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Alcohols

a recall the chemistry of alcohols, exemplified by ethanol, in the following reactions:

(i) combustion

(ii) substitution to give halogenoalkanes

(iii) reaction with sodium

(iv) oxidation to carbonyl compounds and carboxylic acids

(v) dehydration to alkenes

(vi) formation of esters by esterification with carboxylic acids

(vii
)

formation of esters by acylation with acyl chlorides using ethyl ethanoate and 
phenyl benzoate as examples  

b (i) classify hydroxy compounds into primary, secondary and tertiary alcohols

(ii) suggest characteristic distinguishing reactions, e.g. mild oxidation

c deduce the presence of a CH3CH(OH)– group in an alcohol from its reaction with 
alkaline aqueous iodine to form tri-iodomethane
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17 Hydroxy compounds

This topic introduces the chemistry of a versatile class of organic compounds, hydroxyl compounds, 

which contain a –OH group.

Learning outcomes
Candidates should be able to:

17.1  Alcohols a) recall the chemistry of alcohols, exemplified by ethanol, in the following 

reactions:

(i) combustion

(ii) substitution to give halogenoalkanes

(iii) reaction with sodium

(iv) oxidation to carbonyl compounds and carboxylic acids

(v) dehydration to alkenes

(vi)  formation of esters by esterification with carboxylic acids

(vii)  formation of esters by acylation with acyl chlorides using ethyl 
ethanoate and phenyl benzoate as examples

b) (i)  classify hydroxy compounds into primary, secondary and tertiary 

alcohols

(ii)  suggest characteristic distinguishing reactions, e.g. mild oxidation

c) deduce the presence of a CH3CH(OH)– group in an alcohol from its 

reaction with alkaline aqueous iodine to form tri-iodomethane

17.2  Phenol a) recall the chemistry of phenol, as exemplified by the following 
reactions:

(i) with bases

(ii) with sodium

(iii) with diazonium salts (see also Section 20.1)

(iv) nitration of, and bromination of, the aromatic ring

b) describe and explain the relative acidities of water, phenol and 
ethanol

CEDAR COLLEGE ALCOHOLS
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ALCOHOLS

The simplest alcohols form a homologous series of general formula 

CnH2n+1OH – provided there are no rings. 

Named as substituted alkanes by removing the final –e and adding –ol 

For isomers the position of the OH is given by a number – propan-1-ol 

and propan-2-ol

1

'ten .*PH¥**±¥t¥**±¥t¥*
it OH OH H

methanol ethanol

ps0pan-tolpopantHzCHz-CHz-CHz-CHz-OACH5CHzgH-CH3.bntan-tohaprimamaKohdoHCH5c-CHzbn1anto1.asecondaryalahdoH2-methylpropan-2-ol.atertiaryaboud@0oceHsVYagatcHsceoe0ooCHzcHIhAstHTYnioo.S-ooq.m

\
A A Cttzutz μ

ALCOHOLS

 The —OH group is called the hydroxyl group. When drawing alcohols always 

make sure the bond goes to the O.  

The functional group, however, is referred to as primary/secondary/tertiary 

alcohol as chemical behavior of alcohols, especially with oxidation, often 

depends on the structure of the alcohol.

2

'ten .*PH¥**±¥t¥**±¥t¥*
it OH OH H

methanol ethanol

ps0pan-tolpopantHzCHz-CHz-CHz-CHz-OACH5CHzgH-CH3.bntan-tohaprimamaKohdoHCH5c-CHzbn1anto1.asecondaryalahdoH2-methylpropan-2-ol.atertiaryaboud@0oceHsVYagatcHsceoe0ooCHzcHIhAstHTYnioo.S-ooq.m

\
A A Cttzutz μ

Alcohols may be described as primary, secondary or tertiary, depending on the 

number of H atoms attached to the carbon with the –OH group on it. 

CEDAR COLLEGE ALCOHOLS
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PRIMARY ALCOHOLS

Ethanol is a primary alcohol, as it has two hydrogens attached to the C with the –OH 

attached.  

A primary alcohol thus contains the –CH2OH group. 

