cracking.

 (a)� �7KH�GLDJUDP�LV�D�VLPSOL¿HG�UHSUHVHQWDWLRQ�RI�D�IUDFWLRQDO�GLVWLOODWLRQ�FROXPQ�

crude oil in

fraction A

fraction B

fraction C

fraction D

fraction E

fraction F

 (i)  What has to be done to the crude oil before it enters the column?

  .......................................................................................................................................  [1]

 (ii)  What trend in structure is there from fraction A to fraction F?

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

  .......................................................................................................................................  [1]

 (iii)  State the trends in two properties of the fractions from A to F.

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

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

  .......................................................................................................................................  [2]

 (b)  The naphtha fraction from fractional distillation of crude oil is used as a starting material for 
cracking.

 (i)  Write an equation for the cracking of C12H26 to form the products ethene and one other 
hydrocarbon in a 2 : 1 mole ratio.

  .......................................................................................................................................  [1]
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 (ii)  Suggest a use for each of the products from your equation in (i). Explain what makes each 
product from (i) suitable for the use you suggest.

 use of ethene  ......................................................................................................................

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

 explanation  .........................................................................................................................

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

 use of other product  ............................................................................................................

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

 explanation  .........................................................................................................................

  .............................................................................................................................................
[4]

 (c)  Burning hydrocarbons can cause a number of environmental problems.

  The products of internal combustion engines can include oxides of nitrogen and oxides of 
carbon.

  Sulfur dioxide is a by-product of burning coal in power stations.

 (i)  Explain how and why oxides of nitrogen are produced in internal combustion engines.

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

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

  .......................................................................................................................................  [2]

 (ii)  Write an equation for the reaction between nitrogen monoxide and carbon monoxide in a 
catalytic converter.

  .......................................................................................................................................  [1]

 (iii)  Write equations to show the involvement of nitrogen monoxide in the formation of acid rain 
from atmospheric sulfur dioxide.

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

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

  .......................................................................................................................................  [3]

 (iv)  Describe two of the problems associated with acid rain.

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

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

  .......................................................................................................................................  [2]

[Total: 17]
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4 (a)  The hydrocarbons A, C4H10, and B, C4H8, are both unbranched.

  A does not decolourise bromine.

  B decolourises bromine and shows geometrical isomerism.

 (i)  Draw the skeletal formula of A.

A
[1]

 (ii)  The hydrocarbon A, C4H10, has a branched isomer.

� �6XJJHVW�ZK\�XQEUDQFKHG�A has a higher boiling point than its branched isomer.

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

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

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

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

  .......................................................................................................................................  [2]

 (iii)  Give the structural formula of B.

  .......................................................................................................................................  [1]

 (iv)  Explain why B shows geometrical isomerism.

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

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

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

  .......................................................................................................................................  [2]
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4� �&\FORKH[DQH�LV�D�FRORXUOHVV�OLTXLG�XVHG�LQ�LQGXVWU\�WR�SURGXFH�V\QWKHWLF�¿EUHV�

� �$�UHDFWLRQ�VFKHPH�LQYROYLQJ�F\FORKH[DQH�LV�VKRZQ�

reaction 1 reaction 2
Cl

 (a)  Reaction 1�LQYROYHV�D�IUHH�UDGLFDO�VXEVWLWXWLRQ�PHFKDQLVP�

 (i)� �6WDWH�WKH�HVVHQWLDO�FRQGLWLRQ�UHTXLUHG�IRU�UHDFWLRQ�1 to occur.

  .......................................................................................................................................��>�@

 (ii)� �&RPSOHWH�WKH�WDEOH�WR�JLYH�GHWDLOV�RI�WKH�PHFKDQLVP�LQ�UHDFWLRQ�1.

QDPH�RI�VWHS reaction

................................. Cl 2 2Cl •

propagation +  Cl • +
..............................

•

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

Cl

+  Cl 2 +  Cl •
•

WHUPLQDWLRQ
..............................

+  Cl •
•

� >�@

 (b)� �1DPH�WKH�W\SH�RI�UHDFWLRQ�WKDW�RFFXUV�LQ�UHDFWLRQ�2.

  ..............................................................................................................................................��>�@
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3� �0RVW�YHKLFOH�IXHOV�FRQWDLQ�K\GURFDUERQV�REWDLQHG�IURP�FUXGH�RLO�

 (a) (i)� �6WDWH�WKH�QDPH�RI�WKH�W\SH�RI�UHDFWLRQ�WKDW�K\GURFDUERQV�XQGHUJR�ZKHQ�EHLQJ�XVHG�DV�
IXHOV�

  .......................................................................................................................................  [1]

 (ii)� �:ULWH�DQ�HTXDWLRQ�IRU�WKH�UHDFWLRQ�RI�RFWDQH��&�+����DV�D�IXHO��DV�LQ�(a)(i).

  .......................................................................................................................................  [2]

 (b)� �7KH�VXSSO\�RI�PDWHULDO�VXLWDEOH�IRU�XVH�DV�IXHOV�GLUHFWO\�IURP�FUXGH�RLO�LV�not�VXI¿FLHQW�WR�PHHW�
GHPDQG��$�SURFHVV� LV�FDUULHG�RXW� WR�PDNH�VRPH�RI� WKH� ODUJHU�K\GURFDUERQ�PROHFXOHV�PRUH�
XVHIXO�

 (i)� �1DPH�WKLV�SURFHVV�

  .......................................................................................................................................  [1]

� �$V�ZHOO�DV�SURGXFLQJ�IXHOV��WKLV�SURFHVV�SURGXFHV�FRPSRXQGV�VXLWDEOH�IRU�XVH�LQ�WKH�SURGXFWLRQ�
RI�SRO\PHUV��$Q�H[DPSOH�RI�VXFK�D�FRPSRXQG�LV�EXW���HQH��&+3&+ &+&+3.

 (ii)� �'UDZ�WKH�UHSHDW�XQLW�RI�WKH�SRO\PHU�WKDW�LV�SURGXFHG�IURP�EXW���HQH�

 [2]

 (iii)� �1DPH�WKH�W\SH�RI�SRO\PHULVDWLRQ�WKDW�RFFXUV�GXULQJ�WKH�SURGXFWLRQ�RI�WKH�SRO\PHU�LQ�(ii).

  .......................................................................................................................................  [1]
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2  Crude oil is a complex mixture of hydrocarbon molecules.

  The hydrocarbon molecules in crude oil are separated by fractional distillation. Fractional distillation 
is used because the different hydrocarbon molecules in crude oil have different boiling points.

 (a)  Explain why the hydrocarbon molecules in crude oil have different boiling points.

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

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

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

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

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

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

  ..............................................................................................................................................  [2]

 (b)  Some of the hydrocarbon molecules obtained from crude oil are processed further by cracking.

  Suggest why some hydrocarbon molecules are processed further by cracking.

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

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

  ..............................................................................................................................................  [1]

 (c)  Cracking one mole of dodecane, C12H26, produces two moles of ethene and one mole of another 
hydrocarbon molecule.

 (i)  Write the equation for this cracking reaction.

  .......................................................................................................................................  [1]

  The ethene can be used in the production of poly(ethene).

 (ii)  Give the full name of the process used to produce poly(ethene) from ethene.

  .......................................................................................................................................  [1]
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21 Camphor is used for medical purposes, the diagram shows its structure.

How many chiral centres are present in one molecule of camphor?

A 0           B 1           C 2           D 3

22 Chloroethane is used as a starting material for the production of ‘time-release capsules’ in
pharmaceutical products. One way of preparing chloroethane is to react chlorine and ethane in
the presence of ultraviolet light.

Which statement is correct about the first stage of the mechanism of this reaction?

A The Cl – Cl bond is split homolytically.

B The Cl – Cl bond is split heterolytically.

C The C – H bond is split homolytically.

D The C – H bond is split heterolytically.

23 Chloroethene, CH2=CHCl, is the monomer of pvc. 

What are the C–C–C bond angles along the polymeric chain in pvc?

A They are all 109 °.

B Half are 109 ° and half are 120 °.

C They are all 120 °.

D They are all 180 °.

CH3

C
CCH2 O

CH2CH2

C CH3CH3

C

H

� 
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20 Which set of alcohols correctly shows a primary, a secondary and a tertiary alcohol? 

21 What is the total number of different chloroethanes (formula C2 H6-nCln, where n can be any
integer from 1 to 6)?

A 6           B 8           C 9           D 10

22 Polymerisation of chloroethene gives pvc.

How does the carbon-carbon bond in pvc compare with that in chloroethene?

A longer stronger

B longer weaker

C shorter stronger

D shorter weaker

CH2 OH

CH3

CH2

CH2 OH

CH3

CH3 C H

CH2 OH

H

CH3 C H

H

H

CH3 C OH

primary

CH2 OH

CH3

CHOH

CH3

CH3

CH3 C OH

CH2 OH

H

CH3 C CH2 OH

CH3

H

CH3 C OH

secondary

CH2 OH

CH2 OH

CHOH

CH3

CH2 OH

CH3 C H

CH2 OH

CH2 OH

CH3 C CH2 OH

CH3

CH3

CH3 C OH

tertiary

B

C

D

A

� 
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17 The standard enthalpy changes of formation of HCl and HI are –92 kJ mol–1 and +26 kJ mol–1

respectively.

Which statement is most important in explaining this difference?

A Chlorine is more electronegative than iodine.

B The activation energy for the H2/Cl2 reaction is much less than that for the H2/I2 reaction.

C The bond energy of HI is smaller than the bond energy of HCl.

D The bond energy of I2 is smaller than the bond energy of Cl2.

18 In the industrial electrolysis of brine to manufacture chlorine, the diaphragm used is a porous
screen which allows the flow of electrolytes but keeps other chemicals separate. 

Which substance needs to be kept separate from the chlorine by the diaphragm?

A hydrogen

B sodium hydroxide

C sodium chloride

D water

19 Which gas is present in the exhaust fumes of a car engine in a much greater amount than any
other gas?

A carbon dioxide

B carbon monoxide

C nitrogen

D water vapour

20 The Russian composer Borodin was also a research chemist who discovered a reaction in which
two ethanal molecules combine to form a compound commonly known as aldol (reaction I).  Aldol
forms another compound on heating (reaction II).

I 2CH3CHO → CH3CH(OH)CH2CHO

II CH3CH(OH)CH2CHO → CH3CH=CHCHO + H2O

Which of the following best describes reactions I and II?

I II

A addition elimination

B addition reduction

C elimination reduction

D substitution elimination

� 
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23 2-Bromopropane, (CH3 )2CHBr, may be used as the starting point for making (CH3 )2CHCO2H.

Which of the following sequences would be most suitable?

A (CH3 )2CHBr → (CH3 )2CHOH → (CH3 )2CHCO2H

B (CH3 )2CHBr → (CH3 )2CHCN → (CH3 )2CHCO2H

C (CH3 )2CHBr → (CH3 )2CHOH → (CH3 )2CHCN → (CH3 )2CHCO2H

D (CH3 )2CHBr → (CH3 )2CHCN → (CH3 )2CHOH → (CH3 )2CHCO2H

24 Which substance in a vehicle exhaust results from incomplete combustion of a hydrocarbon fuel?

A CO           B H2O           C N2 D NO

25 Which compound on reaction with hydrogen cyanide produces a compound with a chiral centre?

A CH3 CHO

B CH3 CH2COCH2CH3

C CH3 CO2CH3

D HCHO

26 An organic compound will decolorise dilute acidified aqueous potassium manganate(VII) on
warming, but will not decolorise bromine water.

What could the organic compound be? 

A butane

B ethanol

C ethene

D ethanoic acid

27 A compound X has all of the following properties: 

it is a liquid at room temperature and atmospheric pressure;

it does not mix completely with water;

it does not decolorise acidified potassium manganate(VII).

What could X be?

A ethane

B ethanoic acid

C ethanol

D ethyl ethanoate

� 

[S‘02 Q2]

2

9701/1/M/J/02

Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 In the radioactive decay of an isotope of lead to an isotope of bismuth, a particle   0–1X is emitted.

Which particle is   0–1X?

A electron

B ion

C neutron

D proton

2 As a simplification, an adult human can be considered to have a daily diet of 1.80 kg of
carbohydrate (empirical formula CH2O).

Which mass of carbon dioxide does a person produce each day if all the carbohydrate eaten is
digested and oxidised?

A 0.267 kg B 0.800 kg C 1.32 kg D 2.64 kg

3 The diagram shows the mass spectrum of a sample of naturally-occurring copper.

What is the relative atomic mass of this copper?

A 63.3 B 63.5 C 63.6 D 64.0

61 62 63 64 65 66 67 68
m/e

1
2
3
4
5
6
7

relative
abundance
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15 What are the products of the thermal decomposition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen

C magnesium oxide, nitrogen and oxygen

D magnesium oxide, nitrogen dioxide and oxygen

16 Chlorine compounds show oxidation states ranging from –1 to +7.

What are the reagent(s) and conditions necessary for the oxidation of elemental chlorine into a
compound containing chlorine in the +5 oxidation state?

A AgNO3 (aq) followed by NH3 (aq) at room temperature

B concentrated H2 SO4 at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

17 Which gaseous hydride most readily decomposes into its elements on contact with a hot glass
rod?

A ammonia

B hydrogen chloride

C hydrogen iodide

D steam

18 Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia?

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)

19 Which pollutant is formed in the internal combustion engine and, if not removed by the catalytic
converter, may become involved in the formation of acid rain?

A C B C8 H18 C CO D NO

20 How many structural and cis-trans isomers are there for dichloropropene, C3 H4 Cl2 ?

A 3 B 5 C 6 D 7

� 
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23 The complete combustion of alkanes to produce carbon dioxide and water is an important
exothermic reaction.

Which line on the graph shows the relationship between the number of carbon atoms in the alkane
and the number of moles of oxygen gas needed for complete combustion of the alkane?

24 Cyclohexa-1,4–diene is treated with a solution of bromine in tetrachloromethane.

Which product is formed?

Br

A

Br

Br

Br

B

Br

Br

Br

Br

Br

C

Br

D

BrBr

BrBr

cyclohexa-1,4-diene

1

number of
moles of
oxygen gas

number of carbon atoms in alkane

A

B

C

D

� 


� 
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Section A

For each question, there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 A mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of oxygen.
After cooling to room temperature, the residual gas was passed through aqueous potassium
hydroxide.  

What volume of gas was absorbed by the alkali?

A 15 cm3

B 20 cm3

C 30 cm3

D 40 cm3

2 One of the most important chemical species responsible for the removal of ozone from the
stratosphere is a free radical of chlorine, 35Cl•.

What does 35Cl• contain?

3 Use of the Data Booklet is relevant to this question.

In the gas phase, aluminium and a transition element require the same amount of energy to form
one mole of an ion with a 2+ charge.

What is the transition element?

A Co

B Cr

C Cu

D Ni

protons neutrons electrons

A 17 18 16

B 17 18 17

C 18 17 17

D 18 17 18

2

9701/1/O/N/02

Section A

For each question, there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 A mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of oxygen.
After cooling to room temperature, the residual gas was passed through aqueous potassium
hydroxide.  

What volume of gas was absorbed by the alkali?

A 15 cm3

B 20 cm3

C 30 cm3

D 40 cm3

2 One of the most important chemical species responsible for the removal of ozone from the
stratosphere is a free radical of chlorine, 35Cl•.

What does 35Cl• contain?

3 Use of the Data Booklet is relevant to this question.

In the gas phase, aluminium and a transition element require the same amount of energy to form
one mole of an ion with a 2+ charge.

What is the transition element?

A Co

B Cr

C Cu

D Ni

protons neutrons electrons

A 17 18 16

B 17 18 17

C 18 17 17

D 18 17 18
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21 Hydrogen bromide reacts with ethene to form bromoethane.

What is the best description of the organic intermediate in this reaction?

A It contains carbon, hydrogen and bromine.

B It has a negative charge.

C It is an electrophile.

D It is a free radical.

22 On strong heating a hydrocarbon produces ethene, propane and but-1-ene in the mole ratio
5 : 1 : 1.

What is the molecular formula of the hydrocarbon?

A C17H34 B C17H36 C C19H38 D C19H40

23 1,2-Dibromo-3-chloropropane (DBCP) has been used in the control of earthworms in agricultural
land.

What would be the best synthesis of this compound?

A CH3CH2CH2Cl + 2Br2 → DBCP + 2HBr

B CH3CHBrCH2Br + Cl2 → DBCP + HCl

C CH2=CHCH2Cl + Br2 → DBCP

D ClCH2CH=CH2 + PBr5 → DBCP + PBr3

24 Each of the following compounds is effective as a refrigerant.

The release of which one of these causes the greatest depletion of the ozone layer?

A CCl2F2 B CH3OCH3 C CH3CHF2 D CH3CH2CH3

25 1,1-Dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.

NaOH(aq)
CH3CH2CHCl2 ⎯⎯⎯⎯→ CH3CH2CHO

What is the mechanism of the first step of this reaction?

A electrophilic substitution

B elimination

C nucleophilic substitution

D oxidation

CEDAR COLLEGE  123 ALKANES WS 3



10

11

�
[S‘04 Q23]

8

! UCLES 2004 9701/01/M/J/04

23 Which compound could not be obtained from cracking a sample of nonane, CH3 (CH2)7CH3 ?

A CH3CH=CHCH=CHCH2CH2CH2CH3

B CH3CH2CH2CH2CH3

C CH3CH2CH2CH2CH2CH=CH2

D (CH3CH2CH2)3CH

24 In which way are ethene and propane similar?

CH2=CH2 CH3CH2CH3

ethene propane

A They are both obtained by the dehydration of alcohols.

B They are both neutral to an indicator solution.

C They can both be hydrogenated using a suitable catalyst.

D They can both undergo polymerisation under suitable conditions.

25 Which reaction in the catalytic converter does not remove hazardous and polluting gases from

the exhaust fumes of a motor car?

gases going in:
carbon monoxide,

hydrocarbons
and oxides of

nitrogen

surfaces coated
with platinum and
rhodium catalyst

gases going out

These equations are qualitative and unbalanced.

[HC = unburnt hydrocarbons; NOx = oxides of nitrogen]

A HC + NOx ! H2O + CO + N2

B CO + NOx ! CO2  + N2

C HC + NOx ! H2O + CO2 + N2

D CO + O2 ! CO2

� 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)

QP
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23 Which compound could not be obtained from cracking a sample of nonane, CH3 (CH2)7CH3 ?

A CH3CH=CHCH=CHCH2CH2CH2CH3

B CH3CH2CH2CH2CH3

C CH3CH2CH2CH2CH2CH=CH2

D (CH3CH2CH2)3CH

24 In which way are ethene and propane similar?

CH2=CH2 CH3CH2CH3

ethene propane

A They are both obtained by the dehydration of alcohols.

B They are both neutral to an indicator solution.

C They can both be hydrogenated using a suitable catalyst.

D They can both undergo polymerisation under suitable conditions.

25 Which reaction in the catalytic converter does not remove hazardous and polluting gases from

the exhaust fumes of a motor car?

gases going in:
carbon monoxide,

hydrocarbons
and oxides of

nitrogen

surfaces coated
with platinum and
rhodium catalyst

gases going out

These equations are qualitative and unbalanced.

[HC = unburnt hydrocarbons; NOx = oxides of nitrogen]

A HC + NOx ! H2O + CO + N2

B CO + NOx ! CO2  + N2

C HC + NOx ! H2O + CO2 + N2

D CO + O2 ! CO2

� 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 

 3.0 dm3

 at 273 oC? 

 A 
6

3

10 x 3.0

273 x 8.31x   x101.6

−

−

 Pa 

 B 
6

3

10 x 3.0

)273 273( x 8.31x 10 x 1.6  
−

−

+
 Pa 

 C 
3

 

3

10 x 3.0

273 x 8.31x 10 x 1.6

−

−

 Pa 

 D 
3

3

10 x 3.0

)273 273( 
 

 x8.31x 10 x 1.6

−

−

+
 Pa 

 

 

9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
 

1.0

1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
 

C 
1.0

1x0.80
 

1.0

1x0.20
 

1.0

1x0.10
 

D 1.1 1x0.80
 

1.1

1x0.20
 

1.1

1x0.10
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24 This molecule is responsible for the flavour of spearmint chewing gum. 

 

CH

C

CC

H

HC

H

H

HH

CH C

OC

CH3

YX

H

 

 

What is a true statement about the functional groups X or Y? 

 A X will undergo nucleophilic addition. 

B Y will undergo nucleophilic addition. 

C X will undergo electrophilic substitution. 

D Y will undergo electrophilic substitution. 

 

 

25 Which reaction occurs with saturated hydrocarbons? 

 A catalytic hydrogenation 

 B ready decolourisation of aqueous bromine 

 C polymerisation 

 D thermal cracking 

 

 

26 The reaction of chlorine with methane is carried out in the presence of light. 

 

 What is the function of the light? 

A to break the C – H bonds in methane 

B to break up the chlorine molecules into atoms 

C to break up the chlorine molecules into ions 

D to heat up the mixture 
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24 This molecule is responsible for the flavour of spearmint chewing gum. 

 

CH

C

CC

H

HC

H

H

HH

CH C

OC

CH3

YX

H

 

 

What is a true statement about the functional groups X or Y? 

 A X will undergo nucleophilic addition. 

B Y will undergo nucleophilic addition. 

C X will undergo electrophilic substitution. 

D Y will undergo electrophilic substitution. 

 

 

25 Which reaction occurs with saturated hydrocarbons? 

 A catalytic hydrogenation 

 B ready decolourisation of aqueous bromine 

 C polymerisation 

 D thermal cracking 

 

 

26 The reaction of chlorine with methane is carried out in the presence of light. 

 

 What is the function of the light? 

A to break the C – H bonds in methane 

B to break up the chlorine molecules into atoms 

C to break up the chlorine molecules into ions 

D to heat up the mixture 
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2

1

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o
, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1 B –98 kJ mol –1 C +98 kJ mol –1 D +196 kJ mol –1 
 

 

f

f

� 
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21 Which molecule does not have a chiral centre? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22 Instead of obtaining buta-1,3-diene from fossil fuel sources, it is proposed to obtain it from 

ethanol, which can be obtained from non–food agricultural crops. The sequence of reactions is as 

follows. 

 

CH
3
CH

2
OH CH

3
CHO CH

3
CH(OH)CH

2
CHO CH

2
=CHCH=CH

2

step I step II step III

buta-1,3-diene
 

 

 Which term could be used to describe step I? 

A condensation 

B dehydration 

C dehydrogenation 

D hydrogenation 

 

 

23  How many different substitution products are possible, in principle, when a mixture of bromine 

and ethane is allowed to react? 

 A 3 B 5 C 7 D 9 

 

 

OH

A

CO H2

CH OH

HOH C

CO H2

CO H2

CH OH

H OHC

CH 3

B

C

C

OH

HO CH 3

OH

D

C

OH

HO CO C H 2 2 5
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22 The structures below show isomers of C6H12. 

 

C C

CH3 CH3

H C2H5

C C

CH3

CH3H

C2H5

C C

CH3CH3

HC2H5

C C

CH3

CH3

H

C2H5

1 2 3 4

 

 

In which pair are the members cis-trans isomers of each other? 

A 1 and 2 B 1 and 3 C 1 and 4 D 2 and 4 

 

 

23  Use of the Data Booklet is relevant to this question. 

 

In which reaction is the relative molecular mass of the organic product the largest? 

A bromoethane + aqueous sodium hydroxide 

B bromoethane + alcoholic sodium hydroxide 

C ethane + bromine 

D ethanol + phosphorus pentachloride 

 

 

24  Light initiates the following reaction. 

 

alkane + chlorine → chloroalkane + hydrogen chloride 

 

What happens to chlorine in this photochemical reaction? 

A heterolytic fission to give an electrophile 

B homolytic fission to give an electrophile 

C heterolytic fission to give a free radical 

D homolytic fission to give a free radical 

 

 

25  High-energy irradiation in the stratosphere produces radicals from chlorofluoroalkanes, commonly 

known as CFCs. 

 

Which radical could result from this irradiation of CHFClCF2Cl? 

 

A

B

C

D

CHFClCFCl

CHClCF2Cl

CHFCF2Cl

CFClCF2Cl
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18 Which element of the third period requires the least number of moles of oxygen for the complete 

combustion of 1 mol of the element? 

A aluminium 

B magnesium 

C phosphorus 

D sodium 

 

 

19 Two properties of non-metallic elements and their atoms are as follows. 

 

property 1 has an oxide that can form a strong acid in water 

property 2 has no paired 3p electrons 

 

Which properties do phosphorus and sulfur have? 

 

 phosphorus sulfur 

A 1 and 2  1 only 

B 1 only 1 and 2  

C 1 and 2 1 and 2 

D 2 only 1 only 

 

 

20 When gaseous chemicals are transported by road or by rail they are classified as follows. 

 

flammable non-flammable poisonous 

 

Which commonly transported gas is non-flammable? 

A butane 

B hydrogen 

C oxygen 

D propene 
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19 Which molecules, each with a linear carbon chain, can have an optically active isomer? 

 

I II III IV 

C3H6BrI C3H4BrI C3H6 I2  C3H4Br2  
 

A I and II only 

B I, II and III only 

C II and III only 

D I, II and IV only 

 

 

20 In which pair do the isomers have identical boiling points? 

 

A

B

C

D

CH3 CH2 CH2 CH2 OH    and    (CH3 )2 CHCH2 OH

CH3 (CH2 )4 CH3             and    (CH3 )2 CHCH(CH3 )2

H

H

H H

CH3 CH3CH3

CH3

C C C Cand

Cl CH2 Cl

CH3

CH and

ClCl H  C2

CH3

C H

 

 

 

21 Tetramethyl-lead(IV), (CH3 )4Pb, increases the rate of the reaction of methane with chlorine. 

 

CH4 (g) + Cl2 (g) → CH3Cl(g) + HCl(g) 

 

Why can tetramethyl-lead(IV) behave in this way? 

A It is a source of methyl radicals. 

B It releases (g)CH
3

+

. 

C It reacts with chloromethane and prevents equilibrium being established. 

D Metal ions catalyse the reaction. 
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4 Samples of 10 cm3

 of each of the first four members of the alkane series are separately mixed 

with 70 cm3

 of oxygen. Each is then burned and the total volume, V, of residual gas measured 

again at room temperature and pressure. 

 

Which graph represents the results that would be obtained? 

 

CH4

C2H6

C3 H8

C4H10

V / cm3

A

80

60

40

20

CH4

C2H6

C3 H8

C4H10

V / cm3

B

80

60

40

20

CH4

C2H6

C3 H8

C4H10

V / cm3

D

80

60

40

20

CH4

C2H6

C3 H8

C4H10

V / cm3

C

80

60

40

20

X
X

X
X

X

X

X

X

X
X

X
X

X
X

X
X

0

0 0

0
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20 Sorbitol is a naturally-occurring compound with a sweet taste. It is often used as a substitute for 

sucrose by the food industry. 

 

The diagram shows its structure. 

 

H C

H

HO

H C HO

H O C H

H C HO

H C HO

H C HO

H  

 

How many chiral centres are present in sorbitol? 

A 1 B 2 C 3 D 4 

 

 

21 The compound ‘leaf alcohol’ is partly responsible for the smell of new-mown grass. 

 

CH3CH2CH=CHCH2CH2OH 

 

leaf alcohol 

 

Which two compounds will be formed when ‘leaf alcohol’ is oxidised using hot, concentrated 

manganate(VII) ions? 

A CH3CO2H and HOCH2CH2CH2CO2H 

B CH3CO2H and HO2CCH2CH2CO2H 

C CH3CH2CO2H and HO2CCH2CO2H 

D CH3CH2CO2H and HOCH2CH2CO2H 

 

 

22 Which hydrocarbon can form a monochloro-substitution derivative which shows both chirality 

and cis-trans isomerism? 

A CH3CH=CH2 

B (CH3)2C=CH2 

C CH3CH=C(CH3)2 

D CH3CH=CHCH2CH3 
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21 Trichloroethene is widely used as a dry-cleaning agent. 

 

C

C

H

C

C C

 

 

With which of the following does trichloroethene react to give a chiral product? 

A Br
2
 B HCl C NaCN(aq) D NaOH(aq) 

 

 

22 Chloroethene, CH
2
=CHCl, is the monomer of PVC. 

 

What are the C−C−C bond angles along the polymeric chain in PVC? 

A They are all 109.5°. 

B Half are 109.5° and half are 120°. 

C They are all 120°. 

D They are all 180°. 

 

 

23 Which hydrocarbon would not be collected in the inverted tube by heating pentane, 

CH
3
(CH

2
)
3
CH

3
, in the apparatus shown? 

 

water

pentane on
mineral fibre

aluminium
oxide

very strong
heat

hydrocarbons

 

 

A CH
4
 

B CH
3
CH

3
 

C CH
3
CH

2
CH=CH

2
 

D CH
3
(CH

2
)
8
CH

3
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22 Which reaction occurs when ethane and chlorine are mixed in diffused sunlight? 

A a free-radical substitution with hydrogen given off 

B a free-radical substitution with hydrogen chloride given off 

C a free-radical substitution with no gas given off 

D a nucleophilic substitution with hydrogen chloride given off 

 

 

23  Limonene is an oil formed in the peel of citrus fruits. 

 

C
CH2CH3

CH3

limonene  

 

Which product is formed when molecular bromine reacts with limonene at room temperature in 

the dark? 

 

C
CH2CH3

CH3

A

Br
C

CH2CH3

CH3

B

Br
Br

C CH2Br

CH3

CH3

C

Br

CH2BrCH3

Br

C

CH3

D

Br
Br

 

 

 

24  The anaesthetic halothane, CF3CHBrCl, is made industrially as shown below. 

 

CCl2=CHCl CF3CH2Cl CF3CHBrCl
HF

stage 1

Br2

stage 2
 

 

Which type of reaction is occurring in stage 2? 

A electrophilic addition 

B electrophilic substitution 

C free radical substitution 

D nucleophilic addition 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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24 Sorbic acid is used as a food preservative because it kills fungi and moulds. 

 

H

CH3C

H

H

OH
C

sorbic acid

C

H

C

O

C

 

 

Sorbic acid will react with 

 

• hydrogen in the presence of a nickel catalyst, 

• bromine in an organic solvent. 

 

How many moles of hydrogen and of bromine will be incorporated into one mole of sorbic acid by 

these reactions? 

 

 moles of hydrogen moles of bromine 

A 2 2 

B 2 2
2

1

 

C 3 2 

D 3 2 2

1

 

 

 

25 Bromine reacts with ethene to form 1,2-dibromoethane. 

 

What is the correct description of the organic intermediate in this reaction? 

A It has a negative charge.  

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 

 

 

26 Which equation represents a valid propagation step in the free radical reaction between ethane 

and chlorine? 

A C2H6 + Cl • → C2H5Cl + H
•

 

B C2H5Cl + Cl • → C2H4Cl • + HCl 

C C2H6 + H
•

 → 
•

52
HC + HCl 

D C2H5

•

 + Cl • → C2H5Cl 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 An element X consists of four isotopes. The mass spectrum of X is shown in the diagram. 

 

90 91 92
m / e

93 94

100

80

60

40

20

0

relative
abundance

%

 

 

What is the relative atomic mass of X? 

A 91.00 B 91.30 C 91.75 D 92.00 

 

 

2 0.200 mol of a hydrocarbon undergo complete combustion to give 35.2 g of carbon dioxide and 
14.4 g of water as the only products. 

 

What is the molecular formula of the hydrocarbon? 

A C2H4 B C2H6 C C4H4 D C4H8  
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21  Sorbic acid is used as a food preservative because it kills fungi and moulds. 

 

H

CH3C

H

H

OH
C

sorbic acid

C

H

C

O

C

 

 

Sorbic acid will react with 

 

• hydrogen in the presence of a nickel catalyst, 

• bromine in an organic solvent. 

 

How many moles of hydrogen and of bromine will be incorporated into one mole of sorbic acid by 

these reactions? 

 

 moles of hydrogen moles of bromine 

A 2 2 

B 2 2
2

1

 

C 3 2 

D 3 2 2

1

 

 

 

22 When heated with chlorine, the hydrocarbon 2,2-dimethylbutane undergoes free radical 

substitution. 

 

In a propagation step a free radical X• is formed. 

 

CH3CH2 CH3  +  Cl • →  X• +  HCl

CH3

CH3

C

 

 

How many different forms of X• are possible? 

A 1 B 2 C 3 D 4 
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21 When heated with chlorine, the hydrocarbon 2,2-dimethylbutane undergoes free radical 

substitution. 

 

In a propagation step the free radical X
•
 is formed. 

 

CH3CH2 CH3 + Cl  →  X  +  HCl

CH3

CH3

C ●●

 

 

How many different forms of X
•
 are possible? 

A 1 B 2 C 3 D 4 

 

 

22 What will react differently with the two isomeric alcohols, (CH3)3CCH2OH and 

(CH3)2CHCH2CH2OH? 

A acidified aqueous potassium manganate(VII) 

B concentrated sulfuric acid 

C phosphorus pentachloride 

D sodium 

 

 

23 Which reagent will give similar results with both butanone and butanal? 

A acidified aqueous potassium dichromate(VI) 

B an alkaline solution containing complexed Cu
2+
 ions (Fehling’s solution) 

C an aqueous solution containing [Ag(NH3)2]+ (Tollens’ reagent) 

D 2,4-dinitrophenylhydrazine reagent 

 

 

24 What is formed when propanone is refluxed with a solution of NaBH4? 

A propanal 

B propan-1-ol 

C propan-2-ol 

D propane 

 

 

25 Which compound is a product of the hydrolysis of CH3CO2C3H7 by boiling aqueous sodium 
hydroxide? 

A CH3OH B C3H7OH C C3H7CO2H D 
+−

a NCOHC 273
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21 Butanedioic acid occurs in amber, algae, lichens, sugar cane and beets. It may be synthesised in 

two steps from 1,2-dibromoethane. 

 

BrCH2CH2Br HO2CCH2CH2CO2HX
step 1 step 2

 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCN(g) HCl (aq) 

B HCO
2
Na(aq) HCl (aq) 

C KCN(aq / alcoholic) H
2
SO

4
(aq) 

D NaOH(aq) K
2
Cr

2
O

7
 / H

2
SO

4
(aq) 

 

 

22 The formula CH
3
 can represent an anion, a cation or a free radical. Species with the molecular 

formula CH
3
 can act as an electrophile, a free radical or a nucleophile depending on the number 

of outer shell electrons on the central carbon atom. 

 

How many outer shell electrons must be present for CH
3
 to act in these different ways? 

 

 
CH

3
 as an 

electrophile 

CH
3
 as a 

free radical 

CH
3
 as a 

nucleophile 

A 6 7 8 

B 6 8 7 

C 7 6 8 

D 8 7 6 

 

 

23 Pentanol, C
5
H

11
OH, has four structural isomers that are primary alcohols. 

 

How many of these primary alcohols contain a chiral carbon atom? 

A 0 B 1 C 2 D 3 
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29  The compound 2-methylpropene, C4H8, is a monomer used in the production of synthetic rubber. 

 

C 

H

H CH3

CH3

C

 

 

In addition to 2-methylpropene there are x other isomers of C4H8, structural or otherwise, which 

contain a double bond.  

What is the value of x? 

A 1 B 2 C 3 D 4 

 

 

30  Which environmental problem is not made worse by the release of oxides of nitrogen from car 

engines? 

A acidification of lakes 

B corrosion of buildings 

C photochemical smog 

D the hole in the ozone layer 
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25 One of the reactions taking place in a catalytic converter in a car exhaust system is between 

nitrogen oxide and octane (unburned petrol). The products of this reaction are non-toxic. 

 

Which is the correct equation for the reaction? 

A C8H16 + 16NO → 8CO + 8N2 + 8H2O 

B C8H16 + 24NO → 8CO2 + 12N2 + 8H2O 

C C8H18 + 17NO → 8CO + 8
2

1

N2 + 9H2O 

D C8H18 + 25NO → 8CO2 + 12
2

1

N2 + 9H2O 

 

 

26 High-energy radiation in the stratosphere produces free-radicals from chlorofluoroalkanes, 

commonly known as CFCs. 

 

Which free-radical is most likely to result from the irradiation of CHFCl CF2Cl ? 
 

A 

B 

C 

D 

CHFCl CFCl

CHCl CF2 Cl

CHFCF2 Cl 

CFCl CF2 Cl
 

 

 

27 Which reagent reacts with ethanol and also reacts with ethanoic acid? 

A acidified potassium dichromate(VI) 

B sodium 

C sodium carbonate 

D sodium hydroxide 

 

 

28 In 1903 Arthur Lapworth became the first chemist to investigate a reaction mechanism. The 

reaction he investigated was that of hydrogen cyanide with propanone.  

 

What do we now call the mechanism of this reaction? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 
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23  The products obtained by cracking an alkane, X, are methane, ethene and propene. 

 

The mole fraction of ethene in the products is 0.5. 

 

What is the identity of X? 

A C6H14 B C8H18 C C9H20 D C11H24 

 

 

24  Which compound does not show cis-trans isomerism? 

A 2-methylpent-2-ene 

B 3-methylpent-2-ene 

C 3,4-dimethylhex-3-ene 

D pent-2-ene 

 

 

25  Which formulae show propanone and propanal as different compounds? 

A empirical, molecular, structural and displayed formulae 

B molecular, structural and displayed formulae only  

C structural and displayed formulae only  

D displayed formulae only  

 

 

26  How many isomers with the formula C5H10 have structures that involve π bonding? 

A 3 B 4 C 5 D 6 

 

 

27  1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal. 

 

CH3 CH2 CHCl 2 CH3 CH2 CHO
NaOH(aq)

 

 

Which term describes the first step of this reaction? 

A electrophilic addition 

B elimination 

C nucleophilic substitution 

D oxidation 
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21 An alkene has the formula CH3CH=CR CH2CH3 and does not possess cis-trans isomers. 

 

What is R ? 

A H B Cl C CH3 D C2H5 

 

 

22 Menthol is an important compound extracted from the peppermint plant. 

 

OH 

CH3 

CH3 H3C 

menthol
 

 

How many chiral centres are there in one molecule of menthol? 

A 1 B 2 C 3 D 4 

 

 

23  The cracking of a single hydrocarbon molecule, CnH2n+2, produces two hydrocarbon molecules 

only. Each hydrocarbon product contains the same number of carbon atoms in one molecule.  

Each hydrocarbon product has non-cyclic structural isomers. 

 

What is the value of n? 

A 4 B 6 C 8 D 9 

 

 

24  But-2-ene-1,4-diol is converted in two steps through an intermediate X into ketobutanedioic acid. 

 

HOCH2CH=CHCH2OH X HO2CCOCH2CO2H

but-2-ene-1,4-diol ketobutanedioic acid

hot acidified KMnO4

step 1 step 2
 

 

What could be the reagent for step 1 and the intermediate X? 

 

 reagent for step 1 X 

A cold acidified KMnO4 HOCH2CH2CH(OH)CH2OH 

B hot acidified KMnO4 OHCCH(OH)CH2CHO 

C steam and concentrated H2SO4 HOCH2CH(OH)CH2CH2OH 

D warm acidified K2Cr2O7 HO2CCH=CHCO2H 
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23 Isomers X and Y both react with HBr. 

 

C C

Br

CH3

Br

H3C

Y

C C

Br

BrH3C

H3C

X
 

 

A mixture of X and Y is reacted with HBr. 

 

Which three structures represent three different possible products of this reaction? 

A (CH3)2CHCBr3 (CH3)2CBrCHBr2 CH3CHBrCHBrCH3 

B (CH3)2CHCBr3 (CH3)2CBrCHBr2 CH3CBr2CHBrCH3 

C (CH3)2CBrCBr3 (CH3)2CHCBr3 CH3CBr2CHBrCH3 

D (CH3)2CBrCHBr2 CHBr2CBr(CH3)CH3 CH3CHBrCBr2CH3 

 

 

24 Oct-1-ene, CH3(CH2)5CH=CH2, is subjected to thermal cracking. 

 

 Which combination of compounds W, X, Y and Z can be obtained? 

 

 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 

 W X Y Z 

 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 
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19 Carbon monoxide, CO, nitrogen monoxide, NO, and sulfur dioxide, SO
2
, may all be present in the 

exhaust fumes from a car engine. 

 

Which reaction concerning these compounds occurs in the atmosphere? 

A CO is spontaneously oxidised to CO
2
 

B NO
2
 is reduced to NO by CO 

C NO
2
 is reduced to NO by SO

2
 

D SO
2
 is oxidised to SO

3
 by CO

2
 

 

 

20 Fumaric acid can be converted into oxaloacetic acid by a two-step process involving the 

intermediate Q. 

 

HO2CCH=CHCO2H Q HO2CCOCH2CO2H
step 1

fumaric acid

step 2

oxaloacetic acid
 

 

Each of these steps can be achieved in the laboratory by a single reagent. 

 

What could be the intermediate Q and the reagent for step 2? 

 

 Q reagent for step 2 

A HO
2
CCHBrCH

2
CO

2
H warm acidified KMnO

4
 

B HO
2
CCHBrCH(OH)CO

2
H warm NaOH(aq) 

C HO
2
CCH(OH)CH

2
CO

2
H Fehling’s solution 

D HO
2
CCH(OH)CH

2
CO

2
H warm acidified K

2
Cr

2
O

7
 

 

 

21 An organic compound J reacts with sodium to produce an organic ion with a charge of –3. 

J reacts  with NaOH(aq) to produce an organic ion with a charge of –1. 

 

What could be the structural formula of J? 

A HO
2
CCH(OH)CH

2
CO

2
H 

B HO
2
CCH(OH)CH

2
CHO 

C HOCH
2
CH(OH)CH

2
CO

2
H 

D HOCH
2
COCH

2
CHO 
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26  Use of the Data Booklet is relevant to this question. 

 

Which volume of oxygen measured at room temperature and pressure is needed for complete 

combustion of 0.1 mol of propan-1-ol? 

A 10.8 dm3

 B 12.0 dm3

 C 21.6 dm3

 D 24.0 dm3

 

 

 

27  Which carbonyl compound reacts with hydrogen cyanide to form a product that has no chiral 

carbon atom? 

A butanone 

B ethanal 

C propanal 

D propanone 

 

 

28  How many of the following compounds produce a carboxylic acid on heating under reflux with hot 

acidified K2Cr2O7? 

 

CH3CH2CHO 

CH3COCH3 

CH3CH2CH2OH 

CH3CHOHCH3 

 

A 1 B 2 C 3 D 4 

 

 

29  Compound Y has Mr of 88. It does not fizz when added to a solution of sodium 

hydrogencarbonate. It can be hydrolysed by dilute sulfuric acid to produce two organic products 

with Mr values of 46 and 60. 

 

What is the identity of compound Y? 

A butanoic acid 

B ethyl ethanoate 

C 3-hydroxybutanal 

D butyl methanoate 

 

 

30  Polymerisation of ethene gives poly(ethene). 

 

How does the carbon-carbon bond in poly(ethene) compare with that in ethene? 

A The carbon-carbon bond is longer and stronger in poly(ethene). 

B The carbon-carbon bond is longer and weaker in poly(ethene). 

C The carbon-carbon bond is shorter and stronger in poly(ethene). 

D The carbon-carbon bond is shorter and weaker in poly(ethene). 
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22 Bromine reacts with ethene to form 1,2-dibromoethane. 

 

What is the correct description of the organic intermediate in this reaction? 

A It has a negative charge.  

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 

 

 

23  Chloroethane can be used to make sodium propanoate. 

 

chloroethane  →  Q  →  sodium propanoate 

 

The intermediate, Q, is hydrolysed with boiling aqueous sodium hydroxide, to give sodium 

propanoate. 

 

Which reagent would produce the intermediate, Q, from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide 

D potassium cyanide 

 

 

24  Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol. 

 

How should the first step in the mechanism be described? 

A by a curly arrow from a lone pair on the OH
–

 ion to the C
δ+

 atom of 1-bromopropane 

B by a curly arrow from the C
δ+

 atom of 1-bromopropane to the OH
–

 ion 

C by a curly arrow from the C–Br bond to the C atom 

D by the homolytic fission of the C–Br bond 

 

 

25  Pentane, C5H12, is reacted with chlorine in the presence of ultraviolet light. A compound R is 

found in the products. R has molecular formula C5H10Cl 2. Each molecule of R contains one  chiral 
carbon atom. 

 

Which two atoms of the pentane chain could be bonded to chlorine atoms in this isomer? 

A 1 and 3 B 1 and 5 C 2 and 3 D 2 and 4 
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7  Which stage in the free radical substitution of methane by chlorine will have the lowest activation 

energy? 

A CH3•  +  Cl 2  →  CH3Cl  +  Cl • 

B Cl •  +  Cl •  →  Cl 2 

C Cl •  +  CH4  →  CH3•  +  HCl 

D Cl 2  →  Cl •  +  Cl • 
 

 

8  Use of the Data Booklet is relevant to this question. 

 

The approximate percentage composition of the atmosphere on four different planets is given in 

the table below. 

 

The density of a gas may be defined as the mass of 1 dm3

 of the gas measured at s.t.p. 

 

Which mixture of gases has the greatest density? 

 

 planet 
major gases / 

% by number of molecules 

A Jupiter H2 89.8,  He 10.2  

B Neptune H2 80.0,  He 19.0,  CH4 1.0 

C Saturn H2 96.3,  He 3.25,  CH4 0.45 

D Uranus H2 82.5,  He 15.2,  CH4 2.3 
 

 

9  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen, and 2.40 mol of ammonia is allowed to 
reach equilibrium in a sealed vessel of volume 1 dm3

 under certain conditions. It was found that 

2.32 mol of nitrogen were present in the equilibrium mixture. 
 

What is the value of Kc under these conditions? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(
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Section A

For each question, there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 A mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of oxygen.
After cooling to room temperature, the residual gas was passed through aqueous potassium
hydroxide.  

What volume of gas was absorbed by the alkali?

A 15 cm3

B 20 cm3

C 30 cm3

D 40 cm3

2 One of the most important chemical species responsible for the removal of ozone from the
stratosphere is a free radical of chlorine, 35Cl•.

What does 35Cl• contain?

3 Use of the Data Booklet is relevant to this question.

In the gas phase, aluminium and a transition element require the same amount of energy to form
one mole of an ion with a 2+ charge.

What is the transition element?

A Co

B Cr

C Cu

D Ni

protons neutrons electrons

A 17 18 16

B 17 18 17

C 18 17 17

D 18 17 18
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24 Which sequence of reagents may be used in the laboratory to convert propan-1-ol into 

2-bromopropane? 

A concentrated sulfuric acid, followed by bromine 

B concentrated sulfuric acid, followed by hydrogen bromide 

C ethanolic sodium hydroxide, followed by bromine 

D ethanolic sodium hydroxide, followed by hydrogen bromide 

 

 

25 A carbanion is an organic ion in which a carbon atom has a negative charge. A carbocation is an 

organic ion in which a carbon atom has a positive charge. 

 

What is involved in the mechanism of the reaction between aqueous sodium hydroxide and 

2-bromo-2-methylbutane? 

A heterolytic bond fission followed by an attack by an electrophile on a carbanion 

B heterolytic bond fission followed by an attack by a nucleophile on a carbocation 

C homolytic bond fission followed by an attack by an electrophile on a carbanion 

D homolytic bond fission followed by an attack by a nucleophile on a carbocation 

 

 

26 Which compound gives an organic product with a lower boiling point when it is heated under 

reflux with an excess of acidified potassium dichromate(VI)? 

A 2-methylbutan-1-ol 

B 2-methylbutan-2-ol 

C pentan-1-ol 

D pentan-2-ol 

 

 

27 Use of the Data Booklet is relevant to this question. 

 

Which volume of oxygen, at room temperature and pressure, is needed for complete combustion 

of 0.1 mol of ethanol? 

A 7.2 dm
3

 B 8.4 dm
3

 C 14.4 dm
3

 D 16.8 dm
3
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35 The element astatine lies below iodine in Group VII of the Periodic Table. 

What will be the properties of astatine?

1 It forms diatomic molecules which dissociate more readily than chlorine molecules.

2 It reacts explosively with hydrogen.

3 It is a good reducing agent.

36 Ammonia and chlorine react in the gas phase.

8NH3 + 3Cl2 → N2 + 6NH4 Cl

Which statements are correct?

1 Ammonia behaves as a reducing agent.

2 Ammonia behaves as a base.

3 The oxidation number of the hydrogen changes.

37 Which  compounds show cis-trans isomerism? 

1 but-2-ene 

2 but-1-ene

3 2-methylpropene

38 When octane is subjected to catalytic cracking, which compounds can be obtained?

1 CH2=CH2

2 CH3CH2CH=CH2

3 CH3(CH2)4 CH3

39 Which ions are present in a solution of ethanol in an excess of concentrated sulphuric acid?

1 CH3CH2O–

2 CH3CH2

+
OH2

3 HSO–
4

40 In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the
reaction mechanism are true?

1 A new carbon-carbon bond is formed.

2 In the intermediate, the oxygen carried a negative charge.

3 The last stage involves the formation of a hydrogen-oxygen bond.
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37  Which equations represent stages in the Contact process for manufacturing sulphuric acid? 

1 S + O2 → SO2 

2  H2O + SO2 → H2SO3 

3 H2SO3 +   O2 → H2SO4 

 

 

38  For the reaction 

 

(CH3)3SiCl + C2H5O
–

 → (CH3)3SiOC2H5 + Cl – 
 

which statements are likely to be true? 

1 It involves nucleophilic attack by C2H5O
–

. 

2  Cl – is displaced by C2H5O
–

. 

3 The oxygen-carbon bond is not broken. 

 

39  Modern cars are fitted with catalytic converters. These remove carbon monoxide, unburnt 

hydrocarbons and oxides of nitrogen from exhaust gases. 

 

Which of these pollutant gases are removed by oxidation? 

1 carbon monoxide 

2  hydrocarbons 

3 nitrogen oxides 

 

 

40  The sex-attractant of the house-fly is muscalure, with the following formula. 

 

CH3(CH2)7CH = CH(CH2)12CH3 

 

Which statements about muscalure are correct? 

1 It will decolourise aqueous bromine. 

2  It will be oxidised by cold aqueous alkaline KMnO4 to give a diol. 

3 It will be optically active. 

 

 

2
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Silicon tetrachloride, SiCl4, is a liquid of low boiling point. In the presence of water it decomposes
to form silicon(IV) oxide and hydrogen chloride.

What types of bonding occur in SiCl4(I)?

1 co–ordinate bonding

2 covalent bonding

3 van der Waals forces

32 Long-chain alkanes are converted on an industrial scale into alkylsulphates for use as detergents,
e.g. sodium lauryl sulphate.

What deductions about the properties of this substance can be made from this structure?

1 Part of the structure is polar and is water–attracting.

2 The alkyl chain is soluble in oil droplets.

3 All the C-C-C bond angles are tetrahedral.

CH3(CH2)10CH2O S

O

O

ONa

sodium lauryl sulphate

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

35 Which reactions involving calcium and its compounds would produce two gaseous products? 

 1 heating solid anhydrous calcium nitrate 

 2 heating solid anhydrous calcium carbonate 

 3 adding calcium metal to water 

 

 

36 Which properties in the sequence hydrogen chloride, hydrogen bromide and hydrogen iodide 

steadily increase? 

 1 thermal stability 

 2 bond length 

 3 ease of oxidation 

 

 

37 Which compounds may result from mixing ethane and chlorine in the presence of sunlight? 

 1 CH3CH2Cl 

 2 CH3CH2CH2CH3 

 3 CH3CHCl CHCl CH3 
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35 Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 More acid is neutralised by 2.0 g of X than by 2.0 g of W. 

2 The Mr of X is greater than the Mr of Y by 44.0. 

3 The metallic element in Y reacts with cold water more quickly then the metallic element in W. 

 

 

36 Element J is a solid. It occurs as a contaminant of fossil fuels. 

 

Its oxide K is formed in car engines. 

 

In the atmosphere, K can be further oxidised to L. 

 

Which statements about J, K and L are correct? 

1 Atoms of J have paired p electrons. 

2 The atmospheric oxidation of K to L is a catalysed reaction. 

3 With water, L forms a strong acid. 

 

 

37 During the bromination of methane, the free radical CH3• is generated. A possible terminating 

step of this reaction is the formation of C2H6 by the combination of two free radicals. 

 

What could be produced in a terminating step during the bromination of propane? 

 

1 CH3CH2CH2CHCH3

CH3

2 CH3CHCHCH3

CH3

CH3

3 CH3CH2CHCH2CH3

CH3
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

37 A fraction of distilled crude oil contains molecules with between 15 and 19 carbon atoms. This 

fraction is cracked by strong heating. 

 

Why is this done? 

1 To produce alkenes. 

2 To produce smaller molecules which are in higher demand. 

3 To insert oxygen atoms into the hydrocarbons. 

 

 

38 Geraniol is one of several compounds produced by the scent glands of honey bees to help them 

mark nectar-bearing flowers and locate the entrances to their hives. 

 

OH

geraniol
 

 

Which reactions will geraniol undergo? 

1 reaction with hot concentrated acidic KMnO4  to give propanone  

2 addition of halogens 

3 reaction with aqueous NaHCO3 to give CO2  

 

 

39 How can the rate of reaction between ethanal and aqueous hydrogen cyanide be increased? 

1 by irradiation with ultraviolet light 

2 by a rise in temperature 

3 by the addition of a small quantity of aqueous sodium cyanide 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 For complete combustion, 1 mol of an organic compound X was found to require 2.5 mol of 
molecular oxygen. 

 

Which compounds could be X? 

1 C
2
H

5
OH 

2 C
2
H

2
 

3 CH
3
CHO 

 

 

32 Catalysts are used in many reversible reactions in the chemical industry. Vanadium(V) oxide is 

used in this way in the Contact process for the formation of SO
3
. 

 

2SO
2
(g) + O

2
(g)  2SO

3
(g) 

 

What effect does vanadium(V) oxide have on this equilibrium? 

1 It speeds up the forward reaction. 

2 It increases the value of K
p
. 

3 It increases the value of E
a
 for the reverse reaction. 

 

 

33 Which statements about the properties of a catalyst are correct? 

1 A catalyst increases the average kinetic energy of the reacting particles. 

2 A catalyst increases the rate of the reverse reaction. 

3 A catalyst has no effect on the enthalpy change of the reaction. 
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35 Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 More acid is neutralised by 1 g of W than by 1 g of X. 

2 The metallic element in W reacts with water more quickly than the metallic element in Y. 

3 Adding Z to a soil decreases the pH of the soil. 

 

 

36 When a red-hot platinum wire is plunged into a test tube of hydrogen iodide, the gas is 

decomposed into its elements. If the experiment is repeated with hydrogen chloride, no change 

occurs. 

 

Which factors contribute to this behaviour? 

1 the strength of the hydrogen-halogen bond 

2 the size of the halogen atom 

3 the standard enthalpy of formation,        , of each of the products of decomposition 

 

 

37 Which molecules would be present in the mixture produced by the photochemical chlorination of 

methane? 