3
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PRIMARY ALCOHOLS

4

Another way of looking at this is that the C with the –OH attached has one 

other C attached to it.  

One C attached = primary. 

CEDAR COLLEGE ALCOHOLS
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SECONDARY ALCOHOLS

Propan-2-ol is a secondary alcohol, as it has one H atom attached to the C 

with the –OH attached.  

A secondary alcohol contains the –CHOH group. 

5

TERTIARY ALCOHOLS

2-methylpropan-2-ol is a tertiary alcohol, as there are no H atoms (or three 

C atoms) attached to the C with the –OH attached. 

6
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PROPERTIES

Alcohols are useful solvents and are key intermediates in the production 

of esters, which are important solvents for the paints and plastics 

industries.  

The polar —OH group readily forms hydrogen bonds to similar groups in 

other molecules. 

This accounts for the following major differences between the alcohols 

and the corresponding alkanes.  

7

PROPERTIES
Alcohols have higher boiling points than other organic molecules with similar 

relative molecular masses.  

Methanol, with the lowest molar mass, is a liquid at room temperature.  

This is because of hydrogen bonding along with van der Waals’ forces between 

alcohol molecules. This also explains why smaller alcohol molecules mix and 

dissolve so well in water. 

8
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● The boiling points of the alcohols are all much higher than the corresponding 
(isoelectronic) alkanes, owing to strong intermolecular hydrogen bonding (see 
Figure 16.2).

Table 16.1 and Figure 16.3 show this large difference. As is usual in homologous 
series, the boiling points increase as the number of carbon atoms increases, 
owing to increased van der Waals’ attractions between the longer alkyl chains. The 
enhancement of boiling point due to hydrogen bonding also decreases, as the longer 
chains become more alkane-like.

Number of 
electrons in 
the molecule 

Alkane Alcohol Enhancement 
of boiling 
point/∞C

Formula Boiling 
point/∞C

Formula Boiling 
point/∞C

18 C2H6 −88 CH3OH 65 153

26 C3H8 −42 C2H5OH 78 120

34 C4H10 0 C3H7OH 97 97

42 C5H12 36 C4H9OH 118 82

50 C6H14 69 C5H11OH 138 69

58 C7H16 98 C6H13OH 157 59

The electron pairs around the oxygen atom in alcohols are arranged in a similar way 
to those around the oxygen atom in the water molecule, as both have two lone pairs 
of electrons (see Figure 16.4).

16.2 Isomerism and nomenclature
As was mentioned in section 12.5, the alcohols are named by adding the suffi x ‘-ol’ to 
the alkane stem of the compound. The longest carbon chain that contains the ¬OH 
group is chosen as the stem. A numeral precedes the ‘-ol’ to describe the position of 
the ¬OH group along the chain.

Figure 16.2 Intermolecular hydrogen 
bonding in ethanol
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BOILING POINTS

The forces between molecules 

must be broken for the liquid to 

boil. 

In alcohols, hydrogen bonding is 

the strongest intermolecular 

force, therefore, more energy is 

needed to break the hydrogen 

bonds.  

And so the boiling points of 

alcohols is higher.

9
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The condensed structural formula may be written as C6H5CH3 or may be 
shown as a benzene ring with CH3 attached.
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The boiling point of straight-chain alkanes increases when a methylene 
(–CH2–) group is added, because the strength of the van der Waals’ forces 
between molecules increases as the relative molecular mass of the alkane 
increases. A similar trend is seen in the boiling points of other homologous 
series.

Figure 10.5 compares the boiling points of alcohols (with the –OH 
group on the fi rst carbon atom) with the boiling points of alkanes. It can 
be seen that both series show the same trend, in that the boiling point 
increases as the number of C atoms increases, but the alcohol with one 
C atom (Mr 32.05) has a higher boiling point than the alkane with fi ve 
C atoms (Mr 72.17). It is important to realise that comparisons based on 
the relative molecular mass (and hence strength of van der Waals’ forces) 
may be made within a particular homologous series but not between 
homologous series. The boiling points of the alcohols tend to be higher 
due to the presence of hydrogen bonding between alcohol molecules.

Di]Zg�]dbdad\djh�hZg^Zh
Table 10.2 shows various functional groups that you are likely to 
encounter during the course. The ones required for Higher Level only 
have been highlighted.

‘R’ may be used to stand for an alkyl group. Therefore, a general carboxylic 
acid may be represented as ‘RCOOH’ and an aldehyde as ‘RCHO’.

7ZcoZcZ�VcY�VgdbVi^X�XdbedjcYh
Benzene has the formula C6H6 and is usually represented by a skeletal 
formula showing a benzene ring.

Compounds that contain a benzene ring are called aromatic, 
whereas compounds without benzene rings are called aliphatic. When 
determining molecular formulas or condensed structural formulas for 
compounds containing benzene rings, it must be remembered that there 
is a C and, if there is nothing else attached, an H atom at each vertex. 
Therefore methyl benzene has the molecular formula C7H8:

A major use of benzene is 
to produce other chemicals 
such as ethylbenzene, which 
can be converted into styrene 
(phenylethene), from which 
polystyrene is made.

Boiling Points/ oC

St
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H
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Hutti t , It
OH

SOLUBILITY

The lower members of the series are very soluble in water because of the hydrogen 

bonding.  

For example, ethanol is soluble in water in all proportions, and this is because the –

OH group allows it to hydrogen bond to water.  

However, solubility decreases as the length of the hydrocarbon chain increases so 

that pentan-1-ol and hexan-1-ol are only sparingly soluble in water. 

10
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COMBUSTION OF ALCOHOLS

In a plentiful supply of oxygen, alcohols burn to produce carbon dioxide 

and water:  

C2H5OH     +     3O2     ⟶     2CO2      +     3H2O 

2 C3H7OH     +     9O2     ⟶     6CO2      +     8H2O

11

Reagent Sodium metal, Na

Condition room temperature

REACTION WITH SODIUM

Alcohols are organic chemistry’s equivalent of water; water reacts with sodium 

to produce hydrogen and so do alcohols. The reaction is slower with alcohols.

12
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REACTION WITH SODIUM

13
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ALCOHOLS TO ALKENES

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. 

14

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.

Reagent conc H2SO4

Condition 200 oC

Alternatively Alumina at 350oC.

Type Elimination

CEDAR COLLEGE ALCOHOLS
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ALCOHOLS TO ALKENES
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ALCOHOLS TO HALOGENOALKANES

16

Reagent PCl5, (PCl3 or SOCl2)

Condition room temperature (heat for PCl3 and SOCl2)

Type nucleophilic substitution
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The reaction releases white fumes of HCl with PCl5 

NOTE: This is another test for the “OH” group in alcohols and carboxylic acids
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ALCOHOLS TO HALOGENOALKANES

17

Reagent conc. HBr or conc. HI

Condition heat under reflux

Type nucleophilic substitution

Alternatively Red Phosphorous and Br2 or Red Phosphorous and I2 

can also be used. 

Conc H2SO4 and NaBr can also be used to produce 

conc HBr.
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ALCOHOL TO ESTERS

When an alcohol is heated with a carboxylic acid in the presence of a small 

amount of concentrated sulfuric acid as a catalyst, an ester is formed. 

18

Reagent carboxylic acid and conc. sulfuric acid, H2SO4

Condition 60°C / heat

Type esterification / condensation / nucleophilic 
substitution

CEDAR COLLEGE ALCOHOLS
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ALCOHOL TO ESTERS

The alcohol and the carboxylic acid have been joined together and water has been 

eliminated (one H atom from the alcohol and –OH from the carboxylic acid molecule). 
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Condensation reactions are reactions in which two molecules join 
together with the elimination of the elements of water. They are part of 
a more general class of reactions called addition–elimination reactions, in 
which molecules other than H2O are eliminated.
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When an alcohol is heated with a carboxylic acid in the presence of a 
small amount of concentrated sulfuric acid as a catalyst, an ester is formed. 
For example:

 conc. H2SO4
alcohol + carboxylic acid  ester + water
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The alcohol and the carboxylic acid have been joined together and 
water has been eliminated (one H atom from the alcohol and –OH from 
the carboxylic acid molecule).