1 hydrogen 

2 hydrogen chloride 

3 dichloromethane 

 

 

38 In which reactions is the organic compound oxidised by the given reagent? 

1 CH3CH2CHO  +  Fehling’s reagent 

2 CH3CH2CH2CHO  +  Tollens’ reagent 

3 CH3CHO  +  2,4-dinitrophenylhydrazine reagent 

 

 

� 

[J‘11 12 Q36]

13 

© UCLES 2011 9701/12/M/J/11 [Turn over 

34 What is involved when a hydrogen bond is formed between two molecules? 

1 a hydrogen atom bonded to an atom less electronegative than itself 

2 a lone pair of electrons 

3 an electrostatic attraction between opposite charges 

 

 

35 When the yellow liquid NCl 3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl 3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen undergoes a redox reaction. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 

 

 

36 In a car engine pollutant oxide Y, which contains non-metallic element X, is formed. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 
with 0.5 mol of gaseous oxygen. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y may have an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

37 Which compounds can be obtained from ethene in a single reaction? 

 

CH3 CH3

HOCH2 CH2 OH

(   CH2 CH2   )n

1

3

2

 

 

 

� 
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34 Silver chloride dissolves in aqueous ammonia. 

 

What happens in this process? 

1 A co-ordinate bond is formed. 

2 The oxidation number of nitrogen is unchanged. 

3 Ammonia acts as a Brønsted-Lowry base. 

 

 

35 Compared with the HCl molecule, the bond ……X…… of the HBr molecule is ……Y…… 

 

Which pairs of words correctly complete the above sentence? 

 

 X Y 

1 energy less 

2 polarity less 

3 length greater 

 

 

36 Which statements are true about the Haber process for the manufacture of ammonia? 

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster. 

2 At higher pressures, the yield goes down but the rate of production of ammonia is faster. 

3 In the presence of a catalyst, the yield goes down but the rate of production of ammonia is 

faster. 

 

 

37 Which compounds can be obtained from propene in a single reaction? 

1 CH2OHCHOHCH3 

2  (  CH2CH(CH3) ) n  

3 CH2BrCH2CH2Br 

 

 

38 What are the same for a pair of optical isomers? 

1 their empirical formula 

2 their functional groups 

3 their structural formula 

 

 

39 Which statements about the photochemical chlorination of ethane are correct? 

1 Hydrogen gas is one of the products. 

2 A propagation step in the mechanism is C2H6 + Cl • → C2H5• + HCl. 

3 The initiation step is the homolytic fission of chlorine. 

 

� 
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33 Which are assumptions of the kinetic theory of gases and hence of the ideal gas equation, 

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

34 Use of the Data Booklet is relevant to this question. 

 

Which properties would be expected for radium, 88Ra, or its compounds? 

1 Radium carbonate would not decompose at the temperature of a Bunsen flame. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 

 

 

35 When a firework is lit, a fuel and an oxidising agent react together. 

 

In one such firework, magnesium is the fuel and barium nitrate is the oxidising agent. 

 

Which solids are produced when the firework is lit? 

1 BaO 

2 MgO 

3 Mg(NO3)2 

 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1  mol of Y reacts with 0.5  mol of gaseous oxygen. 
 

Which statements about X, Y and Z are correct? 

1 The oxidation number of X increases by 2 from Y to Z. 

2 The molecule of Y has no unpaired electrons. 

3 The molecule of Z contains three oxygen atoms. 
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34 A farmer spreads lime on land which has already been treated with an ammonium nitrate 

fertiliser. 

 

Which reactions will occur in the treated soil? 

1 Ca(OH)2 + 2NH4

+

(aq) → Ca
2+

(aq) + 2NH3 + 2H2O 

2 Ca(OH)2 + 2H
+

(aq) → Ca
2+

(aq) + 2H2O 

3 Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

35 Which of the halide ions, chloride, bromide or iodide, acts as a reducing agent when its sodium 

salt reacts with concentrated sulfuric acid? 

1 at least one of Cl –, Br – and I – 

2 at least two of Cl –, Br – and I – 

3 all three of Cl –, Br – and I – 
 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1 mol of Y reacts with 0.5 mol of gaseous oxygen. 
 

Which statements about X, Y and Z are correct? 

1 X forms a basic hydride. 

2 Y is a diatomic molecule. 

3 Z is a polar molecule. 

 

 

37 Disaccharides, C12H22O11, are important in the human diet. For example, sucrose is found in 

pastries and lactose occurs in milk products. 

 

Both of these compounds can be hydrolysed. 

 

sucrose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)3COCH2OH 

 glucose fructose 

 

lactose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)4CHO 

 glucose galactose 

 

Which statements about these hydrolysis products are correct? 

1 Glucose and fructose have structural isomers. 

2 Glucose and galactose are optical isomers. 

3 Glucose and galactose are ketones. 
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2 A car can be considered to run on octane, C8H18.

(a) Write an equation for the complete combustion of octane.

......................................................................................................................................[1]

The composition of the exhaust gases (fumes) from a petrol (gasoline) engine is given
below.

(b) (i) What gas, omitted from the table, makes up most of the remainder of the exhaust
fumes?

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

(ii) Explain why there is always water vapour in the exhaust fumes.

...................................................................................................................................
[2]

(c) (i) State two gases in the exhaust fumes which are poisonous to humans. Also state
briefly for each the particular effect on humans.

gas I ..........................................................................................................................

effect .........................................................................................................................

gas II .........................................................................................................................

effect .........................................................................................................................

(ii) The two gases you have given in (c)(i) can be removed by reaction in a platinised
catalytic converter. The products of the reaction in the converter are not hazardous.
For each of your gases in (c)(i) give an equation which shows how it is removed to
form less harmful substances.

I .................................................................................................................................

II ................................................................................................................................

For
Examiner’s

Use

Percentage
Gas by volume

carbon dioxide 9
water vapour 8
oxygen 4
hydrogen 2
carbon monoxide 3–6
hydrocarbons 0.2
nitrogen oxides 0.4–0.05
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Answer all the questions in the space provided.

1 Most submarines travel under water using electrical power from batteries. The German 
engineer Helmut Walter designed a diesel engine that could be used to propel a submarine 
beneath the surface of the sea. Instead of taking air from above the surface of the sea, 
Walter’s engine used hydrogen peroxide, H2O2, to provide oxygen for a conventional diesel 
engine.

 Hydrogen peroxide may be catalytically decomposed to give water and oxygen.

 (a) (i) What is meant by the term catalyst?

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

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

  (ii) Construct a balanced equation for the decomposition of H2O2.

 ............................................................................................................................. [3]

 Diesel fuel may be considered to consist of the hydrocarbon C15H32 which reacts completely 
with oxygen according to the following equation.

C15H32  +  23O2  →  15CO2  +  16H2O

 (b) (i) To which homologous series does C15H32 belong?

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

  (ii) Use the equation above and your answer to (a)(ii) to calculate the amount, in moles, 
of H2O2, that will provide sufficient oxygen for the complete oxidation of one mole 
of C15H32.

amount of H2O2 = ................................. mol

[3]
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(iii) Suggest one reason why the exhaust fumes from a car fitted with a catalytic
converter are still hazardous to human health to some degree.

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

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

...............................................................................................................................[5]

[Total : 8]
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 A submarine equipped with a Walter engine used 212 tonnes of diesel fuel during an 
underwater voyage. The submarine also carried concentrated aqueous H2O2.

  [1 tonne = 106 g]
 
 (c) (i) Calculate the amount, in moles, of diesel fuel used during the underwater voyage. 

amount of diesel fuel = ................................. mol

  (ii) Use your answers to (b)(ii) and (c)(i) to calculate the mass, in tonnes, of hydrogen 
peroxide used during the underwater voyage.

 

mass of H2O2 = ................................. tonnes
[4]

  
 (d) The exhaust products of the Walter engine were passed into the sea. 
 
  What would happen to them?

 ..................................................................................................................................... [1]

 [Total: 11]
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 (b) (i) By using equations, describe the mechanism of the reaction between chlorine and 
methane to form chloromethane, CH3Cl. 

   Identify, by name, the separate steps of the overall reaction.

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

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

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

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

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

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

   (ii) What is the intermediate organic species in this reaction?

   ..............................................  [7]
 
 (c) The energy of activation for the formation of CH3Cl is 16 kJ mol–1. 
  Use this figure and your answer to (a)(i) to complete the reaction pathway diagram 

below showing the formation of CH3Cl from CH4 and Cl2.
   Show clearly the intermediate organic species and the final products.
  Indicate on your sketch the relevant enthalpy changes and their values.

enthalpy

progress of reaction

CH4 + Cl2

[4]

   [Total: 16]
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Answer all the questions in the space provided.

1 In 1814, Sir Humphrey Davy and Michael Faraday collected samples of a flammable gas, A, 
from the ground near Florence in Italy.

 They analysed A which they found to be a hydrocarbon. Further experiments were then 
carried out to determine the molecular formula of A.

 (a) What is meant by the term molecular formula?

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

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

 ...................................................................................................................................... [2]

 Davy and Faraday deduced the formula of A by exploding it with an excess of oxygen and 
analysing the products of combustion.

 (b) Complete and balance the following equation for the complete combustion of a 
hydrocarbon with the formula CxHy  .

CxHy + (x + 
y
4)O2  ................................ + ................................

[2]

 (c) When 10 cm3 of A was mixed at room temperature with 50 cm3 of oxygen (an excess) 
and exploded, 40 cm3 of gas remained after cooling the apparatus to room temperature 
and pressure.

  When this 40 cm3 of gas was shaken with an excess of aqueous potassium hydroxide, 
KOH, 30 cm3 of gas still remained.

  (i) What is the identity of the 30 cm3 of gas that remained at the end of the 
experiment?

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

  (ii) The combustion of A produced a gas that reacted with the KOH(aq).

   What is the identity of this gas?

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

  (iii) What volume of the gas you have identified in (ii) was produced by the combustion 
of A?

   ...............................cm3

  (iv) What volume of oxygen was used up in the combustion of A?

   ...............................cm3 [4]
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 (d) Use your equation in (b) and your results from (c)(iii) and (c)(iv) to calculate the 
molecular formula of A.

  Show all of your working.

 [3]

 [Total: 11]
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3 Crude oil is a naturally occurring flammable liquid which consists of a complex mixture of 
hydrocarbons. In order to separate the hydrocarbons the crude oil is subjected to fractional 
distillation.

 (a) Explain what is meant by the following terms.

  (i) hydrocarbon  .............................................................................................................

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

  (ii) fractional distillation  ..................................................................................................

 .............................................................................................................................. [2]

 (b) Undecane, C11H24, is a long chain hydrocarbon which is present in crude oil.
  Such long chain hydrocarbons are ‘cracked’ to produce alkanes and alkenes which have 

smaller molecules.

  (i) Give the conditions for two different processes by which long chain molecules 
may be cracked.

process 1  ..................................................................................................................

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

process 2  ..................................................................................................................

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

  (ii) Undecane, C11H24, can be cracked to form pentane, C5H12, and an alkene.  
   Construct a balanced equation for this reaction.

 .............................................................................................................................. [3]

 Pentane, C5H12, exhibits structural isomerism.

 (c) (i) Draw the three structural isomers of pentane.

isomer B isomer C isomer D
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  (ii) The three isomers of pentane have different boiling points.

   Which of your isomers has the highest boiling point?

   isomer .........

   Suggest an explanation for your answer.

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

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

 .............................................................................................................................. [6]

 The unsaturated hydrocarbon, E, is obtained by cracking hexane and is important in the 
chemical industry. 

 
 The standard enthalpy change of combustion of E is –2059 kJ mol–1.

 (d) Define the term standard enthalpy change of combustion.

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

 ...................................................................................................................................... [2]

 When 0.47 g of E was completely burnt in air, the heat produced raised the temperature of 
200 g of water by 27.5 °C. Assume no heat losses occurred during this experiment.

 (e) (i) Use relevant data from the Data Booklet to calculate the amount of heat released 
in this experiment.

  (ii) Use the data above and your answer to (i) to calculate the relative molecular mass, 
Mr, of E.

[4]

 (f) Deduce the molecular formula of E.

 [1]

[Total: 18]
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 (ii)  Use relevant data from the Data Booklet to calculate the amount of heat released in 
this experiment.

 (iii)  Use the data above and your answers to (i) and (ii) to calculate the energy produced 
by the burning of 1 mol of propane.

[5]

 (e)  The boiling points of methane, ethane, propane, and butane are given below.

compound CH4 CH3CH3 CH3CH2CH3 CH3(CH2)2CH3

boiling point / K 112 185 231 273

 (i)  Suggest an explanation for the increase in boiling points from methane to butane.

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

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

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

 (ii)  The isomer of butane, 2-methylpropane, (CH3)3CH, has a boiling point of 261 K.
  Suggest an explanation for the difference between this value and that for butane in 

the table above.

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

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

  ....................................................................................................................................
[4]

[Total: 15]
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2 Crude oil contains a mixture of hydrocarbons together with other organic compounds which 
may contain nitrogen, oxygen or sulfur in their molecules.

 At an oil refinery, after the fractional distillation of crude oil, a number of other processes may 
be used including ‘cracking’, ‘isomerisation’, and ‘reforming’.

 (a) (i) What is meant by the term ‘cracking  ’ and why is it carried out?

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

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

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

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

  (ii) Outline briefly how the cracking of hydrocarbons would be carried out.

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

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

  (iii) Construct a balanced equation for the formation of heptane, C7H16, by cracking 
tetradecane, C14H30.

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

 [4]

 One of the sulfur-containing compounds present in crude oil is ethanethiol, C2H5SH, the 
sulfur-containing equivalent of ethanol. Ethanethiol is toxic and is regarded as one of the 
smelliest compounds in existence.

 (b) The boiling point of ethanol, C2H5OH, is higher than that of C2H5SH.
  Suggest a reason for this difference.

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

 ...................................................................................................................................... [1]
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 When ethanethiol is burned in an excess of air, three oxides of different elements are 
formed.

 (c) (i) Construct a balanced equation for this reaction.   

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

  (ii) Two of the oxides formed cause serious environmental damage.

   For each of these oxides, identify the type of pollution caused and describe one 
consequence of this pollution.

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

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

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

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

 ..................................................................................................................................
 [6]

 (d) A small amount of ethanethiol is added to liquefied gases such as butane that are widely 
used in portable cooking stoves.

  Suggest a reason for this.

 ...................................................................................................................................... [1]

 Sulfur-containing compounds are removed from oil products at the refinery. The sulfur is 
recovered and converted into SO2, which is then used in the Contact process.

 (e) State the main operating details of the formation of SO3 in the Contact process. 

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

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

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

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

 ...................................................................................................................................... [3]

[Total: 15]
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5  Propane, C
3
H

8
, and butane, C

4
H

10
, are components of Liquefi ed Petroleum Gas (LPG) which 

is widely used as a fuel for domestic cooking and heating.

 (a) (i)  To which class of compounds do these two hydrocarbons belong?

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

 (ii)  Write a balanced equation for the complete combustion of butane.

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

[2]

 (b)  When propane or butane is used in cooking, the saucepan may become covered by a 

solid black deposit.

 (i)  What is the chemical name for this black solid?

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

 (ii)  Write a balanced equation for its formation from butane.

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

[2]

 (c)  Propane and butane have different values of standard enthalpy change of combustion.

  Defi ne the term standard enthalpy change of combustion.

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

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

  .....................................................................................................................................  [2]

 (d)  A 125 cm3 sample of propane gas, measured at 20 °C and 101 kPa, was completely burnt 

in air.

  The heat produced raised the temperature of 200 g of water by 13.8 °C.

  Assume no heat losses occurred during this experiment.

 (i)  Use the equation pV = nRT to calculate the mass of propane used.
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2  Petrol and diesel fuel are both used in internal combustion engines.
  Petrol may be regarded as having the formula C9H20 and diesel fuel as having the formula 

C14H30.

 (a) (i)  To which class of compounds do these two hydrocarbons belong?

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

 (ii)  Write a balanced equation for the complete combustion of petrol.

  ....................................................................................................................................
[2]

 (b)  When petrol or diesel fuel are used in internal combustion engines, several different 
products of the incomplete combustion of the fuel may be formed.

 (i)  Name two of these products that do not contain hydrogen.

 ..................................  and  ..................................

 (ii)  Choose one of these and state a hazard it causes.

 product  .......................................................................................................................

 hazard  ........................................................................................................................

 (iii)  Write a balanced equation for the formation of one of the products in (i) from diesel 
fuel.

  ....................................................................................................................................
[4]
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Alkenes

a describe the chemistry of alkenes as exemplified, where relevant, by the following 
reactions of ethene and propene (including the Markovnikov addition of asymmetric 
electrophiles to alkenes using propene as an example): 

(i) addition of hydrogen, steam, hydrogen halides and halogens

(ii) oxidation by cold, dilute, acidified manganate(VII) ions to form the diol

(iii) oxidation by hot, concentrated, acidified manganate(VII) ions leading to the 
rupture of the carbon–carbon double bond in order to determine the position of 
alkene linkages in larger molecules

(iv) polymerisation

b describe the mechanism of electrophilic addition in alkenes, using bromine/ethene 
and hydrogen bromide/propene as examples

c describe and explain the inductive effects of alkyl groups on the stability of cations 
formed during electrophilic addition

d describe the characteristics of addition polymerisation as exemplified by poly(ethene) 
and PVC

e deduce the repeat unit of an addition polymer obtained from a given monomer

f identify the monomer(s) present in a given section of an addition polymer molecule

g recognise the difficulty of the disposal of poly(alkene)s, i.e. non- biodegradability and 
harmful combustion products
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15 Hydrocarbons

Compounds containing only carbon and hydrogen are called hydrocarbons. This class of compound can 
be sub-divided into alkanes, alkenes and arenes.

Learning outcomes
Candidates should be able to:

15.1  Alkanes a) understand the general unreactivity of alkanes, including towards polar 
reagents

b) describe the chemistry of alkanes as exemplified by the following 
reactions of ethane:

(i) combustion

(ii) substitution by chlorine and by bromine

c) describe the mechanism of free-radical substitution at methyl groups 
with particular reference to the initiation, propagation and termination 
reactions

d) explain the use of crude oil as a source of both aliphatic and aromatic 
hydrocarbons

e) suggest how cracking can be used to obtain more useful alkanes and 
alkenes of lower Mr from larger hydrocarbon molecules

15.2  Alkenes a) describe the chemistry of alkenes as exemplified, where relevant, by the 
following reactions of ethene and propene (including the Markovnikov 
addition of asymmetric electrophiles to alkenes using propene as an 
example):

(i) addition of hydrogen, steam, hydrogen halides and halogens

(ii)  oxidation by cold, dilute, acidified manganate(VII) ions to form the 
diol

(iii)  oxidation by hot, concentrated, acidified manganate(VII) ions 
leading to the rupture of the carbon–carbon double bond in order to 
determine the position of alkene linkages in larger molecules

(iv) polymerisation (see also Section 21)

b) describe the mechanism of electrophilic addition in alkenes, using 
bromine/ethene and hydrogen bromide/propene as examples

c) describe and explain the inductive effects of alkyl groups on the stability 
of cations formed during electrophilic addition

d) describe the characteristics of addition polymerisation as exemplified by 
poly(ethene) and PVC

e) deduce the repeat unit of an addition polymer obtained from a given 
monomer

f) identify the monomer(s) present in a given section of an addition 
polymer molecule

g) recognise the difficulty of the disposal of poly(alkene)s, i.e. non-
biodegradability and harmful combustion products



�

ALKENES

Alkenes contain a C=C double bond. Another way of saying this is that the 

functional group present in alkenes is C=C.  

Noncyclic alkenes containing just one C=C all have the same empirical 

formula: CH2 and a general formula CnH2n 

This has two fewer hydrogen atoms than the alkane with the same 

number of C atoms. 

Alkenes are unsaturated hydrocarbons – they can still have hydrogen or 

halogen atoms added to their formula.

 1

 2

Name Molecular Empirical Structural formula
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Carbon atoms with a double bond are surrounded by 3 groups of electrons. 

The three bonds form a flat trigonal plane with a bond angle of 120°. 

The alkenes, like alkanes, are non-polar molecules with only van der Waals’ forces 

between them.  

This means that they are volatile, with the first four members being gases at room 

temperature. Owing to their non- polar nature, they are also insoluble in water.  

 3

REACTIVITY OF ALKENES

Alkenes are more reactive than alkanes. 

The double bond in alkenes is made of a strong sigma bond 

and a weak pi bond.   

In order to attain more stability the pi bond tends to get 

replaced by two stable sigma bonds. Thus alkenes undergo 

addition reactions.

 4

Due to the presence of the double bond there is a layer of 

negative charge above and below the carbon atoms and 

hence alkenes are susceptible to electrophilic attack.  

Thus the majority of the reactions of alkenes are electrophilic 

addition reactions. 

346 CHAPTER 10 Chemical Bonding II: Molecular Geometry and Hybridization of Atomic Orbitals

formation gives ethylene its planar geometry. Figure 10.15(c) shows the orientation of 
the sigma and pi bonds. Figure 10.16 is yet another way of looking at the planar C2H4 
molecule and the formation of the pi bond. Although we normally represent the carbon-
carbon double bond as CPC (as in a Lewis structure), it is important to keep in mind 
that the two bonds are different types: One is a sigma bond and the other is a pi bond. In 
fact, the bond enthalpies of the carbon-carbon pi and sigma bonds are about 270 kJ/mol 
and 350 kJ/mol, respectively.

The acetylene molecule (C2H2) contains a carbon-carbon triple bond. Because the 
molecule is linear, we can explain its geometry and bonding by assuming that each 

(a)

H  1s H  1s

H  1s H  1s

CC

(c)

π

σ

π

σ σ

σσ
H H

HH

C C

π

σ

π

(b)

C

2pz 2pz

C

Figure 10.15
Bonding in ethylene, C2H4 . (a) Top view of the sigma bonds between carbon atoms and between 
carbon and hydrogen atoms. All the atoms lie in the same plane, making C2H4  a planar molecule. 
(b) Side view showing how the two 2pz orbitals on the two carbon  atoms overlap, leading to the 
formation of a pi bond. The solid, dashed, and wedged lines show the directions of the sigma bonds. 
(c) The interactions in (a) and (b) lead to the formation of the sigma bonds and the pi bond in 
ethylene. Note that the pi bond lies above and below the plane of the molecule.

(a) (b)

C C
H

HH

π

π

H

Figure 10.16
(a) Another view of the pi bond formation in the C2H4  molecule. Note that all six atoms are in 
the same plane. It is the overlap of the 2pz orbitals that causes the molecule to assume a planar 
structure. (b) Electrostatic potential map of C2H4 .

120°

90°

Figure 10.14
Each carbon atom in the C2H4  
molecule has three sp2 hybrid 
 orbitals (green) and one unhy-
bridized 2pz orbital (gray), 
which is perpendicular to the 
plane of the hybrid orbitals.
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ELECTROPHILES

An electrophile is a reagent (a positively charged ion or the positive 

end of a dipole)  

that is attracted to regions of high electron density and accepts a pair 

of electrons to form a covalent bond. 
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ELECTROPHILIC ATTACK

The C=C contains four electrons and is thus a region 

of very high electron density.  

Electrophiles will be attracted to the electron density 

in the double bond.  
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conditions, suitable cooking oils and margarine may be prepared by hydrogenation 
from vegetable oils extracted from cottonseed, corn, and soybeans.

Other addition reactions to the CPC bond involve the hydrogen halides and 
halogens (Figure 11.11):

 H2C“CH2 1 X2 ¡ CH2XOCH2X

 H2C“CH2 1 HX ¡ CH3OCH2X

in which X represents a halogen atom. Figure 11.12 shows the electron density maps 
of HCl and ethylene. When the two molecules react, the interaction is between the 
electron-rich region (pi electrons of the double bond) and the electron-poor region of 
HCl, which is the H atom. The steps are
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The addition of a hydrogen halide to an unsymmetrical alkene such as propene 
is more complicated because two products are possible:
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In reality, however, only 2-bromopropane is formed. This phenomenon was observed 
in all reactions between unsymmetrical reagents and alkenes. In 1871 the Russian 
chemist Vladimir Markovnikov postulated a generalization that enables us to pre-
dict the outcome of such an addition reaction. This generalization, now known as 
Markovnikov’s rule, states that in the addition of unsymmetrical (that is, polar) 
reagents to alkenes, the positive portion of the reagent (usually hydrogen) adds to 
the carbon atom in the double bond that already has the most hydrogen atoms. As 
the marginal fi gure on p. 377 shows, the C atom to which the two H atoms are 

Figure 11.11
When ethylene gas is bubbled 
through an aqueous bromine 
 solution, the reddish brown color 
gradually disappears due to the 
formation of 1,2-dibromoethane, 
which is colorless.

Figure 11.12
The addition reaction between 
HCl and ethylene. The initial 
 interaction is between the positive 
end of HCl (blue) and the 
 electron-rich region of ethylene 
(red), which is associated with the 
pi electrons of the CPC bond.
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ELECTROPHILIC ADDITION OF HBr

The hydrogen halides HCl, HBr and HI all react with alkenes to give 

halogenoalkanes.  

For example HBr with ethene gives 1-bromoethane.   

The overall equation is: 
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ELECTROPHILIC ADDITION OF HBr

H–Br is polar, with the Hδ+ and the Brδ−.  

The H is thus attracted to the high electron density in the C=C. 
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ELECTROPHILIC ADDITION: STEP 1

In the first stage, a pair of electrons is donated from the C=C to form a 

bond between one C and the H of the H–Br. 

At the same time the H–Br bond breaks (heterolytic fission), and the pair of 

electrons from the bond goes to the Br. 
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ELECTROPHILIC ADDITION: INTERMEDIATE

The other carbon has lost an electron (this electron is 

now in the C–H bond) and thus this carbon atom has a 

positive charge. 

The intermediate formed is called a carbocation (a 

positively charged organic ion with a positive charge on 

C). 

The Br atom has gained an electron from the H–Br bond 

and is therefore a negatively charged bromide ion. 
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ELECTROPHILIC ADDITION: STEP 2

In the second stage the Br— ion is attracted to the C+ and donates a pair of 

electrons to form a bond. 

The electrons in the final compound are also shown below.
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ELECTROPHILIC ADDITION OF HBr
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REACTION OF HBr WITH PROPENE

When HBr adds to propene, two products are possible: 
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REACTION OF HBr WITH PROPENE

This is because when the electrophile Hδ+ attacks the double bond either a secondary 

or a primary carbocation ion can form.  

The major product that forms depends on the stability of the intermediate carbocation. 
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An electrophile adds on to 

an unsymmetrical alkene so 
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intermediate. 
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REACTION OF HBr WITH PROPENE

The two possible carbocations that can be formed when propene reacts with H–Br are: 
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The secondary carbocation is more stable than the 

primary carbocation.  

This is due to the electron-releasing effect of alkyl 

groups.  

There are two alkyl groups next to the positively 

charged C in the secondary carbocation but only 

one in the primary carbocation.

Two alkyl groups reduce the positive charge on the C more than one alkyl group and 

thus stabilise the ion more.  

Since the secondary carbocation is more stable, it is more likely to be formed. 
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CARBOCATIONS

In general, the more alkyl groups there are attached to C+, the more stable the 

carbocation. 

The electron-releasing effect is roughly independent of the size of the alkyl group, i.e. a 

methyl group donates approximately the same amount of electron density as an ethyl 

group. 
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Stability of carbocations is useful in determining the products of the reaction between 

unsymmetrical alkenes and halogen halides.
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REACTION OF HBr WITH METHYLPROPENE
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SKILL CHECK 1
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H

PROPENE WITH BrCl

Br is less electronegative than Cl and becomes 

attached to C1, which has two H atoms already 

attached, rather than C2, which only has one H 

atom already attached. 

 22
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ETHENE WITH BROMINE 

Although the bromine is not originally polar, as it approaches the high electron 

density in the C=C it becomes polarised (there is an induced dipole).  

The electrons are repelled in the Br2 molecule so that the Br closest to the 

C=C has a slight positive charge and the Br further away has a slight negative 

charge. 
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ALKENES WITH BROMINE 

The mechanism is exactly analogous to the reaction of H–Br with ethene, 

i.e. via a carbocation intermediate.
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ALKENES WITH AQUEOUS BROMINE 

Alkenes react with bromine water to form mainly bromoalcohols with a negligible 

amount of dibromoalkanes.  

The reaction is similar to that of liquid bromine but the carbocation attacks the 

water molecule instead as it is found in large concentration.  Small amounts of 

dibromoalkanes are formed.

 25

H H H H
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ALKENES WITH STEAM

Alkenes react with acid catalyst and steam at temperatures of around 350oC and 

pressures over 100 atm to form alcohols.

 26

Reagent Steam and dil phosphoric acid (H3PO4)

Condition 350 oC  and 100 atm

Type Electrophilic addition
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ETHENE WITH STEAM
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ALKENES WITH HYDROGEN

When a mixture of alkene and hydrogen is passed over Ni catalyst at 200oC 

to 300oC, an alkane is formed.

 28

Reagent Hydrogen (H2) and Nickel (Ni)

Condition 200 oC  to 300 oC

Type Reduction
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ALKENES WITH HYDROGEN
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MILD OXIDATION OF ALKENES

When an alkene is passed through cold dilute alkaline manganate (VII), a diol is 

formed. During the reaction the purple colour of manganate (VII) is removed.

 30

Reagent cold dilute alkaline (or acidic) potassium manganate (KMnO4)

Condition cold (room temperature)

Type Oxidation
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STRONG OXIDATION OF ALKENES

When an alkene is passed through hot concentrated acidified manganate (VII) the 

double bonds rupture giving two carbonyl compounds.  

If the carbonyl compound is an aldehyde it is further oxidised to the corresponding acid.

 32
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STRONG OXIDATION OF ALKENES
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STRONG OXIDATION OF ALKENES
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STRONG OXIDATION OF ALKENES
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ADDITION POLYMERISATION

Alkenes undergo addition polymerisation, in which a large number of monomers are joined 

together into a polymer chain.  

It is important to realise from this reaction that it is only the C=C group that reacts when the 

polymerisation reaction occurs – all the other groups attached to the C=C are unaffected.

 38

224 14  Hydrocarbons

Th e H2 C CHCl[ [  section of the polymer chain is 
the repeat unit of poly(chloroethene) (Figure 14.18). In 
poly(alkenes) made of one type of monomer, the repeat 
unit is the same as the monomer but the C C double 
bond has changed to a C C single bond. Notice that, 
as in any other addition reaction of the alkenes, addition 
polymerisation yields only one product.

units. Th e small, reactive molecules that react together 
to make the polymer are called monomers. Up to 
10 000 ethene monomers can bond together to form 
the polymer chains of poly(ethene). Poly(ethene) is 
commonly used to make carrier bags.
We can show the reaction as:

nC2 H4  →
ethene poly(ethene)

C2 H4[ [n

 where n = a very large number
or using the displayed formulae:

C C

H

H

H

H

n C C

H H

H H n

n is very large, e.g. up to 10 000

Th e section of the polymer shown in the brackets is the 
repeat unit of the polymer.

Th e reaction is called addition polymerisation. As in 
other addition reactions, it involves the breaking of the 
π bond in each C C bond, then the monomers link 
together. Other alkenes also polymerise to make polymers 
with diff erent properties. Examples of other poly(alkenes) 
include poly(propene) and poly(phenylethene).

Figure 14.17 Some useful everyday containers made from poly(alkene)s.

Figure 14.18 A 3D displayed formula of part of the poly(chloroethene) 
molecule. Its common name is PVC, as the old name for chloroethene was 
vinyl chloride.

10 Tetrafl uoroethene, C2F4, is the monomer for 
the polymer PTFE which is used in the non-
stick coating on pans.
a What does PTFE stand for?
b What do we call the type of reaction used 

to form PTFE?
c Write a chemical equation to show the 

formation of PTFE from C2F4.
d Draw the repeat unit in PTFE.

Check-up

We can also use substituted alkenes, such as chloroethene, 
as monomers:

nH2 C CHCl →
chloroethene poly(chloroethene)

H2 C CHCl[ [n

 where n = a very large number

Disposal of poly(alkene) plastics
Plastics are widely used in many aspect of everyday life. 
However, the large-scale use of poly(alkene)s has created 
a problem when we come to dispose of them. During 
their useful life, one of the poly(alkene)s’ useful properties 
is their lack of reactivity. As they are eff ectively huge 
alkane molecules they resist chemical attack. So they can 
take hundreds of years to decompose when dumped in 
landfi ll sites, taking up valuable space. Th ey are non-
biodegradable. Th erefore throwing away poly(alkenes)
creates rubbish that will pollute the environment for 
centuries (Figure 14.19).

One way to solve this problem would be to burn the 
poly(alkene)s and use the energy released to generate 

A 3D displayed formula of part of the poly(chloroethene) molecule
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POLY(ETHENE)

Poly(ethene), commonly called polythene, is termed an addition polymer 

because one molecule is made from many ethene units. Poly(ethene) is 

used to make bags, electrical insulation, dustbin liners, bottles, etc.
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POLY(CHLOROETHENE) 

poly(chloroethene), commonly called PVC [poly(vinylchloride)], is used to 

make guttering, water pipes, window frames, floor coverings.
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c-
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HCHZCHZH ¥
t CASH utztf that CASH utztf th

REPEAT UNITS

The repeat unit or repeating unit of a polymer is the basic unit from which the whole 

polymer chain can be made up.  

In each of the equations seen so far, this has been shown in brackets. 

The repeat unit for a polymer may be obtained simply by taking any two adjacent carbon 

atoms in the main polymer chain.

 42
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REPEAT UNITS

The monomer for a polymer can be derived by simply placing a double 

bond between the carbons of the repeat unit.
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Monomer Polymer repeat unit Properties Uses

ethene poly(ethehe) Light  

Flexible 

Easily moulded 

Transparent 

Good insulator 

Resistant to  water, acids and 
alkalis 

Plastic bags and bottles 

Insulation for cables 

propene poly(propene) Tough 

Easily moulded 

Easily coloured 

Very resistant to  water, acids 
and alkalis 

Fibre for ropes and 
carpets 

Crates 

Toys 

'¥¥: tent.¥f
' ¥¥it¥¥I

n

F F F  F
'¥¥"

tenet ¥¥t¥¥t
CHZ CHZ n

n

POLYMERS
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Monomer Polymer repeat unit Properties Uses

chloroethene poly(chloroethene) [PVC] Tough 

Rigid or flexible 

Very resistant to water, acids 
and alkalis 

Clingfilm 

Guttering and window 
frames  

Insulation for cables 

Waterproof clothing 

Flooring 

tetrafluoroethene poly(tetrafluoroethene) (ptfe) Tough 

Rigid 

Low friction solid 

Resistant to water, acids and 
alkalis

Coating for non-stick 
pans and skis 

Low friction surfaces for 
bridges to move as 
metals expand and 
contract 

'¥¥: tent.¥f
' ¥¥it¥¥I

n

F F F  F
'¥¥"

tenet ¥¥t¥¥t
CHZ CHZ n

n

POLYMERS
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CHZ CHZ n
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'¥¥: tent.¥f
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F F F  F
'¥¥"

tenet ¥¥t¥¥t
CHZ CHZ n

n

'¥¥: tent.¥f
' ¥¥it¥¥I

n

F F F  F
'¥¥"

tenet ¥¥t¥¥t
CHZ CHZ n

n

ALKENES FROM ALCOHOLS
When an alcohol is heated with excess concentrated sulphuric acid at around 

200 oC an alkene is formed. (Refer to the notes on Alkenes). 

Dehydration of the alcohol can also be carried out by passing the alcohol 

vapour over alumina at 350 oC. 
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242 16  Alcohols and esters

6 Oxidation
On page 238 we saw how alcohols can be classifi ed 
as primary, secondary or tertiary. For many reactions 
the class of alcohol makes no diff erence to the type of 
products formed. In organic chemistry, we can usually 
generalise for the whole homologous series. However, 

Esters can be hydrolysed by heating under refl ux with 
either an acid or a base.

Refl uxing with an acid simply reverses the preparation 
of the ester from an alcohol and a carboxylic acid. Th e acid 
catalyses the reaction. Th e reaction is reversible and forms 
an equilibrium mixture. In acid hydrolysis, there are always 
both reactants and products present after the reaction. Th e 
equation for the acid hydrolysis of ethyl ethanoate is:

C
O

O

O

O
+  CH3CH2OHC

H
H3C H3C

CH2CH3

H+(aq)
+  H2O

However, when an ester is refl uxed with an alkali (a 
soluble base), such as aqueous sodium hydroxide, it is 
fully hydrolysed. Unlike acid hydrolysis, this is not a 
reversible reaction. An alcohol and the sodium salt of the 
acid are formed. Th e equation for the base hydrolysis of 
ethyl ethanoate is:

C
O

O
+  NaOH

sodium
ethanoate

C
O

O–

+  CH3CH2OHH3C
CH2CH3

H3C
Na+

5 a  Name the ester formed in each of the 
following reactions:
i butan-1-ol + ethanoic acid
ii ethanol + hexanoic acid
iii pentan-1-ol and methanoic acid.

b Write the structural formula of each ester 
formed in part a.

Check-up
6 Concentrated sulfuric acid or phosphoric 

acid can also be used to catalyse the 
dehydration of an alcohol. Th e alcohol 
and concentrated acid are heated to about 
170 °C. Th e concentrated acid does not 
change chemically during the reaction.
a Write an equation showing the 

dehydration of ethanol using concentrated 
sulfuric acid.

b If propan-1-ol was used instead of ethanol, 
name the organic product formed.

Check-up

5 Dehydration
Alcohols can also undergo elimination reactions in 
which water is lost and alkenes are formed. As the small 
molecule removed from the alcohol molecule is H2O, this 
reaction is also known as dehydration.

alcohol ⎯⎯→catalyst  alkene + water

Th e reaction takes place when alcohol vapour is passed 
over a hot catalyst of aluminium oxide powder. Pieces of 

Figure 16.7 The dehydration of ethanol to give ethene.

ceramic wool
soaked in ethanol

pumice

ethene gas collected
over water

heat

porous pot or pumice also catalyse the reaction. 
For example:

C2H5OH ⎯⎯⎯⎯⎯→Al2O3 catalyst  CH2  CH2 + H2O
 ethanol ethene water

Figure 16.7 shows how the ethene gas formed can 
be collected.
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Reagent conc H2SO4

Condition 200 oC

Alternatively Alumina at 350oC.

Type elimination
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Reagent sodium (or potassium) hydroxide dissolved in ethanol

Condition heat under reflux

Product Alkene

Type elimination

The OH— removes a proton from a carbon atom adjacent the C bearing the halogen.  

If the haloalkane is unsymmetrical (e.g. 2-bromobutane) a mixture of isomeric alkene 

products is obtained.
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SECTION A
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18 Total removal of the pollutant sulfur dioxide, SO2, is difficult. The quantities emitted from furnace 

chimneys can be lowered by using desulfurisation plants. The gases are reacted with calcium 

hydroxide to remove the SO2. 

 

What is the main product formed initially? 

A Ca(HSO4 )2 B CaS C CaSO3 D CaSO4  

 

 

19 Which oxide does not react with cold dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4O10 C SO2 D SiO2 

 

 

20 Which row correctly describes the reaction between propene and bromine, Br2(l)? 

 

 reaction mechanism organic product 

A electrophilic addition CH3CHBrCH2Br 

B electrophilic addition CH3CH2CH2Br 

C nucleophilic substitution CH3CH2CH2Br 

D nucleophilic substitution CH3CHBrCH2Br 

 

 

21 Use of the Data Booklet is relevant to this question. 

 

Which compound has an Mr of 84 and will react with HBr to give a product with an Mr of 164.9? 

 

A B C D

O

 

 

 

22 1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal. 

 

CH3 CH2 CHCl 2 CH3 CH2 CHO
NaOH(aq)

 

 

Which term describes the first step of this reaction? 

A addition 

B elimination 

C oxidation 

D substitution 

 

 

� 
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27 The naturally-occurring molecule shown below can be made by the addition of four identical 

monomer molecules. 

 

C

C

C

C

CH CH

CH3

CH3

CH3

H3C

H2C

H2C

HC CH2

CH2CH2

CH2 CH2

CH2

H
C

 

 

What could be the structural formula of the monomer? 

A CH3CH2CH2CH=CH2 

B CH3CH=CHCH=CH2 

C CH2=C(CH3)CH2CH3 

D CH2=C(CH3)CH=CH2 

 

 

28  The compound cetyl palmitate, C15H31CO2C16H33, is a waxy solid. 

 

When cetyl palmitate is heated under reflux with an excess of aqueous sodium hydroxide, which 

products will be formed? 

A C15H31ONa  and  C16H33CO2Na 

B C15H31CO2Na  and  C16H33ONa 

C C15H31OH  and  C16H33CO2Na 

D C15H31CO2Na  and  C16H33OH 

 

 

29  One reaction in the Krebs cycle, in which energy is released to the human body, is the conversion 

of fumaric acid into malic acid. 

 

HO2CCH=CHCO2H  →  HO2CCH(OH)CH2CO2H 

 fumaric acid malic acid 

 

Which reagent(s) could achieve this conversion in the laboratory? 

A acidified KMnO4(aq) 

B Br2(aq) followed by hot NaOH(aq) 

C H2O(l) with Pt catalyst 

D H2O(g) with H2SO4 

 

 

� 
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24 There are three structural isomers with the formula C
5
H
12
. 

 

Which formulae correctly represent these three structural isomers? 

A CH
3
CH

2
CH

2
CH

2
CH

3
 CH

3
CH

2
CHCH

3
CH

3 
CH

3
CH

3
CCH

3
CH

3
 

B CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH

2
(CH)CH

3
CH

3 
C(CH

3
)
4
 

C CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH

2
CH

3 
CH

3
C(CH

3
)
2
CH

3
 

D CH
3
CH

2
CH

2
CH

2
CH

3 
CH

3
CH(CH

3
)CH

2
CH

3 
CH

3
CH

2
CH(CH

3
)CH

3
 

 

 

25  CH
3
CH

2
COCH

2
CH

3
 reacts with hydrogen cyanide to form an organic product called a 

cyanohydrin. 

 

Which feature applies to the cyanohydrin product? 

A It has one chiral centre. 

B It is formed by electrophilic addition. 

C It is formed via an intermediate which contains the C–OH group. 

D Its formation requires the use of cyanide ions as a catalyst. 

 

 

26  How many moles of oxygen molecules are needed for the complete combustion of one mole of  

3-methylpent-2-ene? 

A 9 B 9
2

1

 C 18 D 19 

 

 

27  The hydrocarbon C
17
H
36
 can be cracked. 

 

Which compound is the least likely to be produced in this reaction? 

A C
3
H
8
 B C

4
H
8
 C C

8
H
16
 D C

16
H
34
 

 

 

28  Compound X has the molecular formula C
4
H
10
O

2
. X has an unbranched carbon chain and 

contains two OH groups. 

 

On reaction with an excess of hot, acidified, aqueous manganate(VII) ions, X is converted into a 

compound of molecular formula C
4
H
6
O

4
. 

 

To which two carbon atoms in the chain of X are the two OH groups attached? 

A 1st and 2nd 

B 1st and 3rd 

C 1st and 4th 

D 2nd and 3rd 
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20 Which reagent will give a different observation with compounds P and Q? 

 

 HOCH2CH(OH)CHO HOCH2COCH2OH 

 P Q 

 

A Br2(aq) 

B hot acidified KMnO4 

C silver nitrate in ammonia solution 

D warm acidified K2Cr2O7 

 

 

21  The cyclic compound M is heated with dilute hydrochloric acid. 

 

NH

O

O

O

compound M
 

 

What are the products of the reaction? 

A HOCH2CO2H and H2NCH2CO2H 

B HO2CCH2OH and HO2CCH2NH3

+

 

C H2NCOCH2OH and HOCH2CHO 

D HOCH2CONH3

+

 and HOCH2CHO 

 

 

22 Cottonseed oil contains large amounts of polyunsaturated carboxylic acids. When this oil is used 

to make margarine, the C=C double bonds in the unsaturated carboxylic acids are hydrogenated. 

 

What reagents and conditions would be suitable to bring about this hydrogenation reaction? 

A H2 gas, nickel catalyst, 400 °C 

B LiAl H4 in dry ether 

C NaBH4, aqueous solution 

D steam, concentrated H2SO4, 300 °C and 60 atm pressure 
 

 

23 Which intermediate ion forms in the greatest amount during the addition of HBr to propene? 

A CH3CH
+

CH3 

B CH3CH2CH2

+

 

C CH3CH
–

CH2Br 

D CH3CHBrCH2

–
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28 Poly(ethenol) can be used to make plastic bags that dissolve in water. 

 

It may be considered to be made by addition polymerisation of CH2=CH(OH). 

 

Which structure represents a length of the polymer chain consisting of two monomer residues? 

 

C

H

OH

C

H

H

C

H

OH

C

H

H

A

CO

H

C

H

HH

CO

H

C

H

HH

B

C

H

H

C

OH

H

C

H

H

C O

H

H

C

C

H

C

H

H

COH OH

H

C

H

HH H

D

 

 

 

29 The diagram shows the structure of the naturally-occurring molecule cholesterol. 

 

HO
H H

H
CH3

CH3

H3C

H

cholesterol
 

 

Student X stated that the seventeen carbon atoms in the four rings all lie in the same plane. 

 

Student Y stated that this molecule displays cis-trans isomerism at the C = C double bond. 
 

Which of the students are correct? 

A both X and Y 

B neither X nor Y 

C X only 

D Y only 
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30 β-carotene is responsible for the orange colour of carrots. 

 

CH3 CH3

CH3

CH3 CH3

CH3 CH3
CH3 CH3

CH3

β-carotene
 

 

β-carotene is oxidised by hot, concentrated, acidified KMnO4. 

 

When an individual molecule of β-carotene is oxidised in this way, many product molecules are 

formed. 

 

How many of these product molecules contain a ketone functional group? 

A 4 B 6 C 9 D 11 
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22 Four students, W, X, Y and Z, made the following statements about alkanes and alkenes. 

 

W ‘Bromine reacts with alkanes by electrophilic substitution.’ 

X ‘Bromine reacts with alkenes by a free-radical addition mechanism.’ 

Y ‘Alkenes can be oxidised by acidified manganate(VII) ions.’ 

Z ‘Alkenes are formed from alkanes by cracking.’ 

 

Which two students are correct? 

A W and X B W and Z C X and Y D Y and Z 

 

 

23 Butanedioic acid may be synthesised in two steps from 1,2-dibromoethane. 

 

BrCH2CH2Br HO2CCH2CH2CO2HX
step 1 step 2

 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCN(g) HCl (aq) 

B HCO2Na(aq) HCl (aq) 

C KCN(alcoholic) H2SO4(aq) 

D NaOH(aq) K2Cr2O7 / H2SO4(aq) 

 

 

24 Which reaction would not give propene? 

A adding excess hot concentrated sulfuric acid to propan-1-ol 

B adding warm aqueous sodium hydroxide to 2-bromopropane 

C adding warm ethanolic sodium hydroxide to 1-bromopropane 

D passing propan-2-ol vapour over heated aluminium oxide 
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20 Which reagent will give a different observation with compounds P and Q? 

 

 HOCH2CH(OH)CHO HOCH2COCH2OH 

 P Q 

 

A Br2(aq) 

B hot acidified KMnO4 

C silver nitrate in ammonia solution 

D warm acidified K2Cr2O7 

 

 

21  The cyclic compound M is heated with dilute hydrochloric acid. 

 

NH

O

O

O

compound M
 

 

What are the products of the reaction? 

A HOCH2CO2H and H2NCH2CO2H 

B HO2CCH2OH and HO2CCH2NH3

+

 

C H2NCOCH2OH and HOCH2CHO 

D HOCH2CONH3

+

 and HOCH2CHO 

 

 

22 Cottonseed oil contains large amounts of polyunsaturated carboxylic acids. When this oil is used 

to make margarine, the C=C double bonds in the unsaturated carboxylic acids are hydrogenated. 

 

What reagents and conditions would be suitable to bring about this hydrogenation reaction? 

A H2 gas, nickel catalyst, 400 °C 

B LiAl H4 in dry ether 

C NaBH4, aqueous solution 

D steam, concentrated H2SO4, 300 °C and 60 atm pressure 
 

 

23 Which intermediate ion forms in the greatest amount during the addition of HBr to propene? 

A CH3CH
+

CH3 

B CH3CH2CH2

+

 

C CH3CH
–

CH2Br 

D CH3CHBrCH2

–
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23 But-2-ene-1,4-diol is converted in two steps through an intermediate X into oxobutanedioic acid. 
 

HOCH2CH=CHCH2OH X HO2CCOCH2CO2H

but-2-ene-1,4-diol oxobutanedioic acid
hot, acidified KMnO4

step 1 step 2

 
 

What could be the reagent for step 1 and what is the intermediate X? 
 

 reagent for step 1 X 

A cold, acidified KMnO4 HOCH2CH2CH(OH)CH2OH 

B hot, acidified K2Cr2O7 HO2CCH=CHCO2H 

C steam and concentrated H2SO4 HOCH2CH(OH)CH2CH2OH 

D warm, acidified K2Cr2O7 OHCCH(OH)CH2CHO  
 
 
24 Hydrogen bromide can be added to T to give compound U. Compound U can be hydrolysed to 

compound V. 
 

T

step 1

U

step 2

V

Br OH

 
 

Four students, W, X, Y and Z, made the following statements. 
 

W All the atoms in a molecule of compound T lie in the same plane. 

X Compound V contains only one chiral centre. 

Y Step 1 is an electrophilic addition reaction. 

Z Step 2 is a nucleophilic substitution reaction. 
 

Which two students are correct? 

A W and Y B W and Z C X and Y D Y and Z 
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26 Alkane X has molecular formula C4H10. 

 

X reacts with Cl 2(g) in the presence of sunlight to produce only two different monochloroalkanes, 
C4H9Cl. Both of these monochloroalkanes produce the same alkene Y, and no other organic 

products, when they are treated with hot ethanolic KOH. 

 

What is produced when Y is treated with hot concentrated acidified KMnO4? 

A CO2  and  CH3CH2CO2H 

B CO2  and  CH3COCH3 

C HCO2H  and  CH3COCH3 

D CH3CO2H only 

 

 

27 The compound aspartame is widely used as a sweetener in ‘diet’ soft drinks. 

 

NH

NH2O

HO

O O

CH3

C6H5

O

aspartame
 

 

Aspartame is chiral. (There are no chiral carbon atoms in C6H5.) 

 

How many chiral carbon atoms are present in a molecule of aspartame? 

A 1 B 2 C 3 D 4 
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22 Oct-1-ene, CH3(CH2)5CH=CH2, can be thermally cracked. 

 

Which combination of compounds W, X, Y and Z can be obtained by thermally cracking  

oct-1-ene? 

 

 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 

 W X Y Z 

 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 

 

 

23 A cycloalkene with the molecular formula C7H12 was oxidised by hot concentrated acidified  

MnO4

–

. The only organic product was 2-methylhexane-1,6-dioic acid. 

 

What is the identity of the cycloalkene? 

 

A B C D

CH3 CH3 CH3 CH3

CH3
 

 

 

24 1-chloro-1-methylcyclohexane is hydrolysed by heating with NaOH(aq). 

 

CH3

Cl
+  OH–  →

CH3

OH
+  Cl –

 

 

The reaction pathway is shown. 

 

energy

reaction pathway

Z

 

 

One carbon atom in 1-chloro-1-methylcyclohexane is bonded to three other carbon atoms. 

 

What is the charge on this carbon atom at point Z? 

A δ+ B + C δ – D – 
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27 The fragrance compounds of perfumes are often dissolved in solvent Y, which has a molecular 
formula C7H12O4. It is made by reacting propane-1,2-diol with ethanoic acid in the presence of an 
acid catalyst. 

 

HO C

H

H

C

CH3

H

OH

propane-1,2-diol  
 

What is the structure of solvent Y? 
 

A

C

OO

O CH3

CH3

C C

H

H

C

H

O

B

C

OO

O O CH3

CH3

H3C

C

H

H

CC

H

C

O C

OO

O CH3

CH3

H3C

C

H

H

CC

H

D

C

OO

CH3

CH3

H3C

H3C

C O

H

H

CC

H

O

 
 
 
28 Which mixture could be used to produce propyl methanoate? 
 

A CH3CH2CO2H and CH3OH 

B CH3CH2CH2CH2OH and HCO2H 

C CH3CH2CH2OH and HCO2H 

D CH3CH2CH2CO2H and CH3OH 
 
 
29 Which statement about poly(chloroethene) is correct? 

A The polymer can be cracked to produce chlorinated alkenes. 

B The polymer has harmless combustion products. 

C The polymer is readily biodegradable when buried. 

D The repeat unit of the polymer has an Mr of 97. 
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20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 

attached to each carbon atom. 

 

C

H

H

H

H

H

H

C C

CC

C

Kekulé structure
 

 

In this structure all of the bonds remain in the places shown. Assuming this is the structure of 

benzene, how many isomers of dichlorobenzene, C6H4Cl 2, would exist? 

A 3 B 4 C 5 D 6 

 

 

21 The diagram shows the structure of vitamin A. 

 

OH

CH3

H3C CH3
CH3 CH3

vitamin A
 

 

How many chiral centres are present in one vitamin A molecule? 

A 0 B 1 C 2 D 3 

 

 

22 PVC is difficult to dispose of. Two possible methods are burying it in landfill sites and disposal by 

combustion. 

 

Which row of the table is correct? 

 

 
rate of biodegradation 

of PVC in landfill sites 

gases produced when 

PVC combusts 

A fast CO2, H2O, HCl 

B fast CO2, H2O, Cl 2 

C slow CO2, H2O, Cl 2 

D slow CO2, H2O, HCl 
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22 Oct-1-ene, CH3(CH2)5CH=CH2, can be thermally cracked. 

 

Which combination of compounds W, X, Y and Z can be obtained by thermally cracking  

oct-1-ene? 

 

 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 

 W X Y Z 

 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 

 

 

23 A cycloalkene with the molecular formula C7H12 was oxidised by hot concentrated acidified  

MnO4

–

. The only organic product was 2-methylhexane-1,6-dioic acid. 

 

What is the identity of the cycloalkene? 

 

A B C D

CH3 CH3 CH3 CH3

CH3
 

 

 

24 1-chloro-1-methylcyclohexane is hydrolysed by heating with NaOH(aq). 

 

CH3

Cl
+  OH–  →

CH3

OH
+  Cl –

 

 

The reaction pathway is shown. 

 

energy

reaction pathway

Z

 

 

One carbon atom in 1-chloro-1-methylcyclohexane is bonded to three other carbon atoms. 

 

What is the charge on this carbon atom at point Z? 

A δ+ B + C δ – D – 
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23 Part of the structure of a fungicide, strobilurin, is shown. R and R' are inert groups. 
 

R
R'

O OCH3

strobilurin  
 

In this reaction, strobilurin is warmed with aqueous sulfuric acid producing compound X. 
Compound X is then treated with hydrogen in the presence of a nickel catalyst producing 
compound Y. 

 
What could be the structure of compound Y? 

 
A B

C D

R

R

R

R

OH

OH OH

OCH3

OH OH

OH

HO

R' R'

R'R'

O

O

 
 
 
24 Chloroethane can be used to make sodium propanoate. 
 

chloroethane  o  Q  o  sodium propanoate 
 

The intermediate, Q, is hydrolysed with boiling aqueous sodium hydroxide to give sodium 
propanoate. 

 
Which reagent would produce the intermediate, Q, from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide in water 

D potassium cyanide in ethanol 
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20 Limonene is found in lemon and orange oils. 

 

limonene
 

 

What will be the major product when limonene is reacted with an excess of dry hydrogen 

chloride? 

 

A B C D

Cl Cl

Cl
Cl

Cl Cl

 

 

 

21 The compound rotundone is responsible for the peppery smell of pepper and is also found in 

some red wines. 

 

O

rotundone
 

 

How many hydrogen atoms are in one molecule of rotundone? 

A 15 B 19 C 22 D 24 
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21 The drug cortisone has the formula shown. 
 