AZVgc^c\�dW_ZXi^kZh

r� Describe the formation of esters
r� Understand how to name esters
r� Understand how polyesters 

may be formed in condensation 
polymerisation reactions

r� Describe the formation of 
amides from amines and 
carboxylic acids

r� Understand how to name 
amides

r� Understand how polyamides 
may be formed in condensation 
polymerisation reactions

r� Describe the economic 
importance of condensation 
reactions
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Examiner’s tip
The product formed when 
any alcohol and any carboxylic 
acid come together can be 
worked out simply by putting 
the alcohol and carboxylic acid 
together, so that the two O–H 
groups are next to each other, 
removing H from the OH of 
the alcohol and OH from the 
carboxylic acid and joining the 
O of the alcohol to the C=O 
of the carboxylic acid.

=A

),&&%��DG<6C>8�8=:B>HIGN

&%#-� 8dcYZchVi^dc�gZVXi^dch

8dcYZchVi^dc�gZVXi^dch
Condensation reactions are reactions in which two molecules join 
together with the elimination of the elements of water. They are part of 
a more general class of reactions called addition–elimination reactions, in 
which molecules other than H2O are eliminated.

:hiZg^Ò�XVi^dc
When an alcohol is heated with a carboxylic acid in the presence of a 
small amount of concentrated sulfuric acid as a catalyst, an ester is formed. 
For example:

 conc. H2SO4
alcohol + carboxylic acid  ester + water
 heat

 conc. H2SO4
ethanol + ethanoic acid  ethyl ethanoate + water
 heat

D

=

8

D

D

==

=

8 =

=

8

=

8=

=

= D

=

8

=

=

8=

=

  

D

=

=

8

=

8
XdcX#�='HD)

]ZVi

Zi]Vcda� �Zi]Vcd^X�VX^Y Zi]na�Zi]VcdViZ� �lViZg
XdcX#�='HD)

]ZVi

VaXd]da� �XVgWdmna^X�VX^Y ZhiZg����������������� �lViZg
XdcX#�='HD)

]ZVi

D
= =

The alcohol and the carboxylic acid have been joined together and 
water has been eliminated (one H atom from the alcohol and –OH from 
the carboxylic acid molecule).

AZVgc^c\�dW_ZXi^kZh

r� Describe the formation of esters
r� Understand how to name esters
r� Understand how polyesters 

may be formed in condensation 
polymerisation reactions

r� Describe the formation of 
amides from amines and 
carboxylic acids

r� Understand how to name 
amides

r� Understand how polyamides 
may be formed in condensation 
polymerisation reactions

r� Describe the economic 
importance of condensation 
reactions

_d^c�D
id�8

gZbdkZ�='D

=

D

=

8

=

8

=

=

8

=

=

8=(

=

==

8

=

8

=D

=

D

8

D

=

8

=

8

=

ZhiZg

=

8

=

=

8=(

=

==

8

=

8

=

D

8

D
= =

Examiner’s tip
The product formed when 
any alcohol and any carboxylic 
acid come together can be 
worked out simply by putting 
the alcohol and carboxylic acid 
together, so that the two O–H 
groups are next to each other, 
removing H from the OH of 
the alcohol and OH from the 
carboxylic acid and joining the 
O of the alcohol to the C=O 
of the carboxylic acid.

=A

It It It ItIC-C- at -> At - C- a⇒
H H H

It It Conca HI H It Conc .HB✓ It It
I 1

OR reapArndt I 1

OR reap And Brz I I

the - C- I = At - Colt- Ht - C- Br
1 1 hehtanderretwk 1 1 hehtanderrettux 1 1

H H A It H H

CHZCOZH + CHSCHZOH T CHZCECHZCH }
t HZO

* 'PHE* rotted't = its,F¥ 'T.tt#et+i+o
H

ethanoicaa 'd ethanol ethydetnanoate

cone . HzS04( Codtk+

ZCHSCHZOH
t

0 0Hal cone .HzS04
HO - c-

c-
OH + H - toe - H #

I I

It H

ethandiocacid

ethanol

H 0 H A
1 11 1 1 cone . HzS04ZH- c-c-

OH + H - out-0
- H #n

t H H

ethanoicaa 'd ethane -1,2 - did

A

OH HOHow 1

A- c- c- it -7 A- c-c- H -7 Hilo - OH±+ H H

ethanol ethanolgthanoica

ALCOHOL TO ESTERS

20

It It It ItIC-C- at -> At - C- a⇒
H H H

It It Conca HI H It Conc .HB✓ It It
I 1

OR reapArndt I 1

OR reap And Brz I I

the - C- I = At - Colt- Ht - C- Br
1 1 hehtanderretwk 1 1 hehtanderrettux 1 1

H H A It H H

CHZCOZH + CHSCHZOH T CHZCECHZCH }
t HZO

* 'PHE* rotted't = its,F¥ 'T.tt#et+i+o
H

ethanoicaa 'd ethanol ethydetnanoate

cone . HzS04( Codtk+

ZCHSCHZOH
t

0 0Hal cone .HzS04
HO - c-

c-
OH + H - toe - H #

I I

It H

ethandiocacid

ethanol

H 0 H A
1 11 1 1 cone . HzS04ZH- c-c-

OH + H - out-0
- H #n

t H H

ethanoicaa 'd ethane -1,2 - did

A

OH HOHow 1

A- c- c- it -7 A- c-c- H -7 Hilo - OH±+ H H

ethanol ethanolgthanoica

It It It ItIC-C- at -> At - C- a⇒
H H H

It It Conca HI H It Conc .HB✓ It It
I 1

OR reapArndt I 1

OR reap And Brz I I

the - C- I = At - Colt- Ht - C- Br
1 1 hehtanderretwk 1 1 hehtanderrettux 1 1

H H A It H H

CHZCOZH + CHSCHZOH T CHZCECHZCH }
t HZO

* 'PHE* rotted't = its,F¥ 'T.tt#et+i+o
H

ethanoicaa 'd ethanol ethydetnanoate

cone . HzS04( Codtk+

ZCHSCHZOH
t

0 0Hal cone .HzS04
HO - c-

c-
OH + H - toe - H #

I I

It H

ethandiocacid

ethanol

H 0 H A
1 11 1 1 cone . HzS04ZH- c-c-

OH + H - out-0
- H #n

t H H

ethanoicaa 'd ethane -1,2 - did

A

OH HOHow 1

A- c- c- it -7 A- c-c- H -7 Hilo - OH±+ H H

ethanol ethanolgthanoica

It It It ItIC-C- at -> At - C- a⇒
H H H

It It Conca HI H It Conc .HB✓ It It
I 1

OR reapArndt I 1

OR reap And Brz I I

the - C- I = At - Colt- Ht - C- Br
1 1 hehtanderretwk 1 1 hehtanderrettux 1 1

H H A It H H

CHZCOZH + CHSCHZOH T CHZCECHZCH }
t HZO

* 'PHE* rotted't = its,F¥ 'T.tt#et+i+o
H

ethanoicaa 'd ethanol ethydetnanoate

cone . HzS04( Codtk+

ZCHSCHZOH
t

0 0Hal cone .HzS04
HO - c-

c-
OH + H - toe - H #

I I

It H

ethandiocacid

ethanol

H 0 H A
1 11 1 1 cone . HzS04ZH- c-c-

OH + H - out-0
- H #n

t H H

ethanoicaa 'd ethane -1,2 - did

A

OH HOHow 1

A- c- c- it -7 A- c-c- H -7 Hilo - OH±+ H H

ethanol ethanolgthanoica

CEDAR COLLEGE ALCOHOLS



 21

�

aA
H H

Hμ
Catomaltached

Hitt
. A zaatomsatlaohedIn C- H

0 -
C- C- A I I

Cattachedtoott,%fI:# Cattachedtoott }
μ

Zcatoms attached

A
I H¥q€t itbitH - E-C-c-H I I I

H -C-C- C- A
ttihtirh "t

CASH
cattachedtout \

, ryatomaitached

primary crzoihtt crzoiilitt
> aldehyde > carboxylic

alcohol heat heat acid

0

*Pjf.tt#E*HttitceH*PHEatheat heat

ethanol ethanol ethanoicacid

CHZCHZOH t[O] CHZCHO +Hz0

CHZCHO t[] CHzCOzH

Otirzoitlllt11 Craqtlttt 11
-

c-
A -> -> c

|
heat hμ heat / -

o - A
H

*tEtI±I.int#.tEtIte**e*ittEtIttEo .
heat heat

zmemylpropom -1-01 zmemylpbpanal Zmethylpbpanoicacid

OXIDATION

Primary and secondary alcohols may be oxidised using an oxidising agent, such as: 