O
OH

OH

O

O  
 

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
 
 
22 An alkene is reacted with acidified manganate(VII) ions, MnO4

–. The desired organic product has 
a relative molecular mass greater than that of the alkene by 34. 

 
What conditions should be used? 

A cold, concentrated MnO4
– 

B cold, dilute MnO4
– 

C hot, concentrated MnO4
– 

D hot, dilute MnO4
– 

 
 
23 The diagram shows a short length of an addition polymer chain. 
 

C

H

H

C

H

H

C

H

H

C

H

H  
 

The polymer has a relative molecular mass of approximately 10 000. 
 

Approximately how many monomer units are joined together in each polymer molecule? 

A 180 B 360 C 625 D 710 
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21 Kerosene is used as an aircraft fuel. Q is one of the molecules in kerosene and has the skeletal 

formula shown. 

 

Q
 

 

Other structural isomers of this molecule are also found in kerosene. 

 

Which structure is a structural isomer of Q? 

 

A B C D

 

 

 

22 Which radical is most likely to form by the homolytic fission of one covalent bond in 

bromochloromethane, CH2BrCl ? 
 

A •CH2Cl B •CH2Br C •CHBrCl D •CH2BrCl 

 

 

23 Propene undergoes a variety of reactions. 

 

Which row is correct? 

 

 reagent added to propene products include 

A Br2(aq) 1-bromopropane 

B cold, dilute, acidified KMnO4(aq) propanoic acid 

C HBr(g) 2-bromopropane 

D hot, concentrated, acidified KMnO4(aq) propanoic acid 

 

 

24 Polymerisation of ethene gives poly(ethene). 

 

How does the bonding between carbon atoms in poly(ethene) compare with that in ethene? 

A longer and stronger in poly(ethene) 

B longer and weaker in poly(ethene) 

C shorter and stronger in poly(ethene) 

D shorter and weaker in poly(ethene) 
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21 The drug cortisone has the formula shown. 
 

O
OH

OH

O

O  
 

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
 
 
22 An alkene is reacted with acidified manganate(VII) ions, MnO4

–. The desired organic product has 
a relative molecular mass greater than that of the alkene by 34. 

 
What conditions should be used? 

A cold, concentrated MnO4
– 

B cold, dilute MnO4
– 

C hot, concentrated MnO4
– 

D hot, dilute MnO4
– 

 
 
23 The diagram shows a short length of an addition polymer chain. 
 

C

H

H

C

H

H

C

H

H

C

H

H  
 

The polymer has a relative molecular mass of approximately 10 000. 
 

Approximately how many monomer units are joined together in each polymer molecule? 

A 180 B 360 C 625 D 710 
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21 Kerosene is used as an aircraft fuel. Q is one of the molecules in kerosene and has the skeletal 

formula shown. 

 

Q
 

 

Other structural isomers of this molecule are also found in kerosene. 

 

Which structure is a structural isomer of Q? 

 

A B C D

 

 

 

22 Which radical is most likely to form by the homolytic fission of one covalent bond in 

bromochloromethane, CH2BrCl ? 
 

A •CH2Cl B •CH2Br C •CHBrCl D •CH2BrCl 

 

 

23 Propene undergoes a variety of reactions. 

 

Which row is correct? 

 

 reagent added to propene products include 

A Br2(aq) 1-bromopropane 

B cold, dilute, acidified KMnO4(aq) propanoic acid 

C HBr(g) 2-bromopropane 

D hot, concentrated, acidified KMnO4(aq) propanoic acid 

 

 

24 Polymerisation of ethene gives poly(ethene). 

 

How does the bonding between carbon atoms in poly(ethene) compare with that in ethene? 

A longer and stronger in poly(ethene) 

B longer and weaker in poly(ethene) 

C shorter and stronger in poly(ethene) 

D shorter and weaker in poly(ethene) 
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21 The drug cortisone has the formula shown. 
 

O
OH

OH

O

O  
 

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
 
 
22 An alkene is reacted with acidified manganate(VII) ions, MnO4

–. The desired organic product has 
a relative molecular mass greater than that of the alkene by 34. 

 
What conditions should be used? 

A cold, concentrated MnO4
– 

B cold, dilute MnO4
– 

C hot, concentrated MnO4
– 

D hot, dilute MnO4
– 

 
 
23 The diagram shows a short length of an addition polymer chain. 
 

C

H

H

C

H

H

C

H

H

C

H

H  
 

The polymer has a relative molecular mass of approximately 10 000. 
 

Approximately how many monomer units are joined together in each polymer molecule? 

A 180 B 360 C 625 D 710 
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21 The drug cortisone has the formula shown. 
 

O
OH

OH

O

O  
 

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are 
present in the cortisone molecule? 

A 0 B 1 C 2 D 3 
 
 
22 An alkene is reacted with acidified manganate(VII) ions, MnO4

–. The desired organic product has 
a relative molecular mass greater than that of the alkene by 34. 

 
What conditions should be used? 

A cold, concentrated MnO4
– 

B cold, dilute MnO4
– 

C hot, concentrated MnO4
– 

D hot, dilute MnO4
– 

 
 
23 The diagram shows a short length of an addition polymer chain. 
 

C

H

H

C

H

H

C

H

H

C

H

H  
 

The polymer has a relative molecular mass of approximately 10 000. 
 

Approximately how many monomer units are joined together in each polymer molecule? 

A 180 B 360 C 625 D 710 
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25 Bromine reacts with ethene in the dark. 
 

Which description of the organic intermediate in this reaction is correct? 

A It has a negative charge. 

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 
 
 
26 Which statement about butan-1-ol, butan-2-ol, and 2-methylbutan-2-ol is not correct? 

A They all react with methanoic acid to form an ester. 

B They all react with sodium. 

C They can all be dehydrated to form an alkene. 

D They can all be oxidised to a carbonyl compound. 
 
 
27 Which compound will react with acidified potassium dichromate(VI) and with alkaline aqueous 

iodine? 

A CH3COCH2CH3 

B CH3CH(OH)CH2CH3 

C CH3CH2CH2CHO 

D CH3CH2CH2CH2OH 
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22 The formulae of three compounds are shown. 
 

C3H7CHO           C2H5COCH3           CH2CHCH2CH2OH 
 

Only one of these compounds will decolourise bromine water. Only one of these compounds will 
produce a silver mirror with Tollens’ reagent. 

 
Which row shows the correct results? 

 

 decolourises 
bromine water 

forms a silver mirror 
with Tollens’ reagent 

A C3H7CHO C2H5COCH3 

B C2H5COCH3 C3H7CHO 

C CH2CHCH2CH2OH C2H5COCH3 

D CH2CHCH2CH2OH C3H7CHO 
 
 
23 Carboxylic acids may be prepared by several different methods. 
 

In which reaction would propanoic acid be formed? 

A adding ammonium propanoate to dilute sulfuric acid 

B heating ethyl propanoate with aqueous sodium hydroxide 

C heating propan-2-ol with acidified potassium manganate(VII) under reflux 

D heating propyl ethanoate with dilute sulfuric acid 
 
 
24 The diagram represents the structure of a polymer. 
 

C 

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H  
 

By which method might this polymer be made? 

A polymerise ethene followed by hydration 

B polymerise ethene followed by oxidation with cold, acidified KMnO4 

C polymerise 1,2-dichloroethene followed by hydrolysis 

D polymerise 1,2-dichloroethene followed by oxidation with cold, acidified KMnO4 
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22 The formulae of three compounds are shown. 
 

C3H7CHO           C2H5COCH3           CH2CHCH2CH2OH 
 

Only one of these compounds will decolourise bromine water. Only one of these compounds will 
produce a silver mirror with Tollens’ reagent. 

 
Which row shows the correct results? 

 

 decolourises 
bromine water 

forms a silver mirror 
with Tollens’ reagent 

A C3H7CHO C2H5COCH3 

B C2H5COCH3 C3H7CHO 

C CH2CHCH2CH2OH C2H5COCH3 

D CH2CHCH2CH2OH C3H7CHO 
 
 
23 Carboxylic acids may be prepared by several different methods. 
 

In which reaction would propanoic acid be formed? 

A adding ammonium propanoate to dilute sulfuric acid 

B heating ethyl propanoate with aqueous sodium hydroxide 

C heating propan-2-ol with acidified potassium manganate(VII) under reflux 

D heating propyl ethanoate with dilute sulfuric acid 
 
 
24 The diagram represents the structure of a polymer. 
 

C 

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H  
 

By which method might this polymer be made? 

A polymerise ethene followed by hydration 

B polymerise ethene followed by oxidation with cold, acidified KMnO4 

C polymerise 1,2-dichloroethene followed by hydrolysis 

D polymerise 1,2-dichloroethene followed by oxidation with cold, acidified KMnO4 
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22 Which compound would produce two different carboxylic acids when treated with hot, 
concentrated, acidified manganate(VII) ions? 

 
A B C D

 
 
 
23 Which types of bond are broken and formed in the addition polymerisation of alkenes? 
 

 type of 
bond broken 

type of 
bond formed 

A π only σ only 

B π only σ and π 

C σ and π σ only 

D σ and π σ and π 
 
 
24 2,3-dimethylpent-2-ene, (CH3)2C=C(CH3)CH2CH3, is treated with cold, dilute KMnO4. The product 

of this reaction is treated with an excess of concentrated H2SO4 at 180 °C, giving a mixture of 
isomeric hydrocarbons with molecular formula C7H12. 

 
What is the name of one of the isomeric hydrocarbons? 

A 2,3-dimethylpenta-1,2-diene  

B cis-2,3-dimethylpenta-1,3-diene 

C 2,3-dimethylpenta-1,4-diene 

D 3,4-dimethylpenta-1,3-diene  
 
 
25 Equal volumes of aqueous silver nitrate were added to separate small volumes of bromoethane 

and iodoethane in two test-tubes. The test-tubes were shaken. 
 

Which row about the observations made for bromoethane is correct? 
 

 colour of precipitate rate of reaction 

A cream faster than for iodoethane 

B cream slower than for iodoethane 

C yellow faster than for iodoethane 

D yellow slower than for iodoethane 
 
 � 
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20 Compound Y is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 
product is fully saturated. 

 

compound Y  
 

What is the number of chiral carbon atoms in the product? 

A 5 B 6 C 7 D 8 
 
 
21 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H6  +  Cl •  →  C2H5Cl  +  H• 

B C2H5Cl  +  Cl •  →  C2H4Cl •  +  HCl 

C C2H5Cl  +  H•  →  C2H5•  +  HCl 

D C2H5•  +  Cl •  →  C2H5Cl 
 
 
22 Maleic acid is used in the food industry and for stabilising drugs. It is the cis-isomer of butenedioic 

acid and has the structural formula HO2CCH=CHCO2H. 
 

What is the product formed from the reaction of maleic acid with cold, dilute, acidified 
manganate(VII) ions? 

A HO2CCH(OH)CH(OH)CO2H 

B HO2CCO2H 

C HO2CCH2CH(OH)CO2H 

D HO2CCOCOCO2H 
 
 
23 Primary halogenoalkanes undergo hydrolysis reactions. 
 

Which reaction would occur most rapidly if they are all warmed to the same temperature? 

A C2H5Br with H2O 

B C2H5Br with NaOH(aq) 

C C2H5Cl with H2O 

D C2H5Cl with NaOH(aq) 
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23 A section of an addition polymer chain is shown. 
 

CH CH

ClCl

CH2 CH2

 
 

Which monomer could be used to make this polymer? 

A CH2CHCH2Cl 

B CH2CHCl 

C CH3CHCHCl 

D CHCl CHCH2CH2Cl 
 
 
24 Which organic reaction is an example of nucleophilic substitution? 

A CH3CH2Br  +  NaOH  →  CH2CH2  +  H2O  +  NaBr 

B CH3CH2Br  +  NaOH  →  CH3CH2OH  +  NaBr 

C CH2CH2  +  HCl  →  C2H5Cl 

D C2H6  +  Cl 2  →  C2H5Cl  +  HCl 
 
 
25 Citric acid can be converted into tricarballylic acid in two stages. An intermediate, Q, is formed. 
 

CH2

CO2H

CO2H

C QHO

CH2 CO2H

citric acid

CH2

CO2H

CO2H

CH

CH2 CO2H

tricarballylic acid

stage 1 stage 2

 
 

Which reagents are needed for each stage? 
 

 stage 1 stage 2 

A concentrated H2SO4 H2(g) and Ni 

B concentrated H2SO4 LiAl H4 

C LiAl H4 H2SO4(aq) 

D NaOH(aq) H2(g) and Ni 
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22 Which compound would produce two different carboxylic acids when treated with hot, 
concentrated, acidified manganate(VII) ions? 

 
A B C D

 
 
 
23 Which types of bond are broken and formed in the addition polymerisation of alkenes? 
 

 type of 
bond broken 

type of 
bond formed 

A π only σ only 

B π only σ and π 

C σ and π σ only 

D σ and π σ and π 
 
 
24 2,3-dimethylpent-2-ene, (CH3)2C=C(CH3)CH2CH3, is treated with cold, dilute KMnO4. The product 

of this reaction is treated with an excess of concentrated H2SO4 at 180 °C, giving a mixture of 
isomeric hydrocarbons with molecular formula C7H12. 

 
What is the name of one of the isomeric hydrocarbons? 

A 2,3-dimethylpenta-1,2-diene  

B cis-2,3-dimethylpenta-1,3-diene 

C 2,3-dimethylpenta-1,4-diene 

D 3,4-dimethylpenta-1,3-diene  
 
 
25 Equal volumes of aqueous silver nitrate were added to separate small volumes of bromoethane 

and iodoethane in two test-tubes. The test-tubes were shaken. 
 

Which row about the observations made for bromoethane is correct? 
 

 colour of precipitate rate of reaction 

A cream faster than for iodoethane 

B cream slower than for iodoethane 

C yellow faster than for iodoethane 

D yellow slower than for iodoethane 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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38 X is an organic compound. X gives a precipitate with aqueous silver nitrate. Some or all of this 

precipitate remains undissolved when excess dilute aqueous ammonia is added. 

 

What could be the identity of X? 

1 2-chlorobutane 

2 2-bromobutane 

3 iodomethane 

 

 

39 Which compounds, on heating with excess concentrated sulfuric acid, produce only one product 

with molecular formula C7H10? 

 

3

OH

OH

OH

OHOH

OH

1 2

 

 

 

40 Compound Z is heated with concentrated acidified potassium manganate(VII). This produces an 

equimolar mixture of CO2 and CH3COCH2CH2CH(COCH3)CH2CO2H. 

 

What could be the structural formula of Z? 

 

1 2 3
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38 X is an organic compound. X gives a precipitate with aqueous silver nitrate. Some or all of this 

precipitate remains undissolved when excess dilute aqueous ammonia is added. 

 

What could be the identity of X? 

1 2-chlorobutane 

2 2-bromobutane 

3 iodomethane 

 

 

39 Which compounds, on heating with excess concentrated sulfuric acid, produce only one product 

with molecular formula C7H10? 

 

3

OH

OH

OH

OHOH

OH

1 2

 

 

 

40 Compound Z is heated with concentrated acidified potassium manganate(VII). This produces an 

equimolar mixture of CO2 and CH3COCH2CH2CH(COCH3)CH2CO2H. 

 

What could be the structural formula of Z? 

 

1 2 3
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38 The diagram shows the structure of cyclohexene. 

 

cyclohexene
 

 

Which structures could be formed by addition reactions with cyclohexene as the only reactant? 

 

1 2 3

n n
 

 

 

39 Several steps are involved in the synthesis of 2-hydroxypropanoic acid from ethanol. 

 

C2H5OH  →  →  →  CH3CH(OH)CO2H 

 

Which statements concerning this synthesis are correct? 

1 The chain length can be increased during a step involving reaction between HCN and an 

aldehyde. 

2 The carboxyl group can be made by hydrolysis of a nitrile by boiling with NaOH(aq) and then 

acidifying. 

3 The ethanol should be first oxidised by heating it under reflux with an excess of acidified 

potassium dichromate(VI). 
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36 Oxides of both sulfur and nitrogen are present in the atmosphere. 

 

Which statements are correct? 

1 Oxides of both sulfur and nitrogen can be formed in internal combustion engines. 

2 Oxides of both sulfur and nitrogen can be produced by direct combination of the elements. 

3 Oxides of both sulfur and nitrogen are involved in the formation of acid rain. 

 

 

37 A species of termite produces a chemical defence secretion which contains the molecule shown. 

 

CH3

H3C
C CC

C

H
H

H

H
H

H

CH2

CH2

CC

 

 

To help determine the structure of this compound, it is treated with hot, concentrated, acidified 

manganate(VII) ions. 

 

Which compounds are produced in this reaction? 

1 CO2 

2 CH3COCH3 

3 CH3CO2H 

 

 

38 1-bromopropane reacts with NaOH in different ways depending on the solvent used. 

 

Which statements about this reaction are correct? 

 

 solvent used main organic product 

1 ethanol propene 

2 water propan-1-ol 

3 ethanol propane-1-2-diol 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Photochromic lenses in spectacles darken in sunlight because silver crystals are produced by the 

reaction shown. 

 

Ag
+

  +  Cl –  →  Ag  +  Cl 

 

Which statements are correct for this reaction? 

1 Both silver and chlorine atoms have an oxidation number of zero. 

2 The oxidation number of chlorine increases. 

3 Electrons are transferred from Cl – ions to Ag+ ions. 
 

 

32 A cathedral in New Zealand has been constructed from cardboard. Cardboard contains polymer 

molecules. Part of one such polymer molecule is shown below. 

 

OH H

H OH

CH2OH

HH

H H

OH

H

H

CH2OH

H

OH
O

O O

O H

 

 

Which statements about this polymer are correct? 

1 The polymer molecules can form hydrogen bonds with each other. 

2 The polymer can form intermolecular forces with water molecules. 

3 The polymer will not burn easily because it is a secondary alcohol. 
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37 Which mechanisms are represented in this sequence of reactions? 

 

CH3CH2CH3  o  CH3CH2CH2Cl  o  CH3CH2CH2OH  o  CH3CHCH2  o  CH3CHBrCH2Br 

 

1 electrophilic addition 

2 nucleophilic substitution 

3 free radical substitution 

 

 

38 Which compounds, on heating with ethanolic NaOH, produce more than one product with 

molecular formula C4H8? 

1 2-bromobutane 

2 2-bromo-2-methylpropane 

3 1-bromo-2-methylpropane 

 

 

39 Substance M is refluxed with aqueous sodium hydroxide. One of the products of this reaction 

reacts with alkaline aqueous iodine to give a pale yellow precipitate. 

 

Which compounds could be substance M? 

1 CH3CO2CH3 

2 CH3CO2CH2CH3 

3 HCO2CH(CH3)2 

 

 

40 Propanal will react with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for 

this reaction is sodium cyanide. 

 

 NaCN 

CH3CH2CHO  +  HCN      CH3CH2CH(OH)CN 

 

Which statements about this reaction of propanal with hydrogen cyanide are correct? 

1 The CN
–
 ion attacks the propanal molecule to form an intermediate ion. 

2 The product of the reaction has a chiral carbon atom. 

3 The CN
–
 ion is a stronger electrophile than the HCN molecule. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 Limonene is found in lemons. 
 

limonene 
 

Limonene is heated with concentrated acidified potassium manganate(VII). 
 

Which compounds are produced? 

1 CH3COCH2CH2CH(CH2CO2H)2 

2 CO2 

3 CH3COCH2CH2CH(COCH3)CH2CO2H 
 
 
39 Chlorofluoroalkanes have been used as the refrigerant in refrigerators but care has to be taken in 

disposing of old refrigerators. 
 

Which statements about chlorofluoroalkanes are correct? 

1 C–Cl bonds more readily undergo homolytic fission than C–F bonds. 

2 Care is taken in the disposal of old refrigerators because of possible ozone depletion. 

3 C2H4Cl F is more volatile than C2H6. 
 
 
40 The Mr of compound X is 72. The composition by mass of X is 66.7% carbon, 11.1% hydrogen 

and 22.2% oxygen. X gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent.  
X does not react with Fehling’s reagent. 

 
What can be deduced from this information? 

1 X is a carbonyl compound. 

2 X is a ketone. 

3 X is butanone. 
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4  Alkanes and alkenes both react with bromine.

 (a)  Explain how and why bromine can be used to distinguish between an alkene and an alkane.

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

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

  ..............................................................................................................................................   [2]

 (b)  The reaction of ethane with bromine forms a mixture of products.

 (i)  State the essential conditions for this reaction to occur.

  .......................................................................................................................................   [1]

 (ii)  Give the full name of the mechanism of this reaction.

  .......................................................................................................................................   [2]

 (iii)  Give the equation for a termination step that could occur, producing a hydrocarbon.

  .......................................................................................................................................   [1]

 (iv)  Give the equation for one propagation step involved in the formation of dibromoethane 

from bromoethane during this reaction.

  .......................................................................................................................................   [1]

 (c)  The reaction of ethene with bromine forms a single product.

 (i)  Give the full name of the mechanism of this reaction.

  .......................................................................................................................................   [2]

 (ii)  Complete the diagram below to illustrate this mechanism.

  Include all relevant charges, partial charges, curly arrows and lone pairs.

CH H

H

C

H

CH H

H

C

H

Br

Br
Br Br

[4]
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4  In each section of this question an organic compound is shown. For each compound give its name 
and answer the questions about it.

 (a)  CH3CH2CH(CH3)CH=CHCH3

 (i) name  .............................................................................................................................  [1]

 (ii)  This compound shows stereoisomerism.

� �'H¿QH�stereoisomerism.

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

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

  .......................................................................................................................................  [1]

 (iii)  State and explain how many stereoisomers of this structure there are.

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

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

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

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

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

  .......................................................................................................................................  [4]

 (b)  (CH3)2C=C(CH3)2

 (i)  name  .............................................................................................................................  [1]

 (ii)  Draw the skeletal formula of the organic product of the reaction of this compound with 
FROG��GLOXWH��DFLGL¿HG�PDQJDQDWH�VII) ions.

[1]

 (iii)� �1DPH�WKH�RUJDQLF�SURGXFW�RI�WKH�UHDFWLRQ�RI�WKLV�FRPSRXQG�ZLWK�KRW��FRQFHQWUDWHG��DFLGL¿HG�
manganate(VII) ions.

  .......................................................................................................................................  [1]

 (iv)  Draw the structure of part of a molecule of the addition polymer formed from this compound, 
showing exactly three repeat units.

[1]
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 (c)  (CH3)2C=CH2

 (i) name  .............................................................................................................................  [1]

 (ii)  Complete the mechanism for the reaction of this compound with hydrogen bromide. 
Include all necessary curly arrows, lone pairs, charges and partial charges.

H3 C CH2

CH3

C H3 C CH3

CH3

C

BrH

Br Br – 2-bromomethylpropane

[4]

 (iii)  Explain fully why 2-bromomethylpropane is the major product of this reaction while only 
relatively small amounts of 1-bromomethylpropane are produced.

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

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

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

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

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

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

  .......................................................................................................................................  [3]

[Total: 18]
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 (c)  (CH3)2C=CH2

 (i) name  .............................................................................................................................  [1]

 (ii)  Complete the mechanism for the reaction of this compound with hydrogen bromide. 
Include all necessary curly arrows, lone pairs, charges and partial charges.

H3 C CH2

CH3

C H3 C CH3

CH3

C

BrH

Br Br – 2-bromomethylpropane

[4]

 (iii)  Explain fully why 2-bromomethylpropane is the major product of this reaction while only 
relatively small amounts of 1-bromomethylpropane are produced.

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

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

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

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

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

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

  .......................................................................................................................................  [3]

[Total: 18]
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 (c)  (CH3)2C=CH2

 (i) name  .............................................................................................................................  [1]

 (ii)  Complete the mechanism for the reaction of this compound with hydrogen bromide. 
Include all necessary curly arrows, lone pairs, charges and partial charges.

H3 C CH2

CH3

C H3 C CH3

CH3

C

BrH

Br Br – 2-bromomethylpropane

[4]

 (iii)  Explain fully why 2-bromomethylpropane is the major product of this reaction while only 
relatively small amounts of 1-bromomethylpropane are produced.

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

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

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

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

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

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

  .......................................................................................................................................  [3]

[Total: 18]
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 (b)  Complete the reaction scheme to show the mechanism of the reaction of 1-bromobutane with 
OH–(aq) to produce R.

  Include all necessary charges, dipoles, lone pairs and curly arrows and the structure of R.

C

H

Br

CH3CH2CH2

H

– OH

[3]

 (c)  But-1-ene reacts with steam as shown to form a mixture of two structural isomers, S and T.

S

major product

U

T

minor product

reflux
Cr2O7

2– / H+

but-1-ene + steam

  S�FDQ�EH�R[LGLVHG�ZLWK�DFLGL¿HG�SRWDVVLXP�GLFKURPDWH�VI) to form compound U.
  S and U both react with alkaline aqueous iodine.

 (i)  Identify the type of reaction that occurs when but-1-ene reacts with steam.

  .......................................................................................................................................  [1]

 (ii)  State what can be deduced about the structure of S from its reaction with alkaline aqueous 
iodine.

  .......................................................................................................................................  [1]
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 (iii)  Explain why S is the major product of the reaction of but-1-ene with steam.

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

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

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

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

  .......................................................................................................................................  [2]

 (iv)  Draw the skeletal formulae of S, T and U.

S T

U
[3]

 (v)  Write an equation to represent the oxidation of S to U�E\�DFLGL¿HG�SRWDVVLXP�GLFKURPDWH�VI).

  You should use [O] to represent the oxidising agent.

  .......................................................................................................................................  [1]
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4 (a)  The hydrocarbons A, C4H10, and B, C4H8, are both unbranched.

  A does not decolourise bromine.

  B decolourises bromine and shows geometrical isomerism.

 (i)  Draw the skeletal formula of A.

A
[1]

 (ii)  The hydrocarbon A, C4H10, has a branched isomer.

� �6XJJHVW�ZK\�XQEUDQFKHG�A has a higher boiling point than its branched isomer.

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

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

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

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

  .......................................................................................................................................  [2]

 (iii)  Give the structural formula of B.

  .......................................................................................................................................  [1]

 (iv)  Explain why B shows geometrical isomerism.

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

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

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

  .......................................................................................................................................  [2]
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 (v)  Draw the mechanism of the reaction of B with bromine, Br2.
  Include all necessary charges, dipoles, lone pairs and curly arrows.

[4]

 (vi)  Explain the origin of the dipole on Br2 in this mechanism.

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

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

  .......................................................................................................................................  [1]

 (b)  The alcohols C and D are isomers of each other with molecular formula C4H102��%RWK�LVRPHUV�
are branched.

  When C�LV�KHDWHG�XQGHU�UHÀX[�ZLWK�DFLGL¿HG�SRWDVVLXP�GLFKURPDWH�VI) no colour change is 
observed.

  When D� LV� KHDWHG� XQGHU� UHÀX[� ZLWK� DFLGL¿HG� SRWDVVLXP� GLFKURPDWH�VI) the colour of the 
mixture changes from orange to green and E, C4H822, is produced.

  E reacts with aqueous sodium carbonate to form carbon dioxide gas.

 (i)  Identify C, D and E.

C D E
[3]

 (ii)  Write the equation for the reaction between E and aqueous sodium carbonate.

  .......................................................................................................................................  [1]
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4  A, B and C all have the formula C4H8. They all decolourise bromine and are structural isomers of 
each other.

 (a)  State the name of the process by which A, B and C could be obtained from C10H22.

  ..............................................................................................................................................  [1]

 (b)  Draw the structures of these three structural isomers.

[1]

 (c)  Only A shows geometrical isomerism.

 (i)  Explain the meaning of the term geometrical isomerism.

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

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

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

  .......................................................................................................................................  [2]

 (ii)  Draw the displayed formula of A and use it to show the mechanism of the reaction of A 
with HBr. Include all necessary charges, dipoles, lone pairs and curly arrows.

[4]
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  ..............................................................................................................................................  [1]
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  .......................................................................................................................................  [2]
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4  A, B and C all have the formula C4H8. They all decolourise bromine and are structural isomers of 
each other.

 (a)  State the name of the process by which A, B and C could be obtained from C10H22.

  ..............................................................................................................................................  [1]

 (b)  Draw the structures of these three structural isomers.

[1]

 (c)  Only A shows geometrical isomerism.

 (i)  Explain the meaning of the term geometrical isomerism.

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

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

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

  .......................................................................................................................................  [2]
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[4]
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 (d)  B does not show geometrical isomerism.

  B reacts with HBr to form a mixture of two structural isomers, X and Y.

B  +  HBr

X (has a chiral centre and is produced in higher yield than Y)

Y (does not have a chiral centre)

 (i)  State the meaning of the term chiral centre.

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

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

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

  .......................................................................................................................................  [1]

 (ii)  Name B.

  .......................................................................................................................................  [1]

 (iii)  X exists as a pair of optical isomers.

  Draw these isomers using the conventional three-dimensional representation.

[2]

 (iv)  Explain why X is produced in higher yield than Y.

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

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

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

  .......................................................................................................................................  [2]
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 (e)  C does not show geometrical isomerism.

  C reacts with HBr to form a mixture of two structural isomers, neither of which has a chiral 
centre.

 (i)  Name C.

  .......................................................................................................................................  [1]

 (ii)  Draw the displayed formula of each of the structural isomers produced by the reaction of 
C with HBr.

[2]

[Total: 17]
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 (d)  The product of reaction 2, but-1-ene, does not show stereoisomerism. However, but-1-ene 
reacts with HCl to form a mixture of structural isomers X and Y.

but-1-ene  +  HCl

X (exists as a pair of stereoisomers and
 is produced in higher yield than Y)

Y (does not show stereoisomerism)

 (i)  Explain the meaning of the term stereoisomers.

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

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

  .......................................................................................................................................  [2]

 (ii)  Give two reasons why but-1-ene does not show stereoisomerism.

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

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

  .......................................................................................................................................  [2]

 (iii)  Name X and Y.

 X  .........................................................................................................................................

 Y  .........................................................................................................................................
[2]

 (iv)  Name the type of stereoisomerism shown by X.

  .......................................................................................................................................  [1]

 (v)  Use the conventional representation to draw the two stereoisomers of X.

[2]

[Total:	24]
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 (c)  CHCl F2	is	also	used	to	produce	the	monomer	tetrafluoroethene,	C2F4.

	 	This	monomer	can	be	used	to	produce	poly(tetrafluoroethene),	PTFE.

 (i)	 	State	the	type	of	polymerisation	that	occurs	during	the	production	of	PTFE.

  .......................................................................................................................................  [1]

 (ii)	 	Draw	the	repeat	unit	of	PTFE.

 [1]

 (iii)	 	Suggest	why	PTFE	is	used	as	a	coating	for	cooking	pans.

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

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

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

  .......................................................................................................................................  [1]

 (iv)  Waste disposal can cause litter problems.

  State two other	difficulties	associated	with	the	disposal	of	PTFE.

 1  ..........................................................................................................................................

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

 2  ..........................................................................................................................................

  .............................................................................................................................................
 [2]

 [Total: 17]

8

9701/21/O/N/18© UCLES 2018

 (c)  CHCl F2	is	also	used	to	produce	the	monomer	tetrafluoroethene,	C2F4.

	 	This	monomer	can	be	used	to	produce	poly(tetrafluoroethene),	PTFE.

 (i)	 	State	the	type	of	polymerisation	that	occurs	during	the	production	of	PTFE.

  .......................................................................................................................................  [1]

 (ii)	 	Draw	the	repeat	unit	of	PTFE.

 [1]

 (iii)	 	Suggest	why	PTFE	is	used	as	a	coating	for	cooking	pans.

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

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

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

  .......................................................................................................................................  [1]

 (iv)  Waste disposal can cause litter problems.

  State two other	difficulties	associated	with	the	disposal	of	PTFE.

 1  ..........................................................................................................................................

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

 2  ..........................................................................................................................................

  .............................................................................................................................................
 [2]

 [Total: 17]

 

7

9701/21/O/N/18© UCLES 2018 [Turn over

 (iii)  The reaction in (ii) is carried out using a heterogeneous catalyst.

  Explain fully the meaning of the terms heterogeneous and catalyst.

 heterogeneous  ....................................................................................................................

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

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

 catalyst  ...............................................................................................................................

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

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

  .............................................................................................................................................
 [3]

 (b)  CHCl F2	was	used	as	an	alternative	to	chlorofluorocarbons	(CFCs).	CHCl F2 should no longer 
be used because it was found to contribute to the enhanced greenhouse effect.

 (i)  Give the meaning of the term enhanced greenhouse effect.

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

  .......................................................................................................................................  [1]

 (ii)  Explain how CHCl F2(g) may contribute to this effect.

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

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

  .......................................................................................................................................  [2]

 (iii)  Suggest another environmental problem associated with the use of CHCl F2.

  .......................................................................................................................................  [1]
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 (c)  CHCl F2	is	also	used	to	produce	the	monomer	tetrafluoroethene,	C2F4.

	 	This	monomer	can	be	used	to	produce	poly(tetrafluoroethene),	PTFE.

 (i)	 	State	the	type	of	polymerisation	that	occurs	during	the	production	of	PTFE.

  .......................................................................................................................................  [1]

 (ii)	 	Draw	the	repeat	unit	of	PTFE.

 [1]

 (iii)	 	Suggest	why	PTFE	is	used	as	a	coating	for	cooking	pans.

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

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

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

  .......................................................................................................................................  [1]

 (iv)  Waste disposal can cause litter problems.

  State two other	difficulties	associated	with	the	disposal	of	PTFE.

 1  ..........................................................................................................................................

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

 2  ..........................................................................................................................................

  .............................................................................................................................................
 [2]

 [Total: 17]
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4	 	The	diagram	shows	a	reaction	sequence	starting	from	ethanal.

C P

ethanal

H3 C
H3 C

CO2 H

CO2 H

OH

C C
C

RQ

H

H
H

O

C

S

H3 C

O

H

CO2 H
HCN and NaCN

reaction 1
H2 SO4 (aq)
reaction 2 reaction 3

reaction 4

H

 (a) (i)  Draw the displayed formula of P.

 [1]

 (ii)	 	Name	the	type	of	chemical	reaction	that	occurs	in	reaction	3.

  .......................................................................................................................................  [1]

 (iii)  Write an equation to represent reaction 4.

	 	Use	[O]	to	represent	the	oxidising	agent.

  .......................................................................................................................................  [1]

 (iv)	 	State	the	reagents	and	conditions	for	reaction	4.

  .......................................................................................................................................  [1]
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4	 	The	diagram	shows	a	reaction	sequence	starting	from	ethanal.

C P

ethanal

H3 C
H3 C

CO2 H

CO2 H

OH

C C
C

RQ

H

H
H

O

C

S

H3 C

O

H

CO2 H
HCN and NaCN

reaction 1
H2 SO4 (aq)
reaction 2 reaction 3

reaction 4

H

 (a) (i)  Draw the displayed formula of P.

 [1]

 (ii)	 	Name	the	type	of	chemical	reaction	that	occurs	in	reaction	3.

  .......................................................................................................................................  [1]

 (iii)  Write an equation to represent reaction 4.

	 	Use	[O]	to	represent	the	oxidising	agent.

  .......................................................................................................................................  [1]

 (iv)	 	State	the	reagents	and	conditions	for	reaction	4.

  .......................................................................................................................................  [1]

12

9701/22/O/N/18© UCLES 2018

 (d)  Compound Z,	H2C=CHCH3,	is	produced	from	R.

  Z	can	be	used	in	a	two-step	process	to	produce	2-aminopropane.

 (i)	 	In	 the	 first	 step,	Z	 reacts	with	HBr	 to	 form	 two	 products.	The	 structure	 of	 the	 product	
depends	on	which	intermediate	is	formed,	intermediate	I or intermediate II.

intermediate I

CH3

C
H3C

H

+

intermediate II

CH3C

H

H H

H

C+

	 	Explain	why	intermediate	I	is	more	likely	to	form	than	intermediate	II.

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

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

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

  .......................................................................................................................................  [2]

 (ii)  When intermediate I	forms,	the	product	of	the	first	step	is	T.

	 	Complete	the	diagram	to	show	the	mechanism	for	the	conversion	of	Z to T.
	 	Include	all	relevant	charges,	partial	charges,	curly	arrows	and	lone	pairs.

C
CH

H
H

Br

H

CH3 CH3

C
H3C

H

+ H3C

Br

H

C

TZ

CH3

 [3]

 (iii)  T	can	then	be	converted	to	2-aminopropane.

NH3

ethanol
H3C

Br

H

C

T

CH3 H3C

NH2

H

C

2-aminopropane

CH3

  Name the mechanism for this conversion.

  .......................................................................................................................................  [1]
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

� 
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21 Camphor is used for medical purposes, the diagram shows its structure.

How many chiral centres are present in one molecule of camphor?

A 0           B 1           C 2           D 3

22 Chloroethane is used as a starting material for the production of ‘time-release capsules’ in
pharmaceutical products. One way of preparing chloroethane is to react chlorine and ethane in
the presence of ultraviolet light.

Which statement is correct about the first stage of the mechanism of this reaction?

A The Cl – Cl bond is split homolytically.

B The Cl – Cl bond is split heterolytically.

C The C – H bond is split homolytically.

D The C – H bond is split heterolytically.

23 Chloroethene, CH2=CHCl, is the monomer of pvc. 

What are the C–C–C bond angles along the polymeric chain in pvc?

A They are all 109 °.

B Half are 109 ° and half are 120 °.

C They are all 120 °.

D They are all 180 °.

CH3

C
CCH2 O

CH2CH2

C CH3CH3

C

H

�  
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20 Which set of alcohols correctly shows a primary, a secondary and a tertiary alcohol? 

21 What is the total number of different chloroethanes (formula C2 H6-nCln, where n can be any
integer from 1 to 6)?

A 6           B 8           C 9           D 10

22 Polymerisation of chloroethene gives pvc.

How does the carbon-carbon bond in pvc compare with that in chloroethene?

A longer stronger

B longer weaker

C shorter stronger

D shorter weaker

CH2 OH

CH3

CH2

CH2 OH

CH3

CH3 C H

CH2 OH

H

CH3 C H

H

H

CH3 C OH

primary

CH2 OH

CH3

CHOH

CH3

CH3

CH3 C OH

CH2 OH

H

CH3 C CH2 OH

CH3

H

CH3 C OH

secondary

CH2 OH

CH2 OH

CHOH

CH3

CH2 OH

CH3 C H

CH2 OH

CH2 OH

CH3 C CH2 OH

CH3

CH3

CH3 C OH

tertiary

B

C

D

A
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21 Hydrogen bromide reacts with ethene to form bromoethane.

What is the best description of the organic intermediate in this reaction?

A It contains carbon, hydrogen and bromine.

B It has a negative charge.

C It is an electrophile.

D It is a free radical.

22 On strong heating a hydrocarbon produces ethene, propane and but-1-ene in the mole ratio
5 : 1 : 1.

What is the molecular formula of the hydrocarbon?

A C17H34 B C17H36 C C19H38 D C19H40

23 1,2-Dibromo-3-chloropropane (DBCP) has been used in the control of earthworms in agricultural
land.

What would be the best synthesis of this compound?

A CH3CH2CH2Cl + 2Br2 → DBCP + 2HBr

B CH3CHBrCH2Br + Cl2 → DBCP + HCl

C CH2=CHCH2Cl + Br2 → DBCP

D ClCH2CH=CH2 + PBr5 → DBCP + PBr3

24 Each of the following compounds is effective as a refrigerant.

The release of which one of these causes the greatest depletion of the ozone layer?

A CCl2F2 B CH3OCH3 C CH3CHF2 D CH3CH2CH3

25 1,1-Dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.

NaOH(aq)
CH3CH2CHCl2 ⎯⎯⎯⎯→ CH3CH2CHO

What is the mechanism of the first step of this reaction?

A electrophilic substitution

B elimination

C nucleophilic substitution

D oxidation

� 
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25 Which reaction is not an electrophilic addition?

A CH2 =CH2 +  HI ⎯→ CH3 CH2 I

B CH3 CH=CH2 +  Br2 ⎯→ CH3 CHBrCH2 Br

C CH3 CH=CH2 +  H2 O ⎯⎯⎯→ CH3 CH(OH)CH3

D CH3 CHO  +  HCN ⎯→ CH3 CH(OH)CN

26 The reaction scheme outlines the production of one of the monomers of nylon 66 from 
compound X.

compound X NCCH2 CH2 CH2 CH2 CN  H2 N(CH2 )6NH2

Which compound could be X?

A BrCH2 CH2 CH2 CH2 Br

B CH2 =CHCH=CH2

C HOCH2 CH2 CH2 CH2 OH

D HO2 CCH2 CH2 CH2 CH2 CO2 H

27 Chlorofluoroalkanes, commonly known as CFCs, undergo homolytic fission by ultraviolet
irradiation in the stratosphere.

Which radical could result from this irradiation of CHFClCF2 Cl ?

A CHFClC
·
FCl

B C
·
HClCF2 Cl

C C
·
HFCF2 Cl

D C
·
FClCF2 Cl

28 In its reaction with sodium, 1 mol of a compound X gives 1 mol of H2 (g).

Which compound might X be?

A CH3 CH2 CH2 CH2 OH

B (CH3 )3 COH

C CH3 CH2 CH2 CO2 H

D CH3 CH(OH)CO2 H

reductionKCN

in ethanol

conc H2 SO4

�  
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23 The complete combustion of alkanes to produce carbon dioxide and water is an important
exothermic reaction.

Which line on the graph shows the relationship between the number of carbon atoms in the alkane
and the number of moles of oxygen gas needed for complete combustion of the alkane?

24 Cyclohexa-1,4–diene is treated with a solution of bromine in tetrachloromethane.

Which product is formed?

Br

A

Br

Br

Br

B

Br

Br

Br

Br

Br

C

Br

D

BrBr

BrBr

cyclohexa-1,4-diene

1

number of
moles of
oxygen gas

number of carbon atoms in alkane

A

B

C

D
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26 A possible mechanism of the hydrolysis of 2-chloro-2-methylpropane is shown.

CH3

C Cl

CH3

CH3

CH3

C Cl

CH3

CH3 +

CH3

C

CH3

CH3

CH3

C

CH3

CH3

slow

fast
OH+ OH+

+
_

_

Which diagram represents the reaction profile for this mechanism?

reaction path

e
n

e
rg

y

reaction path

e
n

e
rg

y

reaction path

e
n

e
rg

y

reaction path

e
n

e
rg

y

A B C D

27 Ethene reacts with aqueous bromine to give two products, CH2BrCH2Br and CH2BrCH2OH.

Which statement is correct for these products?

A Both products are obtained in this reaction by electrophilic substitution.

B Both products are obtained in this reaction by nucleophilic addition.

C Both products can be hydrolysed to form the same diol.

D Both products can form hydrogen bonds with water.

� 
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22 When bromine reacts with propene in an organic solvent at room temperature, what is the 

mechanism by which the bromine attacks the propene? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 

 

 

23 Dichlorodifluoromethane, CCl2F2, has been used in aerosol propellants and as a refrigerant. 

 

Which statement helps to explain why dichlorodifluoromethane is chemically inert? 

A The carbon-fluorine bond energy is large. 

B The carbon-fluorine bond has a low polarity. 

C Fluorine is highly electronegative. 

D Fluorine compounds are non-flammable. 

 

 

24 Under identical conditions, even though it proceeds by the same mechanism, reaction 1 is faster 

than reaction 2. 

 

reaction 1  CH3CHBrCH3 + NaCN → CH3CH(CN)CH3 + NaBr 

reaction 2  CH3CHBrCH3 + NaI → CH3CHICH3 + NaBr 

 

What factor will explain this result? 

A The C I bond is a stronger bond than the C  Br bond. 

B The C N bond is a stronger bond than the C I bond. 

C The cyanide ion is a stronger nucleophile than the iodide ion. 

D The cyanide ion is a weaker nucleophile than the iodide ion. 
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23 Which compound could not be obtained from cracking a sample of nonane, CH3 (CH2)7CH3 ?

A CH3CH=CHCH=CHCH2CH2CH2CH3

B CH3CH2CH2CH2CH3

C CH3CH2CH2CH2CH2CH=CH2

D (CH3CH2CH2)3CH

24 In which way are ethene and propane similar?

CH2=CH2 CH3CH2CH3

ethene propane

A They are both obtained by the dehydration of alcohols.

B They are both neutral to an indicator solution.

C They can both be hydrogenated using a suitable catalyst.

D They can both undergo polymerisation under suitable conditions.

25 Which reaction in the catalytic converter does not remove hazardous and polluting gases from

the exhaust fumes of a motor car?

gases going in:
carbon monoxide,

hydrocarbons
and oxides of

nitrogen

surfaces coated
with platinum and
rhodium catalyst

gases going out

These equations are qualitative and unbalanced.

[HC = unburnt hydrocarbons; NOx = oxides of nitrogen]

A HC + NOx ! H2O + CO + N2

B CO + NOx ! CO2  + N2

C HC + NOx ! H2O + CO2 + N2

D CO + O2 ! CO2

� 
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27  Use of the Data Booklet is relevant to this question. 

 

 Which of the bonds in the structure below has the lowest bond energy? 

 

A

H

H

H

C C

C

H

F

Cl
B

D

 

 

 

28  Which isomer of C5H11OH gives, on dehydration, the greatest number of different alkenes? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29  The solvent methylisobutylketone, MIBK, can be made from propanone. 

 

C

H

O

C

C

H

H

H
H

C

H

H

C C

H

H

H

H H

 

 

 Which reagent could distinguish this compound from an aldehyde? 

A Br2(aq) 

B 2,4-dinitrophenylhydrazine 

C NaBH4 

D Tollens’ reagent 

 

 

CH
3

OHCH
2

CH

CH
3

CH
2

CH
3

OH

CH
2

CH CH
3

CH
2

CH
3

OH

CH
2

CH CH
3CH

2

CH
3

OHCH
2

CH

CH
3

CH 2

A

B

C

D
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17 The following report appeared in a newspaper. 

 

   Drums of bromine broke open after a vehicle crash on the motorway. Traffic was diverted as 

purple gaseous bromine drifted over the road (it is denser than air), causing irritation to 

drivers’ eyes. Firemen sprayed water over the scene of the accident, dissolving the bromine 

and washing it away. 

What is wrong with the report? 

A Bromine does not dissolve in water. 

B Bromine does not vapourise readily. 

C Bromine is less dense than air. 

D Bromine is not purple. 

 

 

18 Which reaction of ammonia does not involve the non-bonding pair of electrons on the nitrogen 

atom? 

 A NH3(g) + CH3I(g) → CH3NH
+

3
I –(s) 

 B NH3(g) + HCl (g) → NH4Cl (s) 

 C 2NH3(l) + 2Na(s) → 2NaNH2(s) + H2(g) 

 D 2NH3(aq) + Ag
+

(aq) → [Ag(NH3)2]
+

(aq) 

 

 

19 Ammonium sulphate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing 

sulphuric acid, nitric acid and water. 

 

 How many moles of oxygen are needed to oxidise completely one mole of ammonium sulphate? 

 A 1 B 2 C 3 D 4 

 

 

20 What can behave as an electrophilic reagent? 

A Br2 

B Na 

C NH3 

D CN – 
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28 Which reagent could be used to distinguish between 

 

CH3CH(OH)CH2CHO and CH3COCH2CH2OH ? 

A acidified potassium dichromate(VI) 

B dilute sulphuric acid 

C 2,4–dinitrophenylhydrazine 

D Fehling’s reagent 

 

 

29 Ibuprofen is an anti-inflammatory drug. 

 

(CH3 )2 CHCH2 CH(CH3 )CO2 H

ibuprofen
 

 

What reaction would lead to its formation? 

 

 

(CH3 )2 CHCH2

CH3

CH2

CH2

A C

(CH3 )2 CHCH2B CH(CH3 )CHO

(CH3 )2 CHCH2C CH(CH3 )COCH3

CH2 =C(CH3 )CH2

+  hot concentrated KMnO4

+  warm acidified K2 Cr2 O7

+  warm H2 SO4 (aq)

+  H2  / Pt catalystD CCOCH3

 

 

 

30 In many countries plastic waste is collected separately and sorted. Some of this is incinerated to 

provide heat for power stations. 

 

Why is pvc, polyvinylchloride, removed from any waste that is to be incinerated? 

A It can be melted down and re-used. 

B Its combustion products are harmful. 

C It destroys the ozone layer. 

D It does not burn easily. 
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23 Which alkene could exist in cis and trans forms? 

 

CH3CH2CH    CHCH3

CH3CH2C    CH2

A

B

C

D

CH3CH2CH2CH    CH2

CH3

CH3

CH3CH    CCH3

 

 

 

24 When gaseous chemicals are transported by road or by rail they are classified as follows. 

 

flammable non-flammable poisonous 

 

Which gas is non-flammable? 

A butane 

B hydrogen 

C oxygen 

D propene 

 

 

25 Which equation or statement describes what happens when poly(propene) is burned in an excess 

of air? 

A (C3H6)n + 1
2

1

nO2 → 3nC + 3nH2O 

B (C3H6)n + 4
2

1

nO2 → 3nCO2 + 3nH2O 

C (C3H6)n + 6nO2 → 3nCO2 + 3nH2O 

D Poly(propene) does not burn. 

 

 

26 When (chloromethyl)benzene, C6H5CH2Cl, is treated in succession with two reagents X and Y, it 

gives phenylethanoic acid, C6H5CH2CO2H. 

 

What are reagents X and Y? 

 

 X Y 

A NaOH(aq) K2Cr2O7(aq) 

B Cl2(aq) NaOH(aq) 

C NaCN (in aqueous ethanol) dilute H2SO4 

D NaOH(aq) CO2 
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24  Compound X on reaction with hot concentrated sulphuric acid gave a mixture of three alkenes. 

 

What could X be? 

A butan-2-ol 

B propan-2-ol 

C 2-methylbutan-2-ol 

D 2-methylpropan-2-ol 

 

 

25  Compounds X, Y and Z all react with PCl5 to release hydrogen chloride, but only one of them 

reacts with 2,4-dinitrophenylhydrazine reagent. 

 

Which one of the following combinations could be X, Y and Z ? 
 

 

CH2OH

CH2OH

CH2OH CH2OH

CH2OH

CH2OH

CH2OH

CH2OH

CHO

CHO

CHO

CHO

CHO

CO2H

CO2H

CO2H

CO2H

CO2H

CHO

CO2H

CHO

CO2HCO2H

CO2H

X Y Z

A

B

C

D

 

 

 

26 In 1903 Arthur Lapworth became the first chemist to investigate a reaction mechanism. The 

reaction he investigated was that of hydrogen cyanide with propanone.  

 

What do we now call the mechanism of this reaction? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 
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20 What is the number of isomers of C2H2Cl2 including cis-trans isomers? 

A 2 B 3 C 4 D 5 

 

 

21 Which hydrocarbon, on treatment with hot acidified potassium manganate(VII), would give 

ethanoic acid only? 

 

 

CH3CH CH2

CHCH3

CHCH3

A

B

C

CH3CH

CH3

CH3

C

CH3 CH3

CH3CH3

C CD

 

 

 

22 In the upper atmosphere chlorofluoroalkanes (CFCs) are broken down to give chlorine radicals 

but not fluorine radicals. 

 

What is the best explanation for this? 

A Fluorine is more electronegative than chlorine. 

B Fluorine radicals are less stable than chlorine radicals. 

C The C–F bond is stronger than the C–Cl bond. 

D The chlorine atom is larger than the fluorine atom. 

 

 

23 An amine is produced in the following reaction. 

 

C2H5I + 2NH3 → C2H5NH2 + NH4I 

 

What is the mechanism? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 
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21 Trichloroethene is widely used as a dry-cleaning agent. 

 

C

C

H

C

C C

 

 

With which of the following does trichloroethene react to give a chiral product? 

A Br
2
 B HCl C NaCN(aq) D NaOH(aq) 

 

 

22 Chloroethene, CH
2
=CHCl, is the monomer of PVC. 

 

What are the C−C−C bond angles along the polymeric chain in PVC? 

A They are all 109.5°. 

B Half are 109.5° and half are 120°. 

C They are all 120°. 

D They are all 180°. 

 

 

23 Which hydrocarbon would not be collected in the inverted tube by heating pentane, 

CH
3
(CH

2
)
3
CH

3
, in the apparatus shown? 

 

water

pentane on
mineral fibre

aluminium
oxide

very strong
heat

hydrocarbons

 

 

A CH
4
 

B CH
3
CH

3
 

C CH
3
CH

2
CH=CH

2
 

D CH
3
(CH

2
)
8
CH

3
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22 Which reaction occurs when ethane and chlorine are mixed in diffused sunlight? 

A a free-radical substitution with hydrogen given off 

B a free-radical substitution with hydrogen chloride given off 

C a free-radical substitution with no gas given off 

D a nucleophilic substitution with hydrogen chloride given off 

 

 

23  Limonene is an oil formed in the peel of citrus fruits. 

 

C
CH2CH3

CH3

limonene  

 

Which product is formed when molecular bromine reacts with limonene at room temperature in 

the dark? 

 

C
CH2CH3

CH3

A

Br
C

CH2CH3

CH3

B

Br
Br

C CH2Br

CH3

CH3

C

Br

CH2BrCH3

Br

C

CH3

D

Br
Br

 

 

 

24  The anaesthetic halothane, CF3CHBrCl, is made industrially as shown below. 

 

CCl2=CHCl CF3CH2Cl CF3CHBrCl
HF

stage 1

Br2

stage 2
 

 

Which type of reaction is occurring in stage 2? 

A electrophilic addition 

B electrophilic substitution 

C free radical substitution 

D nucleophilic addition 
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20 Under the Montreal Protocol, the manufacture of chlorofluorocarbons has been phased out, and 

they are being replaced by fluorocarbons.  

 

One chlorofluorocarbon which was widely used as a solvent is CCl2FCCl F2. Large stocks of it 

remain. One process to use up these stocks is to convert it into the fluorocarbon CH2FCF3 by the 

following route. 

 

CCl2FCCl F2 CCl3CF3 CCl2FCF3 CH2FCF3

step 1 step 2 step 3
 

 

What type of reaction is step 2? 

A electrophilic substitution 

B free radical reduction 

C isomerisation 

D nucleophilic substitution 

 

 

21 Which reagent could be used to convert CH3CO2CH3 into ClCH2CO2CH3? 

A concentrated hydrochloric acid at 100 °C 

B phosphorus pentachloride at room temperature 

C sulphur dichloride oxide (thionyl chloride, SOCl2) at 50 °C 

D chlorine in bright sunlight at 100 °C 
 

 

22 In which reaction is a carbocation (carbonium ion) an intermediate? 

 

A CH2=CH2 + Br2 CH2BrCH2Br

B CH3CH2Br + NaOH CH3CH2OH + NaBr

C CH3CH3 + Cl2 CH3CH2Cl + HCl

D CH3CHO + HCN CH3CH(OH)CN
CN–

 

 

 

23 The compound 1,2-dichloroethene, C2H2Cl 2, has been used as an industrial solvent for a number 
of compounds including fats, camphor and caffeine. 

 

Which statement about this compound is incorrect? 

A The compound can be catalytically hydrogenated. 

B The compound is a planar molecule. 

C The compound shows cis-trans isomerism. 

D The compound shows optical isomerism. 
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20 Under the Montreal Protocol, the manufacture of chlorofluorocarbons has been phased out, and 

they are being replaced by fluorocarbons.  

 

One chlorofluorocarbon which was widely used as a solvent is CCl2FCCl F2. Large stocks of it 

remain. One process to use up these stocks is to convert it into the fluorocarbon CH2FCF3 by the 

following route. 