acidified potassium dichromate(VI) (K2Cr2O7/H+), or  

acidified potassium manganate(VII) (KMnO4/H+).  

Primary alcohols are oxidised first of all to an aldehyde (partial oxidation), and then 

the aldehyde is oxidised further to a carboxylic acid (complete oxidation).
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OXIDATION OF PRIMARY ALCOHOLS

Primary alcohols are oxidised to aldehydes, which, in turn, are even more 

easily oxidised to carboxylic acids. For example: 
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OXIDATION OF PRIMARY ALCOHOLS
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OXIDATION OF PRIMARY ALCOHOLS

As soon as any aldehyde is formed it can be oxidised further by the 

oxidising agent, to the carboxylic acid, and so special techniques are 

needed to stop the oxidation at the aldehyde stage.  

One such method makes use of the lower volatility of the alcohol (due to 

hydrogen bonding) compared with the aldehyde. The reaction mixture is 

warmed to a temperature that is above the boiling point of the aldehyde, 

but below that of the alcohol.  

The aldehyde is allowed to distill out as soon as it is formed, thus avoiding 

any further contact with the oxidising agent.

24
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If we look at the reactions in terms of changes to the functional groups, 
it is easier to generalise the reaction to other molecules:
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Thus, if we look at the reaction for another primary alcohol, we get:
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The only change is to the group highlighted in red – the rest of the 
molecule is unchanged.

Here we are using inductive reasoning. We are making the 
assumption that, because all primary alcohols we have so far 
encountered can be oxidised by potassium dichromate(VI) 

to an aldehyde and then a carboxylic acid, then all primary alcohols 
will be oxidised in this way. Can we ever know this?

Examiner’s Tip
In organic chemistry, it is 
important to focus only on the 
changes to a particular functional 
group – the rest of the molecule 
(the carbon skeleton) should 
remain unchanged.

OXIDATION OF PRIMARY ALCOHOLS

(b) Apparatus set up for distillation, 

producing the aldehyde.

25

(a) Apparatus set up 

for reflux, producing 

the carboxylic acid.

OXIDATION OF PRIMARY ALCOHOLS

If the reaction mixture is heated under reflux, carboxylic acid is obtained as the 

main product and the aldehyde is not usually isolated.  

However, it is possible to set up the experiment so that the aldehyde is distilled off 

as soon as it is formed and before it can be oxidised further.
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OXIDATION OF PRIMARY ALCOHOLS

Using an excess of oxidising agent and heating the reaction under reflux to 

prevent any escape of the aldehyde before distillation, allows the alcohol to be 

oxidised all the way to the carboxylic acid.  

This oxidation reaction can be used to distinguish between primary, secondary 

and tertiary alcohols.

27
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OXIDATION OF SECONDARY ALCOHOLS

Secondary alcohols are also oxidised by heating with acidified potassium 

dichromate(VI) (or acidi ed potassium manganate(VII)). 

They are oxidised to ketones, which cannot be oxidised any further.
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OXIDATION OF SECONDARY ALCOHOLS
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Tertiary alcohols are resistant to oxidation. 

30
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OXIDATION EXAMPLES

31
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OXIDATION EXAMPLES
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St

jH2\=H\gH⇐
CHZ °j÷...EL hydrogen bonds+Ho/Hs+÷siH2 - CH3

,,tt%QF_hydrogen bondYHHOE#-of
CHZ

Hs+
CHZ -Ctt

Hz CHZ CHZ

HtvH EY'⇒ a

μ
IZTOHTAQ ) OH

'

CHZCHZ - g-CHZ #CHZCHZ -§tHz CHzCHz-§tIs CHzCHz-

§-5 + CHI
,

H

CHZCHCOH) - CHAO -

Hutti t , It
OH

IODOFORM REACTION

Alcohols that contain the group CH3CH(OH)-, that is, those that have a methyl group and a 

hydrogen atom on the same carbon atom that bears the OH group, can be oxidised by 

alkaline aqueous iodine to the corresponding carbonyl compound CH3C(O)-, which is 

further oxidised a salt of a carboxylic acid (with one less carbon) and a pale yellow ppt of 

tri-iodomethane.

33

The overall reaction is:

IODOFORM REACTION

Except for ethanol, all the alcohols that undergo this reaction are secondary alcohols, 

with the OH group on the second carbon atom of the chain, that is, they are alkan-2-ols. 

34
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IODOFORM REACTION

The exception, ethanol, is the only primary alcohol to give the pale yellow 

precipitate of tri-iodomethane (iodoform) with alkaline aqueous iodine:

35

IODOFORM REACTION

Which of these alcohols will undergo the iodoform reaction? 

36

St

jH2\=H\gH⇐
CHZ °j÷...EL hydrogen bonds+Ho/Hs+÷siH2 - CH3

,,tt%QF_hydrogen bondYHHOE#-of
CHZ

Hs+
CHZ -Ctt

Hz CHZ CHZ

HtvH EY'⇒ a

μ
IZTOHTAQ ) OH

'

CHZCHZ - g-CHZ #CHZCHZ -§tHz CHzCHz-§tIs CHzCHz-

§-5 + CHI
,

H

CHZCHCOH) - CHAO -

Hutti t , It
OH

CEDAR COLLEGE ALCOHOLS



 29

�

TESTS FOR THE PRESENCE OF ‘OH’ GROUP

1. With phosphorous pentachloride, PCl5, gives white fumes (of HCl) 
 
CH3CH2OH     +     PCl5     ⟶     CH3CH2Cl     +     POCl3     +     HCl 
 

2. With sodium, gives out bubbles of gas that gives a pop sound with a 

lighted splinter (hydrogen). 
 
CH3CH2OH     +     Na      ⟶     CH3CH2ONa     +     ½ H2

37

TESTS TO DIFFERENTIATE BETWEEN ALCOHOLS

Warm the alcohol with acidified sodium dichromate. If the orange color of dichromate 

turns green, distill off the product and then warm it with Fehling’s solution. 

Tertiary alcohol: The orange color remains unaffected. 

Secondary alcohol: The orange color turns green but Fehling’s solution is unaffected. 

Primary alcohol: The orange color turns green and with Fehling’s gives a brick-red 

precipitate. 

Note: Tollen’s reagent can also be used instead of Fehling’s solution. The result would 

be a silver mirror or silver ppt.

38
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CHECK + Ha CHZCHZOH
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- OH
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μ
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H A

CHZCH = CHCHZ
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(atD2c=cHCH=CHz

ALCOHOLS FROM ALKENES

Alkenes react with acid catalyst and steam at temperatures of around 350oC and 

pressures over 100 atm to form alcohols.

39

Reagent Steam and dil phosphoric acid (H3PO4)

Condition 350 oC  and 100 atm

Type Electrophilic addition

ALCOHOLS FROM HALOGENOALKANES

40

Reagent Aqueous sodium (or potassium) hydroxide.

Condition heat under reflux in aqueous solution

Type nucleophilic substitution

Br H OH H
I I I

A- c-c-Ator -> It - d-c-Htbr
1 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

Hydrolysis of halogenoalkanes via NaOH (aq) produces alcohols.
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ALCOHOLS FROM HALOGENOALKANES

41
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ALCOHOLS FROM CARBONYLS

42

Reagent sodium borohydride, NaBH4(aq) or lithium 
aluminiumhydride, LiAlH4, in ether.