 

CCl2FCCl F2 CCl3CF3 CCl2FCF3 CH2FCF3

step 1 step 2 step 3
 

 

What type of reaction is step 2? 

A electrophilic substitution 

B free radical reduction 

C isomerisation 

D nucleophilic substitution 

 

 

21 Which reagent could be used to convert CH3CO2CH3 into ClCH2CO2CH3? 

A concentrated hydrochloric acid at 100 °C 

B phosphorus pentachloride at room temperature 

C sulphur dichloride oxide (thionyl chloride, SOCl2) at 50 °C 

D chlorine in bright sunlight at 100 °C 
 

 

22 In which reaction is a carbocation (carbonium ion) an intermediate? 

 

A CH2=CH2 + Br2 CH2BrCH2Br

B CH3CH2Br + NaOH CH3CH2OH + NaBr

C CH3CH3 + Cl2 CH3CH2Cl + HCl

D CH3CHO + HCN CH3CH(OH)CN
CN–

 

 

 

23 The compound 1,2-dichloroethene, C2H2Cl 2, has been used as an industrial solvent for a number 
of compounds including fats, camphor and caffeine. 

 

Which statement about this compound is incorrect? 

A The compound can be catalytically hydrogenated. 

B The compound is a planar molecule. 

C The compound shows cis-trans isomerism. 

D The compound shows optical isomerism. 
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21 The presence of 11-cis retinal, C20H28O, in cells in the eye is important for vision. 

 

The structure of retinal includes an aldehyde group, a cyclohexene ring and a long aliphatic side 

chain, in which a carbon-carbon double bond exists between carbons numbered 11 and 12. 

 

Which pair of statements about 11-cis retinal could be correct? 

 

A 5

total number of
>C=C< double bonds

arrangement around
the adjacent carbons

11 and 12

C C
R1 R2

H H

B 5 C C
R1

R2H

H

C 6 C C
R1 R2

H H

D 6 C C
R1

R2H

H

 

 

 

22 What is the least number of carbon atoms in a non-cyclic alkane molecule that has a chiral 

centre? 

A 7 B 8 C 9 D 10 

 

 

23  The following diagram represents the structure of a possible polymer. 

 

C

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H

C

OH

H
 

 

By which method might this polymer be made? 

A polymerise ethene followed by hydration 

B polymerise ethene followed by oxidation with cold acidified KMnO4 

C polymerise 1,2-dichloroethene followed by hydrolysis 

D polymerise 1,2-dichloroethene followed by oxidation with cold acidified KMnO4 
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29 2-Methylbuta-1,3-diene, CH2=C(CH3)–CH=CH2, is used as a monomer in the manufacture of 

synthetic rubbers. 

 

Which compound would not produce this monomer on treatment with concentrated sulfuric acid 

at 170 °C?  

A (CH3)2C(OH)CH(OH)CH3 

B HOCH2CH(CH3)CH2CH2OH 

C HOCH2CH(CH3)CH(OH)CH3 

D HOCH2C(CH3)(OH)CH2CH3 

 

 

30 A compound Y has the following properties. 

 

• It is a liquid at room temperature and atmospheric pressure. 

• It does not mix completely with water. 

• It does not decolourise acidified potassium manganate(VII). 

 

What could Y be? 

A ethane 

B ethanoic acid 

C ethanol 

D ethyl ethanoate 
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25  Which reaction would not give propene as one product? 

A adding an excess of concentrated sulfuric acid to propan-1-ol 

B adding warm aqueous sodium hydroxide to 2-bromopropane 

C adding warm ethanolic sodium hydroxide to 1-bromopropane 

D passing propan-2-ol vapour over heated aluminium oxide 

 

 

26  Glycol, used in anti-freeze, has the formula HOCH2CH2OH. It can be oxidised to give a number of 

products. 

 

What is the molecular formula of an oxidation product of glycol that will not react with sodium? 

A C2H2O2 B C2H2O3 C C2H2O4 D C2H4O2 

 

 

27  Which ester is formed when the alcohol CH3CH2OH is reacted with CH3CH2CH2CO2H? 

A ethyl propanoate 

B ethyl butanoate 

C propyl ethanoate 

D butyl ethanoate 

 

 

28  Carvone gives the characteristic flavour to caraway and spearmint. 

 

O
CH3

CH2

H3C
C

carvone
 

 

Prolonged heating of carvone with hot concentrated acidified potassium manganate(VII) 

produces carbon dioxide and a compound X.  

 

X contains nine carbon atoms and reacts with 2,4-dinitrophenylhydrazine reagent. 

 

What is the maximum number of molecules of 2,4-dinitrophenylhydrazine that will react with one 

molecule of X? 

A 1 B 2 C 3 D 4 
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26  In many countries plastic waste is collected separately and sorted. Some of this is incinerated to 

provide heat for power stations. 

 

Why is pvc, polyvinylchloride, removed from any waste that is to be incinerated? 

A It destroys the ozone layer. 

B It does not burn easily. 

C It is easily biodegradable. 

D Its combustion products are harmful. 

 

 

27  Polymerisation of 1,1-dichloroethene produces a dense, high melting point substance that does 

not allow gases to pass through. It is used as cling wrapping. 

 

Which sequence appears in a short length of the polymer chain? 

[ CH2CCl2CH2CCl2CH2CCl2 ]

[ CHClCHClCHClCHClCHClCHCl ]

[ CCl2CCl2CCl2CCl2CCl2CCl2 ]

[ CH2CCl2CHClCHClCH2CCl2 ]

A 

B 

C 

D 
 

 

 

28  When an isomer Y of molecular formula C4H9Br undergoes hydrolysis in aqueous alkali to form 
an alcohol C4H9OH, the rate of reaction is found to be unaffected by changes in the concentration 
of OH

–
 ions present. 

 

Which is the most likely molecular structure of Y? 

A CH3CH2CH2CH2Br 
B CH3CH2CHBrCH3 

C (CH3)2CHCH2Br 

D (CH3)3CBr 
 

 

29 Which isomer of C4H10O forms three alkenes on dehydration? 

A butan-1-ol 

B butan-2-ol 

C 2-methylpropan-1-ol 

D 2-methylpropan-2-ol 
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19 Concentrated sulfuric acid reacts with both solid sodium chloride at room temperature and with 

solid sodium iodide at room temperature. 

 

Which row correctly describes how concentrated sulfuric acid behaves in each of these 

reactions? 

 

 with sodium chloride with sodium iodide 

A as an oxidising agent only as an oxidising agent only 

B as a strong acid and as an oxidising agent as a strong acid only 

C as a strong acid only as a strong acid and as an oxidising agent 

D as a strong acid only as a strong acid only 

 

 

20 How many structural isomers are there of trichloropropane, C3H5Cl 3? 

A 3 B 4 C 5 D 6 

 

 

21 Nine compounds have molecular formula C4H8Br2. 

 

Which compound may be synthesised from an alkene by an addition reaction? 

A 1,1-dibromobutane 

B 1,2-dibromobutane 

C 1,3-dibromobutane 

D 1,3-dibromomethylpropane 

 

 

22 When ethanal, CH3CHO, reacts with HCN and the organic product is hydrolysed by aqueous 

acid, organic compound Y is formed. 

 

When propanal, C2H5CHO, is heated under reflux with acidified potassium dichromate(VI), 

organic compound Z is formed. 

 

What is the difference in relative molecular mass of compounds Y and Z? 

A 12 B 14 C 16 D 17 

 

 

23 Which sequence of reagents may be used in the laboratory to convert propan-1-ol into 

2-bromopropane? 

A concentrated sulfuric acid, followed by bromine 

B concentrated sulfuric acid, followed by hydrogen bromide 

C ethanolic sodium hydroxide, followed by bromine 

D ethanolic sodium hydroxide, followed by hydrogen bromide 
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24 Which alcohol gives only one possible oxidation product when warmed with dilute acidified 

potassium dichromate(VI)? 

A butan-1-ol 

B butan-2-ol 

C 2-methylpropan-1-ol 

D 2-methylpropan-2-ol 

 

 

25 Limonene is an oil formed in the peel of citrus fruits. 

 

C
CH2CH3

CH3

limonene  

 

Which product is formed when an excess of bromine, Br2(l), reacts with limonene at room 

temperature in the dark? 

 

C
CH2CH3

CH3

A

Br
C

CH2CH3

CH3

B

Br
Br

C CH2Br

CH3

CH3

C

Br

CH2BrCH3

Br

C

CH3

D

Br
Br
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17  Which statement describes the halogens chlorine, bromine and iodine? 

A Their bond energies decrease with increasing proton number. 

B Their first ionisation energies increase with increasing proton number. 

C They are all coloured gases at room temperature. 

D They are all good reducing agents. 

 

 

18  Sulfur dioxide is used to bleach wood pulp in the production of paper. It is also used as an 

additive in the production of jam and marmalade, often in the form of sulfite compounds. When it 

is present in quantities greater than 10  mg / kg it is required to be listed as an ingredient of the 
jam. 

 

Why is sulfur dioxide added to jam? 

A It is a bleaching agent and removes the undesirable colours from the fruit used in the jam. 

B It is a preservative that destroys unwanted bacteria and enzymes. 

C It is a reducing agent and removes the acids that give the jam a sharp taste. 

D It is an acidic gas and maintains the pH of the jam at a suitable value to give it a sharp taste. 

 

 

19   Which property of beryllium and its compounds is typical of the elements below it in Group II? 

 

A Be does not react with hot water. 

B BeCl2 is covalent. 

C Be(NO3)2 produces BeO on thermal decomposition. 

D BeO dissolves in alkalis. 

 

 

20  One of the characteristics of addition polymerisation is that the empirical formulae of the polymer 

and of its monomer are the same. The absorbent material in babies’ disposable nappies is made 

from the addition polymer shown. 

 

CH2

CO2 H

CH 

CH2

CH 

CH2

CH 

CO2 H CO2 H
 

 

From which monomer could this addition polymer be obtained? 

A CH3CH(OH)CO2H 

B HOCH2CH2CO2H 

C H2C=CHCO2H 

D HO2CCH=CHCO2H 
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24 Which sequence of reagents may be used in the laboratory to convert propan-1-ol into 

2-bromopropane? 

A concentrated sulfuric acid, followed by bromine 

B concentrated sulfuric acid, followed by hydrogen bromide 

C ethanolic sodium hydroxide, followed by bromine 

D ethanolic sodium hydroxide, followed by hydrogen bromide 

 

 

25 A carbanion is an organic ion in which a carbon atom has a negative charge. A carbocation is an 

organic ion in which a carbon atom has a positive charge. 

 

What is involved in the mechanism of the reaction between aqueous sodium hydroxide and 

2-bromo-2-methylbutane? 

A heterolytic bond fission followed by an attack by an electrophile on a carbanion 

B heterolytic bond fission followed by an attack by a nucleophile on a carbocation 

C homolytic bond fission followed by an attack by an electrophile on a carbanion 

D homolytic bond fission followed by an attack by a nucleophile on a carbocation 

 

 

26 Which compound gives an organic product with a lower boiling point when it is heated under 

reflux with an excess of acidified potassium dichromate(VI)? 

A 2-methylbutan-1-ol 

B 2-methylbutan-2-ol 

C pentan-1-ol 

D pentan-2-ol 

 

 

27 Use of the Data Booklet is relevant to this question. 

 

Which volume of oxygen, at room temperature and pressure, is needed for complete combustion 

of 0.1 mol of ethanol? 

A 7.2 dm
3

 B 8.4 dm
3

 C 14.4 dm
3

 D 16.8 dm
3
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24 The diagram shows the structure of the naturally-occurring molecule cholesterol. 

 

HO
H H

H
CH3

CH3

H3C

H

cholesterol
 

 

Student X claimed that the seventeen carbon atoms in the four rings all lie in the same plane. 

 

Student Y claimed that this molecule displays cis-trans isomerism at the C=C double bond. 

 

Which of the students are correct? 

A both X and Y 

B neither X nor Y 

C X only 

D Y only 

 

 

25  Which isomer of C6H13OH gives the greatest number of different alkenes when it is dehydrated? 

 

A B

C D

CH3

CH3

CH3

CH CH CH2OH CH3 CH3CH2

OH

CH2 CH

CH3

CH3

OH

CH2 C CH2 CH3 CH3 CH2OH

CH3

CH3

C CH2

CH2
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27 Part of the structure of strobilurin, a fungicide, is shown. R and R' are inert groups. 

 

R
R'

O OCH3

 

 

If strobilurin is first warmed with aqueous sulfuric acid, and its product then treated with hydrogen 

in the presence of a palladium catalyst, what could be the structure of the final product? 

 

R'
R

A

O OH

R'
R

B

HO OCH3

R'
R

C

OH

R'
R

D

O OH

OH

OHOH

 

 

 

28 Fluoroalkenes are used to make polymers such as poly(vinyl)fluoride (PVF). 

 

PVF is used to make non-flammable interiors for aircraft. The diagram shows the repeat unit of 

the polymer PVF. 

 

C

H

H

C

F

H

 

 

What is the skeletal formula of the monomer of PVF? 

 

A B C D
F

H

H

H

F F
F
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20 Bromine and propene undergo an addition reaction.  

Which is a property of the product? 

A It exists in cis-trans isomers. 

B It is more volatile than propene. 

C It possesses a chiral centre. 

D It possesses hydrogen bonding. 

 

 

21 Buta-1,3-diene is currently obtained from fossil fuel sources. In future it may be obtained from 

ethanol, which can be produced from non-food agricultural crops. The sequence of reactions is 

as follows. 

 

CH3CH2OH CH3CHO CH3CH(OH)CH2CHO CH2=CHCH=CH2

step 1 step 2 step 3

buta-1,3-diene
 

 

Which term could be used to describe step 1? 

A condensation 

B dehydration 

C dehydrogenation 

D hydrogenation 

 

 

22 Use of the Data Booklet is relevant to this question. 

 

Which bond in the structure below has the lowest bond energy? 

 

A

H

H

H

C C
C

H

F

ClB
D

 

 

 

23 Ethanal, CH3CHO, can be reduced using NaBH4 in aqueous ethanol. 

 

This is a nucleophilic addition reaction. 

 

What could be the first step of this mechanism? 

A attack of an H
–

 ion at the carbon atom of the carbonyl group 

B attack of an H
–

 ion at the oxygen atom of the carbonyl group 

C attack of an H
+

 ion at the carbon atom of the carbonyl group 

D attack of an H
+

 ion at the oxygen atom of the carbonyl group 
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26  Energy is released in the human body by the oxidation of glucose in a complex sequence of 

reactions. Part of this sequence is the Krebs cycle. One reaction in the Krebs cycle is the 

conversion of fumaric acid into malic acid. 

 

HO2CCH=CHCO2H  →  HO2CCH(OH)CH2CO2H 

 fumaric acid malic acid 

 

Which reagents could achieve this transformation in the laboratory? 

A acidified KMnO4 

B Br2(aq) followed by hot NaOH(aq) 

C H2O with Pt catalyst 

D steam with H2SO4 

 

 

27  A reaction between chlorine and propane in ultraviolet light produces two isomeric 

monochloropropanes, C3H7Cl, as products. 

 

Which information about this reaction is correct? 

 

 
type of bond fission 

in initiation step 

expected ratio of 

1-chloropropane to 

2-chloropropane produced 

A heterolytic 1 : 1 

B heterolytic 3 : 1 

C homolytic 1 : 1 

D homolytic 3 : 1 
 

 

28  An unpleasant smelling chemical produced in the human armpit is 3-methylhex-2-enoic acid. 

 

O

CC OHCHCH2CH2CH3

CH3

 

 

If this compound is reacted with a cold, dilute, acidified solution of potassium manganate(VII), 

how many chiral centres will be produced? 

A 0 B 1 C 2 D 3 
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23 Isomers X and Y both react with HBr. 

 

C C

Br

CH3

Br

H3C

Y

C C

Br

BrH3C

H3C

X
 

 

A mixture of X and Y is reacted with HBr. 

 

Which three structures represent three different possible products of this reaction? 

A (CH3)2CHCBr3 (CH3)2CBrCHBr2 CH3CHBrCHBrCH3 

B (CH3)2CHCBr3 (CH3)2CBrCHBr2 CH3CBr2CHBrCH3 

C (CH3)2CBrCBr3 (CH3)2CHCBr3 CH3CBr2CHBrCH3 

D (CH3)2CBrCHBr2 CHBr2CBr(CH3)CH3 CH3CHBrCBr2CH3 

 

 

24 Oct-1-ene, CH3(CH2)5CH=CH2, is subjected to thermal cracking. 

 

 Which combination of compounds W, X, Y and Z can be obtained? 

 

 CH2=CH2 CH3CH=CH2 CH3CH2CH3 CH2=CHCH=CH2 

 W X Y Z 

 

A W, X, Y and Z 

B W, X and Y only 

C W, X and Z only 

D W and X only 
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28 Which reagent could best be used to distinguish between cyclohexene and cyclohexanol? 

A Ag(NH3)2
+

 in H2O 

B Br2 in CCl 4 

C 2,4-dinitrophenylhydrazine in CH3OH 

D NaBH4 in CH3OH 

 

 

29 Compound X, molecular formula C4H8, undergoes the following reactions. 

 

C4 H8 C4 H8 Br2

Br2

X Y
C4 H10 O2

Z

aq.NaOH / heat

methylpropane
H2  / Ni

C4 H8

X
 

 

What is the formula of compound Z? 

A CH3CH2CH(OH)CH2OH 

B CH3CH(OH)CH(OH)CH3 

C CH3CH(CH2OH)CH2OH 

D (CH3)2C(OH)CH2OH 

 

 

30 How many of the isomeric alcohols with the formula C4H9OH will produce an alkene that has cis 

and trans isomers, on treatment with conc. H2SO4? 

A 1 B 2 C 3 D 4 
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22 A molecule of a polymer contained the sequence shown. 

 

C 

H

H

C

Cl Cl Cl Cl

Cl ClH

C

H

C

H

H

C

H

H

C

H

C

H

C

H

H

C

H

H

C

H

C

H

H

C

H

 

 

Which monomer could produce this polymer by addition polymerisation? 

A CHCl =CHCl 

B CH
2
=CHCl 

C CH
3
CCl =CHCl 

D CH
3
CCl =CH

2
 

 

 

23 Bees use 2-methylbutyl ethanoate as an ‘alarm’ pheromone to alert other bees. 

 

O

O

C

C 

C

C

H

H
H H

C

H

H

C

H

H

H

H

HH C 

H 

H 

2-methylbutyl ethanoate
 

 

Which starting materials would be required to synthesise 2-methylbutyl ethanoate? 

A CH
3
CH

2
OH and CH

3
CH

2
CH(CH

3
)CO

2
H 

B CH
3
CO

2
H and CH

3
CH

2
CH(CH

3
)CH

2
OH 

C CH
3
CH

2
OH and CH

3
CH

2
CH(CH

3
)CH

2
CO

2
H 

D CH
3
CO

2
H and CH

3
CH

2
CH(CH

3
)CH

2
CO

2
H 

 

 

24 Complete combustion of compound X produces carbon dioxide and water only. X produces 

steamy fumes with PCl
5
. X does not give any visible product with 2,4-dinitrophenylhydrazine 

reagent. 

 

What can be deduced with certainty from this information? 

A X is a carboxylic acid. 

B X is a hydrocarbon. 

C X is an alcohol. 

D X is not an aldehyde. 
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28  A reaction pathway diagram is shown. 

 

energy

reaction pathway
 

 

Which reaction does not have such a profile? 

 

A CH3CHO + HCN CH3CH(OH)CN 

B C2H5Br + NaOH → C2H5OH + NaBr 

(CH3)3CBr + NaOH → (CH3)3 COH + NaBr C 

D + Br2 Br 

Br 

NaCN

 

 

 

29  The depletion of the ozone layer in the upper atmosphere reduces the Earth’s natural protection 

from harmful ultraviolet radiation. 

 

Which compound would cause the most depletion of the ozone layer? 

A CCl 
3
F B CF

4
 C CHCl F

2
 D CH

2
F
2
 

 

 

30  Which statement does not correctly describe the polymer PVC? 

A Combustion of PVC waste produces a highly acidic gas. 

B PVC molecules are saturated. 

C The empirical formula of PVC is the same as the empirical formula of its monomer. 

D The repeat unit of PVC is –(CHCl CHCl )–. 
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24 Sorbic acid is used as a food preservative because it kills fungi and moulds. 

 

H

CH3C

H

H

OH
C

sorbic acid

C

H

C

O

C

 

 

Sorbic acid will react with 

 

• hydrogen in the presence of a nickel catalyst, 

• bromine in an organic solvent. 

 

How many moles of hydrogen and of bromine will be incorporated into one mole of sorbic acid by 

these reactions? 

 

 moles of hydrogen moles of bromine 

A 2 2 

B 2 2
2

1

 

C 3 2 

D 3 2 2

1

 

 

 

25 Bromine reacts with ethene to form 1,2-dibromoethane. 

 

What is the correct description of the organic intermediate in this reaction? 

A It has a negative charge.  

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 

 

 

26 Which equation represents a valid propagation step in the free radical reaction between ethane 

and chlorine? 

A C2H6 + Cl • → C2H5Cl + H
•

 

B C2H5Cl + Cl • → C2H4Cl • + HCl 

C C2H6 + H
•

 → 
•

52
HC + HCl 

D C2H5

•

 + Cl • → C2H5Cl 
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23 Aqueous sodium hydroxide reacts with 2-bromo-2-methylpropane to give 2-methylpropan-2-ol. 

 

The reaction proceeds by an SN1 mechanism. 

 

How should the first step in the mechanism be described? 

A by a curly arrow from a lone pair on the OH
–

 ion to the C
δ+

 atom of 2-bromopropane 

B by a curly arrow from the C–Br bond to the Br atom 

C by a curly arrow from the C–Br bond to the C atom 

D by the homolytic fission of the C–Br bond 

 

 

24 Compound Y can be hydrolysed by warm aqueous silver nitrate to form a precipitate that is 

soluble in dilute aqueous ammonia. Compound Y can undergo an elimination reaction to form an 

alkene. 

 

What could be the skeletal formula of compound Y? 

 

A

ClBr

B C D

I Cl
 

 

 

25 The compound shown is menthol, a naturally-occurring alcohol found in peppermint oil. 

 

OH

menthol
 

 

When menthol is heated with concentrated sulfuric acid it reacts. The products that form include 

compound T. 

 

What could be the structure of compound T? 

 

A

O

B C D
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29 Synthetic resins, plasticisers and many other chemicals can be made by polymerisation of a 

variety of monomers including prop-2-en-1-ol, CH2=CHCH2OH. 

 

Which structure represents the repeat unit in poly(prop-2-en-1-ol)? 

 

CH2 CH CH2 

CH2OH 

OH A 

CH2 CH B 

CH2OH 

CH C C 

OH 

CH2 CH CH2 D 

 

 

 

30 Some vegetable oils contain ‘trans fats’ that are associated with undesirable increases in the 

amount of cholesterol in the blood. 

 

In the diagrams below, R1 and R2 are different hydrocarbon chains. 

 

Which diagram correctly illustrates an optically active ‘trans fat’? 

 

CH3 (CH2)6 C C(CH2)7 CO2CH

A

H

H R1 CO2CH2

R1 CO2CH2 R1 CO2CH2

R1 CO2CH2

CH3 (CH2)6 C C(CH2)7 CO2CH

B

H

H R1 CO2CH2

R2CO2CH2

CH3 (CH2)6 C C(CH2)7 CO2CH

C

HH

R1 CO2CH2

CH3 (CH2)6 C C(CH2)7 CO2CH

D

HH

R2CO2CH2
 

 

 

CEDAR COLLEGE  210 ALKENES WS 3



39

40

41

�  
[J'13 P12 Q30]

10  

© UCLES 2013 9701/12/M/J/13  

26  Use of the Data Booklet is relevant to this question. 

 

Which volume of oxygen measured at room temperature and pressure is needed for complete 

combustion of 0.1 mol of propan-1-ol? 

A 10.8 dm3

 B 12.0 dm3

 C 21.6 dm3

 D 24.0 dm3

 

 

 

27  Which carbonyl compound reacts with hydrogen cyanide to form a product that has no chiral 

carbon atom? 

A butanone 

B ethanal 

C propanal 

D propanone 

 

 

28  How many of the following compounds produce a carboxylic acid on heating under reflux with hot 

acidified K2Cr2O7? 

 

CH3CH2CHO 

CH3COCH3 

CH3CH2CH2OH 

CH3CHOHCH3 

 

A 1 B 2 C 3 D 4 

 

 

29  Compound Y has Mr of 88. It does not fizz when added to a solution of sodium 

hydrogencarbonate. It can be hydrolysed by dilute sulfuric acid to produce two organic products 

with Mr values of 46 and 60. 

 

What is the identity of compound Y? 

A butanoic acid 

B ethyl ethanoate 

C 3-hydroxybutanal 

D butyl methanoate 

 

 

30  Polymerisation of ethene gives poly(ethene). 

 

How does the carbon-carbon bond in poly(ethene) compare with that in ethene? 

A The carbon-carbon bond is longer and stronger in poly(ethene). 

B The carbon-carbon bond is longer and weaker in poly(ethene). 

C The carbon-carbon bond is shorter and stronger in poly(ethene). 

D The carbon-carbon bond is shorter and weaker in poly(ethene). 
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28  Cyclohexene, shown below, can form an addition polymer. 

 

 

 

Which structure represents a section of the polymer including two cyclohexene residues? 

 

A B

C D

 

 

 

29  How many isomeric esters, including structural isomers and stereoisomers, can be made with the 

molecular formula C5H10O2, if methanoic acid is one of the two reactants used? 

A 2 B 3 C 4 D 5 

 

 

30  CCl 2FCCl F2 can be converted into CH2FCF3 by the following route. 

 

CCl 2FCCl F2

step 1
CCl 3CF3

step 2
CH2FCF3CCl 2FCF3

step 3

 

 

What type of reaction is step 1? 

A addition 

B elimination 

C isomerisation 

D oxidation 
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20  Ethene reacts with steam in the presence of sulfuric acid.  

 

C2H4  +  H2O  →  CH3CH2OH 

 

What type of reaction is this? 

A acid / base 

B addition 

C hydrolysis 

D substitution 

 

 

21  What is true of every nucleophile? 

A It attacks a double bond. 

B It has a lone pair of electrons. 

C It is a single atom. 

D It is negatively charged. 

 

 

22 How many isomers, including structural and stereoisomers, with the formula C4H8 have structures 

that involve π bonding? 

A 1 B 2 C 3 D 4 

 

 

23  Burnt sugar has a characteristic smell caused partly by the following compound. 

 

CH3 C

O

CHO
 

 

This compound contains two functional groups. 

 

Which reagent will react with both functional groups? 

A acidified potassium dichromate(VI) 

B Fehling’s solution 

C hydrogen cyanide 

D sodium hydroxide 
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21 Which reaction will give the best yield of 1-chloropropane? 

A chlorine gas with propene gas in the dark 

B propan-1-ol with dilute NaCl (aq) 

C propan-1-ol with PCl 5 

D propene with dilute HCl (aq) 
 

 

22 The compound ‘leaf alcohol’ is partly responsible for the smell of new-mown grass. 

 

CH3CH2CH=CHCH2CH2OH 

leaf alcohol 

 

What will be formed when ‘leaf alcohol’ is oxidised using an excess of hot, acidified K2Cr2O7(aq)? 

A CH3CH2CH(OH)CH(OH)CH2CO2H 

B CH3CH2COCOCH2CO2H 

C CH3CH2CH=CHCH2CO2H 

D CH3CH2CO2H  and  HO2CCH2CO2H 

 

 

23 Which compound exhibits stereoisomerism? 

A CH3CHCl CH3 

B CH3CHCl CH2Cl 

C CH3CCl 2CH3 

D CH2Cl CH2CH2Cl 

 

 

24 A carbanion is an organic ion in which a carbon atom has a negative charge. A carbocation is an 

organic ion in which a carbon atom has a positive charge. 

 

The reaction between aqueous sodium hydroxide and 1-bromobutane proceeds by an SN2 

mechanism. 

 

How should the first step in the mechanism be described? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission followed by an attack by an electrophile on a carbanion 

C heterolytic bond fission followed by an attack by a nucleophile on a carbocation 

D homolytic bond fission followed by an attack by a nucleophile on a carbocation 
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30  Which types of bond breakage and bond formation occur in the addition polymerisation of 

alkenes? 

 

 bond breakage bond formation 

A π only σ only 

B π only σ and π 

C σ and π σ only 

D σ and π σ and π 
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25 What are the only structures formed when butan-2-ol is heated with concentrated H2SO4? 

 

C C

H

HH

CH3CH2

C C

H

CH3H

CH3

CH3CH3

CH3

CH3

CH3

A

C C

CH3

HH

C C

H

CH3H

B C C

H

HCH3CH2

CH3CH2

H

C C

H

H

H

C C

H

CH3

H

C

C C

H

H

C C

H

HH

CH3CH2

D C C

H

CH3CH3

H

 

 

 

26 How many moles of hydrogen, H2, are evolved when an excess of sodium metal is added to one 

mole of citric acid? 

 

CO2H

CHO CH2CO2H

CH2CO2H 

citric acid
 

 

A 1 B 2 C 3 D 4 
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21  Including structural and stereoisomers, how many isomers are there of C2H2Br2? 

A 2 B 3 C 4 D 5 

 

 

22 Which reaction will give the best yield of 2-chloropropane? 

A chlorine gas with propane gas in the presence of uv light 

B chlorine gas with propene gas in the dark 

C propan-2-ol with dilute NaCl (aq) 

D propan-2-ol with PCl 5 
 

 

23  Pent-2-ene, CH3CH2CH=CHCH3, reacts in a similar way to ethene. 

 

Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions. 

 

What will be produced in the greatest amount? 

A CH3CH2CH(OH)CH(OH)CH3 

B CH3CH2COCOCH3 

C a mixture of CH3CH2CH(OH)CH2CH3  and  CH3CH2CH2CH(OH)CH3 

D CH3CH2COOH  and  CH3COOH 

 

 

24  Including structural and stereoisomers, how many isomeric products are produced when alcoholic 

KOH reacts with 2-chlorobutane? 

A 1 B 2 C 3 D 4 

 

 

25  Chlorofluorocarbons, CFCs, can be used as refrigerants, aerosol propellants and fire 

extinguishers. 

 

CFCs such as CCl 3F and CCl 2F2 are more stable than chloroalkanes such as CCl 4. 
 

What is the reason for their greater stability? 

A Fluorine has a higher first ionisation energy than chlorine. 

B Fluorine radicals are more stable than chlorine radicals. 

C The C–F bond energy is larger than the C–Cl bond energy. 

D The C–F bond is more polar than the C–Cl bond. 
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26 Halogenoalkanes react with aqueous NaOH to give alcohols. The mechanism involved is either 

SN1 or SN2. 

 

Which halogenoalkane produces the highest percentage of product by an SN1 mechanism, when 

treated with aqueous NaOH? 

A 2-bromopropane 

B 2-chloropropane 

C 1-iodo-2-methylpropane 

D 2-iodo-2-methylpropane 

 

 

27 An alcohol with molecular formula C
n
H2n+1OH has a chiral carbon atom but does not react with 

hot, acidified K2Cr2O7. 

 

What is the smallest possible value for n ? 

A 5 B 6 C 7 D 8 

 

 

28 Compound X reacts with ethanoic acid in the presence of an H
+

 catalyst to produce the 

compound below. 

 

H3C C C C O C

O H H

H H

O

CH3

 

 

What is the molecular formula of compound X? 

A C2H6O2 B C2H6O3 C C4H8O D C4H8O2 

 

 

29 How many hydrogen atoms are added to each molecule of ethanal when it is reacted with NaBH4 

in water? 

A 1 B 2 C 4 D 6 

 

 

30 Which fragment could appear in the chain produced by polymerising 1,1-dichloroethene? 

A – CH2 – CH2 – CCl 2 – CCl 2 – CH2 – CH2 – 

B – CHCl – CHCl – CHCl – CHCl – CHCl – CHCl – 

C – CH2 – CCl 2 – CH2 – CH2 – CH2 – CCl 2 – 

D – CCl 2 – CCl 2 – CH2 – CH2 – CH2 – CCl 2 – 
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37  The following three hydrocarbons all occur naturally. 

 

Which of these will be split into two organic compounds, both containing a ketone group, when 

treated with hot acidified potassium manganate(VII)? 

 

1 2 3

 

 

 

38  Which are properties of fluoroalkanes? 

1 They are less reactive than the corresponding chloroalkanes. 

2 They are non-flammable. 

3 The C-F bond is stronger than a C-Cl bond. 

 

 

39  Which compounds are able to react with concentrated sulphuric acid to give a product that will 

decolourise acidic potassium manganate(VII)? 

1 (CH3)3COH 

2 CH3CH2CH(OH)CH3 

3 CH3CO2H 

 

 

40  Rofecoxib, an efficient drug against arthritis, has the following structure. R is an inert group. 

 

C

CH2

C

C

O

O

R

*

 

 

Which reactions are possible with this structure? 

1 The bond marked  is hydrolysed by heating with aqueous sodium hydroxide. 

2 Aqueous bromine is decolourised. 

3 An orange precipitate is formed with 2,4-dinitrophenylhydrazine reagent. 
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37 Which sodium salts form a precipitate when AgNO3(aq) followed by dilute NH3(aq) is added to its
aqueous solution?

1 chloride

2 bromide

3 iodide

38 Which compounds would be formed in the reaction of ethene with aqueous bromine in the
presence of sodium chloride?

1 CH2ClCH2Cl

2 CH2BrCH2Cl

3 CH2BrCH2Br

39 Halogenoalkanes react with aqueous alkali.  One mechanism of this reaction has the reaction
pathway diagram shown below.

Which of the following statements are correct?

1 The reaction is an example of nucleophilic substitution.

2 Between X and Y the C-Hal bond will be lengthening.

3 The energy difference between X and Z represents the activation energy.

40 Which alcohols on oxidation with acidified potassium dichromate(VI) give an organic product
which causes an effervescence when reacted with sodium carbonate? 

1 butan-1-ol

2 2-methylpropan-1-ol

3 2-methylpropan-2-ol

energy

reaction pathway

R – Hal + OH–

ROH + Hal–

X

Y

Z
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37  Which equations represent stages in the Contact process for manufacturing sulphuric acid? 

1 S + O2 → SO2 

2  H2O + SO2 → H2SO3 

3 H2SO3 +   O2 → H2SO4 

 

 

38  For the reaction 

 

(CH3)3SiCl + C2H5O
–

 → (CH3)3SiOC2H5 + Cl – 
 

which statements are likely to be true? 

1 It involves nucleophilic attack by C2H5O
–

. 

2  Cl – is displaced by C2H5O
–

. 

3 The oxygen-carbon bond is not broken. 

 

39  Modern cars are fitted with catalytic converters. These remove carbon monoxide, unburnt 

hydrocarbons and oxides of nitrogen from exhaust gases. 

 

Which of these pollutant gases are removed by oxidation? 

1 carbon monoxide 

2  hydrocarbons 

3 nitrogen oxides 

 

 

40  The sex-attractant of the house-fly is muscalure, with the following formula. 

 

CH3(CH2)7CH = CH(CH2)12CH3 

 

Which statements about muscalure are correct? 

1 It will decolourise aqueous bromine. 

2  It will be oxidised by cold aqueous alkaline KMnO4 to give a diol. 

3 It will be optically active. 

 

 

2
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

36 The number of moles of chlorine that react with 1 mol of X is twice the number of moles of 

chlorine that react with 1 mol of Y. 

 

Which of these pairs could be X and Y? 

 

 X Y 

1 Mg(s) Na(s) 

2 H2 KBr(aq) 

3 cold NaOH(aq) hot NaOH(aq) 

 

 

37 Which statements are true about the Haber process for the manufacture of ammonia? 

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster. 

2 At higher pressures, the yield goes down but the rate of production of ammonia is faster. 

3 In the presence of a catalyst, the yield goes down but the rate of production of ammonia is 

faster. 

 

 

38 Which compounds can be obtained from ethene in a single reaction? 

 

 

1     CH3CH3

3     HOCH2CH2OH

2     (   CH2CH2  )  n
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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37 Acrolein is produced in photochemical smog. It has a strong smell, irritates eyes and mucous

membranes and is carcinogenic.

H

C

O

H

C

C

H

H

acrolein

What can be deduced from this structure?

1 All bond angles are approximately 120 o.

2 It will undergo electrophilic addition reactions.

3 It will undergo nucleophilic addition reactions.

38 What can be produced when an aqueous solution of butan-1-ol is heated with dilute acidified

potassium manganate(VII)?

1 butanal

2 butanoic acid

3 butanone

39 Which carbonyl compounds could be easily oxidised to carboxylic acids that are readily soluble in

cold water?

40 Which properties of poly(alkenes) and of pvc can cause their disposal to be difficult?

1 Poly(alkenes) are highly flammable.

2 Poly(alkenes) are non–biodegradable.

3 pvc produces harmful combustion products.

CHO

CO

1

2

3

CH CH CHO3 2
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38  Which alkenes, on reaction with steam at 600 K and 6 x 106 Pa pressure in the presence of a 
phosphoric acid catalyst, could produce an alcohol containing a chiral carbon atom? 

1 (CH3)2C=CH2 

2 CH3CH=CHCH3 

3 CH3CH2CH=CH2 

 

 

39  Bromoethane undergoes all of the conversions shown. 

 

Which conversions are examples of nucleophilic substitution? 

1 C2H5Br → C2H5CN 

2 C2H5Br → C2H5OH 

3 C2H5Br → C2H5NH2 

 

 

40  Sorbitol is an artificial sweetener used to sweeten chocolate which is suitable for diabetics. 

 

H C

OH

OH

H

H C OH

H C OH

HO C H

H C OH

H C H

sorbitol
 

 

Which functional groups can be produced when this molecule is subjected to oxidation under 

suitable conditions? 

1 aldehyde 

2 carboxylic acid 

3 ketone 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2 The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

35 Chlorine is a greenish-yellow gas, bromine is a dark red liquid and iodine is a dark grey solid.  

 

What causes these differences in volatility? 

1 the halogen-halogen bond energy 

2 the magnitude of the van der Waals’ forces between the molecules 

3 the number of electrons in the halogen molecule 

 

 

36 Which statements about the Haber process for the industrial production of ammonia are correct? 

1 The equilibrium constant K
p
 increases with pressure. 

2 As the temperature increases, the equilibrium constant for the forward reaction becomes 

smaller. 

3 The process is usually carried out at between 450 °C and 550 °C at a pressure of at least 
150 atm. 

 

 

37 Which statements about alkenes are correct? 

1 They are formed when higher alkanes are cracked. 

2 They are used as monomers for polymerisation. 

3 They are less reactive than alkanes towards electrophiles. 
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35 When a firework is lit a fuel and an oxidising agent react. 

 

In such a firework, magnesium is the fuel and barium nitrate is the oxidising agent. 

 

Which solid products are produced when the firework is lit? 

1 BaO 

2 MgO 

3 Mg(NO3)2 

 

 

36 Why is the addition of concentrated sulphuric acid to solid potassium iodide unsuitable for the 

preparation of hydrogen iodide? 

1 Hydrogen iodide is not displaced by sulphuric acid. 

2 Iodide ions are oxidised to iodine. 

3 The product is contaminated by sulphur compounds. 

 

 

37 Which mixtures, on heating, produce the gas ND3? 

[D = H
2

1
, an isotope of hydrogen] 

1 CaO(s) and ND4Cl(s) 

2 CH3CN and NaOD in D2O 

3 NDH3Cl and NaOD in D2O 

 

 

38 Which structures show a primary alcohol that cannot be dehydrated to form an alkene? 

1 CH3OH 

2 CH3CH2OH 

3 CH3CH(OH)CH3 

 

 

39 In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the 

reaction mechanism are true? 

1 A new carbon-carbon bond is formed. 

2 In the intermediate, the oxygen carries a negative charge. 

3 The last stage involves the formation of a hydrogen-oxygen bond. 
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34 Silver chloride dissolves in aqueous ammonia. 

 

What happens in this process? 

1 A co-ordinate bond is formed. 

2 The oxidation number of nitrogen is unchanged. 

3 Ammonia acts as a Brønsted-Lowry base. 

 

 

35 Compared with the HCl molecule, the bond ……X…… of the HBr molecule is ……Y…… 

 

Which pairs of words correctly complete the above sentence? 

 

 X Y 

1 energy less 

2 polarity less 

3 length greater 

 

 

36 Which statements are true about the Haber process for the manufacture of ammonia? 

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster. 

2 At higher pressures, the yield goes down but the rate of production of ammonia is faster. 

3 In the presence of a catalyst, the yield goes down but the rate of production of ammonia is 

faster. 

 

 

37 Which compounds can be obtained from propene in a single reaction? 

1 CH2OHCHOHCH3 

2  (  CH2CH(CH3) ) n  

3 CH2BrCH2CH2Br 

 

 

38 What are the same for a pair of optical isomers? 

1 their empirical formula 

2 their functional groups 

3 their structural formula 

 

 

39 Which statements about the photochemical chlorination of ethane are correct? 

1 Hydrogen gas is one of the products. 

2 A propagation step in the mechanism is C2H6 + Cl • → C2H5• + HCl. 

3 The initiation step is the homolytic fission of chlorine. 
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6 Pentan-1-ol, C5H11OH, is important in the synthesis of organic compounds.

(a) Give the structural formula of another primary alcohol which is an isomer of pentan-1-ol.

[1]

(b) (i) Write a balanced equation for the preparation of 1-bromopentane from pentan-1-ol.

(ii) This preparation gives a yield of 60%. Calculate the mass of pentan-1-ol required
to produce 15.0 g of 1-bromopentane.

[3]

(c) Dehydration of pentan-1-ol produces pent-1-ene. Sketch on the diagram below the
orbital overlap between the two carbon atoms. Label the bonds.

[2]

C   C   

H   H   

H     C3H7
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5 Although there are many different types of food eaten around the world, animal fats and/or 
vegetable oils are commonly used in cooking.

 Animal fats and vegetable oils are usually glyceryl esters, that is esters of glycerol, 
propane-1,2,3-triol.

CH2OH
⏐
CHOH
⏐
CH2OH

 Many animal fats contain esters of stearic acid, CH3(CH2)16CO2H.

 Vegetable oils often contain esters of oleic acid, CH3(CH2)7CH!CH(CH2)7CO2H.

 (a) Draw the structural formula of the glyceryl ester formed when one molecule of glycerol 
is completely esterified with stearic acid.

 [1]

 (b) What reagent(s) would you use, in a school or college laboratory, to obtain a small 
sample of oleic acid, C17H33CO2H, from the glyceryl ester present in a vegetable oil?

.................................................................................... [1]

 Oleic acid is the cis isomer and elaidic acid the trans isomer of 

CH3(CH2)7CH!CH(CH2)7CO2H.

 (c) By using this formula, draw the structural formula of elaidic acid, clearly showing the 
stereochemistry.

 [1]

10
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5 Although there are many different types of food eaten around the world, animal fats and/or 
vegetable oils are commonly used in cooking.

 Animal fats and vegetable oils are usually glyceryl esters, that is esters of glycerol, 
propane-1,2,3-triol.

CH2OH
⏐
CHOH
⏐
CH2OH

 Many animal fats contain esters of stearic acid, CH3(CH2)16CO2H.

 Vegetable oils often contain esters of oleic acid, CH3(CH2)7CH!CH(CH2)7CO2H.

 (a) Draw the structural formula of the glyceryl ester formed when one molecule of glycerol 
is completely esterified with stearic acid.

 [1]

 (b) What reagent(s) would you use, in a school or college laboratory, to obtain a small 
sample of oleic acid, C17H33CO2H, from the glyceryl ester present in a vegetable oil?

.................................................................................... [1]

 Oleic acid is the cis isomer and elaidic acid the trans isomer of 

CH3(CH2)7CH!CH(CH2)7CO2H.

 (c) By using this formula, draw the structural formula of elaidic acid, clearly showing the 
stereochemistry.

 [1]
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 (c) Explain, with the aid of a diagram showing lone pairs of electrons and dipoles, why 
hydrazine is very soluble in ethanol.

 [3]

 Ethene and hydrazine each react with HCl.

 (d) When ethene is reacted with HCl, C2H5Cl is the only product.

  (i) Using structural formulae, give an equation for the reaction between ethene and 
HCl.

  (ii) What type of reaction occurs between HCl and ethene?

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

  (iii) Explain why there is no further reaction between C2H5Cl and HCl.

 ..................................................................................................................................
[3]

 (e) When aqueous hydrazine is reacted with HCl, a solid compound of formula N2H5Cl may 
be isolated. When an excess of HCl is used, a second solid, N2H6Cl2, is formed.

  (i) Suggest what type of reaction occurs between hydrazine and HCl.

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

  (ii) What feature of the hydrazine molecule enables this reaction to occur?

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

  (iii) Suggest why one molecule of hydrazine is able to react with one or two molecules 
of HCl.

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

 ..................................................................................................................................
[3]

 [Total: 16]
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4 Two types of isomerism found in organic compounds are structural isomerism and cis-trans 
isomerism.

 (a) Draw displayed formulae for 

  (i) two structural isomers of C2H4Br2,

D E

  (ii) the cis- and the trans- isomers of C2H2Br2.

cis trans
 [4]

 (b) (i) The cis- isomer of C2H2Br2 can be converted into one of the structural isomers of 
C2H4Br2. State the reagent(s) and conditions you would use to do this.

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

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

  (ii) Which of your structural isomers, D or E, would be formed? Explain your answer.

isomer formed is .................

reason .......................................................................................................................
 [3]

 [Total: 7]
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4  Octadecane, C18H38, is a long chain hydrocarbon which is present in crude oil. Such long 
chain hydrocarbons are ‘cracked’ to produce alkanes and alkenes which have smaller 
molecules.

 (a) Give two different conditions under which long chain molecules may be cracked.

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

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

 .....................................................................................................................................  [2]

 (b) Octadecane, C18H38, can be cracked to form hexane and an alkene.

  Write a balanced equation for this reaction.

 .....................................................................................................................................  [1]

 Alkenes are important industrially because the C=C bond makes them very reactive.

 (c) Ethene reacts with bromine to give 1,2-dibromoethane.

  (i) What type of reaction is this?

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

  (ii) Outline the mechanism of this reaction, giving the structure of the intermediate.

   Show clearly any relevant dipoles, charges and lone pairs of electrons.

=C C
H

H

H

H  
C C

H

H

H

H
Br Br

 Br
 
 Br

[4]
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4  Octadecane, C18H38, is a long chain hydrocarbon which is present in crude oil. Such long 
chain hydrocarbons are ‘cracked’ to produce alkanes and alkenes which have smaller 
molecules.

 (a) Give two different conditions under which long chain molecules may be cracked.

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

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

 .....................................................................................................................................  [2]

 (b) Octadecane, C18H38, can be cracked to form hexane and an alkene.

  Write a balanced equation for this reaction.

 .....................................................................................................................................  [1]

 Alkenes are important industrially because the C=C bond makes them very reactive.

 (c) Ethene reacts with bromine to give 1,2-dibromoethane.

  (i) What type of reaction is this?

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

  (ii) Outline the mechanism of this reaction, giving the structure of the intermediate.

   Show clearly any relevant dipoles, charges and lone pairs of electrons.

=C C
H

H

H

H  
C C

H

H

H

H
Br Br

 Br
 
 Br

[4]
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5 Dodec-1-ene has the structure shown.

CH3(CH2)9CH = CH2

(a) Draw the structures of the organic molecules produced when dodec-1-ene reacts with
each of the following.

[4]

(b) (i) What type of isomerism is shown by the organic products in (i), (ii) and (iv)?

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

(ii) Draw structures to represent these isomers, choosing any one of these products.

[3]

(c) Dodec-2-ene shows another type of isomerism. Draw and label diagrams which show
these two isomers.

[2]

[Total : 9]
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(i) bromine (ii) hydrogen bromide

(iii) hot, concentrated manganate(VII)
ions

(iv) steam
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(iii) The oxidation of propene with cold, acidified potassium manganate(VII).

(iv) The reaction of cyclohexene with hydrogen bromide.

(v) The reaction of cyclohexene with hot acidified potassium manganate(VII).

[5]

(b) Write equations for the following reactions.

(i) The complete combustion of ethane.

(ii) The action of steam on propene in the presence of a catalyst.

(iii) The reaction of cyclohexene with hydrogen in the presence of a catalyst.

[3]
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(d) In modern plants, nearly all the SO2/SO3 mixture is absorbed but up to 0.05% by
volume of SO2 may be allowed to pass into the atmosphere through a chimney stack.

Give two reasons why SO2 should not be discharged into the atmosphere.

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

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

......................................................................................................................................[2]

(e) (i) When concentrated sulphuric acid is warmed with solid sodium chloride, misty
fumes are produced.

Identify the fumes.  ...................................................................................................

Write an equation for the reaction.

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

(ii) When concentrated sulphuric acid is warmed with solid sodium iodide, purple
fumes are produced.

Identify the fumes.  ...................................................................................................
[3]

[Total : 11]

5 Crude oil is the principal source of hydrocarbons. The following are examples of such
hydrocarbons.

(a) Give the structural formulae of the organic products in the following reactions.

(i) The reaction of ethane with bromine in the presence of u.v. light.

(ii) The polymerisation of propene.

H

H H

H H

C C H C C

H

H

H

CH3

ethane propene cyclohexene
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(c) The process of cracking produces useful substances from oil.

(i) Explain why cracking is useful.

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

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

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

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

(ii) Suggest an equation for the cracking of C16H34 into at least three fragments.

[3]

[Total : 11]

6 Chlorofluorocarbons, CFCs, are small alkane molecules in which some of the hydrogen
atoms have been replaced by atoms of chlorine and fluorine.

(a) (i) State two uses of CFCs.

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

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

(ii) What property of CFCs causes them to be useful?

...................................................................................................................................
[2]

(b) A typical CFC is CHF2CHClF.

(i) Which covalent bond in this CFC is the weakest?

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

(ii) Why does this CFC present an environmental concern?

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

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

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

...................................................................................................................................
[3]
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(iii) The oxidation of propene with cold, acidified potassium manganate(VII).

(iv) The reaction of cyclohexene with hydrogen bromide.

(v) The reaction of cyclohexene with hot acidified potassium manganate(VII).

[5]

(b) Write equations for the following reactions.

(i) The complete combustion of ethane.

(ii) The action of steam on propene in the presence of a catalyst.

(iii) The reaction of cyclohexene with hydrogen in the presence of a catalyst.

[3]
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4 The apparatus shown can be used to prepare ethene from ethanol.

(a) (i) State what type of reaction takes place on the hot pumice.

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

(ii) Write an equation for this preparation.

...................................................................................................................................
[2]

(b) Describe the colour changes which are observed and write equations for the reaction of
ethene with the following two reagents.

(i) bromine

colour change from ..................................... to ........................................................

equation ....................................................................................................................

(ii) cold, dilute, acidified manganate(VII) ions

colour change from ..................................... to ........................................................

equation ....................................................................................................................
[4]

water

mineral wool
and ethanol

pumice

strong
heat

ethene

For
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(c) Draw structures for each of the following polymers showing two repeat units.

(i) poly(ethene)

(ii) pvc [poly(chloroethene)]

[2]

(d) The formula of the alkene cyclohexene can be written as shown.

(i) State the molecular formula of cyclohexene. ............................................................

(ii) Calculate the percentage of carbon by mass in cyclohexene.

[3]

[Total :11]
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4 The molecular formula of a compound states the number of atoms of each element that are 
present in one molecule. It contains no information about the structure of the molecule.  

 Hydrocarbons with the molecular formula C5H10 may be branched chain, straight chain or 
cyclic.

 (a) Draw a displayed formula of C5H10 as a branched chain hydrocarbon.

   [1]

 Pent-2-ene is one straight chain hydrocarbon with formula C5H10.

 (b) Pent-2-ene exhibits cis-trans isomerism. Draw and label the structural formulae of the 
two cis-trans isomers of pent-2-ene.

   [2]

 (c) In the spaces below draw the structural formulae of two alcohols which would each 
produce pent-2-ene on dehydration. 

  

   [2]
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 (d) One of these alcohols exhibits optical isomerism.  Draw the structural formulae of the 
two isomers of this alcohol. Your structures should clearly indicate the three-dimensional 
nature of the structures.

   [2]

 (e) Pent-2-ene decolourises aqueous bromine. Suggest the structural formula of an isomer 
of C5H10 which does not decolourise aqueous bromine.

   [1]

 (f) Pent-2-ene can be polymerised. Draw a section of the polymer chain produced showing 
two repeat units.

   [1]

   [Total: 9]
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5 Alkenes such as propene can be readily prepared from alcohols in a school or college 
laboratory by using the apparatus below.

mineral wool
soaked with
the alcohol

strong heat

X
propene

water

 (a) (i) Give the name of an alcohol that can be used in this apparatus to prepare 
propene.

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

  (ii) Draw the skeletal formula of the alcohol you have named in (i).

  (iii) What type of reaction occurs in this case?

   .......................................................
 [3]

 (b) (i) During the reaction, the material X becomes black in colour.
   Suggest the identity of the black substance and suggest how it is produced during 

the reaction.

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

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

 ..................................................................................................................................
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  (ii) At the end of the experiment, when no more propene is being produced, the delivery 
tube is removed from the water before the apparatus is allowed to cool.

   Suggest why this done.

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

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

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

  (iii) The material labelled X can be broken crockery, broken brick or pumice.

   Give the chemical formula of a compound that is present in one of these materials.

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

  (iv) State another reagent that could be used to produce propene from an alcohol.

   .......................................................
 [5]

 (c) Give the structural formula of the organic product formed when propene reacts separately 
with each of the following substances.

  (i) bromine

  (ii) cold, dilute manganate(VII) ions

  (iii) hot, concentrated manganate(VII) ions

 [3]
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5 The gas ethyne, C2H2, more commonly known as acetylene, is manufactured for use 
in the synthesis of organic compounds. It is also used, in combination with oxygen, in 
‘oxy-acetylene’ torches for the cutting and welding of metals.

 Industrially, ethyne is made from calcium carbide, CaC2, or by cracking liquid hydrocarbons.

 (a) When calcium carbide is reacted with water, ethyne and calcium hydroxide are formed.

  Construct a balanced equation for this reaction.

 ...................................................................................................................................... [1]

 Ethyne can also be obtained from ethene by using the following sequence of reactions. 

CH2CH2 HC!CHClCH2CH2Cl
step 1 step 2

 (b) (i) What types of reaction are step 1 and step 2?

   step 1  ............................................................

   step 2  ............................................................

  (ii) Suggest what reagent and conditions would be used in a laboratory in step 2.

   reagent  ..........................................................

   conditions  ......................................................  [5]

 When ethyne is passed into water at 60 °C, in the presence of a little H2SO4 and Hg2+ ions, a 
pungent, colourless organic liquid, Q, with Mr of 44 is obtained. This is step 3.

 When Q is warmed with Tollens’ reagent in a test-tube, a silver mirror is formed.
 On acidification, the solution remaining in the test-tube is found to contain the organic 

compound R which has Mr of 60. This is step 4.

 (c) (i) Give the structural formulae of Q and R.

HC!CH
step 3

Q

step 4

R

  (ii) What type of reaction is step 3 and step 4?

   step 3  ............................................................

   step 4  ............................................................  [4]
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5 (a) Draw a section of poly(propene), showing three repeat units.

[1]

(b) To what homologous series does poly(propene) belong?

......................................................................................................................................[1]

(c) When a rupture (hernia) or a deep wound, e.g. as a result of a sports accident, is
repaired by surgery, a mesh is inserted below the muscle tissue so that on healing the
wound is less likely to reopen and the repair is stronger.

Poly(propene) is the recommended material for the mesh.

(i) Suggest two reasons why poly(propene) is used rather than a natural fibre such as
cotton.

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

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

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

(ii) Members of the homologous series you have given in (b) are considered to have
two different kinds of reactions. Explain why neither of them can take place in a
poly(propene) mesh inserted in living body tissues.

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

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

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

...............................................................................................................................[4]

[Total : 6]
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3 Astronomers using modern spectroscopic techniques of various types have found evidence 
of many molecules, ions and free radicals in the dust clouds in Space. Many of the species 
concerned have also been produced in laboratories on Earth.

 Two such species are the dicarbon monoxide molecule, C2O, and the amino free radical, 
NH2.

 (a) (i) Dicarbon monoxide can be produced in a laboratory and analysis of it shows that 
the sequence of atoms in this molecule is carbon-carbon-oxygen and there are no 
unpaired electrons, but one of the atoms is only surrounded by six electrons.

   Draw a ‘dot-and-cross’ diagram of C2O and suggest the shape of the molecule.

   shape ........................................

  (ii) What is meant by the term free radical   ?

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

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

  (iii) Explain why NH2 is described as a ‘free radical’.

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

 .............................................................................................................................. [5]

 Two derivatives of ethene which have been detected in dust clouds in Space are acrylonitrile 
(2-propenenitrile), CH2=CHCN, and vinyl alcohol (ethenol), CH2=CHOH.

 
  (b) Like ethene, acrylonitrile can be polymerised. The resulting polymer can be used to 

make carbon fibres.
 
  (i) Draw the structural formula of the polymer made from acrylonitrile, showing two 

repeat units.

  (ii) What type of polymerisation is this reaction?

 .............................................................................................................................. [2]
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4  One method of preparing ethene in a school or college laboratory is from ethanol by using the 
apparatus shown below.

mineral wool
and ethanol pumice

water

ethene

strong
heat

 (a) (i)  Write a balanced equation for this reaction.

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

 (ii)  What type of reaction is this?

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

 (iii)  Give the chemical name of a reagent other than pumice that could be used to carry 
out this reaction. It is not necessary to use the same apparatus.

 ...................................
[3]

 (b)  Ethene is bubbled into two separate test-tubes, one containing aqueous hydrogen 

bromide and the other containing cold, dilute acidifi ed potassium manganate(VII).

  In each case, describe any colour changes you would see and give the structural formula 
of the organic product.

aqueous hydrogen 
bromide

cold, dilute acidifi ed 

potassium manganate(VII)

colour at start

colour after reaction

structural formula of 
organic product

[4]
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 (c)  Cyclohexene has the following structural formula.

 (i)  What is the molecular formula of cyclohexene?

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

 (ii)  Draw the structural formula of the compound formed when cyclohexene is reacted 
with bromine.

 (iii)  State as fully as you can what type of reaction this is.

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

 (iv)  Draw the structural formula of the compound formed when cyclohexene is reacted 
with hot concentrated acidifi ed potassium manganate(VII).

[5]

[Total: 12]
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4  But-2-ene, CH3CH  CHCH3, is an important compound which is obtained from the cracking 
of hydrocarbons present in crude oil.

 (a) Give two different conditions under which long chain hydrocarbons may be cracked.

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

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

  .....................................................................................................................................  [2]

 (b)  Dodecane, C12H26, is a long chain hydrocarbon which is present in crude oil and which 
can be cracked to form but-2-ene and an alkane.

  Write a balanced equation for this reaction.

  .....................................................................................................................................  [1]

 (c)  Some reactions of but-2-ene are shown below.
  In the boxes below, give the structural formulae of the organic compounds A to D.

CH3 CH CHCH3

cold dilute
MnO4

– / H+

C

K2 Cr2 O7  / H+

D

A B

Cl 2
hot concentrated

MnO4
– / H+

[4]
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4  But-2-ene, CH3CH  CHCH3, is an important compound which is obtained from the cracking 
of hydrocarbons present in crude oil.

 (a) Give two different conditions under which long chain hydrocarbons may be cracked.

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

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

  .....................................................................................................................................  [2]

 (b)  Dodecane, C12H26, is a long chain hydrocarbon which is present in crude oil and which 
can be cracked to form but-2-ene and an alkane.

  Write a balanced equation for this reaction.

  .....................................................................................................................................  [1]

 (c)  Some reactions of but-2-ene are shown below.
  In the boxes below, give the structural formulae of the organic compounds A to D.

CH3 CH CHCH3

cold dilute
MnO4

– / H+

C

K2 Cr2 O7  / H+

D

A B

Cl 2
hot concentrated

MnO4
– / H+

[4]
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 (d) (i)  Draw the skeletal formula of compound D.

 (ii)  By using the letters A to D as appropriate, identify those compounds which are 
chiral. If there are none, write ‘none’.

 ....................................................................
[3]

 (e) But-2-ene can be polymerised to give poly(butene).

  Draw the structural formula of a portion of the polymer chain in poly(butene) showing 
two repeat units.

[1]

 (f)  Compound C is a liquid which can be reacted with concentrated sulfuric acid to give a 
gas, E, which will decolourise aqueous bromine when passed through it.

 (i)  Suggest the structural formula of E.

 (ii)  Suggest the structural formula of the product of the reaction between E and an 
excess of bromine.

 (iii)  What type of reaction occurs between E and an excess of bromine?

 ...........................................
[3]

[Total: 14]
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2  The molecular formula C3H6 represents the compounds propene and cyclopropane.

CH3CH CH2

propene cyclopropane

C

H

H
C

H

H

C

H

H

 (a)  What is the H–C–H bond angle at the terminal =CH2 group in propene?

 ................ [1]

 (b)  Under suitable conditions, propene and cyclopropane each react with chlorine.

 (i)  With propene, 1,2-dichloropropane, CH3CHCl CH2Cl is formed.

  State fully what type of reaction this is.

  ..............................................................................................................................  [1]

 (ii)  When cyclopropane reacts with chlorine, three different compounds with the 
molecular formula C3H4Cl 2 can be formed.

  Draw displayed structures of each of these three compounds.

[3]

[Total: 5]
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Halogenoalkanes

The inclusion of a halogen atom within an organic molecule affects its reactivity. The 
reactions of halogenoalkanes and halogenoarenes are very important in organic 
chemistry.

a recall the chemistry of halogenoalkanes as exemplified by:

(i) the following nucleophilic substitution reactions of bromoethane: hydrolysis, 
formation of nitriles, formation of primary amines by reaction with ammonia

(ii) the elimination of hydrogen bromide from 2-bromopropane

b describe the SN1 and SN2 mechanisms of nucleophilic substitution in 
halogenoalkanes including the inductive effects of alkyl groups

c recall that primary halogenoalkanes tend to react via the SN2 mechanism; tertiary 
halogenoalkanes via the SN1 mechanism and secondary halogenoalkanes by a 
mixture of the two, depending on structure
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16 Halogen derivatives

The inclusion of a halogen atom within an organic molecule affects its reactivity. The reactions of 
halogenoalkanes and halogenoarenes are very important in organic chemistry.

Learning outcomes
Candidates should be able to:

16.1  Halogenoalkanes 
and 
halogenoarenes

a) recall the chemistry of halogenoalkanes as exemplified by:

(i)  the following nucleophilic substitution reactions of bromoethane: 
hydrolysis, formation of nitriles, formation of primary amines by 
reaction with ammonia

(ii) the elimination of hydrogen bromide from 2-bromopropane

b) describe the SN1 and SN2 mechanisms of nucleophilic substitution in 
halogenoalkanes including the inductive effects of alkyl groups (see 
Section 15.2(c))

c) recall that primary halogenoalkanes tend to react via the SN2 mechanism; 
tertiary halogenoalkanes via the SN1 mechanism and secondary 
halogenoalkanes by a mixture of the two, depending on structure

16.2  Relative strength of 
the C-Hal bond 

a) interpret the different reactivities of halogenoalkanes (with particular 
reference to hydrolysis and to the relative strengths of the C-Hal bonds)

b) explain the uses of fluoroalkanes and fluorohalogenoalkanes in terms of 
their relative chemical inertness

c) recognise the concern about the effect of chlorofluoroalkanes on the 
ozone layer
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HALOGENOALKANES

Halogenoalkanes are alkane molecules with one or more hydrogen atoms 

replaced with halogen atoms. For example:
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ISOMERS OF C4H9Br

 3

HALOGENOALKANES

They contain the functional group C-X where X is a halogen (F, Cl, Br or I). 

They are classified according to what is attached to the C-X functional group.
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PROPERTIES

Halogenoalkanes are generally colourless liquids, immiscible with and heavier than 

water, with pleasant odours (Chloromethane, chloroethane and bromomethane are 

gases at room temperature.)  

Compared with the alkanes, their boiling points are higher, with the boiling point rising 

from each chloroalkane to the corresponding iodoalkane.  

The main intermolecular force in halogenoalkanes is the van der Waals’ induced 

dipole force, the dipole - dipole attractions being not very effective in monohalogen 

derivatives.

 5
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higher, with the boiling point rising from each chloroalkane to the corresponding 
iodoalkane (see Figure 15.2). The main intermolecular force in halogenoalkanes is 
the van der Waals’ induced dipole force. Therefore their boiling points increase with 
chain length, just like those of the alkanes.

Furthermore, as we would expect, the trend in boiling point with halogen (RCl < RBr < 
RI) refl ects the greater number of electrons available for induced dipole attraction from 
chlorine to iodine (see section 11.1). In addition, there is a small amount of permanent 
dipole–dipole attraction between molecules. This will be most important for the 
chloroalkanes, becoming less so for the bromo- and iodoalkanes (see Figure 15.3).

 15.2  Isomerism and nomenclature
Halogenoalkanes show chain, positional and optical isomerism. There are, for 
example, fi ve isomers with the formula C4H9Br, as shown in Figure 15.4.

A and the D–E pair are positional isomers of one another. B and C are also positional 
isomers of each other. B and C are chain isomers of the other three. D and E are 
optical isomers of each other. They form a non-superimposable mirror-image pair 
(see section 12.6).

A halogenoalkane is classed as primary, secondary or tertiary (see Table 13.6, 
page 247), depending on how many alkyl groups are attached to the carbon atom 
joined to the halogen atom:

R—CH2
—Br

a primary bromoalkane a secondary iodoalkane a tertiary chloroalkane

—CH—IR

R

—C—Cl

R

R

R
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Figure 15.2 Boiling points of the 
halogenoalkanes

15_03 Cam/Chem AS&A2

Barking Dog Art

Rb+ Clb– Rb+ Clb– Rb+ Clb– Rb+ Clb–Figure 15.3 Permanent dipole–dipole 
attractions in halogenoalkanes
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Figure 15.4 Isomers of C4H9Br
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BOILING POINTS
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Although slightly more soluble than alkanes, halogenoalkanes are still only 
either sparingly soluble or insoluble in water. To all intents and purposes, 
they may be regarded as insoluble in water but soluble in organic solvents.

CVb^c\�]Vad\ZcdVa`VcZh
Halogenoalkanes are named according to the format x-haloalkane, 
where x indicates the position of the halogen atom in the chain. Examples 
of some names of simple halogenoalkanes are given in Table 10.14.
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Where more than one substituent is present on the chain, they are 
arranged in alphabetical order with the numbering system chosen to 
give the lowest possible number for any substituent. Where two or more 
substituents would have the same numbers when numbering from either 
side, the substituent that comes fi rst in the alphabet (ignoring di-, tri-, 
etc.) is chosen to have the lowest position number.

("Wgdbd"'"X]adgdeZciVcZ
The two possible names for this are 3-bromo-2-chloropentane and 
3-bromo-4-chloropentane. The fi rst name gives the lowest individual 
number (2), and so the name is 3-bromo-2-chloropentane.

'"Wgdbd"*"bZi]na]ZmVcZ
There are two substituents on the chain – a bromo group and a methyl 
group. The two possible names are 2-bromo-5-methylhexane and 5-bromo-
2-methylhexane. Both names contain the same numbers, and so the name is 
chosen according to position in the alphabet. Bromo comes before methyl 
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higher, with the boiling point rising from each chloroalkane to the corresponding 
iodoalkane (see Figure 15.2). The main intermolecular force in halogenoalkanes is 
the van der Waals’ induced dipole force. Therefore their boiling points increase with 
chain length, just like those of the alkanes.

Furthermore, as we would expect, the trend in boiling point with halogen (RCl < RBr < 
RI) refl ects the greater number of electrons available for induced dipole attraction from 
chlorine to iodine (see section 11.1). In addition, there is a small amount of permanent 
dipole–dipole attraction between molecules. This will be most important for the 
chloroalkanes, becoming less so for the bromo- and iodoalkanes (see Figure 15.3).

 15.2  Isomerism and nomenclature
Halogenoalkanes show chain, positional and optical isomerism. There are, for 
example, fi ve isomers with the formula C4H9Br, as shown in Figure 15.4.

A and the D–E pair are positional isomers of one another. B and C are also positional 
isomers of each other. B and C are chain isomers of the other three. D and E are 
optical isomers of each other. They form a non-superimposable mirror-image pair 
(see section 12.6).

A halogenoalkane is classed as primary, secondary or tertiary (see Table 13.6, 
page 247), depending on how many alkyl groups are attached to the carbon atom 
joined to the halogen atom:

R—CH2
—Br

a primary bromoalkane a secondary iodoalkane a tertiary chloroalkane
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R
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R
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Rb+ Clb– Rb+ Clb– Rb+ Clb– Rb+ Clb–Figure 15.3 Permanent dipole–dipole 
attractions in halogenoalkanes
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SOLUBILITY

Although slightly more soluble than alkanes, halogenoalkanes are still only 

either sparingly soluble or insoluble in water as they cannot form 

hydrogen bonding with water.  

For all intents and purposes, they may be regarded as insoluble in water 

but soluble in organic solvents. 

They are good solvents for organic compounds.

 8
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REACTIVITY

Halogens are very electronegative, and so the C—Halogen (C—X) bond is strongly 

polarised.  

During the reactions of halogenoalkanes, this bond breaks heterolytically to give the 

halide ion:  

The type of mechanism by which halogenoalkane reactions occurs is nucleophilic 

substitution: the halogenoalkane is attacked by a nucleophile and the nucleophile 

replaces the halogen atom.  

The exact nature of the nucleophilic substitution reaction depends on which type 

(primary, secondary or tertiary) of halogenoalkane reacts. 

 9

NUCLEOPHILIC SUBSTITUTION

The halogenoalkane is attacked by a nucleophile and the nucleophile 

replaces the halogen atom.

 10
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REACTION WITH ALKALIS

 11

Reagent Aqueous sodium (or potassium) hydroxide.

Condition heat under reflux in aqueous solution

Product Alcohol

Type nucleophilic substitution

Br H OH H
I I I

A- c-c-Ator -> It - d-c-Htbr1 1
heat 1 /

A H H H

0¥
 • H It pair of  electrons

4,1£,

1 tnqmescjisrwbmd
A - C - C - A asport

μ C - Br

transition OH
-

^ "4⇒÷PHf
Br

.reactantprofits
,

bimolecular - two  molecules
involved ; therate- determiningstep

msn.mn?.!YnYiEgHpHt.+t.oItrtI*f.I#Inttw
232 15  Halogenoalkanes

Th e substitution involves the breaking of the carbon–
halogen bond. Looking at the bond energies (Table 15.1) 
helps us to explain the rates of reaction. Notice that the 
C I bond is the weakest so it is broken most easily. It 
forms an I− ion during the substitution reaction. Th is is 
shown clearly in an ionic equation:

CH3CH2I + OH− → CH3CH2OH + I−

 iodooethane ethanol

Th ere is more about the mechanism of nucleophilic 
substitution on pages 233–4.

without evaporating off  the volatile organic compounds in 
the reaction fl ask. Th e apparatus is shown in Figure 15.2.

Similar reactions occur with other halogenoalkanes, 
but the reaction rates diff er. We can investigate the rate 
of hydrolysis using silver nitrate solution. Th e water in 
the silver nitrate solution acts as the nucleophile, again 
forming the alcohol. Th e reaction is called hydrolysis 
(breakdown by water). It is a very similar reaction to the 
reaction that happens with alkali:

CH3CH2Br + H2O → CH3CH2OH + H+ + Br−

However, the hydrolysis with water occurs more slowly 
than with OH−(aq). Th is is because the negatively 
charged hydroxide ion is a more eff ective nucleophile 
than a water molecule.

From the equation above you can see that a halide ion, 
in this case Br−, is produced in the reaction. On page 185 
we used silver nitrate solution to test for halide ions. 
Remember that chlorides give a white precipitate (of 
silver chloride), bromides give a cream precipitate (silver 
bromide) and iodides produce a pale yellow precipitate 
(silver iodide). We can time how long it takes for test 
tubes containing the halogenoalkanes and silver nitrate 
solution to become opaque.

We fi nd that:
• the fastest nucleophilic substitution reactions take place 

with the iodoalkanes
• the slowest nucleophilic substitution reactions take place 

with the fl uoroalkanes.

water out

condenser

anti-bumping
granules

heat

water in

halogenoalkane
+

alkali (OH–)

Figure 15.2 Refl ux apparatus for hydrolysis of halogenoalkane.

Fluoroalkanes least reactive
Chloroalkanes
Bromoalkanes
Iodoalkanes most reactive

Bond Bond energy / kJ mol−1

C F 467 (strongest bond)
C Cl 346
C Br 290
C I 228 (weakest bond)

Table 15.1 Bond energy values of the carbon–halogen bonds.

1 a  Why does the hydrolysis of a 
halogenoalkane happen more quickly 
with OH−(aq) ions than with water 
molecules?

b Explain why silver nitrate solution can be 
used to investigate the rate of hydrolysis 
of the halogenoalkanes. Include 
ionic equations for the formation of 
the precipitates.

Check-up

2 Substitution with cyanide ions, CN− 
(in ethanol)
In this reaction the nucleophile is the CN− ion. To carry 
out the reaction, a solution of potassium cyanide, KCN, 
in ethanol (known as an ethanolic or alcoholic solution 
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ethene ethan -1,2 - did
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REACTION WITH ALKALIS
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NUCLEOPHILIC SUBSTITUTION OF PRIMARY HALOGENOALKANES

The exact nature of the nucleophilic substitution reaction depends on 

which type (primary, secondary or tertiary) of halogenoalkane reacts.

 14

Br H OH H
I I I
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The initial part of the mechanism is the attack of the OH— on 

the C attached to the Br.  

As the Br is more electronegative than the C, the C atom is 

slightly positive and the OH— is attracted to it.

The OH— is the nucleophile and donates a lone pair of electrons to the C to form a 

(dative) covalent bond.  

The curly arrow shows the lone pair on OH— becoming a bonding pair of electrons 

between the O and C.

CEDAR COLLEGE  245 HALOGENOALKANES



�

NUCLEOPHILIC SUBSTITUTION OF PRIMARY HALOGENOALKANES

C can have a maximum of only eight electrons in its outer shell, 

and therefore as the C–O bond forms the C–Br bond must break. 

The curly arrow shown indicates that the C–Br bond breaks.  

Both electrons from the C–Br bond go back to the bromine atom 

to form a bromide ion. 

This is called heterolytic fission – the bond breaks so that both 

electrons go to the same atom (Br).  
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NUCLEOPHILIC SUBSTITUTION OF PRIMARY HALOGENOALKANES

Part of the way through the process, the OH and Br are both partially joined to 

the C, and this is often shown in the mechanism. 

This is not an intermediate in the reaction but is the highest point on the reaction 

energy profile, which is often called the transition state or activated complex. 

 16
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NUCLEOPHILIC SUBSTITUTION OF PRIMARY HALOGENOALKANES

This is a single-step mechanism, and the formation of the transition state is just 

part of the way along this step.  

This mechanism is known as an SN2 mechanism where the rate is determined 

by the concentrations of the primary haloalkane and the sodium hydroxide.

 17

NUCLEOPHILIC SUBSTITUTION OF TERTIARY HALOGENOALKANES

Consider the reaction of 2-bromo-2-methylpropane with sodium hydroxide. 

This occurs fairly rapidly at room temperature.

 18
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.
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.
!Eusa*

BV H
!

r

Studies of the rate of this reaction determined that the rate of reaction 

does not seem to depend on the concentration of the sodium hydroxide.  

This reaction must, therefore, occur via a different mechanism. 

CEDAR COLLEGE  247 HALOGENOALKANES



�

it ,HHfi÷'It.at#*i+.H5f.tKEn++wZbromo-Zmethy1propaneZmethy1propan

-2-01

#tF¥H÷I" ¥ .tl#FInttBi
Carbonation

. tIt÷I÷o*⇒

.IE#E.H:OHt:IHti*Ikfttdgtt

.
H - C Hmm

.
!Eusa*

BV H
!

r

NUCLEOPHILIC SUBSTITUTION OF TERTIARY HALOGENOALKANES

This mechanism is described as SN1, i.e. substitution nucleophilic unimolecular.

 19

In the first step, the C–Br bond breaks to form a positively charged 

carbocation. This is the rate-determining step in the mechanism and 

hydroxide ions do not take part in it.

NUCLEOPHILIC SUBSTITUTION OF TERTIARY HALOGENOALKANES

This mechanism is described as SN1, i.e. substitution nucleophilic unimolecular.   

In the first step, the C–Br bond breaks to form a positively charged carbocation. This is 

the rate-determining step in the mechanism and hydroxide ions do not take part in it.
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NUCLEOPHILIC SUBSTITUTION OF TERTIARY HALOGENOALKANES

The carbocation formed is attacked by the OH− ion.
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Overall:

WHY TWO DIFFERENT MECHANISMS

SN1 is more favourable for tertiary halogenoalkanes. 

Alkyl groups donate electrons to carbocations and radicals by the inductive effect. 

The stability of carbocations increases in the order primary < secondary < tertiary. 
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WHY IS SN1 MORE FAVOURABLE FOR TERTIARY HALOGENOALKANES

As the carbocation becomes more stable, the activation energy for the reaction 
leading to it also decreases.  

We therefore expect that the rate of the SN1 reaction will increase in the order:  

primary  <  secondary  <  tertiary.

 23

Compound Type 
Relative rate of 

SN1 reaction 

CH3CH2Br primary 1

(CH3)2CHBr secondary 26

(CH3)3CBr tertiary 60000000

WHY IS SN2 MORE FAVOURABLE FOR PRIMARY HALOGENOALKANES

SN2 is more favourable for primary halogenoalkanes. 

This is mainly because of steric effects. The methyl groups surrounding the 

central C in a tertiary halogenoalkane make it much more difficult for the 

nucleophile to get in to attack the central C.
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WHY IS SN2 MORE FAVOURABLE FOR PRIMARY HALOGENOALKANES

Another way of explaining this is that, if the OH— did get in to attack the C in a tertiary 

halogenoalkanes, there would be five large groups surrounding the central C in the 

transition state, which would make this very unstable.  

The activation energy would therefore be very high. This will slow down the reaction.
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SN1 VS SN2

 26

H

CHZH
I I I OH

-

A - c- C - c-A

^
...

yrbocanmt
,

o ! ^

Ytamei"Cft¥¥g*]
- - - - in Br

effete : Ieeereactants Reactants
products Products

> >
progress  of  reaction

progress  of  reaction

A-To primary carburation

EAUD of
. . .

got €al€€tiarycarbonation

RBRTOH -

ROH ti
-

progress  of  reaction
>

CHZ A CHZ CHZ

i. '

' XY1 1
HO - - .C-- - Br HO - - -C-- - Br⇒

Hz

H

CHZH
I I I OH

-

A - c- C - c-A

^
...

yrbocanmt
,

o ! ^

Ytamei"Cft¥¥g*]
- - - - in Br

effete : Ieeereactants Reactants
products Products

> >
progress  of  reaction

progress  of  reaction

A-To primary carburation

EAUD of
. . .

got €al€€tiarycarbonation

RBRTOH -

ROH ti
-

progress  of  reaction
>

CHZ A CHZ CHZ

i. '

' XY1 1
HO - - .C-- - Br HO - - -C-- - Br⇒

Hz

SN1 SN2

CEDAR COLLEGE  251 HALOGENOALKANES



�

REACTION WITH CN—

 27

Reagent potassium cyanide, KCN, (or sodium cyanide, NaCN) dissolved in 
ethanol

Condition heat under reflux in ethanolic solution

Product Nitrile

Type nucleophilic substitution
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Importance of the reaction with CN҆ is that it extends the carbon chain by one carbon 

atom.

REACTION WITH CN—
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REACTION WITH CN—

Hydrolysis of nitriles formed after the reaction of halogenoalkanes with CN— 

produces carboxylic acids.

 29

Reagent dilute HCl or NaOH (aq)

Condition heat under reflux

Type hydrolysis
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REACTION WITH CN—

Hydrolysis of nitriles formed after the reaction of halogenoalkanes with CN— 

produces carboxylic acids.
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REACTION WITH AMMONIA

 31

Reagent Ammonia, NH3 (conc. or dissolved in ethanol)

Condition heat under reflux

Product Amine

Type nucleophilic substitution
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ELIMINATION REACTION

 32

Reagent sodium (or potassium) hydroxide dissolved in ethanol

Condition heat under reflux

Product Alkene

Type Elimination

The OH— removes a hydrogen from a carbon atom adjacent the C bearing the halogen.  

If the haloalkane is unsymmetrical (e.g. 2-bromobutane) a mixture of isomeric alkene 
products is obtained.
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ELIMINATION REACTION
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Paz + Warm

ZCHZCHZOH
Pcb

->

ZCHZCHZCI

+ HZPOZ

Warm

CHZCHZOH + PA ->

CHZCHZCI

+ Hat POCIZ

warm

CHZCHZOH + SOCK -7 CHZCHZCI+ Hat SOZ

cone HBR  threat OR

CHZCHZOHTHBRawful CHZCHZBV
+ HZO

heat  with red PTIZ

ZCHZCHZOH
+ PI

, -7

ZCHZCHZI

+ HZPOZ

CHZCHZCHZCHZNHZ

a+*HμH*°\
¥hm2
reaction :HZCHZCHZCHZBV/ reaction 3

v

CHZCHZCH  =CHz
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REACTIVITY OF HALOGENOALKANES

The rate of nucleophilic substitution of the different halides containing the same 

alkyl group with differing halogen is as follows:  RI   >   RBr   >   RCl . 

This is because the rate of hydrolysis depends on the ease with which the 

heterolysis of the C—X bond occurs.  

As the atom becomes smaller bond length decreases, bond strength increases 
and heterolysis becomes more difficult. Hence, the rate of reaction decreases.  

Fluorocarbons are almost inert.

 35

Bond C҆I C҆Br C҆Cl C҆F

Bond energies / kJ mol҆1 240 280 340 485

The rate of reaction of halogenoalkanes with water and alkalis is in the order:
RI > RBr > RCl, where R represents an alkyl group. The reaction rates do not
correlate with bond polarity in the halogenoalkane. Chlorine is the most
electronegative and iodine the least electronegative, so the C–Cl bond is the
most polar and the C–I bond the least polar. Bond polarity is therefore not
the key factor that determines the rates of reaction.

The reaction rates do, however, correlate with the strength of the bonds.
The C–I bond is the longest and weakest (as measured by the mean bond
enthalpy). The C–Cl bond is the shortest and strongest. This suggests that the
C–I bond breaks more readily than the C–Cl bond.

14.4 Nucleophilic substitution in
halogenoalkanes

The carbon–halogen bond in a halogenoalkane is polar, with the carbon atom
at the δ+ end of the dipole. This makes the carbon atom open to attack by
molecules or ions that can provide a pair of electrons to form a new covalent
bond.

Nucleophiles that react with halogenoalkanes include water molecules and
hydroxide ions (see Section 10.6). When a hydroxide ion (:OH–) attacks a
halogenoalkane, it forms a new bond with the carbon atom as the C–halogen
bond breaks to set free a halide ion.

Hydrolysis of halogenoalkanes

167

8 Refer to Figure 14.4.
a) Why is hydrolysis necessary before testing with silver nitrate?
b) Why must nitric acid be added before the silver nitrate solution?
c) Write the equations for the three reactions that take place when detecting

bromide ions in 1-bromobutane by this method.

Test yourself

NaOH(aq)
plus a drop
of the
halogenoalkane

hot
water

heat

acidify with
dilute nitric acid

hydrolysis acidification precipitation

add a few drops of
silver nitrate solution

AgCl(s): white
AgBr(s): cream
AgI(s): yellow

Figure 14.4 !
Hydrolysis of halogenoalkanes makes it
possible to distinguish between chloro-,
bromo- and iodo-compounds. Heating
the compound with an alkali releases
halide ions. Acidifying with nitric acid and
then adding silver nitrate produces a
precipitate of the silver halide.

C

nucleophile halogenoalkane leaving group

Nu
–

X Nu C X+ –

Figure 14.5 !
Generalised description of the attack of a
nucleophile on a halogenoalkane, which
leads to a substitution reaction.

REACTIVITY OF HALOGENOALKANES

Hydrolysis of halogenoalkanes makes it possible to distinguish between chloro-, 

bromo- and iodo-compounds.  

Heating the compound with an alkali releases halide ions. Acidifying with nitric 

acid and then adding silver nitrate produces a precipitate of the silver halide. 

 36

CEDAR COLLEGE  256 HALOGENOALKANES



�

H

CHZH
I I I OH

-

A - c- C - c-A

^
...

yrbocanmt
,

o ! ^

Ytamei"Cft¥¥g*]
- - - - in Br

effete : Ieeereactants Reactants
products Products

> >
progress  of  reaction

progress  of  reaction

A-To primary carburation

EAUD of
. . .

got €al€€tiarycarbonation

RBRTOH -

ROH ti
-

progress  of  reaction
>

CHZ A CHZ CHZ

i. '

' XY1 1
HO - - .C-- - Br HO - - -C-- - Br⇒

Hz

REACTIVITY OF HALOGENOALKANES

For a given set of isomers the reaction 

rate is in the order:       

tertiary  >  secondary  >  primary 

The chances for forming the carbocation 

increases with increasing number of 

alkyl groups due to the electron 

releasing effect of the alkyl group 

stabilizing the carbocation. 

Therefore activation energy decreases 

as the number of alkyl groups increases.

 37

USES OF HALOGENOALKANES

 38

USES COMPOUND PROPERTY SUSTITUTE

SOLVENT CCl4 non-polar liquid hexane

NON-STICK PANS PTFE
non-toxic, resistant to & low 

coefficient of friction.

AEROSOL SPRAYS CFCs volatile & odourless butane

REFRIGERANTS CFCs volatile & odourless

PIPES PVC hard polymer & non-polar poly(propene)

ANAESTHETIC chloroalkanes

CEDAR COLLEGE  257 HALOGENOALKANES



�

POLLUTION

The main pollutants responsible for depletion of ozone are chlorofluorocarbons 

(CFCs) and nitrogen oxides (NOx). 

CFCs (chlorofluorocarbons), also called Freons, were developed and used from 

the first half of the 20th century as non-toxic, non-flammable substances useful as 

refrigerants, aerosol propellants and foaming agents for plastics and fire 

extinguishers and also as solvents for cleaning.  

Examples are: CCl3F (CFC-11, trichlorofluoromethane) and CCl2F2 (CFC-12, 

dichlorodifluoromethane).  

 39

POLLUTION

CFCs are so unreactive that they can pass through the troposphere and 

up into the stratosphere without reacting.  

In the stratosphere UV light causes the C–Cl bond to break (it is weaker 

than the C–F bond) to produce chlorine free radicals, which catalyse the 

depletion of ozone.  

One chlorine free radical can destroy thousands of ozone molecules.  

CF3Cl      ➝     CF3
•      +      Cl•  

CF2Cl2      ➝     CF2Cl•      +      Cl• 

Cl•       +       O3      ➝     O2
     +      ClO•

 40
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FLOUROALKANES

Fluoroalkanes are very inert. This corresponds to the trend in their bond strengths. 

 41

Bond C҆I C҆Br C҆Cl C҆F

Bond energies / kJ mol҆1 240 280 340 485

Chlorofluoroalkanes (CFCs) have been responsible for damaging the Earth’s ozone 

layer, but alternative inert compounds, such as fluoroalkanes and hydrofluoroalkanes 

(hydrofluorocarbons, HFCs), are now replacing the use of CFCs.  

Because these HFCs don't contain any chlorine, they have zero effect on the ozone 

layer. The C—F bond isn't broken by uv radiation.  

HFE’s are hydrofluoroethers, which are solvents used for cleaning and drying, these 

are far more stable due to C—F being stronger than C—Cl. 
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21 Hydroxyethanal, HOCH2CHO, is heated under reflux with an excess of acidified potassium 

dichromate(VI) until no further oxidation takes place. 

 

What is the skeletal formula of the organic product? 

 

HO OH
O

O

A

HO
OH

O

O

B

OH

OH

O
OH

O

O

C D

 

 

 

22 An ester with an odour of banana has the following formula. 

 

CH3CO2CH2CHCH2CH3 

CH3
 

 

Which pair of reactants, under suitable conditions, will produce this ester? 

 

C 

B 

D 

A CH3CH2CHCH2CO2H + CH3OH 

CH3CH2CHCO2H + CH3CH2OH 

CH3

CH3CO2H + CH3CH2CHCH2OH 

CH3CO2H + CH3CHCH2CH2OH

CH3

CH3

CH3
 

 

 

23 The hydrolysis of 1-chloropropane to produce propan-1-ol is much slower than the corresponding 

hydrolysis of 1-iodopropane. 

 

Which statement explains this observation? 

A Chlorine is more electronegative than iodine. 

B The bond strength of the C –  I bond is less than that of the C –  Cl bond. 
C The carbon atom in the C –  Cl bond is more δ+ than that in the C –  I bond. 

D The hydrolysis involves a nucleophilic addition reaction. 
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23 An ester of structural formula CH3CO2CH3 is heated with an aqueous solution of sodium 

hydroxide. 

 

What are the two organic products of this reaction? 

A ethanoic acid and methanol 

B methanoic acid and ethanol 

C sodium ethanoate and methanol 

D sodium methanoate and ethanol 

 

 

24 Ethene reacts with aqueous bromine to give two products, CH2BrCH2Br and CH2BrCH2OH. 

 

Which statement about these products is correct? 

A Both products are obtained in this reaction by electrophilic substitution. 

B Both products are obtained in this reaction by nucleophilic addition. 

C Both products can be hydrolysed to form the same organic compound. 

D Both products can form hydrogen bonds with water. 

 

 

25 Which statement does not correctly describe a problem related to the disposal of PVC? 

A PVC is slowly degraded in the environment by bacteria and fungi. 

B PVC is slowly degraded in the environment by sunlight. 

C When PVC is burnt, a significant amount of ethene gas is present in the products. 

D When PVC is burnt, a significant amount of HCl gas is present in the products. 

 

 

26 Compound X, C4H8O, produces an orange precipitate when it is reacted with  

2,4-dinitrophenylhydrazine reagent. Compound X produces a carboxylic acid when heated under 

reflux with an acidified solution of potassium dichromate(VI). 

 

What could be compound X? 

A butanal 

B butanone 

C 2-methylbutanal 

D 4-hydroxybut-1-ene 

 

 

� 

[S'14 P12 Q21]

8  

© UCLES 2014 9701/12/M/J/14  

19 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 0.125  mol of chlorine gas, Cl 2, is reacted with an excess of cold aqueous 
sodium hydroxide. One of the products is a compound of sodium, oxygen, and chlorine. 

 

Which mass of this product is formed? 

A 9.31 g B 13.3 g C 18.6 g D 26.6 g 
 

 

20  The diagram shows the skeletal formula of phenazine. 

 

N

N

phenazine

N

N

 

 

What is the empirical formula of phenazine? 

A C6H4N B C6H6N C C12H8N2 D C12H12N2 

 

 

21 Halogenoalkanes undergo a range of nucleophilic substitution reactions. 

 

Which reaction proceeds only  by an SN1 mechanism? 

A CH3CH2Br  +  NH3 

B CH3CH2CH2I  +  OH
–

 

C CH3CHBrCH3  +  NH3 

D (CH3)3CI  +  OH
–

 

 

 

22 Which alcohol has a chiral centre and can be oxidised to a ketone? 

A pentan-2-ol 

B pentan-3-ol 

C 3-methylhexan-1-ol 

D 3-methylhexan-3-ol 
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29 How many geometrical (cis-trans) isomers are there of hex-2,4-diene, CH
3
CH=CHCH=CHCH

3
? 

A none; hex-2,4-diene does not show geometric isomerism 

B 2 

C 3 

D 4 

 

 

30 Butanoic acid can be produced from 1-bromopropane using reagents X and Y as shown below. 

 

 reagent X reagent Y 

1-bromopropane    compound Q    butanoic acid 

 

What could be reagents X and Y? 

 

 X Y 

A KCN in ethanol HCl (aq) 

B KCN in ethanol NaOH(aq) 

C NH
3
 in ethanol HCl (aq) 

D NaOH(aq) H
+ / Cr

2
O

7

2–

(aq) 
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27  Dichlorodifluoromethane, CCl 2F2, has been used in aerosol propellants and as a refrigerant. 

 

Which statement helps to explain why dichlorodifluoromethane is chemically inert? 

A All fluorine compounds are non-flammable. 

B Fluorine is highly electronegative. 

C The carbon-fluorine bond energy is large. 

D The carbon-fluorine bond has a low polarity. 

 

 

28 The diagram shows the structure of ethanedioic acid. 

 

HO

C

OH

C

OO
 

 

Ethanedioic acid reacts with ethanol in the presence of a few drops of concentrated sulfuric acid 

to form a diester. The molecular formula of the diester is C6H10O4. 

 

What is the structural formula of the diester? 

A CH3CH2CO2CO2CH2CH3 

B CH3CH2OCOCO2CH2CH3 

C CH3CH2O2CO2CCH2CH3 

D CH3CO2CH2CH2OCOCH3 

 

 

29  When heated with KOH dissolved in ethanol, halogenoalkanes can undergo an elimination 

reaction to form alkenes. 

 

What are the possible elimination products when 2-bromobutane is heated with KOH dissolved in 

ethanol? 

A CH3CH=CHCH3 only 

B CH3CH2CH=CH2 only 

C CH3CH=CHCH3 and CH3CH2CH=CH2 

D CH3CH=CHCH3 and CH2=CHCH=CH2 
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24 Coniine is the major constituent of the poison ‘oil of hemlock’. 

 

N

H

CH2CH2CH3

coniine
 

 

Coniine can be synthesised by reacting ammonia with a dibromo compound, X. 

 

NH3 + C8H16Br2 → coniine + 2HBr 

X 

 

What is the name of compound X? 

A 1,1-dibromo-2-propylcyclopentane 

B 1,2-dibromo-2-propylcyclopentane 

C 1,4-dibromooctane 

D 1,5-dibromooctane 

 

 

25 2-bromopropane reacts with a hot concentrated solution of sodium hydroxide in ethanol. 

 

Which substance is the major product of this reaction? 

A propan-1-ol 

B propan-2-ol 

C 2-hydroxypropene 

D propene 

 

 

26 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 

 

Which compound would be the quickest to produce a precipitate? 

 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D
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24 Coniine is the major constituent of the poison ‘oil of hemlock’. 

 

N

H

CH2CH2CH3

coniine
 

 

Coniine can be synthesised by reacting ammonia with a dibromo compound, X. 

 

NH3 + C8H16Br2 → coniine + 2HBr 

X 

 

What is the name of compound X? 

A 1,1-dibromo-2-propylcyclopentane 

B 1,2-dibromo-2-propylcyclopentane 

C 1,4-dibromooctane 

D 1,5-dibromooctane 

 

 

25 2-bromopropane reacts with a hot concentrated solution of sodium hydroxide in ethanol. 

 

Which substance is the major product of this reaction? 

A propan-1-ol 

B propan-2-ol 

C 2-hydroxypropene 

D propene 

 

 

26 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 

 

Which compound would be the quickest to produce a precipitate? 

 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D
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23 A compound Y, C4H9Br, undergoes hydrolysis in aqueous alkali to form an alcohol, C4H9OH. The 

rate of this reaction is found to be unaffected by changes in the concentration of OH
–

 ions 

present. 

 

Which is the most likely molecular structure of Y? 

A CH3CH2CH2CH2Br 

B CH3CH2CHBrCH3 

C (CH3)2CHCH2Br 

D (CH3)3CBr 

 

 

24 Compound X can be made from 2-hydroxybutanoic acid. 

 

O

CO

C

C

O

O

C

H

H

CH2 CH3
CH3 CH2

compound X
 

 

What should be heated with 2-hydroxybutanoic acid in order to make compound X? 

A acidified potassium dichromate(VI) 

B aluminium oxide 

C concentrated sulfuric acid  

D dilute sodium hydroxide 

 

 

25 The compound known as ‘gamma-linolenic acid’ is found in the seeds of the evening primrose 

plant. 

 

CH3(CH2)4CH=CHCH2CH=CHCH2CH=CH(CH2)4CO2H 

gamma-linolenic acid 

 

How many cis-trans isomers are there with this structural formula? 

A 3 B 6 C 8 D 12 
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21 The diagram shows a molecule that has σ bonds and π bonds. 

 

OCH2CH2 CH2 CH2CHCH C

O

 

 

How many σ bonds are present in this molecule? 

A 15 B 17 C 18 D 21 

 

 

22 The Finkelstein reaction occurs when NaI in propanone reacts with a chloroalkane or 

bromoalkane. The halogen is directly replaced by I and the reaction only works for primary 

halogenoalkanes. 

 

Which halogenoalkane would produce compound X? 

 

I

compound X
 

 

A (CH3)2CHCH(CH3)CH2CH2Br 

B (CH3)2CHCH(CH3)CH2Br 

C (CH3)2CHCH2CH2CH(CH3)Cl 

D (CH3)2CHCH2CH(CH3)CH2Cl 

 

 

23 An ester P with a fruity odour has the following structural formula. 

 

CH3 C 

OCH2 CH2 CH(CH3 )2

O

 

 

Which compounds are produced when P is hydrolysed using hydrochloric acid? 

A CH3COCl  and  (CH3)2CHCH2CH2OH 

B CH3CHO  and  (CH3)2CHCH2CH2OH 

C CH3CO2H  and  (CH3)2CHCH2CH2CHO 

D CH3CO2H  and  (CH3)2CHCH2CH2OH 
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22 Four students, W, X, Y and Z, made the following statements about alkanes and alkenes. 

 

W ‘Bromine reacts with alkanes by electrophilic substitution.’ 

X ‘Bromine reacts with alkenes by a free-radical addition mechanism.’ 

Y ‘Alkenes can be oxidised by acidified manganate(VII) ions.’ 

Z ‘Alkenes are formed from alkanes by cracking.’ 

 

Which two students are correct? 

A W and X B W and Z C X and Y D Y and Z 

 

 

23 Butanedioic acid may be synthesised in two steps from 1,2-dibromoethane. 

 

BrCH2CH2Br HO2CCH2CH2CO2HX
step 1 step 2

 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCN(g) HCl (aq) 

B HCO2Na(aq) HCl (aq) 

C KCN(alcoholic) H2SO4(aq) 

D NaOH(aq) K2Cr2O7 / H2SO4(aq) 

 

 

24 Which reaction would not give propene? 

A adding excess hot concentrated sulfuric acid to propan-1-ol 

B adding warm aqueous sodium hydroxide to 2-bromopropane 

C adding warm ethanolic sodium hydroxide to 1-bromopropane 

D passing propan-2-ol vapour over heated aluminium oxide 
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22 Four students, W, X, Y and Z, made the following statements about alkanes and alkenes. 

 

W ‘Bromine reacts with alkanes by electrophilic substitution.’ 

X ‘Bromine reacts with alkenes by a free-radical addition mechanism.’ 

Y ‘Alkenes can be oxidised by acidified manganate(VII) ions.’ 

Z ‘Alkenes are formed from alkanes by cracking.’ 

 

Which two students are correct? 

A W and X B W and Z C X and Y D Y and Z 

 

 

23 Butanedioic acid may be synthesised in two steps from 1,2-dibromoethane. 

 

BrCH2CH2Br HO2CCH2CH2CO2HX
step 1 step 2

 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCN(g) HCl (aq) 

B HCO2Na(aq) HCl (aq) 

C KCN(alcoholic) H2SO4(aq) 

D NaOH(aq) K2Cr2O7 / H2SO4(aq) 

 

 

24 Which reaction would not give propene? 

A adding excess hot concentrated sulfuric acid to propan-1-ol 

B adding warm aqueous sodium hydroxide to 2-bromopropane 

C adding warm ethanolic sodium hydroxide to 1-bromopropane 

D passing propan-2-ol vapour over heated aluminium oxide 
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24 Coniine is the major constituent of the poison ‘oil of hemlock’. 

 

N

H

CH2CH2CH3

coniine
 

 

Coniine can be synthesised by reacting ammonia with a dibromo compound, X. 

 

NH3 + C8H16Br2 → coniine + 2HBr 

X 

 

What is the name of compound X? 

A 1,1-dibromo-2-propylcyclopentane 

B 1,2-dibromo-2-propylcyclopentane 

C 1,4-dibromooctane 

D 1,5-dibromooctane 

 

 

25 2-bromopropane reacts with a hot concentrated solution of sodium hydroxide in ethanol. 

 

Which substance is the major product of this reaction? 

A propan-1-ol 

B propan-2-ol 

C 2-hydroxypropene 

D propene 

 

 

26 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 

 

Which compound would be the quickest to produce a precipitate? 

 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D

 

 

 

CEDAR COLLEGE  263 HALOGENOALKANES WS 1



13

14

� 

[S'15 P13 Q28]

12 

© UCLES 2015 9701/13/M/J/15  

28  A tertiary bromoalkane, indicated here by C–Br  , reacts with aqueous NaOH. The mechanism 
has the reaction pathway below. 

 

energy

extent of reaction

C–Br + OH–

C–OH + Br 
–

X

Y

 

 

Which point in the diagram is correctly identified? 

 

HO C Br
–

C+A X is

B X is

HO C Br
–

D Y is

C+C Y is

 

 

 

29  Four drops of 1-chlorobutane, 1-bromobutane and 1-iodobutane were put separately into three 

test-tubes containing 1.0 cm3

 of aqueous silver nitrate at 60 °C. 
 

In each case, a hydrolysis reaction occurred. R represents the butane chain C4H9 and X the 

halogen atom. 

 

H2O(l)  +  R–X(l)  +  Ag
+

(aq)  →  R–OH(aq)  +  AgX(s)  +  H
+

(aq) 

 

The rate of formation of cloudiness in the test-tubes was in the order RCl < RBr < RI. 

 

Why is this? 

A The bond energy of R–X decreases from RCl to RI. 

B The first ionisation energy of the halogen decreases from Cl to I. 

C The solubility of AgX(s) decreases from AgCl to AgI. 

D The R–X bond polarity decreases from RCl to RI. 
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22 Which pair of reagents will take part in a redox reaction? 

A CH3CHCH2  +  Br2 

B CH3CH2CH2OH  +  concentrated H3PO4 

C CH3COCH3  +  HCN 

D HCO2C2H5  +  dilute H2SO4 

 

 

23  The first propagation step in the reaction between methane and chlorine is shown. 

CH4  +  Cl •  →  CH3• +  HCl 

 

How many different first propagation steps are possible in the reaction between pentane and 

chlorine? 

A 2 B 3 C 4 D 5 

 

 

24  Alcohol Y gives product Z after mild oxidation. Z gives a positive result with Tollens’ reagent and 

with 2,4-dinitrophenylhydrazine reagent. 

 

What could be the identity of alcohol Y? 

A butan-1-ol 

B butan-2-ol 

C butan-2,3-diol 

D 2-methylbutan-2-ol 

 

 

25  A student prepares pentan-1-ol by the alkaline hydrolysis of 1-iodopentane. She gently warms the 

reaction mixture for 20 minutes. 

 

CH3CH2CH2CH2CH2I  +  OH
–

  →  CH3CH2CH2CH2CH2OH  +  I
–

 

 

 

When the student uses 1-chloropentane to prepare the same alcohol she has to change the 

condition of the reaction. 

 

Which change in condition should she use and what is the correct reason for its use? 

 

 change in condition reason 

A heat under reflux C–Cl bond is more polar than the C–I bond 

B heat under reflux C–Cl bond is stronger than the C–I bond 

C room temperature C–Cl bond is more polar than the C–I bond  

D room temperature C–Cl bond is shorter than the C–I bond 
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28  A tertiary bromoalkane, indicated here by C–Br  , reacts with aqueous NaOH. The mechanism 
has the reaction pathway below. 

 

energy

extent of reaction

C–Br + OH–

C–OH + Br 
–

X

Y

 

 

Which point in the diagram is correctly identified? 

 

HO C Br
–

C+A X is

B X is

HO C Br
–

D Y is

C+C Y is

 

 

 

29  Four drops of 1-chlorobutane, 1-bromobutane and 1-iodobutane were put separately into three 

test-tubes containing 1.0 cm3

 of aqueous silver nitrate at 60 °C. 
 

In each case, a hydrolysis reaction occurred. R represents the butane chain C4H9 and X the 

halogen atom. 

 

H2O(l)  +  R–X(l)  +  Ag
+

(aq)  →  R–OH(aq)  +  AgX(s)  +  H
+

(aq) 

 

The rate of formation of cloudiness in the test-tubes was in the order RCl < RBr < RI. 

 

Why is this? 

A The bond energy of R–X decreases from RCl to RI. 

B The first ionisation energy of the halogen decreases from Cl to I. 

C The solubility of AgX(s) decreases from AgCl to AgI. 

D The R–X bond polarity decreases from RCl to RI. 
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23 Compound Q can be made from propanone. 

 

O

Q
 

 

Which types of reaction will Q undergo? 

A nucleophilic addition and electrophilic addition 

B nucleophilic addition and nucleophilic substitution 

C nucleophilic addition only 

D nucleophilic substitution and electrophilic addition 

 

 

24 The depletion of the ozone layer in the upper atmosphere reduces the Earth’s natural protection 

from harmful ultraviolet radiation. 

 

Which compound would cause the most depletion of the ozone layer? 

A CCl 3F B CF4 C CO2 D SO2 
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24 Which compound undergoes an SN1 substitution reaction with NaOH(aq)? 

 

A CH3 CH2 CH2 Br 

CH2 =CHCl

B (CH3 )3 CCH2 I

C

CH3 Cl

D
 

 

 

25 If the starting material is iodoethane, which sequence of reactions will produce propanoic acid as 

the main final product in good yield? 

A add NaOH(aq), isolate the organic product, add acidified K2Cr2O7 and boil under reflux 

B add NaOH(aq), isolate the organic product, add H2SO4(aq) and boil under reflux 

C heat with HCN in ethanol, isolate the organic product, add H2SO4(aq) and boil under reflux 

D heat with KCN in ethanol, isolate the organic product, add H2SO4(aq) and boil under reflux 

 

 

26 Which compound cannot be oxidised by acidified potassium dichromate(VI) solution but does 

react with sodium metal? 

A (CH3)3COH 

B CH3COCH2CH3 

C CH3CH2CH2CH2OH 

D CH3CH2CH(OH)CH3 

 

 

27 Butan-2-ol can be made by reducing X with H2 / Ni. 
 

Butan-2-ol can be dehydrated to form Y and Z which are structural isomers of each other. 

 

Which row is correct? 

 

 X is 
cis-trans isomerism 

is shown by 

A an aldehyde both Y and Z 

B an aldehyde only one of Y and Z 

C a ketone both Y and Z 

D a ketone only one of Y and Z 
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24 Which compound undergoes an SN1 substitution reaction with NaOH(aq)? 

 

A CH3 CH2 CH2 Br 

CH2 =CHCl

B (CH3 )3 CCH2 I

C

CH3 Cl

D
 

 

 

25 If the starting material is iodoethane, which sequence of reactions will produce propanoic acid as 

the main final product in good yield? 

A add NaOH(aq), isolate the organic product, add acidified K2Cr2O7 and boil under reflux 

B add NaOH(aq), isolate the organic product, add H2SO4(aq) and boil under reflux 

C heat with HCN in ethanol, isolate the organic product, add H2SO4(aq) and boil under reflux 

D heat with KCN in ethanol, isolate the organic product, add H2SO4(aq) and boil under reflux 

 

 

26 Which compound cannot be oxidised by acidified potassium dichromate(VI) solution but does 

react with sodium metal? 

A (CH3)3COH 

B CH3COCH2CH3 

C CH3CH2CH2CH2OH 

D CH3CH2CH(OH)CH3 

 

 

27 Butan-2-ol can be made by reducing X with H2 / Ni. 
 

Butan-2-ol can be dehydrated to form Y and Z which are structural isomers of each other. 

 

Which row is correct? 

 

 X is 
cis-trans isomerism 

is shown by 

A an aldehyde both Y and Z 

B an aldehyde only one of Y and Z 

C a ketone both Y and Z 

D a ketone only one of Y and Z 
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25 Structural isomerism and stereoisomerism should be considered in answering this question. 
 

Compound J is reacted with KOH dissolved in ethanol. Three isomeric alkenes with molecular 
formula C4H8 are formed. 

 
What is J? 

 
CH2CH3A CH2 CH2 Br

CHCH3B CH2 CH3

CH3

Br

CHCH3 CH2 Br

CH3

CH3

C

CCH3D Br

 
 
 
26 Which row correctly shows a primary, a secondary and a tertiary alcohol? 
 

A 

B 

C 

D 

primary secondary tertiary 

CH2OH 

CH2 

CH3 

CH2OH 

C 

CH3 

CH3 H 

CH2OH 

C 

H 

CH3 H 

H 

C 

H 

CH3 OH C 

H 

CH3

CH3 

OH C CH3

CH3 

CH3 

OH 

CH2OH 

CH2OH C 

H 

CH3

CH2OH 

CH2OH 

CH2OH C CH3

CH2OH 

C 

CH3 

CH3 H 

CH3 

C 

CH3 

CH3 OH 

CH2OH 

CHOH 

CH3 

CH2OH 

CHOH 

CH2OH
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22 The reaction CH3CH2CH2CH2Br + OH
–

 → CH3CH2CH2CH2OH + Br
–

 proceeds via an SN2 

mechanism. 

The reaction (CH3)3CBr + OH
–

 → (CH3)3COH + Br
–

 proceeds via an SN1 mechanism. 

Which statement about these two reactions is correct? 

A Both reactions involve homolytic bond fission. 

B Both reactions involve hydroxide ions acting as electron pair donors. 

C Both reactions involve the formation of a positively-charged intermediate. 

D Both reactions occur in a single step. 

 

 

23  The equation shows a reaction that occurs between carbon monoxide and nitrogen monoxide in a 

catalytic converter. 

 

2CO(g)  +  2NO(g)  →  2CO2(g)  +  N2(g) 

 

Which statement is correct? 

A The catalyst used is finely divided iron. 

B The reaction prevents greenhouse gas emissions into the atmosphere. 

C The reaction reduces the possibility of the formation of photochemical smog. 

D The reaction results in increased ozone depletion. 

 

 

24 Which statement about stereoisomers is correct? 

A Cis-trans isomers are mirror images of each other. 

B Optical isomers must contain a double bond that restricts rotation. 

C Stereoisomers have the same structural formula as each other. 

D Stereoisomers must contain a chiral centre. 

 

 

25 Which compound can be oxidised by acidified potassium manganate(VII) to give 

3-methylpentan-2-one? 

 

OH

A

OH

B

O

OH

C

OH

D
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25  A reaction pathway diagram is shown. 

 

energy

extent of reaction
 

 

The four reactions that follow are all exothermic. 

 

Which reaction would not have such a pathway? 

 

CH3

Br
+  2NH3  →B

CH3I  +  NaCN  →  CH3CN  +  NaIA

CH3

NH2

+  NH4Br

+  HBr  →C

D
OH

CH3

CH3  +  H2O
conc. H2SO4

heat

Br

 

 

 

26  Which volume of oxygen, at room temperature and pressure, is needed for complete combustion 

of 1.0 mol of methylpropan-1-ol? 
 

A 108 dm3

 B 144 dm3

 C 156 dm3

 D 288 dm3

 

 

 

27  An unknown organic compound reacts with sodium to give a combustible gas as one product but 

does not give a yellow precipitate with alkaline aqueous iodine. 

 

What is a possible identity of the unknown organic compound? 

A propanal 

B propan-1-ol 

C propan-2-ol 

D propanone 
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25  A reaction pathway diagram is shown. 

 

energy

extent of reaction
 

 

The four reactions that follow are all exothermic. 

 

Which reaction would not have such a pathway? 

 

CH3

Br
+  2NH3  →B

CH3I  +  NaCN  →  CH3CN  +  NaIA

CH3

NH2

+  NH4Br

+  HBr  →C

D
OH

CH3

CH3  +  H2O
conc. H2SO4

heat

Br

 

 

 

26  Which volume of oxygen, at room temperature and pressure, is needed for complete combustion 

of 1.0 mol of methylpropan-1-ol? 
 

A 108 dm3

 B 144 dm3

 C 156 dm3

 D 288 dm3

 

 

 

27  An unknown organic compound reacts with sodium to give a combustible gas as one product but 

does not give a yellow precipitate with alkaline aqueous iodine. 

 

What is a possible identity of the unknown organic compound? 

A propanal 

B propan-1-ol 

C propan-2-ol 

D propanone 
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22 Which compound would produce two different carboxylic acids when treated with hot, 
concentrated, acidified manganate(VII) ions? 

 
A B C D

 
 
 
23 Which types of bond are broken and formed in the addition polymerisation of alkenes? 
 

 type of 
bond broken 

type of 
bond formed 

A π only σ only 

B π only σ and π 

C σ and π σ only 

D σ and π σ and π 
 
 
24 2,3-dimethylpent-2-ene, (CH3)2C=C(CH3)CH2CH3, is treated with cold, dilute KMnO4. The product 

of this reaction is treated with an excess of concentrated H2SO4 at 180 °C, giving a mixture of 
isomeric hydrocarbons with molecular formula C7H12. 

 
What is the name of one of the isomeric hydrocarbons? 

A 2,3-dimethylpenta-1,2-diene  

B cis-2,3-dimethylpenta-1,3-diene 

C 2,3-dimethylpenta-1,4-diene 

D 3,4-dimethylpenta-1,3-diene  
 
 
25 Equal volumes of aqueous silver nitrate were added to separate small volumes of bromoethane 

and iodoethane in two test-tubes. The test-tubes were shaken. 
 

Which row about the observations made for bromoethane is correct? 
 

 colour of precipitate rate of reaction 

A cream faster than for iodoethane 

B cream slower than for iodoethane 

C yellow faster than for iodoethane 

D yellow slower than for iodoethane 
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24 A sample of 2.76 g of ethanol was mixed with an excess of aqueous acidified potassium 
dichromate(VI). The reaction mixture was then boiled under reflux for one hour. The required 
organic product was then collected by distillation. 

 
The yield of product was 75.0%. 

 
Which mass of product was collected? 

A 1.26 g B 1.98 g C 2.07 g D 2.70 g 
 
 
25 Compound X is a single, pure, optical isomer. X is heated with an excess of concentrated H2SO4. 

Only one organic product is formed. 
 

What could X be? 
 

 
 
 
26 2-bromo-2-methylpropane undergoes nucleophilic substitution when heated under reflux with an 

aqueous solution of sodium hydroxide. 
 

Which row is correct? 
 

 mechanism for 
this reaction reason 

A 
 

SN1 
 

the hydroxide ion is helped in its approach to 
the central carbon atom by the methyl groups 

B 
 

SN1 
 

the intermediate carbocation is stabilised 
by the inductive effect of the methyl groups 

C 
 

SN2 
 

the hydroxide ion is hindered in its approach to 
the central carbon atom by the methyl groups 

D 
 

SN2 
 

the intermediate carbocation is destabilised 
by the inductive effect of the methyl groups 

 
 

HO

A B C D
OH

OH CH2OH
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21 Geraniol and linalool are compounds found in some flower fragrances. 

 

 
 

Which statement is correct? 

A They are chain isomers of each other. 

B They are geometrical isomers of each other. 

C They are optical isomers of each other. 

D They are positional isomers of each other. 

 

 

22 Which equation represents the initiation step of the substitution reaction between methane and 

chlorine? 

A CH4  o  CH3•  +  H• 

B CH4  o  CH3
–
  +  H

+
 

C Cl 2  o  2Cl • 

D Cl 2  o  Cl +  +  Cl – 
 

 

23 Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol. 

 

What should be included in a diagram of the first step in the mechanism? 

A a curly arrow from a lone pair on the OH
–
 ion to the C

G+
 atom of 1-bromopropane 

B a curly arrow from the C
G+

 atom of 1-bromopropane to the OH
–
 ion 

C a curly arrow from the C–Br bond to the C atom 

D the homolytic fission of the C–Br bond 

 

 

CH3

CH3H3C

CH CH

C

geraniol

CH2OH
C

H

H2C

H2C

C

CH3

CH3

CH2

H3C

H

C

linalool

CH2C

HO

H2C

C
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23 Part of the structure of a fungicide, strobilurin, is shown. R and R' are inert groups. 
 

R
R'

O OCH3

strobilurin  
 

In this reaction, strobilurin is warmed with aqueous sulfuric acid producing compound X. 
Compound X is then treated with hydrogen in the presence of a nickel catalyst producing 
compound Y. 

 
What could be the structure of compound Y? 

 
A B

C D

R

R

R

R

OH

OH OH

OCH3

OH OH

OH

HO

R' R'

R'R'

O

O

 
 
 
24 Chloroethane can be used to make sodium propanoate. 
 

chloroethane  o  Q  o  sodium propanoate 
 

The intermediate, Q, is hydrolysed with boiling aqueous sodium hydroxide to give sodium 
propanoate. 

 
Which reagent would produce the intermediate, Q, from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide in water 

D potassium cyanide in ethanol 
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24 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

The molecular formula of compound X is C5H12O. 
 

Compound X: 
 

● reacts with alkaline aqueous iodine 

● can be dehydrated to form two alkenes only. 
 

What could be the identity of compound X? 

A CH3CH2CH(CH3)CH2OH 

B CH3CH2CH(OH)CH2CH3 

C (CH3)2CHCH(OH)CH3 

D CH3CH2CH2CH(OH)CH3 
 
 
25 Which volume of hydrogen, measured under room conditions, is produced when 0.160 g of 

methanol reacts with an excess of sodium? 

A 60 cm3 B 120 cm3 C 240 cm3 D 480 cm3 
 
 
26 Compound X produces a carboxylic acid when heated under reflux with acidified 

potassium dichromate(VI). Compound X does not react with sodium metal. 
 

What could be the identity of compound X? 

A propanal 

B propanone 

C propan-1-ol 

D propan-2-ol 
 
 
27 A reaction occurs when a sample of 1-chloropropane is heated under reflux with 

sodium hydroxide dissolved in ethanol. 
 

Which row is correct? 
 

 type of reaction name of product 

A elimination propan-1-ol 

B elimination propene 

C substitution propan-1-ol 

D substitution propene 
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21 An organic ion containing a carbon atom with a negative charge is called a carbanion. 
 

An organic ion containing a carbon atom with a positive charge is called a carbocation. 
 

The reaction between aqueous sodium hydroxide and 1-bromobutane proceeds by an SN2 
mechanism. 

 
What is the first step in the mechanism? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission followed by attack by an electrophile on a carbanion 

C heterolytic bond fission followed by attack by a nucleophile on a carbocation 

D homolytic bond fission followed by attack by a nucleophile on a carbocation 
 
 
22 Compound X can be converted into compound Y in a single step. 
 

O O

OH
X

Y  
 

What could be the identity of X? 
 

DCBA

 
 
 
23 Which compound reacts with 2,4-dinitrophenylhydrazine reagent but does not react with Tollens’ 

reagent? 

A CH3COCO2H 

B CH3CH(OH)CHO 

C CH3COCHO 

D CH3CH(OH)CH3 
 
 

� 

[W'17 P13 Q24]

9 

© UCLES 2017 9701/11/O/N/17 [Turn over 

23 A section of an addition polymer chain is shown. 
 

CH CH

ClCl

CH2 CH2

 
 

Which monomer could be used to make this polymer? 

A CH2CHCH2Cl 

B CH2CHCl 

C CH3CHCHCl 

D CHCl CHCH2CH2Cl 
 
 
24 Which organic reaction is an example of nucleophilic substitution? 

A CH3CH2Br  +  NaOH  →  CH2CH2  +  H2O  +  NaBr 

B CH3CH2Br  +  NaOH  →  CH3CH2OH  +  NaBr 

C CH2CH2  +  HCl  →  C2H5Cl 

D C2H6  +  Cl 2  →  C2H5Cl  +  HCl 
 
 
25 Citric acid can be converted into tricarballylic acid in two stages. An intermediate, Q, is formed. 
 

CH2

CO2H

CO2H

C QHO

CH2 CO2H

citric acid

CH2

CO2H

CO2H

CH

CH2 CO2H

tricarballylic acid

stage 1 stage 2

 
 

Which reagents are needed for each stage? 
 

 stage 1 stage 2 

A concentrated H2SO4 H2(g) and Ni 

B concentrated H2SO4 LiAl H4 

C LiAl H4 H2SO4(aq) 

D NaOH(aq) H2(g) and Ni 
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20 Fructose is a sugar with more than one chiral centre. The fructose molecule is shown with X, Y 
and Z indicating three carbon atoms. 

 

C

C

C

C

C

C

OH

OH

H H

HO H

H OH

H OH

H H

OX

Y

Z

fructose  
 

Which carbon atoms are chiral centres? 

A X, Y and Z B X and Y only C X only D Y only 
 
 
21 Which pair of alcohols are isomers of each other? 

A butan-1-ol and 2,2-dimethylpropan-1-ol 

B butan-2-ol and 2-methylpropan-2-ol  

C pentan-1-ol and 2-methylpropan-2-ol  

D propan-2-ol and 2-methylpropan-2-ol 
 
 
22 Sodium methoxide, Na+CH3O–, reacts with 2-chloro-2-methylpropane in a nucleophilic 

substitution reaction. The nucleophile is the CH3O– ion. 
 

Which row is correct? 
 

 intermediate or 
transition state product 

A (CH3)3C+ (CH3)3COCH3 

B (CH3)3C+ (CH3)3CCH2OH 

C [HOCH2- - -C(CH3)3- - -Cl ]– HOCH2C(CH3)3 

D [H3CO- - -C(CH3)3- - -Cl ]– H3COC(CH3)3 
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24 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

A colourless liquid, C5H11Cl , exists as a mixture of two optical isomers. 
 

When heated with sodium hydroxide in ethanol, a mixture of only two alkenes is formed. 
 

What could the colourless liquid be? 

A (CH3CH2)2CHCl 

B CH3CH2CH2CHCl CH3 

C (CH3)2CHCHCl CH3 

D CH3CH2CCl (CH3)2 
 
 
25 When warm water is added to halogenoalkane X, an SN1 reaction occurs. 
 

AgNO3(aq) is then added; a yellow precipitate is formed. 
 

What could be X? 

A 1-chlorobutane 

B 1-iodobutane 

C 2-chloro-2-methylpropane 

D 2-iodo-2-methylpropane 
 
 
26 Which alcohol will react with an acidified solution of potassium dichromate(VI) to produce a 

ketone containing six carbon atoms? 

A 2,2-dimethylbutan-1-ol 

B 2-methylpentan-3-ol 

C 3,3-dimethylpentan-2-ol 

D 3-methylpentan-3-ol 
 
 
27 Which statement about butanone is correct? 

A Butanone can be dehydrated by concentrated sulfuric acid to give CH2=CHCH=CH2. 

B Butanone gives a positive result with Tollens’ reagent. 

C Butanone reacts with HCN by an electrophilic addition mechanism. 

D Butanone reacts with NaBH4 to give a chiral product. 
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24 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

A colourless liquid, C5H11Cl , exists as a mixture of two optical isomers. 
 

When heated with sodium hydroxide in ethanol, a mixture of only two alkenes is formed. 
 

What could the colourless liquid be? 

A (CH3CH2)2CHCl 

B CH3CH2CH2CHCl CH3 

C (CH3)2CHCHCl CH3 

D CH3CH2CCl (CH3)2 
 
 
25 When warm water is added to halogenoalkane X, an SN1 reaction occurs. 
 

AgNO3(aq) is then added; a yellow precipitate is formed. 
 

What could be X? 

A 1-chlorobutane 

B 1-iodobutane 

C 2-chloro-2-methylpropane 

D 2-iodo-2-methylpropane 
 
 
26 Which alcohol will react with an acidified solution of potassium dichromate(VI) to produce a 

ketone containing six carbon atoms? 

A 2,2-dimethylbutan-1-ol 

B 2-methylpentan-3-ol 

C 3,3-dimethylpentan-2-ol 

D 3-methylpentan-3-ol 
 
 
27 Which statement about butanone is correct? 

A Butanone can be dehydrated by concentrated sulfuric acid to give CH2=CHCH=CH2. 

B Butanone gives a positive result with Tollens’ reagent. 

C Butanone reacts with HCN by an electrophilic addition mechanism. 

D Butanone reacts with NaBH4 to give a chiral product. 
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20 Compound Y is treated with an excess of hydrogen gas in the presence of a nickel catalyst. The 
product is fully saturated. 

 

compound Y  
 

What is the number of chiral carbon atoms in the product? 

A 5 B 6 C 7 D 8 
 
 
21 Which equation represents a valid propagation step in the chlorination of ethane? 

A C2H6  +  Cl •  →  C2H5Cl  +  H• 

B C2H5Cl  +  Cl •  →  C2H4Cl •  +  HCl 

C C2H5Cl  +  H•  →  C2H5•  +  HCl 

D C2H5•  +  Cl •  →  C2H5Cl 
 
 
22 Maleic acid is used in the food industry and for stabilising drugs. It is the cis-isomer of butenedioic 

acid and has the structural formula HO2CCH=CHCO2H. 
 

What is the product formed from the reaction of maleic acid with cold, dilute, acidified 
manganate(VII) ions? 

A HO2CCH(OH)CH(OH)CO2H 

B HO2CCO2H 

C HO2CCH2CH(OH)CO2H 

D HO2CCOCOCO2H 
 
 
23 Primary halogenoalkanes undergo hydrolysis reactions. 
 

Which reaction would occur most rapidly if they are all warmed to the same temperature? 

A C2H5Br with H2O 

B C2H5Br with NaOH(aq) 

C C2H5Cl with H2O 

D C2H5Cl with NaOH(aq) 
 
 

� 

[S'18 P13 Q22]

9 

© UCLES 2018 9701/13/M/J/18 [Turn over 

22 Which statement is not correct? 

A Combustion of PVC produces a highly acidic gas. 

B PVC molecules are saturated. 

C The empirical formula of PVC is the same as the empirical formula of its monomer. 

D The repeat unit of PVC is  (CHCl CHCl ) . 
 
 
23 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 
 

Which compound would be the quickest to produce a precipitate? 
 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D

 
 
 
24 Halogenoalkanes react with NaOH(aq) either by an SN1 mechanism or by an SN2 mechanism. 

The mechanism followed by the reaction depends on the structure of the halogenoalkane. 
 

This question is about the reaction of 3-bromo-3-ethylpentane, (C2H5)3CBr. 
 

Which statement is correct? 

A The mechanism is SN1, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

B The mechanism is SN1, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

C The mechanism is SN2, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

D The mechanism is SN2, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

 
 
25 Which compound is a secondary alcohol that can be dehydrated to form an alkene with Mr = 70? 
 

OH

A

OH

B

OH

C

OH

D
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22 Which statement is not correct? 

A Combustion of PVC produces a highly acidic gas. 

B PVC molecules are saturated. 

C The empirical formula of PVC is the same as the empirical formula of its monomer. 

D The repeat unit of PVC is  (CHCl CHCl ) . 
 
 
23 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 
 

Which compound would be the quickest to produce a precipitate? 
 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D

 
 
 
24 Halogenoalkanes react with NaOH(aq) either by an SN1 mechanism or by an SN2 mechanism. 

The mechanism followed by the reaction depends on the structure of the halogenoalkane. 
 

This question is about the reaction of 3-bromo-3-ethylpentane, (C2H5)3CBr. 
 

Which statement is correct? 

A The mechanism is SN1, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

B The mechanism is SN1, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

C The mechanism is SN2, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

D The mechanism is SN2, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

 
 
25 Which compound is a secondary alcohol that can be dehydrated to form an alkene with Mr = 70? 
 

OH

A

OH

B

OH

C

OH

D
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22 Which statement is not correct? 

A Combustion of PVC produces a highly acidic gas. 

B PVC molecules are saturated. 

C The empirical formula of PVC is the same as the empirical formula of its monomer. 

D The repeat unit of PVC is  (CHCl CHCl ) . 
 
 
23 The presence of a halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 
 

Which compound would be the quickest to produce a precipitate? 
 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D

 
 
 
24 Halogenoalkanes react with NaOH(aq) either by an SN1 mechanism or by an SN2 mechanism. 

The mechanism followed by the reaction depends on the structure of the halogenoalkane. 
 

This question is about the reaction of 3-bromo-3-ethylpentane, (C2H5)3CBr. 
 

Which statement is correct? 

A The mechanism is SN1, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

B The mechanism is SN1, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

C The mechanism is SN2, due to the stabilisation of an intermediate anion by three alkyl 
groups. 

D The mechanism is SN2, due to the stabilisation of an intermediate cation by three alkyl 
groups. 

 
 
25 Which compound is a secondary alcohol that can be dehydrated to form an alkene with Mr = 70? 
 

OH

A

OH

B

OH

C

OH

D
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24 An organic molecule W contains 3 carbon atoms. It requires 4.5 molecules of oxygen for 
complete combustion. 

 
What could W be? 

A propane 

B propanoic acid 

C propanone 

D propan-1-ol 
 
 
25 Compound J, C15H23Br2Cl, is reacted with an excess of a hot concentrated solution of 

sodium hydroxide in ethanol. One of the products is X. 
 

X

excess NaOH
in ethanol

compound J

Cl

Br

Br

 
 

What could be the skeletal formula of X? 
 

A B C D

 
 
 
26 Sodium reacts with 1 mol of compound Y to produce 1 mol of H2(g). 
 

Which compound could Y be? 

A CH3CH2CH2CH2OH 

B (CH3)3COH 

C CH3CH2CH2CO2H 

D CH3CH(OH)CO2H 
 
 
27 Which compound shows optical isomerism and gives a positive test with alkaline aqueous iodine? 

A CH3COCH(OH)CH3 

B CH3COCH2CH2OH 

C HOCH2CH(CH3)CHO 

D (CH3)2C(OH)CHO 
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24 An organic molecule W contains 3 carbon atoms. It requires 4.5 molecules of oxygen for 
complete combustion. 

 
What could W be? 

A propane 

B propanoic acid 

C propanone 

D propan-1-ol 
 
 
25 Compound J, C15H23Br2Cl, is reacted with an excess of a hot concentrated solution of 

sodium hydroxide in ethanol. One of the products is X. 
 

X

excess NaOH
in ethanol

compound J

Cl

Br

Br

 
 

What could be the skeletal formula of X? 
 

A B C D

 
 
 
26 Sodium reacts with 1 mol of compound Y to produce 1 mol of H2(g). 
 

Which compound could Y be? 

A CH3CH2CH2CH2OH 

B (CH3)3COH 

C CH3CH2CH2CO2H 

D CH3CH(OH)CO2H 
 
 
27 Which compound shows optical isomerism and gives a positive test with alkaline aqueous iodine? 

A CH3COCH(OH)CH3 

B CH3COCH2CH2OH 

C HOCH2CH(CH3)CHO 

D (CH3)2C(OH)CHO 
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24 Which statement about compound Q is correct? 
 

CH3 C

CO2 CH3

CHCH2 CH3

Q  
 

A It could be polymerised to give a polymer with the repeat unit C .

CO2 CH3

H

C

CH2 CH3

CH3

B It reacts with chlorine by a free radical mechanism to give CH3 CH .

CO2 CH3

C CH CH3

H

Cl Cl

C It reacts with cold, dilute acidified manganate(VII) to give CH3 C CH2 CH3 .

CO2 CH3

OH

C

H

OH

CO2 CH3 H

C CH2 CH3

Br

C

Br

D It reacts with bromine via a free radical mechanism to give .CH3

 
 
 
25 A halogenoalkane has the molecular formula C5H11Br. The halogenoalkane does not form an 

alkene when treated with ethanolic sodium hydroxide. 
 

What could be the halogenoalkane? 

A 1-bromo-2-methylbutane 

B 2-bromo-2-methylbutane 

C 3-bromopentane 

D bromodimethylpropane 
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38  X is an organic compound that gives a precipitate with aqueous silver nitrate. This precipitate 

remains undissolved when concentrated aqueous ammonia is added. 

 

What is a possible identity for X? 

1 iodomethane 

2 2-bromobutane 

3 2-chlorobutane 

 

 

39  For which mixtures of reagents are the colour changes described correctly? 

 

 reagents colour change 

1 pentanal + hot, acidified potassium dichromate(VI) orange to green 

2 pentan-2-one + warm Fehling’s reagent no change 

3 cyclohexane + cold, acidified potassium manganate(VII) purple to colourless 

 

 

40  A reaction pathway diagram is shown. 

 

energy

extent of reaction
 

 

Which reactions would have this profile? 

1 (CH3)3CBr  +  NaOH  →  (CH3)3COH  +  NaBr 

2 CH3CH2Br  +  NaOH  →  CH3CH2OH  +  NaBr 

3 (CH3)3CCH2CH2Cl  +  2NH3  →  (CH3)3CCH2CH2NH2  +  NH4Cl 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38  Which changes in bonding occur during the reaction of propanal and hydrogen cyanide? 

1 A carbon-hydrogen bond is broken. 

2  An oxygen-hydrogen bond is formed. 

3 A carbon-carbon bond is formed. 

 

 

39  Which pairs of reagents will react together in a redox reaction? 

1 CH3CHO  +  Fehling’s reagent 

2  C2H4  +  Br2(aq) 

3 CH4  +  Cl 2(g) 
 

 

40  Which types of reaction are undergone by CH2BrCHCH2? 

1 hydrolysis 

2  free radical substitution 

3 nucleophilic addition 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38  An organic compound, X, will react with calcium metal to produce a salt with the empirical formula 

CaC4H4O4. 

 

What could be the identity of X? 

1 ethanoic acid 

2  butanedioic acid 

3 2-methylpropanedioic acid 

 

 

39 Which compounds will react with HBr to give the compound R? 

 

Br

R

OH

1 2 3

 

 

 

�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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36 Element X is a solid. It is found in some fuels. 

 

Its oxide Y is formed in car engines. Y is acidic. 

 

Further oxidation of Y to Z can occur in the atmosphere. 

 

Which statements about Y and Z are correct? 

1 Molecule Y has lone pairs of electrons. 

2 The atmospheric oxidation of Y to Z is a catalysed reaction. 

3 Y is a colourless gas. 

 

 

37 Which statements about the photochemical chlorination of ethane are correct? 

1 A propagation step in the mechanism is C2H5
•  +  Cl 2  →  C2H5Cl  +  Cl •. 

2 Butane is present in the products. 

3 The initiation step is the heterolytic fission of chlorine. 

 

 

38 Which compounds produce pent-2-ene as either one of the products, or as the only product, on 

heating with potassium hydroxide in ethanol? 

1 CH3CH2CH2CH2CH2Br 

2 CH3CHBrCH2CH2CH3 

3 CH3CH2CHBrCH2CH3 

 

 

39 Which reactions have a coloured organic product? 

1 ethanal  +  2,4-dinitrophenylhydrazine reagent 

2 ethanol  +  acidified potassium dichromate(VI) 

3 ethene  +  cold dilute acidified potassium manganate(VII) 

 

 

40 Propanal will react with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for 

this reaction is sodium cyanide. 

 

 NaCN 

CH3CH2CHO  +  HCN      CH3CH2CH(OH)CN 

 

Which statements about the reaction of propanal with hydrogen cyanide are correct? 

1 The sodium cyanide provides a stronger nucleophile than HCN. 

2 The reaction mechanism involves two steps. 

3 The product of the reaction has a chiral carbon atom. 
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38 X is an organic compound. X gives a precipitate with aqueous silver nitrate. Some or all of this 

precipitate remains undissolved when excess dilute aqueous ammonia is added. 

 

What could be the identity of X? 

1 2-chlorobutane 

2 2-bromobutane 

3 iodomethane 

 

 

39 Which compounds, on heating with excess concentrated sulfuric acid, produce only one product 

with molecular formula C7H10? 

 

3

OH

OH

OH

OHOH

OH

1 2

 

 

 

40 Compound Z is heated with concentrated acidified potassium manganate(VII). This produces an 

equimolar mixture of CO2 and CH3COCH2CH2CH(COCH3)CH2CO2H. 

 

What could be the structural formula of Z? 

 

1 2 3
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34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  o  8CO2  +  9H2O 

2 2NO  +  2CO  o  N2  +  2CO2 

3 NO  +  SO3  o  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

37 Halogenoalkanes show trends in their physical and chemical properties. 

 

Which properties steadily increase from C2H5Cl to C2H5Br to C2H5I ? 

1 the polarity of the carbon-halogen bond 

2 the boiling point of the halogenoalkane 

3 the rate of reaction of the halogenoalkane with nucleophiles 

 

 

38 Ethanal and hydrogen cyanide react together to form a compound used in the production of 

acrylic fibres. The reaction mechanism involves cyanide ions. 

 

C O

CH3 H3C

H

H CN

CN

C

O–

HCN–

CN–

H3C

CN

C +

OH

H
 

 

Which statements about this mechanism are correct? 

1 CN
–

 acts as a catalyst. 

2 CN
–

 is a nucleophile. 

3 It is an addition reaction. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 A little water is added to each of the following compounds and the mixture warmed. 

 

For which compounds will an acidic gas be evolved? 

1 aluminium chloride 

2 silicon tetrachloride 

3 phosphorous pentachloride 

 

 

35 The element astatine, At, is below iodine in Group 17 of the Periodic Table. 

 

Which statements concerning At are likely to be correct? 

1 It is a dark-coloured solid at room temperature. 

2 It is a more powerful oxidising agent than iodine. 

3 Its hydride is thermally stable. 

 

 

36 Which types of reaction can occur with 1-bromobutane? 

1 elimination 

2 hydrolysis 

3 free radical substitution 
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37 P and Q are a pair of cis-trans isomers. 
 

What must be the same for P and Q? 

1 their empirical formula 

2 their functional groups 

3 their skeletal formula 
 
 
38 The following statements are about the reaction of NaOH(aq) with the three chloroalkanes 

shown. 
 

CH3CH2CHCl CH3         (CH3)2CHCH2Cl         (CH3)3CCl 
 

Which statements are correct? 

1 (CH3)2CHCH2Cl reacts with NaOH(aq) by an SN2 mechanism. 

2 The tertiary chloroalkane reacts more quickly than the others because the carbon atom 
bonded to the Cl atom is more positive in this molecule. 

3 The Cl atoms in the three chloroalkanes are attacked by OH–. 
 
 
39 For which reactions are the colour changes described correctly? 
 

 reagents colour change 

1 pentanal + hot, acidified potassium dichromate(VI) orange to green 

2 pentan-2-one + warm Fehling’s reagent no change 

3 cyclohexane + cold, acidified potassium manganate(VII) purple to colourless 
 
 
40 Which statements about ethanol and ethanoic acid are correct? 

1 Both react with a suitable reagent to form an ester. 

2 Both react with sodium. 

3 Both are soluble in water. 
 
 

CEDAR COLLEGE  273 HALOGENOALKANES WS 1



10

11

12

13

14

� 

[S'17 P13 Q38]

15 

© UCLES 2017 9701/13/M/J/17  

37 Which mechanisms are represented in this sequence of reactions? 

 

CH3CH2CH3  o  CH3CH2CH2Cl  o  CH3CH2CH2OH  o  CH3CHCH2  o  CH3CHBrCH2Br 

 

1 electrophilic addition 

2 nucleophilic substitution 

3 free radical substitution 

 

 

38 Which compounds, on heating with ethanolic NaOH, produce more than one product with 

molecular formula C4H8? 

1 2-bromobutane 

2 2-bromo-2-methylpropane 

3 1-bromo-2-methylpropane 

 

 

39 Substance M is refluxed with aqueous sodium hydroxide. One of the products of this reaction 

reacts with alkaline aqueous iodine to give a pale yellow precipitate. 

 

Which compounds could be substance M? 

1 CH3CO2CH3 

2 CH3CO2CH2CH3 

3 HCO2CH(CH3)2 

 

 

40 Propanal will react with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for 

this reaction is sodium cyanide. 

 

 NaCN 

CH3CH2CHO  +  HCN      CH3CH2CH(OH)CN 

 

Which statements about this reaction of propanal with hydrogen cyanide are correct? 

1 The CN
–
 ion attacks the propanal molecule to form an intermediate ion. 

2 The product of the reaction has a chiral carbon atom. 

3 The CN
–
 ion is a stronger electrophile than the HCN molecule. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38 Which statements help to explain the mechanism of the reaction between 1-chloropropane and 

ammonia? 

1 1-chloropropane has a δ– chlorine atom that forms hydrogen bonds with a δ+ hydrogen atom 

in ammonia. 

2 1-chloropropane is a polar compound with a δ+ carbon atom. 

3 There is a lone pair of electrons on the nitrogen atom in ammonia. 

 

 

39 Which compounds react with alkaline aqueous iodine to give a pale yellow precipitate of  

tri-iodomethane? 

1 butanone 

2 ethanal 

3 propan-2-ol 

 

 

40 Propanoic acid occurs naturally as a result of the bacterial fermentation of milk and is partly 

responsible for the flavour of Swiss cheese. 

 

propanoic acid
OH

O

 

 

Which starting materials can be used to produce propanoic acid? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3CH2CN 
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37 Which statements are correct for an SN2 mechanism? 

1 One bond is being broken at the same time as another bond is being formed. 

2 The formation of the intermediate involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five atoms. 
 
 
38 Bromoethane is heated under reflux with concentrated aqueous NaOH. 
 

Which statements are correct? 

1 The major product is a primary alcohol. 

2 The major reaction is hydrolysis by an SN2 mechanism. 

3 The major product would be the same if the NaOH is dissolved in ethanol. 
 
 
39 Compound M is an important ingredient in perfume. 
 

O

O O

compound M  
 

M reacts with HCN. 
 

Which statements about this reaction are correct? 

1 A small amount of NaOH will speed up the reaction. 

2 The reaction is initiated by the transfer of a proton to one of the C=O groups. 

3 Both of the C=O groups react with HCN. 
 
 
40 Carboxylic acids can be converted into their salts by a number of reactions at room temperature. 
 

Which reactions would produce sodium butanoate and a gas? 

1 sodium carbonate + butanoic acid 

2 sodium + butanoic acid 

3 sodium hydroxide + butanoic acid 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38 Which statements help to explain the mechanism of the reaction between 1-chloropropane and 

ammonia? 

1 1-chloropropane has a δ– chlorine atom that forms hydrogen bonds with a δ+ hydrogen atom 

in ammonia. 

2 1-chloropropane is a polar compound with a δ+ carbon atom. 

3 There is a lone pair of electrons on the nitrogen atom in ammonia. 

 

 

39 Which compounds react with alkaline aqueous iodine to give a pale yellow precipitate of  

tri-iodomethane? 

1 butanone 

2 ethanal 

3 propan-2-ol 

 

 

40 Propanoic acid occurs naturally as a result of the bacterial fermentation of milk and is partly 

responsible for the flavour of Swiss cheese. 

 

propanoic acid
OH

O

 

 

Which starting materials can be used to produce propanoic acid? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3CH2CN 
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37 Which statements are correct for an SN2 mechanism? 

1 One bond is being broken at the same time as another bond is being formed. 

2 The formation of the intermediate involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five atoms. 
 
 
38 Bromoethane is heated under reflux with concentrated aqueous NaOH. 
 

Which statements are correct? 

1 The major product is a primary alcohol. 

2 The major reaction is hydrolysis by an SN2 mechanism. 

3 The major product would be the same if the NaOH is dissolved in ethanol. 
 
 
39 Compound M is an important ingredient in perfume. 
 

O

O O

compound M  
 

M reacts with HCN. 
 

Which statements about this reaction are correct? 

1 A small amount of NaOH will speed up the reaction. 

2 The reaction is initiated by the transfer of a proton to one of the C=O groups. 

3 Both of the C=O groups react with HCN. 
 
 
40 Carboxylic acids can be converted into their salts by a number of reactions at room temperature. 
 

Which reactions would produce sodium butanoate and a gas? 

1 sodium carbonate + butanoic acid 

2 sodium + butanoic acid 

3 sodium hydroxide + butanoic acid 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 A reaction pathway diagram is shown.  
 

energy

progress of reaction  
 

Which reactions would have this reaction pathway diagram? 

1 (CH3)3CBr  +  NaOH  →  (CH3)3COH  +  NaBr 

2 CH3CH2CH2Br  +  NaOH  →  CH3CH2CH2OH  +  NaBr 

3 (CH3)3CCH2CH2Cl  +  2NH3  →  (CH3)3CCH2CH2NH2  +  NH4Cl 
 
 
39 The compounds below are used to make perfumes. 
 

Which compounds will produce a yellow precipitate with alkaline aqueous iodine? 
 

HO O

1 32

OH

OH
OH

OH  
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37 2-methylpropene can react in more than one way with chlorine. 
 

One of the reactions follows the pathway shown. 
 

CH2 C

2-methylpropene

Cl 2+ → Cl –+ HCl+→

CH3

CH3

Cl CH2 C

intermediate

CH3

CH3
+

Cl CH2 C

product

CH2

CH3

 
 

Which statements about this mechanism are correct? 

1 The intermediate has all carbon atoms in the same plane. 

2 There is an electrophilic attack on the double bond. 

3 It is a free radical mechanism. 
 
 
38 The halogenoalkanes listed below all react with NaOH(aq). 
 

Which reactions proceed mainly by an SN1 mechanism? 

1 1-iodopropane 

2 2-iodo-2-methylpropane 

3 2-bromo-2-methylbutane 
 
 
39 3-oxobutanoic acid can be synthesised in a two-step process. 
 

X Y

3-oxobutanoic acid

O O

OH

 
 

What could be the structure of X? 
 

OH1

Cl O

OH
2

Br O

H
3
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37 2-methylpropene can react in more than one way with chlorine. 
 

One of the reactions follows the pathway shown. 
 

CH2 C

2-methylpropene

Cl 2+ → Cl –+ HCl+→

CH3

CH3

Cl CH2 C

intermediate

CH3

CH3
+

Cl CH2 C

product

CH2

CH3

 
 

Which statements about this mechanism are correct? 

1 The intermediate has all carbon atoms in the same plane. 

2 There is an electrophilic attack on the double bond. 

3 It is a free radical mechanism. 
 
 
38 The halogenoalkanes listed below all react with NaOH(aq). 
 

Which reactions proceed mainly by an SN1 mechanism? 

1 1-iodopropane 

2 2-iodo-2-methylpropane 

3 2-bromo-2-methylbutane 
 
 
39 3-oxobutanoic acid can be synthesised in a two-step process. 
 

X Y

3-oxobutanoic acid

O O

OH

 
 

What could be the structure of X? 
 

OH1

Cl O

OH
2

Br O

H
3
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 Limonene is found in lemons. 
 

limonene 
 

Limonene is heated with concentrated acidified potassium manganate(VII). 
 

Which compounds are produced? 

1 CH3COCH2CH2CH(CH2CO2H)2 

2 CO2 

3 CH3COCH2CH2CH(COCH3)CH2CO2H 
 
 
39 Chlorofluoroalkanes have been used as the refrigerant in refrigerators but care has to be taken in 

disposing of old refrigerators. 
 

Which statements about chlorofluoroalkanes are correct? 

1 C–Cl bonds more readily undergo homolytic fission than C–F bonds. 

2 Care is taken in the disposal of old refrigerators because of possible ozone depletion. 

3 C2H4Cl F is more volatile than C2H6. 
 
 
40 The Mr of compound X is 72. The composition by mass of X is 66.7% carbon, 11.1% hydrogen 

and 22.2% oxygen. X gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent.  
X does not react with Fehling’s reagent. 

 
What can be deduced from this information? 

1 X is a carbonyl compound. 

2 X is a ketone. 

3 X is butanone. 

 
[M’18 P12 Q38]
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34 In which reactions does NH3 behave as a Brønsted-Lowry acid? 

1 2NH3  →  NH2
–  +  NH4

+ 

2 HSO4
–  +  NH3  →  SO4

2–  +  NH4
+ 

3 Ag+  +  2NH3  →  [Ag(NH3)2]
+ 

 
 
35 Chlorine reacts with hot aqueous sodium hydroxide. 
 

Which oxidation states does chlorine show in the products of this reaction? 

1 –1 

2 +3 

3 +1 
 
 
36 In which different forms does nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 in an oxidation state of +5 
 
 
37 Poly(ethene) and PVC are examples of addition polymers. 
 

Which statements are correct? 

1 On combustion, PVC can produce carbon monoxide, carbon dioxide and hydrogen chloride. 

2 When poly(ethene) is buried in a landfill site, it will not significantly biodegrade. 

3 The empirical formula of an addition polymer is the same as that of the monomer. 
 
 
38 Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 
 

What could X be? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo-2-methylpropane 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
38 Halogenoalkanes can undergo reaction with hydroxide ions. 
 

RBr  +  OH–  →  ROH  +  Br 
– 

 
The reaction of some halogenoalkanes proceeds by the SN1 mechanism. 

 
Which statements about the SN1 mechanism are correct? 

1 A carbocation is formed which is stabilised by the inductive effect of the alkyl groups present. 

2 Only tertiary halogenoalkanes are hydrolysed in this way. 

3 The intermediate formed includes a carbon atom with five bonds attached to it. 
 
 
39 Which statements about 2-methylbutan-1-ol are correct? 

1 It can give HCl (g) on reaction with PCl 5. 

2 It can be oxidised to give an aldehyde. 

3 It displays optical isomerism. 
 
 
40 The compound cis-hex-3-enal is responsible for the characteristic smell of cut grass. 
 

O
cis-hex-3-enal  

 
Which reagents will react with cis-hex-3-enal? 

1 sodium 

2 sodium borohydride 

3 Fehling’s reagent 
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37 2-methylpropene can react in more than one way with chlorine. 
 

One of the reactions follows the pathway shown. 
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CH3
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intermediate
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+
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product

CH2
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Which statements about this mechanism are correct? 

1 The intermediate has all carbon atoms in the same plane. 

2 There is an electrophilic attack on the double bond. 

3 It is a free radical mechanism. 
 
 
38 The halogenoalkanes listed below all react with NaOH(aq). 
 

Which reactions proceed mainly by an SN1 mechanism? 

1 1-iodopropane 

2 2-iodo-2-methylpropane 

3 2-bromo-2-methylbutane 
 
 
39 3-oxobutanoic acid can be synthesised in a two-step process. 
 

X Y
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O O

OH

 
 

What could be the structure of X? 
 

OH1

Cl O

OH
2

Br O

H
3
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 (d)  Chloroethene can be polymerised to form a polymer commonly known as PVC.
  Draw a diagram of the structure of PVC including three repeat units.

[2]

 (e)  Chloroethane undergoes a series of reactions as shown in the diagram below.

CH H

H

C

H

HCl

reaction 1

NaCN

product P

product Q C C

H

H

H

H

OH– (aq)

 (i)  Give the reagent and conditions necessary for reaction 1.

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

  .......................................................................................................................................   [2]

 (ii)  Give the skeletal formula of product P.

[1]

 (iii)  Give the displayed formula and the name of product Q.

  .......................................................................................................................................   [2]

[Total: 20]

CEDAR COLLEGE  277 HALOGENOALKANES WS 2



2

�

9

9701/23/M/J/14© UCLES 2014 [Turn over

 (c)  (i)  Give the structures of the four structural isomers of C
4
H

9
Br and identify each as primary, 

secondary or tertiary.

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

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

[4]

 (ii)  Name the isomer of C
4
H

9
Br that contains a chiral centre and draw the three-dimensional 

structures of the two optical isomers.

 name  ...................................................................................................................................

 structures

[3]

 (d)  Aqueous silver nitrate solution was added to separate tubes containing chloroethane, 

bromoethane and iodoethane. The tubes were heated in a water bath.

  A yellow precipitate appeared fi rst in the tube containing iodoethane, followed by a cream 

precipitate in the tube containing bromoethane and fi nally a white precipitate appeared in the 

tube containing chloroethane.

 Explain these observations.

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

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

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

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

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

  ..............................................................................................................................................   [2]
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 (e) (i)  Give the full name of the mechanism for the reaction between aqueous sodium hydroxide 

and bromoethane.

  .......................................................................................................................................   [2]

 (ii)  Complete the diagram below to represent this mechanism. Include all necessary curly 

arrows, partial charges and lone pairs.

CH Br

H

H

C

H

HO–

H

CH OH + Br –

H

H

C

H

H

[2]

 (f)  In the past, CFCs such as CF
3
Cl were widely used as refrigerants.

 (i)  State a property of CFCs which makes them suitable for use as refrigerants.

  .......................................................................................................................................   [1]

 (ii)  State the damaging effect of CFCs in the upper atmosphere.

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

  Explain your answer.

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

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

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

[2]

[Total: 24]
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 (v)  Draw and name the structures of the pair of geometrical isomers formed by reaction of 

2-bromobutane with ethanolic sodium hydroxide.

name .............................................................

name .............................................................

[2]

 (vi)  Name the third alkene produced by reaction of 2-bromobutane with ethanolic sodium 

hydroxide and explain why it does not show geometrical isomerism.

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

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

  .......................................................................................................................................   [2]

�
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4  Halogenoalkanes are useful intermediates in the synthesis of a wide variety of compounds.

 (a)  2-bromobutane reacts in two different ways with sodium hydroxide depending on the conditions.

  When warmed with aqueous sodium hydroxide, 2-bromobutane produces an alcohol that 
exists as a pair of optical isomers.

 (i)  Give the name of the mechanism of the reaction between 2-bromobutane and aqueous 
sodium hydroxide.

  .......................................................................................................................................   [1]

 (ii)  Explain why the alcohol produced exists as a pair of optical isomers.

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

  .......................................................................................................................................   [1]

 (iii)  Draw the three-dimensional structure of the two optical isomers of the alcohol produced in 
(ii).

[2]

  Heating 2-bromobutane with ethanolic sodium hydroxide produces a mixture of three alkenes, 
two of which are a pair of geometrical isomers.

 (iv)  Give the name of the mechanism of the reaction between 2-bromobutane and ethanolic 
sodium hydroxide.

  .......................................................................................................................................   [1]
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 (b)  Some reactions involving 2-bromopropane are shown.

CH3CHBrCH3
2-bromopropane

CH3CH2CO2H
(and CH3CH(NH2)CH3

which is removed)

CH3CH2CH2OH

CH3CH(NH2)CH3 X

Y

reaction 1 reaction 2

reaction 5 reaction 4

reaction 3
hydrolysisreaction 6

HBr

 (i)  State the reagent needed for reaction 1.

  .......................................................................................................................................   [1]

 (ii)  State the reagent needed for reaction 2.

  .......................................................................................................................................   [1]

 (iii) Give the structural formula of X.

[1]

 (iv)  Name the type of reaction involved in reaction 4 and suggest a suitable reagent.

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

  .......................................................................................................................................   [2]

 (v)  State the name of a solid catalyst for reaction 5.

  .......................................................................................................................................   [1]
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 (v)  Draw and name the structures of the pair of geometrical isomers formed by reaction of 

2-bromobutane with ethanolic sodium hydroxide.

name .............................................................

name .............................................................

[2]

 (vi)  Name the third alkene produced by reaction of 2-bromobutane with ethanolic sodium 

hydroxide and explain why it does not show geometrical isomerism.

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

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

  .......................................................................................................................................   [2]
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 (vi)  Complete the mechanism for the production of 2-bromopropane from Y in reaction 6 
shown below.

  Include the structure of Y and any necessary lone pairs, curly arrows, charges and partial 
charges.

Y

H

Br

intermediate

H3C CH3C

H

Br

[4]

 (vii)  Give the name of the mechanism in (vi).

  .......................................................................................................................................   [1]

 (viii)  1-bromopropane is a minor product of reaction 6.

 Explain why 2-bromopropane is the major product of reaction 6.

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

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

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

  .......................................................................................................................................   [2]

[Total: 22]
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5  A reaction sequence is shown.

H3C CH2 Br

bromoethane

H3C CH2 OH

ethanol

H2C CH2

ethene

reaction
4

reaction
5

reaction 1
H3C CH2 CN

propanenitrile
propanoic acid

H3C CH2 C

O

OH

W

reaction 3LiAl H4

reaction 2

 (a)  Complete the diagram to show the mechanism of reaction 1. Include all necessary charges, 

partial charges, lone pairs and curly arrows.

H 3C C

H

H

Br H 3C C

H

H

CN +

–CN
[2]

 (b) (i)  Give the name of the type of reaction involved in reaction 3.

  .......................................................................................................................................  [1]

  The infra-red spectrum of the propanoic acid produced by reaction 2 is shown.

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 (ii)  Describe and explain the main difference between the infra-red spectrum of W and that of 

propanoic acid.

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

  .......................................................................................................................................  [2]
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 (vi)  Complete the mechanism for the production of 2-bromopropane from Y in reaction 6 
shown below.

  Include the structure of Y and any necessary lone pairs, curly arrows, charges and partial 
charges.

Y

H

Br

intermediate

H3C CH3C

H

Br

[4]

 (vii)  Give the name of the mechanism in (vi).

  .......................................................................................................................................   [1]

 (viii)  1-bromopropane is a minor product of reaction 6.

 Explain why 2-bromopropane is the major product of reaction 6.

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

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

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

  .......................................................................................................................................   [2]

[Total: 22]
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 (c) (i)  Reactions 4 and 5 use the same reagent.

  Give the reagent and conditions needed for reaction 4.

 reagent  ...............................................................................................................................

 conditions  .....................................................................................................................  [2]

 (ii)  Give the conditions needed for reaction 5.

  .......................................................................................................................................  [1]

 (d)  Under appropriate conditions, ethanol and propanoic acid undergo a condensation reaction.

 (i)  State the condition necessary for the reaction.

  .......................................................................................................................................  [1]

 (ii)  Draw the skeletal formula of the organic product of this reaction.

[1]

 (iii)  Name the organic product of this reaction.

  .......................................................................................................................................  [1]

Question 5 continues over the page.
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 (e)  V�UHDFWV�ZLWK�DFLGL¿HG�PDQJDQDWH�VII) ions in two different ways depending on the conditions, 
as shown in the reaction sequence below.

propanoic acid

H3 C CH2 C V T

O

OH

hot, concentrated
MnO4

– / H+
cold, dilute
MnO4

– / H+

  V decolourises bromine water.

� �:KHQ�WKH�DFLGL¿HG�PDQJDQDWH�VII) is hot and concentrated, propanoic acid is the only organic 
product.

� �:KHQ�WKH�DFLGL¿HG�PDQJDQDWH�VII) is cold and dilute, the organic product is T which has two 
chiral centres.

 (i)  Give the structural formulae of V and T.

 V ...................................................................  T  .................................................................
[2]

 (ii)  Identify the types of stereoisomerism shown by V and T.

 V ...................................................................  T  .................................................................
[2]

[Total: 15]
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4  In each section of this question the structural formula of an organic compound is shown. For each 
compound answer the questions about it.

 (a)  CH3CH2CHBrCH3

 (i) Name this compound.

  .......................................................................................................................................  [1]

 (ii)  This compound shows stereoisomerism.

 Draw the two stereoisomers in the conventional way.

[2]

 (iii)  Give the structures of three other structural isomers of C4H9Br.

[3]

 (b)  (C2H5)3CBr

 (i)  Name this compound.

  .......................................................................................................................................  [1]

 (ii)  (C2H5)3CBr reacts with aqueous OH–.

  Complete the mechanism for this reaction including all necessary curly arrows, charges, 
partial charges and lone pairs.

CH3CH2C

CH3CH2

CH3CH2

Br

[3]

 (iii)  What type of mechanism occurs in (ii)?

  .......................................................................................................................................  [1]
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4  In each section of this question the structural formula of an organic compound is shown. For each 
compound answer the questions about it.

 (a)  CH3CH2CHBrCH3

 (i) Name this compound.

  .......................................................................................................................................  [1]

 (ii)  This compound shows stereoisomerism.

 Draw the two stereoisomers in the conventional way.

[2]

 (iii)  Give the structures of three other structural isomers of C4H9Br.

[3]

 (b)  (C2H5)3CBr

 (i)  Name this compound.

  .......................................................................................................................................  [1]

 (ii)  (C2H5)3CBr reacts with aqueous OH–.

  Complete the mechanism for this reaction including all necessary curly arrows, charges, 
partial charges and lone pairs.

CH3CH2C

CH3CH2

CH3CH2

Br

[3]

 (iii)  What type of mechanism occurs in (ii)?

  .......................................................................................................................................  [1]
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 (c) (i)  Complete the reaction mechanism for reaction 5. Include all relevant lone pairs, curly 
arrows, charges and partial charges.

CH 3CH 2 C

CH 3CH 2

CN

H

OH

OC

H

NC−

[4]

  The product of reaction 5 exhibits stereoisomerism.

 (ii)  Draw the two stereoisomers in the conventional way.

[2]

 (iii)  Suggest why a mixture of the two stereoisomers is formed by reaction 5.

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

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

  .......................................................................................................................................  [2]

[Total: 13]
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 (c)  CH3CH2CH2CHBrCH3

 (i)  Give the reagents and conditions necessary for the conversion of this compound into a 
mixture of alkenes.

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

  .......................................................................................................................................  [2]

 (ii)  Give the name of the mechanism for the conversion in (i).

  .......................................................................................................................................  [1]

 (iii)  Draw the skeletal formulae of the three alkenes produced by the conversion in (i).

[3]

[Total: 17]
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3 (a)  A series of reactions starting from 1-bromobutane is shown.

1-bromobutane CH3 (CH2 )3 CO2 H
HCN and KCN

R

reaction 1

OH– (aq)

P

polymer
Qbut-1-ene

reaction 2

 (i)  Draw the displayed formula of compound P.

[1]

 (ii)  Identify the reagent(s) and conditions for reactions 1 and 2.

 reaction 1  ............................................................................................................................

 reaction 2  ............................................................................................................................
[2]

 (iii)  Draw the structure of the repeat unit of polymer Q.

[2]12

9701/22/F/M/17© UCLES 2017

 (b)  Complete the reaction scheme to show the mechanism of the reaction of 1-bromobutane with 
OH–(aq) to produce R.

  Include all necessary charges, dipoles, lone pairs and curly arrows and the structure of R.

C

H

Br

CH3CH2CH2

H

– OH

[3]

 (c)  But-1-ene reacts with steam as shown to form a mixture of two structural isomers, S and T.

S

major product

U

T

minor product

reflux
Cr2O7

2– / H+

but-1-ene + steam

  S�FDQ�EH�R[LGLVHG�ZLWK�DFLGL¿HG�SRWDVVLXP�GLFKURPDWH�VI) to form compound U.
  S and U both react with alkaline aqueous iodine.

 (i)  Identify the type of reaction that occurs when but-1-ene reacts with steam.

  .......................................................................................................................................  [1]

 (ii)  State what can be deduced about the structure of S from its reaction with alkaline aqueous 
iodine.

  .......................................................................................................................................  [1]
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 (b)  Complete the reaction scheme to show the mechanism of the reaction of 1-bromobutane with 
OH–(aq) to produce R.

  Include all necessary charges, dipoles, lone pairs and curly arrows and the structure of R.

C

H

Br

CH3CH2CH2

H

– OH

[3]

 (c)  But-1-ene reacts with steam as shown to form a mixture of two structural isomers, S and T.

S

major product

U

T

minor product

reflux
Cr2O7

2– / H+

but-1-ene + steam

  S�FDQ�EH�R[LGLVHG�ZLWK�DFLGL¿HG�SRWDVVLXP�GLFKURPDWH�VI) to form compound U.
  S and U both react with alkaline aqueous iodine.

 (i)  Identify the type of reaction that occurs when but-1-ene reacts with steam.

  .......................................................................................................................................  [1]

 (ii)  State what can be deduced about the structure of S from its reaction with alkaline aqueous 
iodine.

  .......................................................................................................................................  [1]
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 (b)  Complete the diagram to show the SN2 mechanism of reaction 1. R represents the CH3(CH2)2 
group.

  Include all necessary charges, dipoles, lone pairs and curly arrows.

R C Br

H

H

R C O

H

H

H

[2]

 (c)  2-bromo-2-methylpropane is a tertiary halogenoalkane that is a structural isomer of 
1-bromobutane.

 (i)	 	Define	the	term	structural isomer and name the three different types of structural isomerism.

	 definition	 .............................................................................................................................

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

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

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

 types of structural isomerism

 1  ..........................................................................................................................................

 2  ..........................................................................................................................................

 3  ..........................................................................................................................................
[4]

 (ii)  2-bromo-2-methylpropane is treated with the same reagents as in reaction 1.
  Methylpropan-2-ol is formed.

  Identify the mechanism for this reaction.
  Explain why this reaction proceeds via a different mechanism from that of reaction 1.

 mechanism  .........................................................................................................................

 explanation  .........................................................................................................................

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

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

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

  .............................................................................................................................................
 [3]
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4  Some reactions are shown, based on methylpropan-2-ol, (CH3)3COH.

(CH3 )3 COH

(CH3 )3 CBr and (CH3 )2 CHCH2 Br

(CH3 )2 C=CH2(CH3 )3 CBr
reaction 1

reaction 2

reaction 3

reaction 4

 (a)  For each of the reactions state the reagent(s), the particular conditions required, if any, and the 
type of reaction.

  For the type of reaction choose from the list.
  Each type may be used once, more than once or not at all.
  Each reaction may be described by one or more than one type.

 hydrolysis dehydration substitution

 oxidation addition condensation

reaction reagent(s) and conditions type(s) of reaction

1

2

3

4

[5]

 (b)  Draw a diagram to show the SN1 mechanism of reaction 2.
  Include all necessary charges, dipoles, lone pairs and curly arrows.

[3]
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 (c)  1-bromobutane is a structural isomer of the product of reaction 1.

 (i)	 	Define	the	term	structural isomer and name the three different types of structural isomerism.

	 definition	 .............................................................................................................................

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

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

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

 types of structural isomerism

 1  ..........................................................................................................................................

 2  ..........................................................................................................................................

 3  ..........................................................................................................................................
[4]

 (ii)  1-bromobutane is treated with the same reagents as in reaction 2. Butan-1-ol is formed.

  Identify the mechanism of this reaction.
  Explain why this reaction proceeds via a different mechanism from that of reaction 2.

 mechanism  .........................................................................................................................

 explanation  .........................................................................................................................

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

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

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

  .............................................................................................................................................
 [3]

 (d)  The product of reaction 3, methylpropene, does not show stereoisomerism.

 (i)  Give two reasons why methylpropene does not show stereoisomerism.

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

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

  .......................................................................................................................................  [2]

CEDAR COLLEGE  290 HALOGENOALKANES WS 2



HALOGENOALKANES WS 3
SECTION A

1

2

3

4

� 

[S'02 Q19]

6

9701/1/M/J/02

16 During electrolysis of brine in a diaphragm cell, chlorine, hydrogen and sodium hydroxide are
produced. 

What is the molar ratio of these products?

chlorine hydrogen sodium hydroxide

A 1 1 1

B 1 1 2

C 2 1 1

D 2 2 1

17 Which statement explains the observation that magnesium hydroxide dissolves in aqueous
ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH+
4 ion is similar to that of Mg2+ but not that of Na+.

B NH4Cl dissociates less fully than NaCl.

C The ions Na+ and Mg2+ are isoelectronic (have the same number of electrons).

D The ion NH+
4 acts as an acid.

18 Sulphur dioxide is an important food preservative.

What property makes sulphur dioxide useful in this role?

A It is a gas.

B It is a reducing agent.

C It reacts with oxygen to form sulphur trioxide.

D It reacts with water to form an acidic solution.

19 The anaesthetic halothane, CF3CHBrCl , is made industrially as shown below.

HF Br2
CCl2=CHCl ⎯⎯→ CF3CH2Cl ⎯⎯→  CF3CHBrCl

stage 1 stage 2

What type of reaction is occurring in stage 2?

A electrophilic addition

B electrophilic substitution

C free radical substitution

D nucleophilic addition
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25 Which reaction is not an electrophilic addition?

A CH2 =CH2 +  HI ⎯→ CH3 CH2 I

B CH3 CH=CH2 +  Br2 ⎯→ CH3 CHBrCH2 Br

C CH3 CH=CH2 +  H2 O ⎯⎯⎯→ CH3 CH(OH)CH3

D CH3 CHO  +  HCN ⎯→ CH3 CH(OH)CN

26 The reaction scheme outlines the production of one of the monomers of nylon 66 from 
compound X.

compound X NCCH2 CH2 CH2 CH2 CN  H2 N(CH2 )6NH2

Which compound could be X?

A BrCH2 CH2 CH2 CH2 Br

B CH2 =CHCH=CH2

C HOCH2 CH2 CH2 CH2 OH

D HO2 CCH2 CH2 CH2 CH2 CO2 H

27 Chlorofluoroalkanes, commonly known as CFCs, undergo homolytic fission by ultraviolet
irradiation in the stratosphere.

Which radical could result from this irradiation of CHFClCF2 Cl ?

A CHFClC
·
FCl

B C
·
HClCF2 Cl

C C
·
HFCF2 Cl

D C
·
FClCF2 Cl

28 In its reaction with sodium, 1 mol of a compound X gives 1 mol of H2 (g).

Which compound might X be?

A CH3 CH2 CH2 CH2 OH

B (CH3 )3 COH

C CH3 CH2 CH2 CO2 H

D CH3 CH(OH)CO2 H

reductionKCN

in ethanol

conc H2 SO4

� 
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24 Compound X undergoes the following reactions. 

NaOH(aq) / heat                     Cr2O2–
7 , H+(aq) / heat

C4H9Br  ⎯⎯⎯⎯⎯⎯⎯⎯→ C4H10O  ⎯⎯⎯⎯⎯⎯⎯⎯⎯→ C4H8O only
X

What is X?

A 1-bromobutane

B 2-bromobutane

C 1-bromo-2-methylpropane

D 2-bromo-2-methylpropane

25 Chlorofluorocarbons (CFCs) have been widely used in aerosol sprays, refrigerators and in making
foamed plastics, but are now known to destroy ozone in the upper atmosphere.

Which of the following will not destroy ozone, and therefore can be used safely as a replacement
for CFCs?

A CHBr3 B CCl3CBr3 C CHClFCClF2 D CH3CH2CH2CH3

26 Oxidation of an alkene Y gives a diol; further oxidation gives a diketone. 

What could be Y?

A CH3CH=C(CH3)2

B (CH3)2CHCH=CH2

C C6H5CH=CHC6H5

D (C6H5)2C=CHCH3

27 Burnt sugar has a characteristic smell caused partly by the following compound. It has two
functional groups indicated by Q and R.

When this compound is tested in a laboratory with 2,4-dinitrophenylhydrazine and Fehling’s reagent,
which functional groups are responsible for positive tests?

O

C CHOCH3

Q
R

2,4-dinitrophenylhydazine Fehling’s reagent

A Q and R Q and R

B R only Q and R

C Q and R R only

D Q only R only
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23 2-Bromopropane, (CH3 )2CHBr, may be used as the starting point for making (CH3 )2CHCO2H.

Which of the following sequences would be most suitable?

A (CH3 )2CHBr → (CH3 )2CHOH → (CH3 )2CHCO2H

B (CH3 )2CHBr → (CH3 )2CHCN → (CH3 )2CHCO2H

C (CH3 )2CHBr → (CH3 )2CHOH → (CH3 )2CHCN → (CH3 )2CHCO2H

D (CH3 )2CHBr → (CH3 )2CHCN → (CH3 )2CHOH → (CH3 )2CHCO2H

24 Which substance in a vehicle exhaust results from incomplete combustion of a hydrocarbon fuel?

A CO           B H2O           C N2 D NO

25 Which compound on reaction with hydrogen cyanide produces a compound with a chiral centre?

A CH3 CHO

B CH3 CH2COCH2CH3

C CH3 CO2CH3

D HCHO

26 An organic compound will decolorise dilute acidified aqueous potassium manganate(VII) on
warming, but will not decolorise bromine water.

What could the organic compound be? 

A butane

B ethanol

C ethene

D ethanoic acid

27 A compound X has all of the following properties: 

it is a liquid at room temperature and atmospheric pressure;

it does not mix completely with water;

it does not decolorise acidified potassium manganate(VII).

What could X be?

A ethane

B ethanoic acid

C ethanol

D ethyl ethanoate
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21 Hydrogen bromide reacts with ethene to form bromoethane.

What is the best description of the organic intermediate in this reaction?

A It contains carbon, hydrogen and bromine.

B It has a negative charge.

C It is an electrophile.

D It is a free radical.

22 On strong heating a hydrocarbon produces ethene, propane and but-1-ene in the mole ratio
5 : 1 : 1.

What is the molecular formula of the hydrocarbon?

A C17H34 B C17H36 C C19H38 D C19H40

23 1,2-Dibromo-3-chloropropane (DBCP) has been used in the control of earthworms in agricultural
land.

What would be the best synthesis of this compound?

A CH3CH2CH2Cl + 2Br2 → DBCP + 2HBr

B CH3CHBrCH2Br + Cl2 → DBCP + HCl

C CH2=CHCH2Cl + Br2 → DBCP

D ClCH2CH=CH2 + PBr5 → DBCP + PBr3

24 Each of the following compounds is effective as a refrigerant.

The release of which one of these causes the greatest depletion of the ozone layer?

A CCl2F2 B CH3OCH3 C CH3CHF2 D CH3CH2CH3

25 1,1-Dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.

NaOH(aq)
CH3CH2CHCl2 ⎯⎯⎯⎯→ CH3CH2CHO

What is the mechanism of the first step of this reaction?

A electrophilic substitution

B elimination

C nucleophilic substitution

D oxidation

� 

[S'04 Q21]

7

! UCLES 2004 9701/01/M/J/04 [Turn over

19 Nitrogen dioxide and sulphur dioxide have some properties in common.

Which property is shown by one of these compounds, but not by the other?

A forms ‘acid-rain’

B is a reducing agent

C is insoluble in water

D is used as a food-preservative

20 Which molecule is planar?

A NF3

B C2Cl 4

C C3H6

D C3H8

21 Which of these always applies to a nucleophile?

A It attacks a double bond.

B It has a lone pair of electrons.

C It is a single atom.

D It is negatively charged.

22 Compound P displays cis-trans isomerism and gives a red-brown precipitate with Fehling’s

solution.

What is P?

CC

H

CH
3H

CH CHO2

CC

H

H

COCH3

CC

H

CHOH

CH3

CC

H

CHOH

CH3

A B

C D

CH
3

� 
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20 Bromine and propene undergo an addition reaction.  

Which is a property of the product? 

A It exists in cis-trans isomers. 

B It is more volatile than propene. 

C It possesses a chiral centre. 

D It possesses hydrogen bonding. 

 

 

21 Buta-1,3-diene is currently obtained from fossil fuel sources. In future it may be obtained from 

ethanol, which can be produced from non-food agricultural crops. The sequence of reactions is 

as follows. 

 

CH3CH2OH CH3CHO CH3CH(OH)CH2CHO CH2=CHCH=CH2

step 1 step 2 step 3

buta-1,3-diene
 

 

Which term could be used to describe step 1? 

A condensation 

B dehydration 

C dehydrogenation 

D hydrogenation 

 

 

22 Use of the Data Booklet is relevant to this question. 

 

Which bond in the structure below has the lowest bond energy? 

 

A

H

H

H

C C
C

H

F

ClB
D

 

 

 

23 Ethanal, CH3CHO, can be reduced using NaBH4 in aqueous ethanol. 

 

This is a nucleophilic addition reaction. 

 

What could be the first step of this mechanism? 

A attack of an H
–

 ion at the carbon atom of the carbonyl group 

B attack of an H
–

 ion at the oxygen atom of the carbonyl group 

C attack of an H
+

 ion at the carbon atom of the carbonyl group 

D attack of an H
+

 ion at the oxygen atom of the carbonyl group 
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26 A possible mechanism of the hydrolysis of 2-chloro-2-methylpropane is shown.

CH3

C Cl

CH3

CH3

CH3

C Cl

CH3

CH3 +

CH3

C

CH3

CH3

CH3

C

CH3

CH3

slow

fast
OH+ OH+

+
_

_

Which diagram represents the reaction profile for this mechanism?

reaction path

e
n

e
rg

y

reaction path

e
n

e
rg

y

reaction path

e
n

e
rg

y

reaction path

e
n

e
rg

y

A B C D

27 Ethene reacts with aqueous bromine to give two products, CH2BrCH2Br and CH2BrCH2OH.

Which statement is correct for these products?

A Both products are obtained in this reaction by electrophilic substitution.

B Both products are obtained in this reaction by nucleophilic addition.

C Both products can be hydrolysed to form the same diol.

D Both products can form hydrogen bonds with water.
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19 In the Contact process for the production of sulphuric acid, sulphur dioxide is mixed with air and 

passed over a vanadium(V) oxide catalyst at about 450 oC and a pressure slightly above 
atmospheric pressure. 

 

2SO2  + O2   2SO3  ; ∆H negative 

 

What affects the choice of conditions for this reaction? 

A A lower temperature would not raise the concentration of SO3  at equilibrium. 

B At a lower temperature of 300 oC the V2O5  catalyst would not be effective. 

C At 450 oC nitrogen and oxygen from the air combine to form nitrogen oxides which are 
needed as additional catalysts. 

D The heat generated by the reaction raises the temperature of the catalyst bed to 600 oC at 
which temperature the reaction begins to take place. 

 

 

20 In which class of compound, in its general formula, is the ratio of hydrogen atoms to carbon 

atoms the highest? 

A alcohols 

B aldehydes 

C carboxylic acids 

D halogenoalkanes 

 

 

21 What is the total number of different chloroethanes, formula C2H6-nCln, where n can be any 

integer from 1 to 4? 

A 4 B 6 C 7 D 8 

 

 

22 Which reaction is an example of nucleophilic substitution? 

A CH3CH2Br → CH2=CH2  + HBr 

B CH2=CH2  + HBr → CH3CH2Br 

C C3H7Br + H2O → C3H7OH + HBr 

D C2H6 + Br2  → C2H5Br + HBr 

 

 

� 

[W'05 Q22]

7 

 

© UCLES 2005 9701/01/O/N/05 [Turn over 

 

20 What is the number of isomers of C2H2Cl2 including cis-trans isomers? 

A 2 B 3 C 4 D 5 

 

 

21 Which hydrocarbon, on treatment with hot acidified potassium manganate(VII), would give 

ethanoic acid only? 

 

 

CH3CH CH2

CHCH3

CHCH3

A

B

C

CH3CH

CH3

CH3

C

CH3 CH3

CH3CH3

C CD

 

 

 

22 In the upper atmosphere chlorofluoroalkanes (CFCs) are broken down to give chlorine radicals 

but not fluorine radicals. 

 

What is the best explanation for this? 

A Fluorine is more electronegative than chlorine. 

B Fluorine radicals are less stable than chlorine radicals. 

C The C–F bond is stronger than the C–Cl bond. 

D The chlorine atom is larger than the fluorine atom. 

 

 

23 An amine is produced in the following reaction. 

 

C2H5I + 2NH3 → C2H5NH2 + NH4I 

 

What is the mechanism? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 
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22 When bromine reacts with propene in an organic solvent at room temperature, what is the 

mechanism by which the bromine attacks the propene? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 

 

 

23 Dichlorodifluoromethane, CCl2F2, has been used in aerosol propellants and as a refrigerant. 

 

Which statement helps to explain why dichlorodifluoromethane is chemically inert? 

A The carbon-fluorine bond energy is large. 

B The carbon-fluorine bond has a low polarity. 

C Fluorine is highly electronegative. 

D Fluorine compounds are non-flammable. 

 

 

24 Under identical conditions, even though it proceeds by the same mechanism, reaction 1 is faster 

than reaction 2. 

 

reaction 1  CH3CHBrCH3 + NaCN → CH3CH(CN)CH3 + NaBr 

reaction 2  CH3CHBrCH3 + NaI → CH3CHICH3 + NaBr 

 

What factor will explain this result? 

A The C I bond is a stronger bond than the C  Br bond. 

B The C N bond is a stronger bond than the C I bond. 

C The cyanide ion is a stronger nucleophile than the iodide ion. 

D The cyanide ion is a weaker nucleophile than the iodide ion. 
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19  Bromomethane, CH3Br, is used as a fumigant to destroy insect pests in grain that is to be stored. 

It can be made by reacting methanol with hydrogen bromide. 

 

CH3OH  +  HBr  →  CH3Br  +  H2O 

 

What type of reaction is this? 

A condensation 

B electrophilic substitution 

C free radical substitution 

D nucleophilic substitution 

 

 

20  Prop-2-en-1-ol (allyl alcohol) has the following structure. 

 

H

H
H

H

C

H

C C OH

 

 

Which reagent would react with prop-2-en-1-ol to form a product that could exist as optical 

isomers? 

A bromine 

B hydrogen and nickel 

C phosphorus pentachloride 

D sodium 

 

 

21 Under the Montreal Protocol the use of chlorofluorocarbons is to be phased out. Fluorocarbons 

are often used to replace them. One chlorofluorocarbon which was widely used as a solvent is 

CCl2FCCl F2 and large stocks of it remain. One process to use up these stocks is to convert it into 

the fluorocarbon CH2FCF3 by the following route. 

 

CCl
2
FCCl F

2

step 1
CCl

3
CF

3

step 2
CH

2
FCF

3
CCl

2
FCF

3

step 3

 

 

What type of reaction is step 1? 

A elimination 

B free radical substitution 

C isomerisation 

D nucleophilic substitution 
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20 Under the Montreal Protocol, the manufacture of chlorofluorocarbons has been phased out, and 

they are being replaced by fluorocarbons.  

 

One chlorofluorocarbon which was widely used as a solvent is CCl2FCCl F2. Large stocks of it 

remain. One process to use up these stocks is to convert it into the fluorocarbon CH2FCF3 by the 

following route. 

 

CCl2FCCl F2 CCl3CF3 CCl2FCF3 CH2FCF3

step 1 step 2 step 3
 

 

What type of reaction is step 2? 

A electrophilic substitution 

B free radical reduction 

C isomerisation 

D nucleophilic substitution 

 

 

21 Which reagent could be used to convert CH3CO2CH3 into ClCH2CO2CH3? 

A concentrated hydrochloric acid at 100 °C 

B phosphorus pentachloride at room temperature 

C sulphur dichloride oxide (thionyl chloride, SOCl2) at 50 °C 

D chlorine in bright sunlight at 100 °C 
 

 

22 In which reaction is a carbocation (carbonium ion) an intermediate? 

 

A CH2=CH2 + Br2 CH2BrCH2Br

B CH3CH2Br + NaOH CH3CH2OH + NaBr

C CH3CH3 + Cl2 CH3CH2Cl + HCl

D CH3CHO + HCN CH3CH(OH)CN
CN–

 

 

 

23 The compound 1,2-dichloroethene, C2H2Cl 2, has been used as an industrial solvent for a number 
of compounds including fats, camphor and caffeine. 

 

Which statement about this compound is incorrect? 

A The compound can be catalytically hydrogenated. 

B The compound is a planar molecule. 

C The compound shows cis-trans isomerism. 

D The compound shows optical isomerism. 
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22 The structures below show isomers of C6H12. 

 

C C

CH3 CH3

H C2H5

C C

CH3

CH3H

C2H5

C C

CH3CH3

HC2H5

C C

CH3

CH3

H

C2H5

1 2 3 4

 

 

In which pair are the members cis-trans isomers of each other? 

A 1 and 2 B 1 and 3 C 1 and 4 D 2 and 4 

 

 

23  Use of the Data Booklet is relevant to this question. 

 

In which reaction is the relative molecular mass of the organic product the largest? 

A bromoethane + aqueous sodium hydroxide 

B bromoethane + alcoholic sodium hydroxide 

C ethane + bromine 

D ethanol + phosphorus pentachloride 

 

 

24  Light initiates the following reaction. 

 

alkane + chlorine → chloroalkane + hydrogen chloride 

 

What happens to chlorine in this photochemical reaction? 

A heterolytic fission to give an electrophile 

B homolytic fission to give an electrophile 

C heterolytic fission to give a free radical 

D homolytic fission to give a free radical 

 

 

25  High-energy irradiation in the stratosphere produces radicals from chlorofluoroalkanes, commonly 

known as CFCs. 

 

Which radical could result from this irradiation of CHFClCF2Cl? 

 

A

B

C

D

CHFClCFCl

CHClCF2Cl

CHFCF2Cl

CFClCF2Cl
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20 What is the number of isomers of C2H2Cl2 including cis-trans isomers? 

A 2 B 3 C 4 D 5 

 

 

21 Which hydrocarbon, on treatment with hot acidified potassium manganate(VII), would give 

ethanoic acid only? 

 

 

CH3CH CH2

CHCH3

CHCH3

A

B

C

CH3CH

CH3

CH3

C

CH3 CH3

CH3CH3

C CD

 

 

 

22 In the upper atmosphere chlorofluoroalkanes (CFCs) are broken down to give chlorine radicals 

but not fluorine radicals. 

 

What is the best explanation for this? 

A Fluorine is more electronegative than chlorine. 

B Fluorine radicals are less stable than chlorine radicals. 

C The C–F bond is stronger than the C–Cl bond. 

D The chlorine atom is larger than the fluorine atom. 

 

 

23 An amine is produced in the following reaction. 

 

C2H5I + 2NH3 → C2H5NH2 + NH4I 

 

What is the mechanism? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 
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24 Which term describes the action of NaOH(aq) on a bromoalkane? 

A acid-base reaction 

B electrophilic substitution 

C elimination of HBr 

D nucleophilic substitution 

 

 

25 X and Y are the reagents required to convert 1-bromopropane into butanoic acid. 

 

CH

H

H

C

H

H

H OH

OH

C CCH

H

H

C

H

H

H

H

C Br CH

H

H

C

H

H

H

H

C CNX Y

 

 

What are the correct identities of X and Y? 

 X Y 

A NH3 HCl(aq) 

B KCN in C2H5OH NaOH(aq) 

C KCN in C2H5OH HCl(aq) 

D HCN NaOH(aq) 

 

 

26 An alcohol with molecular formula CnH2n+1OH has a chiral carbon atom but does not react with 
−

4
MnO / H

+

. 

 

What is the least number of carbon atoms such an alcohol could possess? 

A 5 B 6 C 7 D 8 

 

 

27 Which reagent gives the same visible result with propanal and with propan-2-ol? 

A 2,4-dinitrophenylhydrazine reagent 

B acidified potassium dichromate(VI) 

C sodium 

D Tollens’ reagent 
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25 Chlorofluoroalkanes, CFCs, can be used as refrigerants, aerosol propellants and fire 

extinguishers. 

 

CFCs such as CCl3F and CCl2F2 are more stable than chloroalkanes such as CCl4. 

 

What is the reason for their greater stability? 

A Fluorine has a higher first ionisation energy than chlorine. 

B Fluorine radicals are more stable than chlorine radicals. 

C The C–F bond energy is larger than the C–Cl bond energy. 

D The C–F bond is more polar than the C–Cl bond. 

 

 

26 Butanedioic acid occurs in amber, algae, lichens, sugar cane and beets. It may be synthesised in 

two steps from 1,2-dibromoethane. 

 

BrCH2CH2Br HO2CCH2CH2CO2HX
step 1 step 2

 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCN(g) HCl (aq) 

B HCO2Na(aq) HCl (aq) 

C KCN(aq/alcoholic) H2SO4(aq) 

D NaOH(aq) K2Cr2O7 / H2SO4(aq) 

 

 

27 Which reaction will distinguish between a primary and a secondary alcohol? 

A warming with H
+ / −

4
MnO  

B warming with H
+ / Cr2O

−2

7

 

C dehydration, followed by reaction with Br2(aq) 

D oxidation, followed by reaction with Fehling’s (or Tollens’) reagent 
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25 Chlorofluoroalkanes, CFCs, can be used as refrigerants, aerosol propellants and fire 

extinguishers. 

 

CFCs such as CCl3F and CCl2F2 are more stable than chloroalkanes such as CCl4. 

 

What is the reason for their greater stability? 

A Fluorine has a higher first ionisation energy than chlorine. 

B Fluorine radicals are more stable than chlorine radicals. 

C The C–F bond energy is larger than the C–Cl bond energy. 

D The C–F bond is more polar than the C–Cl bond. 

 

 

26 Butanedioic acid occurs in amber, algae, lichens, sugar cane and beets. It may be synthesised in 

two steps from 1,2-dibromoethane. 

 

BrCH2CH2Br HO2CCH2CH2CO2HX
step 1 step 2

 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCN(g) HCl (aq) 

B HCO2Na(aq) HCl (aq) 

C KCN(aq/alcoholic) H2SO4(aq) 

D NaOH(aq) K2Cr2O7 / H2SO4(aq) 

 

 

27 Which reaction will distinguish between a primary and a secondary alcohol? 

A warming with H
+ / −

4
MnO  

B warming with H
+ / Cr2O

−2

7

 

C dehydration, followed by reaction with Br2(aq) 

D oxidation, followed by reaction with Fehling’s (or Tollens’) reagent 
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24 Which term describes the action of NaOH(aq) on a bromoalkane? 

A acid-base reaction 

B electrophilic substitution 

C elimination of HBr 

D nucleophilic substitution 

 

 

25 X and Y are the reagents required to convert 1-bromopropane into butanoic acid. 

 

CH

H

H

C

H

H

H OH

OH

C CCH

H

H

C

H

H

H

H

C Br CH

H

H

C

H

H

H

H

C CNX Y

 

 

What are the correct identities of X and Y? 

 X Y 

A NH3 HCl(aq) 

B KCN in C2H5OH NaOH(aq) 

C KCN in C2H5OH HCl(aq) 

D HCN NaOH(aq) 

 

 

26 An alcohol with molecular formula CnH2n+1OH has a chiral carbon atom but does not react with 
−

4
MnO / H

+

. 

 

What is the least number of carbon atoms such an alcohol could possess? 

A 5 B 6 C 7 D 8 

 

 

27 Which reagent gives the same visible result with propanal and with propan-2-ol? 

A 2,4-dinitrophenylhydrazine reagent 

B acidified potassium dichromate(VI) 

C sodium 

D Tollens’ reagent 
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24 Which term describes the action of NaOH(aq) on a bromoalkane? 

A acid-base reaction 

B electrophilic substitution 

C elimination of HBr 

D nucleophilic substitution 

 

 

25 X and Y are the reagents required to convert 1-bromopropane into butanoic acid. 

 

CH

H

H

C

H

H

H OH

OH

C CCH

H

H

C

H

H

H

H

C Br CH

H

H

C

H

H

H

H

C CNX Y

 

 

What are the correct identities of X and Y? 

 X Y 

A NH3 HCl(aq) 

B KCN in C2H5OH NaOH(aq) 

C KCN in C2H5OH HCl(aq) 

D HCN NaOH(aq) 

 

 

26 An alcohol with molecular formula CnH2n+1OH has a chiral carbon atom but does not react with 
−

4
MnO / H

+

. 

 

What is the least number of carbon atoms such an alcohol could possess? 

A 5 B 6 C 7 D 8 

 

 

27 Which reagent gives the same visible result with propanal and with propan-2-ol? 

A 2,4-dinitrophenylhydrazine reagent 

B acidified potassium dichromate(VI) 

C sodium 

D Tollens’ reagent 
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26 Lactic acid occurs naturally, for example in sour milk. 

 

O

O H

C

H

H

H

O

H

H

C C

lactic acid  

 

What is a property of lactic acid? 

A It decolourises aqueous bromine rapidly. 

B It is insoluble in water. 

C It reduces Fehling’s reagent. 

D Two molecules react with each other in the presence of a strong acid. 

 

 

27 Which compound would undergo nucleophilic addition? 

A bromoethane, C2H5Br 

B ethanal, CH3CHO 

C ethane, C2H6 

D ethene, C2H4 

 

 

28 Which compound undergoes an SN1 substitution reaction? 

 

A CH3CH2 CH2 Br 

CH2 =CHCl 

B (CH3)3CCH2 I

C 

CH3    Cl 

D 
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24  Mevalonic acid, 3,5-dihydroxy-3-methylpentanoic acid, is involved in cholesterol formation in the 

body. It is an oil that occurs as a mixture of the two interchanging molecules shown in the 

diagram. 

 

CH3HO

O O
CH2

CH2 CH2

C

CC
CH3HO

CH2OH CO2H

CH2 CH2

I

II

 

 

What names are used to describe the pair of interchanging reactions I and II? 

A condensation and addition 

B dehydrogenation and hydrogenation 

C esterification and hydrolysis 

D neutralisation and acidification 

 

 

25  Halogenoalkanes are important molecules in organic synthetic reactions. In particular they 

undergo a range of nucleophilic reactions. 

 

Which reaction proceeds only  by an S
N
1 mechanism? 

A CH
3
CH

2
Br + NH

3
 

B CH
3
CH

2
CH

2
I + OH

–

 

C CH
3
CHBrCH

3
 + NH

3
 

D (CH
3
)
3
CI + OH

–

 

 

 

26  An alcohol of molecular formula C
4
H

10
O

2
 contains two OH groups and has an unbranched carbon 

atom chain. 

 

On reaction with an excess of hot 
−

4
MnO / H+

 this alcohol is converted into a compound of 

molecular formula C
4
H

6
O

4
. 

 

To which two carbon atoms in the chain of the alcohol are the two OH groups attached? 

A 1st and 2nd 

B 1st and 3rd 

C 1st and 4th 

D 2nd and 3rd 
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18 The diagram represents the Haber process for the manufacture of ammonia from nitrogen and 

hydrogen. 

 

heat exchanger

condenser

catalytic
converter

N2 + H2

NH3
 

 

What is the purpose of the heat exchanger? 

A to cool the incoming gas mixture to avoid overheating the catalyst  

B to cool the reaction products and separate the NH
3
 from unused N

2
 and H

2
 

C to warm the incoming gas mixture and shift the equilibrium to give more NH
3
 

D to warm the incoming gas mixture and speed up the reaction 

 

 

19  Total elimination of the pollutant sulphur dioxide, SO
2
, is difficult, both for economic and technical 

reasons. Its emission can be reduced in furnace chimneys using desulphurisation plants, where 

the gases are scrubbed (washed) with calcium hydroxide to remove the SO
2
. 

 

What is the main product formed initially? 

A CaO B Ca(OH)
2
 C CaSO

3
 D CaSO

4
 

 

 

20  Which pair of reaction types is illustrated by the reaction sequence below? 

 

NaOH(aq)HI in CH3CO2HCH3CH=CHCH3 CH3CH2CHICH3 CH3CH2CH(OH)CH3
 

 

A electrophilic addition and electrophilic substitution 

B electrophilic addition and nucleophilic substitution 

C nucleophilic addition and electrophilic substitution 

D nucleophilic addition and nucleophilic substitution 
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21 What always applies to a nucleophile? 

A It attacks a double bond. 

B It has a lone pair of electrons. 

C It is a single atom. 

D It is negatively charged. 

 

 

22 Trichloroethanoic acid, CCl3CO2H, is used in cosmetic surgery to perform a ‘chemical peel’ to 

remove dead skin. 

 

Trichloroethanoic acid can be made by reacting chlorine with ethanoic acid. 

 

What is the mechanism of this reaction? 

A electrophilic addition 

B electrophilic substitution 

C free radical addition 

D free radical substitution 

 

 

23 Polymerisation of chloroethene gives PVC. 

 

How does the carbon-carbon bond in PVC compare with that in chloroethene? 

A longer and stronger 

B longer and weaker 

C shorter and stronger 

D shorter and weaker 

 

 

24 In the hydrolysis of bromoethane by aqueous sodium hydroxide, what is the nature of the 

attacking group and of the leaving group? 

 

 attacking group leaving group 

A electrophile electrophile 

B electrophile nucleophile 

C nucleophile electrophile 

D nucleophile nucleophile 
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23  Four drops of 1-chlorobutane, 1-bromobutane and 1-iodobutane were put separately into three 

test-tubes containing 1.0 cm3

 of aqueous silver nitrate at 60 °C. 
 

A hydrolysis reaction occurred. (R represents the butane chain C4H9– and X the halogen atom.) 

 

H2O(l) + R–X(l)  + Ag
+

(aq) → R–OH(aq) + AgX(s) + H
+

(aq) 

 

The rate of formation of cloudiness in the tubes was in the order RCl < RBr < RI. 

 

Why is this? 

A The R–X bond polarity decreases from RCl to RI. 

B The solubility of AgX(s) decreases from AgCl to AgI. 

C The ionisation energy of the halogen decreases from Cl to I. 

D The bond energy of R–X decreases from RCl to RI. 

 

 

24  A possible mechanism of the exothermic hydrolysis of 2-chloro-2-methylpropane is shown. 

 

CH3

C Cl

CH3

CH3

CH3

C Cl

CH3

CH3 +

CH3

C

CH3

CH3

CH3

C

CH3

CH3

slow

fastOH+ OH+

+ _

_

 

 

Which diagram represents the reaction profile for this mechanism? 

 

reaction pathway

energy

reaction pathway

energy

reaction pathway

energy

reaction pathway

energy

A B C D
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18 In the Contact process, what is the nature of the gaseous product and what is the identity of the 

catalyst? 

 

 
nature of 

gaseous product 
catalyst 

A acidic Fe 

B acidic V2O5 

C basic Fe 

D basic V2O5 

 

 

19 Which compound contains two different elements with identical oxidation states? 

A HCl O B Mg(OH)2 C Na2SO4 D NH4Cl 

 

 

20 Which reagent gives the same visible result with propanal and with propan-2-ol? 

A 2,4-dinitrophenylhydrazine reagent 

B acidified potassium dichromate(VI) 

C sodium 

D Tollens’ reagent 

 

 

21 Which halogenoalkane will undergo an SN1 reaction and produce a yellow precipitate when 

AgNO3(aq) is added to it? 

A 1-chlorobutane 

B 1-iodobutane 

C 2-chloro-2-methylpropane 

D 2-iodo-2-methylpropane 

 

 

22 Which reaction will give 2-chloropropane in the best yield? 

A propane gas with chlorine gas in the presence of ultraviolet light 

B propan-2-ol with dilute NaCl (aq) 

C propan-2-ol with SOCl 2 

D propene with dilute HCl (aq) 
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28  A reaction pathway diagram is shown. 

 

energy

reaction pathway
 

 

Which reaction does not have such a profile? 

 

A CH3CHO + HCN CH3CH(OH)CN 

B C2H5Br + NaOH → C2H5OH + NaBr 

(CH3)3CBr + NaOH → (CH3)3 COH + NaBr C 

D + Br2 Br 

Br 

NaCN

 

 

 

29  The depletion of the ozone layer in the upper atmosphere reduces the Earth’s natural protection 

from harmful ultraviolet radiation. 

 

Which compound would cause the most depletion of the ozone layer? 

A CCl 
3
F B CF

4
 C CHCl F

2
 D CH

2
F
2
 

 

 

30  Which statement does not correctly describe the polymer PVC? 

A Combustion of PVC waste produces a highly acidic gas. 

B PVC molecules are saturated. 

C The empirical formula of PVC is the same as the empirical formula of its monomer. 

D The repeat unit of PVC is –(CHCl CHCl )–. 
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18 In the Contact process, what is the nature of the gaseous product and what is the identity of the 

catalyst? 

 

 
nature of 

gaseous product 
catalyst 

A acidic Fe 

B acidic V2O5 

C basic Fe 

D basic V2O5 

 

 

19 Which compound contains two different elements with identical oxidation states? 

A HCl O B Mg(OH)2 C Na2SO4 D NH4Cl 

 

 

20 Which reagent gives the same visible result with propanal and with propan-2-ol? 

A 2,4-dinitrophenylhydrazine reagent 

B acidified potassium dichromate(VI) 

C sodium 

D Tollens’ reagent 

 

 

21 Which halogenoalkane will undergo an SN1 reaction and produce a yellow precipitate when 

AgNO3(aq) is added to it? 

A 1-chlorobutane 

B 1-iodobutane 

C 2-chloro-2-methylpropane 

D 2-iodo-2-methylpropane 

 

 

22 Which reaction will give 2-chloropropane in the best yield? 

A propane gas with chlorine gas in the presence of ultraviolet light 

B propan-2-ol with dilute NaCl (aq) 

C propan-2-ol with SOCl 2 

D propene with dilute HCl (aq) 
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22 In the general formula of which class of compound, is the ratio of hydrogen atoms to carbon 

atoms the highest? 

A alcohols 

B aldehydes 

C carboxylic acids 

D halogenoalkanes 

 

 

23 Y and Z are two widely-used selective weed killers. 

 

OCH2CO2H

Cl

CH3

Y

OCH2CH2OH

Cl

Cl

Z
 

 

Which reagent will distinguish Y from Z? 

A acidified AgNO3(aq) 

B Fehling’s solution 

C Na 

D Na2CO3(aq) 

 

 

24 What is involved in the mechanism of the reaction between aqueous sodium hydroxide and 

1-bromobutane? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission and attack by a nucleophile on a carbocation 

C homolytic bond fission and attack by an electrophile on a carbanion 

D homolytic bond fission and attack by a nucleophile on a carbocation 

 

 

25 Use of the Data Booklet is relevant to this question. 

 

2.76 g of ethanol were mixed with an excess of aqueous acidified potassium dichromate(VI). The 
reaction mixture was then boiled under reflux for one hour. The organic product was then 

collected by distillation. 

 

The yield of product was 75.0 %. 

 

What mass of product was collected? 

A 1.98 g B 2.07 g C 2.70 g D 4.80 g 
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20 This question should be answered by considering the reactions of KMnO4 with different functional 

groups under the stated conditions.  

 

The diagram shows the structure of the naturally-occurring molecule cholesterol. 

 

HO
H H

H
CH3

CH3

H3C

H

cholesterol
 

 

Separate oxidation reactions are carried out using different conditions. 

 

● cold, dilute acidified KMnO4 

● hot, concentrated acidified KMnO4 

 

Which statements about the products formed are correct? 

 

 

cold, dilute acidified KMnO4: 

number of hydroxy groups 

present 

hot, concentrated acidified KMnO4: 

number of 6-membered rings 

remaining 

A 1 2 

B 1 3 

C 3 2 

D 3 3 

 

 

21  Many different compounds have been used in aerosol sprays, refrigerators and in making foamed 

plastics. 

 

Which compound will cause the most ozone depletion? 

A CCl 3F 

B CH2FCHCl F 

C CH3CH2CH2CH3 

D N2O 
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26 CH
3
COCH

2
CH

2
OH CH

3
COCH

2
CHO CH

3
CH(OH)CH

2
CH

3
 CH

3
CH

2
CH

2
CHO 

 W X Y Z 

 

Which of these compounds can be oxidised by acidified dichromate(VI) solution and also gives a 

positive response to Tollens’ reagent? 

A W and X only 

B W and Y only 

C X and Z only 

D Y and Z only 

 

 

27 The presence of halogen in an organic compound may be detected by warming the organic 

compound with aqueous silver nitrate. 

 

Which compound would produce a precipitate quickest? 

 

Cl

Cl

Cl
A

Cl

F

F
B

Br

F

Cl
C

F

F

I

D
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22 Bromine reacts with ethene to form 1,2-dibromoethane. 

 

What is the correct description of the organic intermediate in this reaction? 

A It has a negative charge.  

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 

 

 

23  Chloroethane can be used to make sodium propanoate. 

 

chloroethane  →  Q  →  sodium propanoate 

 

The intermediate, Q, is hydrolysed with boiling aqueous sodium hydroxide, to give sodium 

propanoate. 

 

Which reagent would produce the intermediate, Q, from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide 

D potassium cyanide 

 

 

24  Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol. 

 

How should the first step in the mechanism be described? 

A by a curly arrow from a lone pair on the OH
–

 ion to the C
δ+

 atom of 1-bromopropane 

B by a curly arrow from the C
δ+

 atom of 1-bromopropane to the OH
–

 ion 

C by a curly arrow from the C–Br bond to the C atom 

D by the homolytic fission of the C–Br bond 

 

 

25  Pentane, C5H12, is reacted with chlorine in the presence of ultraviolet light. A compound R is 

found in the products. R has molecular formula C5H10Cl 2. Each molecule of R contains one  chiral 
carbon atom. 

 

Which two atoms of the pentane chain could be bonded to chlorine atoms in this isomer? 

A 1 and 3 B 1 and 5 C 2 and 3 D 2 and 4 
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25 When phenacyl chloride, C6H5COCH2Cl, is reacted with aqueous NaOH, the substitution reaction 

follows an SN2 mechanism. 

 

Which structure represents a species formed during the reaction? 

 

C

O

C

H

H

+

A

CC6H5

O–

OH

CC6H5

C6H5 C6H5

B

C D

H

H

Cl

HO C

C O

H H

Cl

δ–

δ–
– –

δ–

δ+

HO C

C O

H H

Cl
δ–

δ–

 

 

 

26 Complete combustion of compound X gives carbon dioxide and water only. A sample of X is 

mixed with aqueous potassium(V) dichromate and boiled under reflux for one hour. The mixture 

is then distilled and the only organic substance present is collected. 

 

The organic substance collected reacts with sodium to give hydrogen, but does not react with 

2,4-dinitrophenylhydrazine reagent and does not react with ethanol in the presence of 

concentrated sulfuric acid to give an ester. 

 

What can be deduced from this information? 

A X is a carboxylic acid. 

B X is a ketone. 

C X is an alcohol. 

D X is an alkane. 
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27  A compound Y has the following properties. 

 

• It is a liquid at room temperature and atmospheric pressure. 

• It does not mix completely with water. 

• It does not give steamy fumes with PCl
5
. 

 

What could Y be? 

A ethane 

B ethanoic acid 

C ethanol 

D ethyl ethanoate 

 

 

28  Coniine is the major constituent of the poison ‘oil of hemlock’. 

 

N

H

CH2CH2CH3

coniine
 

 

Coniine can be synthesised by reacting ammonia with a dibromo compound, X. 

 

NH3 + C8H16Br2 → coniine + 2HBr 

X 

 

What is the name of compound X? 

A 1,1-dibromo-2-propylcyclopentane 

B 1,2-dibromo-2-propylcyclopentane 

C 1,4-dibromooctane 

D 1,5-dibromooctane 

 

 

29  A common industrial solvent is a mixture of propanone, CH3COCH3, and pentyl ethanoate 

CH3CO2(CH2)4CH3. 

 

Which reagent would have no reaction with this industrial solvent? 

A HCl (aq) 

B HCN(aq) with a little KCN 

C Na(s) 

D NaBH4 
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23 Aqueous sodium hydroxide reacts with 2-bromo-2-methylpropane to give 2-methylpropan-2-ol. 

 

The reaction proceeds by an SN1 mechanism. 

 

How should the first step in the mechanism be described? 

A by a curly arrow from a lone pair on the OH
–

 ion to the C
δ+

 atom of 2-bromopropane 

B by a curly arrow from the C–Br bond to the Br atom 

C by a curly arrow from the C–Br bond to the C atom 

D by the homolytic fission of the C–Br bond 

 

 

24 Compound Y can be hydrolysed by warm aqueous silver nitrate to form a precipitate that is 

soluble in dilute aqueous ammonia. Compound Y can undergo an elimination reaction to form an 

alkene. 

 

What could be the skeletal formula of compound Y? 

 

A

ClBr

B C D

I Cl
 

 

 

25 The compound shown is menthol, a naturally-occurring alcohol found in peppermint oil. 

 

OH

menthol
 

 

When menthol is heated with concentrated sulfuric acid it reacts. The products that form include 

compound T. 

 

What could be the structure of compound T? 

 

A

O

B C D

 

 

 

� 

[S'13 P12 Q23]

9 

© UCLES 2013 9701/12/M/J/13 [Turn over 

23 Aqueous sodium hydroxide reacts with 2-bromo-2-methylpropane to give 2-methylpropan-2-ol. 

 

The reaction proceeds by an SN1 mechanism. 

 

How should the first step in the mechanism be described? 

A by a curly arrow from a lone pair on the OH
–

 ion to the C
δ+

 atom of 2-bromopropane 

B by a curly arrow from the C–Br bond to the Br atom 

C by a curly arrow from the C–Br bond to the C atom 

D by the homolytic fission of the C–Br bond 

 

 

24 Compound Y can be hydrolysed by warm aqueous silver nitrate to form a precipitate that is 

soluble in dilute aqueous ammonia. Compound Y can undergo an elimination reaction to form an 

alkene. 

 

What could be the skeletal formula of compound Y? 

 

A

ClBr

B C D

I Cl
 

 

 

25 The compound shown is menthol, a naturally-occurring alcohol found in peppermint oil. 

 

OH

menthol
 

 

When menthol is heated with concentrated sulfuric acid it reacts. The products that form include 

compound T. 

 

What could be the structure of compound T? 

 

A

O

B C D
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22 Bromine reacts with ethene to form 1,2-dibromoethane. 

 

What is the correct description of the organic intermediate in this reaction? 

A It has a negative charge.  

B It is a free radical. 

C It is a nucleophile. 

D It is an electrophile. 

 

 

23  Chloroethane can be used to make sodium propanoate. 

 

chloroethane  →  Q  →  sodium propanoate 

 

The intermediate, Q, is hydrolysed with boiling aqueous sodium hydroxide, to give sodium 

propanoate. 

 

Which reagent would produce the intermediate, Q, from chloroethane? 

A concentrated ammonia solution 

B dilute sulfuric acid 

C hydrogen cyanide 

D potassium cyanide 

 

 

24  Aqueous sodium hydroxide reacts with 1-bromopropane to give propan-1-ol. 

 

How should the first step in the mechanism be described? 

A by a curly arrow from a lone pair on the OH
–

 ion to the C
δ+

 atom of 1-bromopropane 

B by a curly arrow from the C
δ+

 atom of 1-bromopropane to the OH
–

 ion 

C by a curly arrow from the C–Br bond to the C atom 

D by the homolytic fission of the C–Br bond 

 

 

25  Pentane, C5H12, is reacted with chlorine in the presence of ultraviolet light. A compound R is 

found in the products. R has molecular formula C5H10Cl 2. Each molecule of R contains one  chiral 
carbon atom. 

 

Which two atoms of the pentane chain could be bonded to chlorine atoms in this isomer? 

A 1 and 3 B 1 and 5 C 2 and 3 D 2 and 4 
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29 The characteristic odour of rum is attributed to the compound 2-ethyl-3-methylbutanoic acid. 

 

CH3C C

H

C

O

OH

CH3 C2H5

H

2-ethyl-3-methylbutanoic acid
 

 

Which compound will produce 2-ethyl-3-methylbutanoic acid by heating under reflux with 

alcoholic sodium cyanide and subsequent acid hydrolysis of the reaction product? 

 

CH3

CH3

CH2 CH3CH CHBrA

CH3

CH3

CH2 CH3CH CHBrB

CH3

CH3

CH

C2H5

CH CH2BrC

CH3

CH3

CH2

CH2Br

CH3CH CHD
 

 

 

30 The acarid mite releases Iardolure to attract other mites to a host. This chemical can be 

destroyed by hydrolysis with acid. 

 

CH3CH2CH2[CH(CH3)CH2]3CH(CH3)O C

O

H

 

 

A simplified formula for lardolure may be written as follows. 

 

RCH(CH3)O C

O

H

 

 

What are the products of its hydrolysis? 

A RCH(CH3)CO2H + CH3OH 

B RCH(CH3)CO2H + HCO2H 

C RCH(CH3)OH + CO2 

D RCH(CH3)OH + HCO2H 
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28  Cyclohexene, shown below, can form an addition polymer. 

 

 

 

Which structure represents a section of the polymer including two cyclohexene residues? 

 

A B

C D

 

 

 

29  How many isomeric esters, including structural isomers and stereoisomers, can be made with the 

molecular formula C5H10O2, if methanoic acid is one of the two reactants used? 

A 2 B 3 C 4 D 5 

 

 

30  CCl 2FCCl F2 can be converted into CH2FCF3 by the following route. 

 

CCl 2FCCl F2

step 1
CCl 3CF3

step 2
CH2FCF3CCl 2FCF3

step 3

 

 

What type of reaction is step 1? 

A addition 

B elimination 

C isomerisation 

D oxidation 
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24 Which sequence of reagents may be used in the laboratory to convert propan-1-ol into 

2-bromopropane? 

A concentrated sulfuric acid, followed by bromine 

B concentrated sulfuric acid, followed by hydrogen bromide 

C ethanolic sodium hydroxide, followed by bromine 

D ethanolic sodium hydroxide, followed by hydrogen bromide 

 

 

25 A carbanion is an organic ion in which a carbon atom has a negative charge. A carbocation is an 

organic ion in which a carbon atom has a positive charge. 

 

What is involved in the mechanism of the reaction between aqueous sodium hydroxide and 

2-bromo-2-methylbutane? 

A heterolytic bond fission followed by an attack by an electrophile on a carbanion 

B heterolytic bond fission followed by an attack by a nucleophile on a carbocation 

C homolytic bond fission followed by an attack by an electrophile on a carbanion 

D homolytic bond fission followed by an attack by a nucleophile on a carbocation 

 

 

26 Which compound gives an organic product with a lower boiling point when it is heated under 

reflux with an excess of acidified potassium dichromate(VI)? 

A 2-methylbutan-1-ol 

B 2-methylbutan-2-ol 

C pentan-1-ol 

D pentan-2-ol 

 

 

27 Use of the Data Booklet is relevant to this question. 

 

Which volume of oxygen, at room temperature and pressure, is needed for complete combustion 

of 0.1 mol of ethanol? 

A 7.2 dm
3

 B 8.4 dm
3

 C 14.4 dm
3

 D 16.8 dm
3
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21 Hydrogen bromide reacts with ethene to form bromoethane.

What is the best description of the organic intermediate in this reaction?

A It contains carbon, hydrogen and bromine.

B It has a negative charge.

C It is an electrophile.

D It is a free radical.

22 On strong heating a hydrocarbon produces ethene, propane and but-1-ene in the mole ratio
5 : 1 : 1.

What is the molecular formula of the hydrocarbon?

A C17H34 B C17H36 C C19H38 D C19H40

23 1,2-Dibromo-3-chloropropane (DBCP) has been used in the control of earthworms in agricultural
land.

What would be the best synthesis of this compound?

A CH3CH2CH2Cl + 2Br2 → DBCP + 2HBr

B CH3CHBrCH2Br + Cl2 → DBCP + HCl

C CH2=CHCH2Cl + Br2 → DBCP

D ClCH2CH=CH2 + PBr5 → DBCP + PBr3

24 Each of the following compounds is effective as a refrigerant.

The release of which one of these causes the greatest depletion of the ozone layer?

A CCl2F2 B CH3OCH3 C CH3CHF2 D CH3CH2CH3

25 1,1-Dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.

NaOH(aq)
CH3CH2CHCl2 ⎯⎯⎯⎯→ CH3CH2CHO

What is the mechanism of the first step of this reaction?

A electrophilic substitution

B elimination

C nucleophilic substitution

D oxidation
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28 Which reagent could best be used to distinguish between cyclohexene and cyclohexanol? 

A Ag(NH3)2
+

 in H2O 

B Br2 in CCl 4 

C 2,4-dinitrophenylhydrazine in CH3OH 

D NaBH4 in CH3OH 

 

 

29 Compound X, molecular formula C4H8, undergoes the following reactions. 

 

C4 H8 C4 H8 Br2

Br2

X Y
C4 H10 O2

Z

aq.NaOH / heat

methylpropane
H2  / Ni

C4 H8

X
 

 

What is the formula of compound Z? 

A CH3CH2CH(OH)CH2OH 

B CH3CH(OH)CH(OH)CH3 

C CH3CH(CH2OH)CH2OH 

D (CH3)2C(OH)CH2OH 

 

 

30 How many of the isomeric alcohols with the formula C4H9OH will produce an alkene that has cis 

and trans isomers, on treatment with conc. H2SO4? 

A 1 B 2 C 3 D 4 
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26  In many countries plastic waste is collected separately and sorted. Some of this is incinerated to 

provide heat for power stations. 

 

Why is pvc, polyvinylchloride, removed from any waste that is to be incinerated? 

A It destroys the ozone layer. 

B It does not burn easily. 

C It is easily biodegradable. 

D Its combustion products are harmful. 

 

 

27  Polymerisation of 1,1-dichloroethene produces a dense, high melting point substance that does 

not allow gases to pass through. It is used as cling wrapping. 

 

Which sequence appears in a short length of the polymer chain? 

[ CH2CCl2CH2CCl2CH2CCl2 ]

[ CHClCHClCHClCHClCHClCHCl ]

[ CCl2CCl2CCl2CCl2CCl2CCl2 ]

[ CH2CCl2CHClCHClCH2CCl2 ]

A 

B 

C 

D 
 

 

 

28  When an isomer Y of molecular formula C4H9Br undergoes hydrolysis in aqueous alkali to form 
an alcohol C4H9OH, the rate of reaction is found to be unaffected by changes in the concentration 
of OH

–
 ions present. 

 

Which is the most likely molecular structure of Y? 

A CH3CH2CH2CH2Br 
B CH3CH2CHBrCH3 

C (CH3)2CHCH2Br 

D (CH3)3CBr 
 

 

29 Which isomer of C4H10O forms three alkenes on dehydration? 

A butan-1-ol 

B butan-2-ol 

C 2-methylpropan-1-ol 

D 2-methylpropan-2-ol 
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22 When bromine reacts with propene in an organic solvent at room temperature, what is the 

mechanism by which the bromine attacks the propene? 

A electrophilic addition 

B electrophilic substitution 

C nucleophilic addition 

D nucleophilic substitution 

 

 

23 Dichlorodifluoromethane, CCl2F2, has been used in aerosol propellants and as a refrigerant. 

 

Which statement helps to explain why dichlorodifluoromethane is chemically inert? 

A The carbon-fluorine bond energy is large. 

B The carbon-fluorine bond has a low polarity. 

C Fluorine is highly electronegative. 

D Fluorine compounds are non-flammable. 

 

 

24 Under identical conditions, even though it proceeds by the same mechanism, reaction 1 is faster 

than reaction 2. 

 

reaction 1  CH3CHBrCH3 + NaCN → CH3CH(CN)CH3 + NaBr 

reaction 2  CH3CHBrCH3 + NaI → CH3CHICH3 + NaBr 

 

What factor will explain this result? 

A The C I bond is a stronger bond than the C  Br bond. 

B The C N bond is a stronger bond than the C I bond. 

C The cyanide ion is a stronger nucleophile than the iodide ion. 

D The cyanide ion is a weaker nucleophile than the iodide ion. 
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21  Including structural and stereoisomers, how many isomers are there of C2H2Br2? 

A 2 B 3 C 4 D 5 

 

 

22 Which reaction will give the best yield of 2-chloropropane? 

A chlorine gas with propane gas in the presence of uv light 

B chlorine gas with propene gas in the dark 

C propan-2-ol with dilute NaCl (aq) 

D propan-2-ol with PCl 5 
 

 

23  Pent-2-ene, CH3CH2CH=CHCH3, reacts in a similar way to ethene. 

 

Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions. 

 

What will be produced in the greatest amount? 

A CH3CH2CH(OH)CH(OH)CH3 

B CH3CH2COCOCH3 

C a mixture of CH3CH2CH(OH)CH2CH3  and  CH3CH2CH2CH(OH)CH3 

D CH3CH2COOH  and  CH3COOH 

 

 

24  Including structural and stereoisomers, how many isomeric products are produced when alcoholic 

KOH reacts with 2-chlorobutane? 

A 1 B 2 C 3 D 4 

 

 

25  Chlorofluorocarbons, CFCs, can be used as refrigerants, aerosol propellants and fire 

extinguishers. 

 

CFCs such as CCl 3F and CCl 2F2 are more stable than chloroalkanes such as CCl 4. 
 

What is the reason for their greater stability? 

A Fluorine has a higher first ionisation energy than chlorine. 

B Fluorine radicals are more stable than chlorine radicals. 

C The C–F bond energy is larger than the C–Cl bond energy. 

D The C–F bond is more polar than the C–Cl bond. 
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21  Including structural and stereoisomers, how many isomers are there of C2H2Br2? 

A 2 B 3 C 4 D 5 

 

 

22 Which reaction will give the best yield of 2-chloropropane? 

A chlorine gas with propane gas in the presence of uv light 

B chlorine gas with propene gas in the dark 

C propan-2-ol with dilute NaCl (aq) 

D propan-2-ol with PCl 5 
 

 

23  Pent-2-ene, CH3CH2CH=CHCH3, reacts in a similar way to ethene. 

 

Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions. 

 

What will be produced in the greatest amount? 

A CH3CH2CH(OH)CH(OH)CH3 

B CH3CH2COCOCH3 

C a mixture of CH3CH2CH(OH)CH2CH3  and  CH3CH2CH2CH(OH)CH3 

D CH3CH2COOH  and  CH3COOH 

 

 

24  Including structural and stereoisomers, how many isomeric products are produced when alcoholic 

KOH reacts with 2-chlorobutane? 

A 1 B 2 C 3 D 4 

 

 

25  Chlorofluorocarbons, CFCs, can be used as refrigerants, aerosol propellants and fire 

extinguishers. 

 

CFCs such as CCl 3F and CCl 2F2 are more stable than chloroalkanes such as CCl 4. 
 

What is the reason for their greater stability? 

A Fluorine has a higher first ionisation energy than chlorine. 

B Fluorine radicals are more stable than chlorine radicals. 

C The C–F bond energy is larger than the C–Cl bond energy. 

D The C–F bond is more polar than the C–Cl bond. 
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21 Which reaction will give the best yield of 1-chloropropane? 

A chlorine gas with propene gas in the dark 

B propan-1-ol with dilute NaCl (aq) 

C propan-1-ol with PCl 5 

D propene with dilute HCl (aq) 
 

 

22 The compound ‘leaf alcohol’ is partly responsible for the smell of new-mown grass. 

 

CH3CH2CH=CHCH2CH2OH 

leaf alcohol 

 

What will be formed when ‘leaf alcohol’ is oxidised using an excess of hot, acidified K2Cr2O7(aq)? 

A CH3CH2CH(OH)CH(OH)CH2CO2H 

B CH3CH2COCOCH2CO2H 

C CH3CH2CH=CHCH2CO2H 

D CH3CH2CO2H  and  HO2CCH2CO2H 

 

 

23 Which compound exhibits stereoisomerism? 

A CH3CHCl CH3 

B CH3CHCl CH2Cl 

C CH3CCl 2CH3 

D CH2Cl CH2CH2Cl 

 

 

24 A carbanion is an organic ion in which a carbon atom has a negative charge. A carbocation is an 

organic ion in which a carbon atom has a positive charge. 

 

The reaction between aqueous sodium hydroxide and 1-bromobutane proceeds by an SN2 

mechanism. 

 

How should the first step in the mechanism be described? 

A attack by a nucleophile on a carbon atom with a partial positive charge 

B heterolytic bond fission followed by an attack by an electrophile on a carbanion 

C heterolytic bond fission followed by an attack by a nucleophile on a carbocation 

D homolytic bond fission followed by an attack by a nucleophile on a carbocation 
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26 Halogenoalkanes react with aqueous NaOH to give alcohols. The mechanism involved is either 

SN1 or SN2. 

 

Which halogenoalkane produces the highest percentage of product by an SN1 mechanism, when 

treated with aqueous NaOH? 

A 2-bromopropane 

B 2-chloropropane 

C 1-iodo-2-methylpropane 

D 2-iodo-2-methylpropane 

 

 

27 An alcohol with molecular formula C
n
H2n+1OH has a chiral carbon atom but does not react with 

hot, acidified K2Cr2O7. 

 

What is the smallest possible value for n ? 

A 5 B 6 C 7 D 8 

 

 

28 Compound X reacts with ethanoic acid in the presence of an H
+

 catalyst to produce the 

compound below. 

 

H3C C C C O C

O H H

H H

O

CH3

 

 

What is the molecular formula of compound X? 

A C2H6O2 B C2H6O3 C C4H8O D C4H8O2 

 

 

29 How many hydrogen atoms are added to each molecule of ethanal when it is reacted with NaBH4 

in water? 

A 1 B 2 C 4 D 6 

 

 

30 Which fragment could appear in the chain produced by polymerising 1,1-dichloroethene? 

A – CH2 – CH2 – CCl 2 – CCl 2 – CH2 – CH2 – 

B – CHCl – CHCl – CHCl – CHCl – CHCl – CHCl – 

C – CH2 – CCl 2 – CH2 – CH2 – CH2 – CCl 2 – 

D – CCl 2 – CCl 2 – CH2 – CH2 – CH2 – CCl 2 – 
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25 Which reaction is not an electrophilic addition?

A CH2 =CH2 +  HI ⎯→ CH3 CH2 I

B CH3 CH=CH2 +  Br2 ⎯→ CH3 CHBrCH2 Br

C CH3 CH=CH2 +  H2 O ⎯⎯⎯→ CH3 CH(OH)CH3

D CH3 CHO  +  HCN ⎯→ CH3 CH(OH)CN

26 The reaction scheme outlines the production of one of the monomers of nylon 66 from 
compound X.

compound X NCCH2 CH2 CH2 CH2 CN  H2 N(CH2 )6NH2

Which compound could be X?

A BrCH2 CH2 CH2 CH2 Br

B CH2 =CHCH=CH2

C HOCH2 CH2 CH2 CH2 OH

D HO2 CCH2 CH2 CH2 CH2 CO2 H

27 Chlorofluoroalkanes, commonly known as CFCs, undergo homolytic fission by ultraviolet
irradiation in the stratosphere.

Which radical could result from this irradiation of CHFClCF2 Cl ?

A CHFClC
·
FCl

B C
·
HClCF2 Cl

C C
·
HFCF2 Cl

D C
·
FClCF2 Cl

28 In its reaction with sodium, 1 mol of a compound X gives 1 mol of H2 (g).

Which compound might X be?

A CH3 CH2 CH2 CH2 OH

B (CH3 )3 COH

C CH3 CH2 CH2 CO2 H

D CH3 CH(OH)CO2 H

reductionKCN

in ethanol

conc H2 SO4
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28 Which reaction will give 2-chloropropane in the best yield? 

A propane gas with chlorine gas in the presence of ultraviolet light 

B propan-2-ol with dilute NaCl (aq) 

C propan-2-ol with SOCl 2(l) 

D propene with dilute HCl (aq) 
 

 

29 The ester, CH3CH2CO2CH3, is hydrolysed by boiling with aqueous sodium hydroxide. 

 Which compound is one of the products? 

A ethanol 

B propan-1-ol 

C sodium methanoate 

D sodium propanoate 

 

 

30 Caprolactone is a cyclic ester. It is being used increasingly for the manufacture of specialist 

polymers. 

 

O

O

caprolactone
 

 

From which compound could caprolactone be made by a single reaction? 

A OHCCH2CH2CH2CH2CHO 

B HOCH2CH2CH2CH2CH2CH2OH 

C HOCH2CH2CH2CH2CH2CO2H 

D HO2CCH2CH2CH2CH2CO2H 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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37 Which sodium salts form a precipitate when AgNO3(aq) followed by dilute NH3(aq) is added to its
aqueous solution?

1 chloride

2 bromide

3 iodide

38 Which compounds would be formed in the reaction of ethene with aqueous bromine in the
presence of sodium chloride?

1 CH2ClCH2Cl

2 CH2BrCH2Cl

3 CH2BrCH2Br

39 Halogenoalkanes react with aqueous alkali.  One mechanism of this reaction has the reaction
pathway diagram shown below.

Which of the following statements are correct?

1 The reaction is an example of nucleophilic substitution.

2 Between X and Y the C-Hal bond will be lengthening.

3 The energy difference between X and Z represents the activation energy.

40 Which alcohols on oxidation with acidified potassium dichromate(VI) give an organic product
which causes an effervescence when reacted with sodium carbonate? 

1 butan-1-ol

2 2-methylpropan-1-ol

3 2-methylpropan-2-ol

energy

reaction pathway

R – Hal + OH–

ROH + Hal–

X

Y

Z
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37 What will always be a characteristic of a compound containing a single carbon atom with four
different groups bonded to it?

1 It will have an optical isomer.

2 It will have a chiral centre.

3 It will have a structural isomer.

38 Chloroethane can be formed from bromoethane in two steps.

step X step Y
C2H5Br                  C2H5OH                  C2H5Cl

Which statements about these steps are correct?

1 Step X involves a nucleophilic substitution.

2 Hot aqueous sodium hydroxide is the reagent in step X.

3 Hot aqueous sodium chloride is the reagent in step Y.

39 When the apparatus below was used with compound Z, a brick-red precipitate formed in the right-
hand tube. 

Which compound could be Z?

1 CH3CH(OH)CH3 2 CH3CH2CH2OH 3 CH3OH

air to pump

compound Z in
acidified potassium
dichromate(VI)

Fehling's reagent

heat
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37  Which equations represent stages in the Contact process for manufacturing sulphuric acid? 

1 S + O2 → SO2 

2  H2O + SO2 → H2SO3 

3 H2SO3 +   O2 → H2SO4 

 

 

38  For the reaction 

 

(CH3)3SiCl + C2H5O
–

 → (CH3)3SiOC2H5 + Cl – 
 

which statements are likely to be true? 

1 It involves nucleophilic attack by C2H5O
–

. 

2  Cl – is displaced by C2H5O
–

. 

3 The oxygen-carbon bond is not broken. 

 

39  Modern cars are fitted with catalytic converters. These remove carbon monoxide, unburnt 

hydrocarbons and oxides of nitrogen from exhaust gases. 

 

Which of these pollutant gases are removed by oxidation? 

1 carbon monoxide 

2  hydrocarbons 

3 nitrogen oxides 

 

 

40  The sex-attractant of the house-fly is muscalure, with the following formula. 

 

CH3(CH2)7CH = CH(CH2)12CH3 

 

Which statements about muscalure are correct? 

1 It will decolourise aqueous bromine. 

2  It will be oxidised by cold aqueous alkaline KMnO4 to give a diol. 

3 It will be optically active. 

 

 

2

1
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38  Fabrics for use in aircraft seating are treated with a coating containing a halogenoalkane. 

 

Why is this coating used? 

1 The treated fabric burns less easily, improving safety. 

2 The treated fabric forms hydrogen bonds to water more readily, so it is easier to wash. 

3 The halogenoalkane undergoes addition polymerisation, stiffening the fabric. 

 

 

39  A liquid X is known to be either a single organic compound or a mixture of organic compounds. 

When treated with sodium, X gives off hydrogen gas. 

 

When treated with 2,4-dinitrophenylhydrazine reagent, X gives orange crystals. 

 

Which deductions about X can definitely be made? 

1 At least one component of X is a carbonyl compound. 

2 Only one of the components of X is a carbonyl compound. 

3 At least one component of X is an alcohol. 

 

 

40  Ethanoic acid, CH3CO2H, is an important chemical which is used in the industrial manufacture of 

rayon and aspirin. 

 

Which processes can be used to make ethanoic acid? 

1 hydrolysis of ethanenitrile 

2 oxidation of ethanol 

3 oxidation of ethanal 
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38 When halogenoalkanes, RX, are hydrolysed with NaOH, the corresponding sodium halide, NaX, 

is produced. 

 

RX + NaOH → ROH + NaX 

 

 A student investigated the amount of NaX produced by hydrolysing CH3CH2Cl and another 

halogenoalkane, Y. In a given time the amount of sodium halide formed was greater with Y than 

with CH3CH2Cl. 

 

Y

CH
3
CH

2
Cl

time

number of
moles of
NaX formed

0
0

 

 

 Which compound could be Y? 

1 Cl CH2CH2Cl 

2 CH3CH2Br 

3 CH3CH2I 

 

 

39 Pentaerythritol is an intermediate in the manufacture of paint. 

 

C
HOCH

2

HOCH
2

CH
2
OH

CH
2
OH

 

pentaerythritol 

 

 Which of the following statements about pentaerythritol are correct? 

1 It reacts with metallic sodium. 

2 It is dehydrated by concentrated sulphuric acid to an alkene. 

3 Its empirical formula is CH3O. 
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37  The following three hydrocarbons all occur naturally. 

 

Which of these will be split into two organic compounds, both containing a ketone group, when 

treated with hot acidified potassium manganate(VII)? 

 

1 2 3

 

 

 

38  Which are properties of fluoroalkanes? 

1 They are less reactive than the corresponding chloroalkanes. 

2 They are non-flammable. 

3 The C-F bond is stronger than a C-Cl bond. 

 

 

39  Which compounds are able to react with concentrated sulphuric acid to give a product that will 

decolourise acidic potassium manganate(VII)? 

1 (CH3)3COH 

2 CH3CH2CH(OH)CH3 

3 CH3CO2H 

 

 

40  Rofecoxib, an efficient drug against arthritis, has the following structure. R is an inert group. 

 

C

CH2

C

C

O

O

R

*

 

 

Which reactions are possible with this structure? 

1 The bond marked  is hydrolysed by heating with aqueous sodium hydroxide. 

2 Aqueous bromine is decolourised. 

3 An orange precipitate is formed with 2,4-dinitrophenylhydrazine reagent. 

 

 

CEDAR COLLEGE  305 HALOGENOALKANES WS 3



7

8

9

10

11

� 

[W'06 Q31]

13 

 

© UCLES 2006 9701/01/O/N/06 [Turn over 

Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The chlorine oxide free radical, ClO
•

, is formed during the depletion of the ozone layer by 

chlorofluoroalkanes (CFCs). 

 

Cl • + O3 → ClO
•

 + O2 

 

Which features are present in the chlorine oxide free radical? 

1 an odd number of electrons 

2 a single covalent bond 

3 a dative covalent bond from oxygen to chlorine 

 

 

32 Concentrated sulphuric acid behaves as a strong acid when it reacts with water. 

 

H2SO4(l) + aq → H
+

(aq) + 
−

4
HSO (aq) 

 

The 
−

4
HSO  ion formed behaves as a weak acid. 

 

−

4
HSO (aq)  H

+

(aq) + 
−2

4
SO (aq) 

 

Which statements are true for 1.0 mol dm–3

 sulphuric acid? 

1 [H
+

(aq)] is high 

2 [
−2

4
SO (aq)] is high 

3 [
−

4
HSO (aq)] = [

−2

4
SO (aq)] 
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34 Why does a mixture of hydrogen gas and bromine gas react together faster at a temperature of 

500 K than it does at a temperature of 400 K? 

1 A higher proportion of effective collisions occurs at 500 K. 

2 Hydrogen molecules and bromine molecules collide more frequently at 500 K. 

3 The activation energy of the reaction is lower at 500 K. 
 

 

35 A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A 

chemical reaction occurred in the soil. 

 

Which substances were formed in this reaction? 

1 sulfuric acid 

2 calcium sulfate 

3 ammonia 

 

 

36 Which statements about the reaction of solid sodium bromide with concentrated sulfuric acid are 

correct? 

1 Hydrogen bromide is a product of the reaction. 

2 Sulfuric acid is oxidised to sulfur dioxide. 

3 Bromide ions are reduced to bromine. 

 

 

37 Which statements are true for an SN2 reaction? 

1 One bond is broken as another bond is formed. 

2 The formation of a transition state involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five other atoms. 

 

 

38 The chlorine free radical takes part in the destruction of the ozone layer. 

 

 Which statements about this free radical are correct? 

1 It is formed by the heterolytic fission of the covalent bond in a chlorine-containing molecule. 

2 It has a single unpaired electron. 

3 It has the same electron arrangement as a chlorine atom. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38 Deuterium, D, is the H

2

1
 isotope of hydrogen. DBr has the same chemical properties as HBr. 

 

Which compounds could be made by the reaction of DBr with another compound in a single 

reaction? 

 

Br

D

CH3CH

OD

Br

1

2

3

CHBr2CHDBr

 

 

 

39 How can the rate of reaction between ethanal and aqueous hydrogen cyanide be increased? 

1 by irradiation with ultraviolet light 

2 by a rise in temperature 

3 by the addition of a small quantity of aqueous sodium cyanide 

 

 

40 Which statements about lactic acid, CH3CH(OH)CO2H, are correct? 

1 Lactic acid forms optical isomers. 

2 Two hydrogen atoms per lactic acid molecule can be involved in hydrogen bonding. 

3 Lactic acid would form an aldehyde when oxidised by acidified potassium dichromate(VI). 
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34 Why does a mixture of hydrogen gas and bromine gas react together faster at a temperature of 

500 K than it does at a temperature of 400 K? 

1 A higher proportion of effective collisions occurs at 500 K. 

2 Hydrogen molecules and bromine molecules collide more frequently at 500 K. 

3 The activation energy of the reaction is lower at 500 K. 
 

 

35 A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A 

chemical reaction occurred in the soil. 

 

Which substances were formed in this reaction? 

1 sulfuric acid 

2 calcium sulfate 

3 ammonia 

 

 

36 Which statements about the reaction of solid sodium bromide with concentrated sulfuric acid are 

correct? 

1 Hydrogen bromide is a product of the reaction. 

2 Sulfuric acid is oxidised to sulfur dioxide. 

3 Bromide ions are reduced to bromine. 

 

 

37 Which statements are true for an SN2 reaction? 

1 One bond is broken as another bond is formed. 

2 The formation of a transition state involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five other atoms. 

 

 

38 The chlorine free radical takes part in the destruction of the ozone layer. 

 

 Which statements about this free radical are correct? 

1 It is formed by the heterolytic fission of the covalent bond in a chlorine-containing molecule. 

2 It has a single unpaired electron. 

3 It has the same electron arrangement as a chlorine atom. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38 What types of reaction are undergone by 2-bromopropane? 

1 elimination 

2 free radical substitution 

3 nucleophilic substitution 

 

 

39 Menthol, from oil of mint, is used in soaps and perfumes. 

 

CH2CH2

CH(OH)CH2

CH

CH

CH

CH3

CH3 CH3

menthol
 

 

Which statements about menthol are correct? 

1 There is a total of two chiral centres present in the menthol molecule. 

2 On reaction with concentrated sulphuric acid, menthol produces a mixture of two alkenes. 

3 A solution of acidified potassium dichromate(VI), on warming with menthol, changes colour 

from orange to green. 

 

 

40 Fats and grease that build up on pans used in cooking are esters. Pans which are dirty from fats 

or grease may be cleaned by heating them with a reagent that will react with the ester group. 

 

What may be used to clean such pans by this reaction? 

1 vinegar - aqueous ethanoic acid, CH3CO2H 

2 alcohol - ethanol, C2H5OH 

3 baking powder - sodium hydrogencarbonate, NaHCO3 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38  Which structural formulae represent 2,2-dimethylpentane? 

1 (CH3)2CHCH2CH(CH3)2 

2 (CH3)3CCH2CH2CH3 

3 CH3CH2CH2C(CH3)3 
 

 

39  Which reactions are examples of nucleophilic substitution? 

1 CH3CH2Br + OH–
 → CH3CH2OH + Br– 

2 CH3I + H2O H
+

⎯⎯⎯→  CH3OH + HI 

3 CH3CH2CH2Cl + NH3 → CH3CH2CH2NH2 + HCl 
 

 

40  The diagram shows some laboratory apparatus. 

 

water

heat
 

 

Which preparations could this apparatus be used for? 

1 bromoethane, from ethanol, sodium bromide and concentrated sulfuric acid 

2 ethanal, from ethanol, sodium dichromate(VI) and sulfuric acid 

3 1,2-dibromoethane, from bromine and ethene  

 

� 

[W'11 P13 Q37]

14 

© UCLES 2011 9701/11/O/N/11  

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

38  DHA is a colourless liquid which reacts with protein in skin to cause it to darken. It has the 

structure shown. 

 

O

HOCH2 CCH2 OH 

DHA
 

 

Which observations would be made when testing this substance? 

1 Hydrogen is produced when sodium is added. 

2 A coloured precipitate is produced when 2,4-dinitrophenylhydrazine reagent is added. 

3 A silver precipitate is produced when Tollens’ reagent is added. 

 

 

39  On acid hydrolysis, which compounds produce propanoic acid? 

1 CH3CH2CO2CH3 

2 CH3CH2CH2CN 

3 CH3CH2CH2Cl 

 

 

40  X is an organic compound. X gives a precipitate with aqueous silver nitrate. Some or all of this 

precipitate remains undissolved when an excess of dilute aqueous ammonia is added. 

 

What could be the identity of X? 

1 2-chlorobutane 

2 2-bromobutane 

3 iodomethane 
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38  Which alkenes, on reaction with steam at 600 K and 6 x 106 Pa pressure in the presence of a 
phosphoric acid catalyst, could produce an alcohol containing a chiral carbon atom? 

1 (CH3)2C=CH2 

2 CH3CH=CHCH3 

3 CH3CH2CH=CH2 

 

 

39  Bromoethane undergoes all of the conversions shown. 

 

Which conversions are examples of nucleophilic substitution? 

1 C2H5Br → C2H5CN 

2 C2H5Br → C2H5OH 

3 C2H5Br → C2H5NH2 

 

 

40  Sorbitol is an artificial sweetener used to sweeten chocolate which is suitable for diabetics. 

 

H C

OH

OH

H

H C OH

H C OH

HO C H

H C OH

H C H

sorbitol
 

 

Which functional groups can be produced when this molecule is subjected to oxidation under 

suitable conditions? 

1 aldehyde 

2 carboxylic acid 

3 ketone 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3  

are 

correct 

1 and 2  

only are 

correct 

2  and 3  

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

40  A reaction pathway diagram is shown. 

 

energy

reaction pathway
 

 

Which reactions would have such a profile? 

1 (CH3)3CBr + NaOH → (CH3)3COH + NaBr 

2  CH3CH2Br + NaOH → CH3CH2OH + NaBr 

3  (CH3)3CCH2CH2Cl + 2NH3 → (CH3)3CCH2CH2NH2 + NH4Cl 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

37  Compound X has molecular formula C4H10O. Separate samples of X are tested with three 

different reagents. 

 

Which results could not be obtained? 

 

 Tollens’ reagent 
2,4-dinitrophenylhydrazine 

reagent 

warm acidified potassium 

dichromate(VI) solution 

1 silver mirror forms orange precipitate forms colour changes from orange to green 

2 no change no change no change 

3 no change no change colour changes from orange to green 

 

 

38  Y is an organic compound. Y gives a precipitate with aqueous silver nitrate. All of this precipitate 

dissolves when concentrated aqueous ammonia is added. 

 

What is a possible identity for Y? 

1 1-bromopropane 

2 chloroethane 

3 2-iodo-2-methylpropane 

 

 

39  Which compounds will produce ethanoic acid when boiled under reflux with dilute alkali followed 

by acidification? 

1 CH3CH2Cl 

2 CH3CO2CH3 

3 CH3CN 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Use of the Data Booklet is relevant to this question. 
 

Free-radicals play an important part in reactions involving the destruction of the ozone layer and 

the substitution of alkanes by chlorine. 

 

Some free-radicals contain two unpaired electrons. Such species are called diradicals. 

 

Which species are diradicals? 

1 O 

2 Cl 

3 CH3 

 

 

32 The Group II metals have higher melting points than the Group I metals. 

 

Which factors could contribute towards the higher melting points? 

1 There are smaller interatomic distances in the metallic lattices of the Group II metals. 

2 More electrons are available from each Group II metal atom for bonding the atom into the 

metallic lattice. 

3 Group II metals have a higher first ionisation energy than the corresponding Group I metal. 

 

 

33 Valence shell electron pair repulsion theory should be used to answer this question. 

 

Which species are trigonal planar? 

1 BH3 

2 CH3

+

 

3 PH3 
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36 The table describes some of the chemistry and thermodynamic properties of the halogens. 

 

process 
name and 

symbol of quantity 

2HX(g) → H2(g) + X2(g) enthalpy change of reaction,  

H2(g) + X2(g)  2HX(g) equilibrium constant, Kp 

X(g) → X
+

(g) + e
–

  ionisation energy,  

 

Which statements about the relative values of these quantities are correct? 

1  for HCl  >  for HBr 

2 Kp for HBr > Kp for HI 

3         for I >         for Cl 

 

 

37 Chloroethane can be formed from bromoethane in two steps. 

 

step X step Y 

C2H5Br  C2H5OH  C2H5Cl 

 

Which statements about these steps are correct? 

1 Hot aqueous sodium hydroxide is the reagent in step X. 

2 SOCl 2 is the reagent in step Y. 

3 Step X is a substitution reaction. 

 

 

38 Which pairs of reagents will react together in a redox reaction? 

1 CH3CHO + Fehling’s reagent 

2 CH4 + Cl 2 

3 CH3COCH3 + Tollens’ reagent 

 

 

39 An organic compound, X, will react with calcium metal to produce a salt with the empirical formula 

CaC4H4O4. 

 

What could be the identity of X? 

1 ethanoic acid 

2 butanedioic acid 

3 2-methylpropanedioic acid 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  If N2O4 gas is placed in a sealed vessel the following equilibrium is established. 

 

N2O4(g)    2NO2(g) 

 

The forward reaction is endothermic. 

 

What happens when the temperature is increased? 

1 The equilibrium constant increases. 

2 The partial pressure of NO2 increases. 

3 The activation energy is unchanged. 

 

 

35  Which types of bonding are present in ammonium carbonate, (NH4)2CO3? 

1 ionic 

2 covalent 

3 co-ordinate (dative covalent) 

 

 

36  Sulfur dioxide and sulfites are used in food preservation. 

 

Why are they used for this purpose? 

1 They are reducing agents which slow down the oxidation of food. 

2 They inhibit the growth of aerobic bacteria. 

3 They react with NO2(g) converting it to NO(g). 

 

 

37  The organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 

 

What is a possible identity for X? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo,2-methylpropane 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

40  How can a good yield of ethylamine be made using bromoethane as starting material? 

1 by heating bromoethane with an excess of ammonia gas in a sealed tube 

2 by adding dilute aqueous ammonia to bromoethane at room temperature 

3 by heating bromoethane under reflux with aqueous ammonium chloride 
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38 Which of the following would be suitable for use in a fire extinguisher? 

1 CBrF3 

2 CH3(CH2)5CH2Br 

3 HCl 

 

 

39  During the bromination of methane, the free radical 
•

3
CH  is generated and a possible terminating 

step of this reaction is the formation of C2H6 by the combination of two free radicals. 

 

What could be produced in a terminating step during the bromination of propane? 

 

1 CH3CH2CH2CHCH3

CH3

2 CH3CHCHCH3

CH3
CH3

3 CH3CH2CHCH2CH3

CH3

 

 

 

40  The structure of the antioxidant vitamin C is shown in the diagram. 

 

C C

CO CHCH(OH)CH2OH

OHHO

O
 

 

On the basis of this structure, which properties is vitamin C likely to have? 

1 It is soluble in water. 

2 It decolourises aqueous bromine rapidly. 

3 It reduces Fehling’s reagent. 
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(c) Another CFC contains the following elements by mass. The value of its M r is 135.

C,   17.8%;      H,   1.5%;      Cl , 52.6%;      F,   28.1%

Use these data to determine the molecular formula of the CFC.

[3]

[Total : 8]

For
Examiner’s

Use
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9701/2/M/J/02

(c) Another CFC contains the following elements by mass. The value of its M r is 135.

C,   17.8%;      H,   1.5%;      Cl , 52.6%;      F,   28.1%

Use these data to determine the molecular formula of the CFC.

[3]

[Total : 8]

For
Examiner’s

Use
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(c) The process of cracking produces useful substances from oil.

(i) Explain why cracking is useful.

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

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

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

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

(ii) Suggest an equation for the cracking of C16H34 into at least three fragments.

[3]

[Total : 11]

6 Chlorofluorocarbons, CFCs, are small alkane molecules in which some of the hydrogen
atoms have been replaced by atoms of chlorine and fluorine.

(a) (i) State two uses of CFCs.

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

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

(ii) What property of CFCs causes them to be useful?

...................................................................................................................................
[2]

(b) A typical CFC is CHF2CHClF.

(i) Which covalent bond in this CFC is the weakest?

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

(ii) Why does this CFC present an environmental concern?

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

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

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

...................................................................................................................................
[3]

For
Examiner’s

Use
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5

(a) 1-Bromobutane reacts with aqueous sodium hydroxide to form butan-1-ol.

(i) Give a balanced equation for this reaction.

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

(ii) Name the type of reaction. ........................................................................................

(iii) Describe the mechanism of this reaction.

[5]

(b) 1-Bromobutane and 2-bromo-2-methylpropane both react with an ethanolic (alcoholic)
solution of sodium hydroxide to form alkenes.

(i) Name the type of reaction. ........................................................................................

(ii) Identify, by means of the structural formula, the alkene formed from

I  1-bromobutane,

II  2-bromo-2-methylpropane.

CH3 CH2CH2CH2Br

1-bromobutane

CH3 C

CH3

CH3

2-bromo-2-methylpropane

Br

For
Examiner’s

Use
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(iii) Hot, concentrated manganate(VII) ions break the double bond in alkenes. Each of
the two alkenes in (b)(ii) gives CO2 and H2O from the terminal group, but the rest
of the molecule remains as an organic oxidation product. Suggest the formula of
each of these products.

from I .........................................................................................................................

from II ........................................................................................................................
[5]

(c) Complete the reaction sequence giving the intermediate, the reagents and the
conditions for the synthesis of 2,2-dimethylpropanoic acid.

Step I: reagent .............................................................................................................

conditions .........................................................................................................

Step II: reagent .............................................................................................................

conditions .........................................................................................................
[3]

[Total : 13]

CH3 C

CH3

CH3

Br CH3 C

CH3

CH3

CO2H
step

I

step

II

For
Examiner’s

Use
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(ii) Leaf alcohol was reacted to form a product with an Mr value 18 units less.

Suggest a structure for this product and deduce the type of reaction that took
place.

structure of product.

type of reaction .....................................................................................................[3]

(d) Describe a simple chemical test to distinguish between leaf alcohol and your product in
(c)(ii).

test ...................................................................................................................................

observation ...................................................................................................................[2]

[Total : 11]

5 A number of organic compounds containing the halogens fluorine and/or chlorine are
commercially important because of their chemical inertness.

(a) Name three such compounds, and for each state a use where its inertness is important.

(i) ...................................................................................................................................

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

(ii) ...................................................................................................................................

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

(iii) ...................................................................................................................................

...............................................................................................................................[6]

(b) Under certain conditions in the upper atmosphere, some of these compounds break
down.

(i) Explain how this happens and what effects this has, in chemical terms.

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

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

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

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

(ii) Suggest alternative compounds, which do not contain a halogen, for two of the
uses you have given in (a).

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

...............................................................................................................................[5]

[Total : 11]

For
Examiner’s

Use
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4 Compound G, in which R– represents the rest of the molecule, was made for use as a tear
gas in World War 2.

Compound G was made by the following sequence of reactions.

stage I stage II stage III
R–CH3 R–CH2Cl R–CH2CN R–CHBrCN

(a) (i) For stage I and for stage II, state the reagent(s) and condition(s) used to carry out
each change.

stage I reagent(s) ..................................................................................................

condition(s) ................................................................................................

stage II reagent(s) ..................................................................................................

condition(s) ................................................................................................

(ii) Suggest the reagent(s) and condition(s) necessary to carry out stage III.

reagent(s) .................................................................................................................

condition(s) ...............................................................................................................
[6]

R

H

C

Br

CN

compound G

8
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Compound G was not actually used in World War 2 and stocks of it had to be destroyed
safely. The following sequence of reactions was used in this process.

stage IV stage V
R–CHBrCN R–CHBrCO2H R–CH(OH)CO2H

stage VI

R–CH2CO2H

(b) For stage IV and for stage V state the reagent(s) and condition(s) necessary to bring
about each reaction.

stage IV reagent(s) .........................................................................................................

condition(s) ......................................................................................................

stage V reagent(s) .........................................................................................................

condition(s) ................................................................................................ [4]

(c) The full sequence of stages I to VI involves some compounds which contain chiral
centres.

(i) Explain what is meant by the term chiral centre.

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

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

(ii) Draw displayed formulae for the isomers of one compound in the full sequence of
stages I to VI which you consider to be chiral.

[3]

[Total: 13]
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5 Many organic reactions are substitution reactions in which the number of carbon atoms in 
the organic compound is unchanged.

 (a) What is meant by the term substitution reaction?

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

 ......................................................................................................................................[1]

 (b) One example of a substitution reaction is the formation of an alcohol from a  
halogenoalkane.

  (i) Write a balanced equation for the formation of ethanol from bromoethane.

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

  (ii) State the conditions for this reaction.

 ..............................................................................................................................[2]

 (c) In a few organic reactions, the product contains one more carbon atom than the starting 
material.

  (i) Write the equation for a reaction in which the organic compound bromoethane, 
which contains two carbon atoms, is converted into an organic compound which 
contains three carbon atoms.

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

  (ii) State the conditions for this reaction.

 ..............................................................................................................................[2]

�
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 (d) Ethanol may be converted into propanoic acid in a three-stage process which uses ethanol 
as the only organic compound.

C2H5OH     
step I

     K     
step II

     L     
step III

     C2H5CO2H
                                                               

  (i) Give the structural formulae of the intermediate compounds K and L.

K  ...............................................................................................................................

L  ...............................................................................................................................

  (ii) State the reagent(s) used and give the essential condition(s) for step I and for 
step III.

   step I

reagent(s)  .................................................................................................................

condition(s)  ...............................................................................................................

   step III

reagent(s)  .................................................................................................................

condition(s) ................................................................................................................
 [6]

 [Total: 11]
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 (b) Under suitable conditions, compound E will react with compound B.

  (i) What functional group is produced in this reaction?

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

  (ii) How is this reaction carried out in a school or college laboratory?

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

 ..................................................................................................................................
[3]

[Total: 10]
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4 (a) Complete the following reaction scheme which starts with propene.
  In each empty box, write the structural formula of the organic compound that would 

be formed.

A

CH3 CH=CH2
KMnO4  /H+Br2

cold, dilute

NH3

in an excess

KCN in

aqueous
ethanol

B

D C F

E G

H2SO4 (aq)
heat under

reflux

NaOH(in ethanol)
heat under

reflux

HBr

[7]
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4 (a) Complete the following reaction scheme which starts with propene.
  In each empty box, write the structural formula of the organic compound that would 

be formed.

A

CH3 CH=CH2
KMnO4  /H+Br2

cold, dilute

NH3

in an excess

KCN in

aqueous
ethanol

B

D C F

E G

H2SO4 (aq)
heat under

reflux

NaOH(in ethanol)
heat under

reflux

HBr

[7]

CEDAR COLLEGE  316 HALOGENOALKANES WS 4



7

�

8

9701/21/O/N/10© UCLES 2010

For
Examiner’s

Use

4 Halogenoalkanes have many chemical uses, particularly as intermediates in organic 
reactions.

 Three reactions of 1-bromobutane, CH3CH2CH2CH2Br, are shown below.

CH3CH2CH2CH2OH CH3CH2CH2CH2NH2

CH3CH2CH2CH2Br

CH3CH2CH=CH2

reaction 1 reaction 2

reaction 3

 (a) For each reaction, state the reagent and solvent used.

  reaction 1 reagent  ............................................................

   solvent  .............................................................

  reaction 2 reagent  ............................................................

   solvent  .............................................................

  reaction 3 reagent  ............................................................

   solvent  ............................................................. [6]

 (b) When 1-iodobutane, CH3CH2CH2CH2I, is reacted under the same conditions as those 
used in reaction 1, butan-1-ol is formed.

  What difference, if any, would there be in the rate of this reaction compared to the 
reaction of 1-bromobutane?

  Use appropriate data from the Data Booklet to explain your answer.

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

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

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

 ...................................................................................................................................... [3]
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 Dichlorodifluoromethane, CCl2F2, is an example of a chlorofluorocarbon (CFC) that was 
formerly used as an aerosol propellant. In September 2007, at the Montreal summit, 
approximately 200 countries agreed to phase out the use of CFCs by 2020.

 (c) State two properties of CFCs that made them suitable as aerosol propellants.

  1.  .......................................................................................

  2.  .......................................................................................  [2]

 (d) When CFCs are present in the upper atmosphere, homolytic fission takes place in the 
presence of ultraviolet light.

  (i) What is meant by the term homolytic fission?

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

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

  (ii) Suggest an equation for the homolytic fission of CCl2F2.

 .............................................................................................................................. [2]

 (e) The most common replacements for CFCs as aerosol propellants are hydrocarbons 
such as propane and butane.

  Suggest one disadvantage of these compounds as aerosol propellants.

 ...................................................................................................................................... [1]

[Total: 14]
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4 Although few halogenoalkanes exist naturally, such compounds are important as 
intermediates in organic reactions and as solvents.

 The bromoalkane B has the following composition by mass: C, 29.3%; H, 5.7%; Br, 65.0%.
 The relative molecular mass of B is 123.

 (a) Calculate the molecular formula of B. 

 [3]

 Halogenoalkanes such as bromoethane, C2H5Br, have two different reactions with sodium 
hydroxide, NaOH, depending on the conditions used.

 (b) (i) When hot aqueous NaOH is used, the C2H5Br is hydrolysed to ethanol, C2H5OH.

   Describe the mechanism of this reaction. In your answer, show any relevant 
charges, dipoles, lone pairs of electrons and movement of electron pairs by curly 
arrows.
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  (ii) What will be formed when C2H5Br is reacted with NaOH under different 
conditions?

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

  (iii) What are the conditions used?

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

  (iv) What type of reaction is this?

 .............................................................................................................................. [7]

 When 1,4-dichlorobutane, ClCH2CH2CH2CH2Cl, is reacted with NaOH, two different 
reactions can occur, depending on the conditions used.

 
 (c) (i) Draw the displayed formula of the product formed when 1,4-dichlorobutane is 

reacted with hot aqueous NaOH as in (b)(i).

  (ii) Draw the skeletal formula of the product formed when 1,4-dichlorobutane is reacted 
with NaOH in the way you have described in (b)(ii) and (b)(iii).

 [2]

[Total: 12]
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2 Halogenoalkanes have been widely used as aerosol propellants, refrigerants and solvents 
for many years.

 Fluoroethane, CH3CH2F, has been used as a refrigerant. It may be made by reacting ethene 
with hydrogen fluoride.

 You are to calculate a value for the C–F bond energy in fluoroethane.

 (a) Use relevant bond energies from the Data Booklet, and the equation below to calculate 
a value for the bond energy of the C–F bond.

CH2 = CH2(g)        +       HF(g)                CH3CH2F(g)        ΔH o  = – 73 kJ mol–1

 C–F bond energy =  .................................... kJ mol–1 [4]

 (b) Another halogenoalkane which was used as a refrigerant, and also as an aerosol 
propellant, is dichlorodifluoromethane, CCl2F2.

  State two reasons why compounds such as CH3CH2F and CCl2F2 have been used as 
aerosol propellants and refrigerants.

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

 .....................................................................................................................................  [2]
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 CCl2F2 is one of many chlorofluorocarbon compounds responsible for damage to the ozone 
layer in the stratosphere.

 (c) By using relevant data from the Data Booklet, and your answer to (a) suggest why CCl2F2 
is responsible for damage to the ozone layer in the stratosphere whereas CH3CH2F is 
not.

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

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

 .....................................................................................................................................  [2]

 Both CH3CH2F and CCl2F2 are greenhouse gases.

 The ‘enhanced greenhouse effect’ is of great concern to the international community.

 (d) (i) What is meant by the term enhanced greenhouse effect?

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

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

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

  (ii) Water vapour is the most abundant greenhouse gas.

   What is the second most abundant greenhouse gas?

........................................ [3]

 A greenhouse gas which is present in very small amounts in the atmosphere is sulfur 
hexafluoride, SF6, which is used in high voltage electrical switchgear.

 (e) What shape is the SF6 molecule?

................................................... [1]

 [Total: 12]
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1 Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

the Faraday constant F = 9.65 × 104 C mol–1

the Avogadro constant L = 6.02 x 1023 mol–1

the Planck constant h = 6.63 × 10–34 J s

speed of light in a vacuum c = 3.00 × 108 m s–1

rest mass of proton, 1
1H mp = 1.67 × 10–27 kg

rest mass of neutron, 0   
1
 n mn = 1.67 × 10–27 kg

rest mass of electron, -1
0  e me = 9.11 × 10–31 kg

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p
Vm = 24.0 dm3 mol–1 under room conditions
(where s.t.p. is expressed as 101 kPa, approximately, and 273 K (0 °C))

ionic product of water Kw =  1.00 × 10–14 mol2 dm–6

(at 298 K (25 °C))

specific heat capacity of water = 4.18 kJ kg–1 K–1

(= 4.18 J g–1 K–1)
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2  Ionisation energies (1st, 2nd, 3rd and 4th) of selected elements, 
in kJ mol–1

Proton 
number

First Second Third Fourth

H 1 1310 – – –

He 2 2370 5250 – –

Li 3 519 7300 11800 –

Be 4 900 1760 14800 21000

B 5 799 2420 3660 25000

C 6 1090 2350 4610 6220

N 7 1400 2860 4590 7480

O 8 1310 3390 5320 7450

F 9 1680 3370 6040 8410

Ne 10 2080 3950 6150 9290

Na 11 494 4560 6940 9540

Mg 12 736 1450 7740 10500

Al 13 577 1820 2740 11600

Si 14 786 1580 3230 4360

P 15 1060 1900 2920 4960

S 16 1000 2260 3390 4540

Cl 17 1260 2300 3850 5150

Ar 18 1520 2660 3950 5770

K 19 418 3070 4600 5860

Ca 20 590 1150 4940 6480

Sc 21 632 1240 2390 7110

Ti 22 661 1310 2720 4170

V 23 648 1370 2870 4600

Cr 24 653 1590 2990 4770

Mn 25 716 1510 3250 5190

Fe 26 762 1560 2960 5400

Co 27 757 1640 3230 5100

Ni 28 736 1750 3390 5400

Cu 29 745 1960 3350 5690

Zn 30 908 1730 3828 5980

Ga 31 577 1980 2960 6190
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Proton 
number

First Second Third Fourth

Br 35 1140 2080 3460 4850

Rb 37 403 2632 3900 5080

Sr 38 548 1060 4120 5440

Ag 47 731 2074 3361 –

I 53 1010 1840 2040 4030

Cs 55 376 2420 3300 –

Ba 56 502 966 3390 –
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Homonuclear 

Bond Energy/kJ mol–1

H−H 436

D−D 442

N≡N 944

O=O 496

P≡P 485

S=S 425

F−F 158

Cl −Cl 242

Br−Br 193

I−I 151

3 Bond energies

3(a) Bond energies in diatomic molecules (these are exact values)

Heteronuclear

Bond Energy/kJ mol–1

H−F  562

H−Cl  431

H−Br  366

H−I  299

C≡O 1077
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Homonuclear

Bond Energy/kJ mol–1

C−C 350

C=C 610

C≡C 840

C––ሹC (benzene) 520

N−N 160

N=N 410

O−O 150

Si−Si 222

P−P 200

S−S 264

3(b) Bond energies in polyatomic molecules (these are average values)

Heteronuclear

Bond Energy/kJ mol–1

C−H 410

C−Cl 340

C−Br 280

C−I 240

C−N 305

C=N 610

C≡N 890

C−O 360

C=O 740

C=O in CO2 805

N−H 390

N−Cl 310

O−H 460

Si−Cl 359

Si−H 320

Si−O (in SiO2(s)) 460

Si=O (in SiO2(g)) 640

P−H 320

P−Cl 330

P−O 340

P=O 540

S−H 347

S−Cl 250

S−O 360

S=O 500
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(a) E⦵  in alphabetical order

Electrode reaction E⦵/V

Ag+ + e– ⇌ Ag +0.80

Al 3+ + 3e– ⇌ Al –1.66

Ba2+ + 2e– ⇌ Ba –2.90

Br2 + 2e– ⇌ 2Br– +1.07

Ca2+ + 2e– ⇌ Ca –2.87

Cl 2 + 2e– ⇌ 2Cl – +1.36

2HOCl + 2H+ + 2e– ⇌ Cl2 + 2H2O +1.64

ClO– + H2O + 2e– ⇌ Cl – + 2OH– +0.89

Co2+ + 2e– ⇌ Co –0.28

Co3+ + e– ⇌ Co2+ +1.82

[Co(NH3)6]
2+ + 2e– ⇌ Co + 6NH3 –0.43

Cr2+ + 2e– ⇌ Cr –0.91

Cr3+ + 3e– ⇌ Cr –0.74

Cr3+ + e– ⇌ Cr2+ –0.41

Cr2O7
2– + 14H+ + 6e– ⇌ 2Cr3+ + 7H2O +1.33

Cu+ + e– ⇌ Cu +0.52

Cu2+ + 2e– ⇌ Cu +0.34

Cu2+ + e– ⇌ Cu+ +0.15

[Cu(NH3)4]
2+ + 2e– ⇌ Cu + 4NH3 –0.05

F2 + 2e– ⇌ 2F– +2.87

Fe2+ + 2e– ⇌ Fe –0.44

Fe3+ + 3e– ⇌ Fe –0.04

Fe3+ + e– ⇌ Fe2+ +0.77

[Fe(CN)6]
3– + e– ⇌ [Fe(CN)6]

4– +0.36

Fe(OH)3 + e– ⇌ Fe(OH)2 + OH– –0.56

2H+ + 2e– ⇌ H2 0.00

2H2O + 2e– ⇌ H2 + 2OH– –0.83

I2 + 2e– ⇌ 2I – +0.54

4  Standard electrode potential and redox potentials, E⦵ at 298 K (25 °C)

For ease of reference, two tables are given:

(a) an extended list in alphabetical order

(b) a shorter list in decreasing order of magnitude, i.e. a redox series.



 

CEDAR COLLEGE  329 DATA BOOKET

Cambridge International AS and A Level Chemistry 9701 syllabus General syllabus requirements and information  

83Back to contents page www.cie.org.uk/alevel

Electrode reaction E⦵/V

K+ + e– ⇌ K –2.92

Li+ + e– ⇌ Li –3.04

Mg2+ + 2e– ⇌ Mg –2.38

Mn2+ + 2e– ⇌ Mn –1.18

Mn3+ + e– ⇌ Mn2+ +1.49

MnO2 + 4H+ + 2e– ⇌ Mn2+ + 2H2O +1.23

MnO4
– + e– ⇌ MnO4

2– +0.56

MnO4
– + 4H+ + 3e– ⇌ MnO2 + 2H2O +1.67

MnO4
– + 8H+ + 5e– ⇌ Mn2+ + 4H2O +1.52

NO3
– + 2H+ + e– ⇌ NO2 + H2O +0.81

NO3
– + 3H+ + 2e– ⇌ HNO2 + H2O +0.94

NO3
– + 10H+ + 8e– ⇌ NH4

+ + 3H2O +0.87

Na+ + e– ⇌ Na –2.71

Ni2+ + 2e– ⇌ Ni –0.25

[Ni(NH3)6]
2+ + 2e– ⇌ Ni + 6NH3 –0.51

H2O2 + 2H+ + 2e– ⇌ 2H2O +1.77

HO2
– + H2O + 2e– ⇌ 3OH– +0.88

O2 + 4H+ + 4e– ⇌ 2H2O +1.23

O2 + 2H2O + 4e– ⇌ 4OH– +0.40

O2 + 2H+ + 2e– ⇌ H2O2 +0.68

O2 + H2O + 2e– ⇌ HO2
– + OH– –0.08

Pb2+ + 2e– ⇌ Pb –0.13

Pb4+ + 2e– ⇌ Pb2+ +1.69

PbO2 + 4H+ + 2e– ⇌ Pb2+ + 2H2O +1.47

SO4
2– + 4H+ + 2e– ⇌ SO2 + 2H2O +0.17

S2O8
2–+ 2e– ⇌ 2SO4

2– +2.01

S4O6
2–+ 2e– ⇌ 2S2O3

2– +0.09

Sn2+ + 2e– ⇌ Sn –0.14

Sn4+ + 2e– ⇌ Sn2+ +0.15

V2+ + 2e– ⇌ V –1.20

V3+ + e– ⇌ V2+ –0.26

VO2+ + 2H+ + e– ⇌ V3+ + H2O +0.34

VO2
+ + 2H+ + e– ⇌ VO2+ + H2O +1.00

VO3
– + 4H+ + e– ⇌ VO2+ + 2H2O +1.00

Zn2+ + 2e– ⇌ Zn –0.76

All ionic states refer to aqueous ions but other state symbols have been omitted.
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(b) E⦵  in  decreasing order of oxidising power

(a selection only – see also the extended alphabetical list on the previous pages)

Electrode reaction E⦵/V

F2 + 2e– ⇌ 2F– +2.87

S2O8
2–+ 2e– ⇌ 2SO4

2– +2.01

H2O2 + 2H+ + 2e– ⇌ 2H2O +1.77

MnO4
– + 8H+ + 5e– ⇌ Mn2+ + 4H2O +1.52

PbO2 + 4H+ + 2e– ⇌ Pb2+ + 2H2O +1.47

Cl 2 + 2e– ⇌ 2Cl – +1.36

Cr2O7
2– + 14H+ + 6e– ⇌ 2Cr3+ + 7H2O +1.33

O2 + 4H+ + 4e– ⇌ 2H2O +1.23

Br2 + 2e– ⇌ 2Br– +1.07

ClO– + H2O + 2e– ⇌ Cl – + 2OH– +0.89

NO3
– + 10H+ + 8e– ⇌ NH4

+ + 3H2O +0.87

NO3
– + 2H+ + e– ⇌ NO2 + H2O +0.81

Ag+ + e– ⇌ Ag +0.80

Fe3+ + e– ⇌ Fe2+ +0.77

I2 + 2e– ⇌ 2I– +0.54

O2 + 2H2O + 4e– ⇌ 4OH– +0.40

Cu2+ + 2e– ⇌ Cu +0.34

SO4
2– + 4H+ + 2e– ⇌ SO2 + 2H2O +0.17

Sn4+ + 2e– ⇌ Sn2+ +0.15

S4O6
2–+ 2e– ⇌ 2S2O3

2– +0.09

2H+ + 2e– ⇌ H2 0.00

Pb2+ + 2e– ⇌ Pb –0.13

Sn2+ + 2e– ⇌ Sn –0.14

Fe2+ + 2e– ⇌ Fe –0.44

Zn2+ + 2e– ⇌ Zn –0.76

2H2O + 2e– ⇌ H2 + 2OH– –0.83

V2+ + 2e– ⇌ V –1.20

Mg2+ + 2e– ⇌ Mg –2.38

Ca2+ + 2e– ⇌ Ca –2.87

K+ + e– ⇌ K –2.92
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5 Atomic and ionic radii

(a) Period 1 atomic/nm ionic/nm

 single covalent H 0.037 H+ 0.208

 van der Waals He 0.140

(b) Period 2

 metallic Li 0.152 Li+ 0.060

Be 0.112 Be2+ 0.031

 single covalent B 0.080 B3+ 0.020

 C 0.077 C4+ 0.015 C4– 0.260

 N 0.074   N3– 0.171

 O 0.073   O2– 0.140

F 0.072   F– 0.136

 van der Waals Ne 0.160

(c) Period 3

 metallic Na 0.186 Na+ 0.095

Mg 0.160 Mg2+ 0.065

Al 0.143 Al 3+ 0.050

 single covalent Si 0.117 Si4+ 0.041

P 0.110   P3– 0.212

S 0.104   S2– 0.184

Cl 0.099   Cl – 0.181

 van der Waals Ar 0.190

(d)  Group 2

 metallic Be 0.112 Be2+ 0.031

Mg 0.160 Mg2+ 0.065

Ca 0.197 Ca2+ 0.099

Sr 0.215 Sr2+ 0.113

Ba 0.217 Ba2+ 0.135

Ra 0.220 Ra2+ 0.140
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(e) Group 14 atomic/nm ionic/nm

 single covalent C 0.077

Si 0.117 Si4+ 0.041

Ge 0.122 Ge2+ 0.093

 metallic Sn 0.162 Sn2+ 0.112

Pb 0.175 Pb2+ 0.120

(f) Group 17

 single covalent F 0.072 F– 0.136

Cl 0.099 Cl – 0.181

Br 0.114 Br– 0.195

I 0.133 I– 0.216

At 0.140

(g) First row transition elements

 metallic Sc 0.164   Sc3+ 0.081

Ti 0.146 Ti2+ 0.090 Ti3+ 0.067

V 0.135 V2+ 0.079 V3+ 0.064

Cr 0.129 Cr2+ 0.073 Cr3+ 0.062

Mn 0.132 Mn2+ 0.067 Mn3+ 0.062

Fe 0.126 Fe2+ 0.061 Fe3+ 0.055

Co 0.125 Co2+ 0.078 Co3+ 0.053

Ni 0.124 Ni2+ 0.070 Ni3+ 0.056

Cu 0.128 Cu2+ 0.073

Zn 0.135 Zn2+ 0.075
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6 Typical proton (1H) chemical shift values (δ) relative to TMS = 0

Type of 
proton

Environment of proton Example structures Chemical shift 
range (δ)

C–H

alkane –CH3, –CH2–, >CH– 0.9–1.7

alkyl next to C=O CH3–C=O, –CH2–C=O, >CH–C=O 2.2–3.0

alkyl next to aromatic ring CH3–Ar, –CH2–Ar, > CH–Ar 2.3–3.0

alkyl next to 
electronegative atom

CH3–O, –CH2–O, –CH2–Cl, 
>CH–Br

3.2–4.0

attached to alkyne ≡C−H 1.8–3.1

attached to alkene =CH2, =CH– 4.5–6.0

attached to aromatic ring –H 6.0–9.0

aldehyde R

H

O

C 9.3–10.5

O–H
(see note 

below)

alcohol RO–H 0.5–6.0

phenol –OH 4.5–7.0

carboxylic acid R

O

O

C

H

9.0–13.0

N–H
(see note 

below)

alkyl amine R–NH– 1.0–5.0

aryl amine –NH2 3.0–6.0

amide
R

N

O

C

H
5.0–12.0

Note: δ values for –O–H and –N–H protons can vary depending on solvent and concentration.
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7 Typical carbon (13C) chemical shift values (δ) relative to TMS = 0

Hybridisation of 
the carbon atom

Environment of carbon 
atom

Example structures Chemical 
shift range 

(δ)

sp3 alkyl CH3–, CH2–, –CH< 0–50

sp3 next to alkene/arene −CH2−C=C, −CH2− 10–40

sp3 next to carbonyl/carboxyl −CH2−COR, −CH2−CO2R 25–50

sp3 next to nitrogen −CH2−NH2, −CH2−NR2, −CH2−NHCO 30–65

sp3

next to chlorine
(−CH2−Br and −CH2−I are in 

the same range 
as alkyl)

−CH2−Cl 30–60

sp3 next to oxygen −CH2−OH, −CH2−O−CO− 50–70

sp2 alkene or arene >C=C<, 
C C

C

C

C

C 110–160

sp2 carboxyl R−CO2H, R−CO2R 160–185

sp2 carbonyl R−CHO, R−CO−R 190–220

sp alkyne R−C≡C− 65–85

sp nitrile R−C≡N 100–125
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8  Characteristic infra-red absorption frequencies for some selected 
bonds

Bond
Functional groups containing

the bond
Absorption range (in 
wavenumbers)/cm–1

Appearance of peak 
(s = strong, w = weak)

C−O alcohols, ethers, esters 1040–1300 s

C=C aromatic compounds, alkenes 1500–1680 w unless conjugated

C=O
amides
ketones and aldehydes
esters

1640–1690
1670–1740
1710–1750

s
s
s

C≡C alkynes 2150–2250 w unless conjugated

C≡N nitriles 2200–2250 w

C−H
alkanes, CH2−H
alkenes/arenes, =C−H

2850–2950
3000–3100

s
w

N−H amines, amides 3300–3500 w

O−H
carboxylic acids, RCO2−H
H-bonded alcohol, RO−H
free alcohol, RO−H

2500–3000
3200–3600
3580–3650

s and very broad
s

s and sharp
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9  The orientating effect of groups in aromatic substitution reactions.

The position of the incoming group, Y, is determined by the nature of the group, X, already bonded to the 
ring, and not by the nature of the incoming group Y.

X X

2

3

4

+Y+ +H+

Y

X– groups that direct the incoming 
Y group to the 2– or 4– positions

X– groups that direct the incoming 
Y group to the 3– position

−NH2, −NHR or −NR2 −NO2

−OH or −OR −NH3

−NHCOR −CN

−CH2, −alkyl −CHO, –COR

 −Cl −CO2H, −CO2R
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10 Names, structures and abbreviations of some amino acids

Name
3-letter 

abbreviation
1-letter symbol

structure of side chain R– in

R

CO2H

NH2

CH

alanine Ala A CH3−

aspartic acid Asp D HO2CCH2−

cysteine Cys C HSCH2−

glutamic acid Glu E HO2CCH2CH2−

glycine Gly G H−

lysine Lys K H2NCH2CH2CH2CH2−

phenylalanine Phe F CH2

serine Ser S HOCH2−

tyrosine Tyr Y CH2HO

valine Val V

CH3

CH3

CH
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