Condition heat

Type Reduction

Alternate hydrogen gas over a nickel or platinum catalyst and heat

Aldehydes give primary alcohols, while ketones give secondary alcohols.
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PRIMARY ALCOHOLS FROM ALDEHYDES

43
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SECONDARY ALCOHOLS FROM KETONES

44
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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
)
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CH
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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 

 

 

�  
[S'14 P13 Q25]
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24 A student investigates four different fuels. Each fuel is used separately to raise the temperature of 

1 dm
3

 of water from 20 °C to 100 °C. Each fuel undergoes complete combustion. All other 

conditions are the same in each experiment. 

 

Which fuel would produce the smallest amount of carbon dioxide in these experiments? 

 

 fuel 
energy released 

per mole of fuel 

A ethanol 1367 kJ mol
–1

 

B methane 890 kJ mol
–1

 

C methanol 715 kJ mol
–1

 

D propane 2220 kJ mol
–1

 

 

 

25 Most alcohols can be dehydrated to give alkenes. 

 

Which alcohol can be dehydrated to give three different isomeric alkenes? 

A CH3(CH2)3CH2OH 

B CH3(CH2)2CH(OH)CH3 

C CH3CH2CH(OH)CH2CH3 

D CH3C(CH3)2CH2OH 

 

 

26 Hept-4-enal is present in cow’s milk. 

 

CH3CH2CH=CHCH2CH2CHO 

hept-4-enal 

 

Which row correctly shows the product formed when hept-4-enal is treated with the given 

reducing agent? 

 

 reducing agent product 

A H2 + Ni CH3(CH2)5CH2OH 

B H2 + Ni CH3(CH2)5CH3 

C NaBH4 CH3(CH2)5CH2OH 

D NaBH4 CH3(CH2)5CHO 
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[S'14 P13 Q22]
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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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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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7  In an experiment to calculate the enthalpy change of combustion of a fuel, 1.5 g (0.0326 mol) of 

the fuel was used to heat 200 g of water. The temperature of the water rose from 25 °C to 55 °C. 

The specific heat capacity of water is 4.18 J g–1 K–1

. 

 

There is significant heat loss in this experiment. Therefore, the experimental value for the 

enthalpy change of combustion, ∆Hc, of the fuel will be different from the theoretical value. 

Using the information above, what is the experimental value for the enthalpy change of 

combustion, ∆Hc, of the fuel? 

A –1410 kJ mol
–1

 

B –769 kJ mol
–1

 

C –30.7 kJ mol
–1

 

D –16.7 kJ mol
–1

 

 

 

8  The reaction pathway diagram below illustrates the energies of the reactants, the products and 

the transition state of a reaction. 

 

energy

E1

E2

E3

reactants

extent of reaction

transition state

products

 

 

Which expression represents the activation energy of the forward reaction? 

A E1 – E2 B E2 – E1 C E2 – E3 D E3 – E2 

 

 

9 Methylpropan-1-ol and butan-1-ol are structural isomers. Methylpropan-1-ol has a lower boiling 

point. 

 

Which statement explains why the boiling point of methylpropan-1-ol is lower than that of 

butan-1-ol? 

A Methylpropan-1-ol cannot form hydrogen bonds. 

B Methylpropan-1-ol has weaker covalent bonds than butan-1-ol. 

C Methylpropan-1-ol has weaker van der Waals’ forces than butan-1-ol. 

D Methylpropan-1-ol molecules have more surface area than butan-1-ol molecules. 
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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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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. 
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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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19 Chlorate(V) ions, Cl O3

–

, are produced in the redox reaction between chlorine and hot aqueous 

sodium hydroxide. Oxidation numbers can be used to help balance the equation for this reaction. 

 

What will be the values of coefficients v, x and y in the balanced equation? 

 

vCl 2(g)  +  wOH
–

(aq)  →  xCl –(aq)  +  yCl O3

–

(aq)  +  zH2O(l) 

 

 v x y 

A 2 3 1 

B 3 4 2 

C 3 5 1 

D 7 12 2 

 

 

20 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 

 

 

21 What is the major product formed when compound Q is warmed with excess HBr? 

 

OH

OH

Q

OH

A

Br Br

Br

B

Br

OH

Br

C

Br Br

Br

D

Br

Br
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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 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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25  Compound X has been investigated for use as an artificial sweetener. 

 

OH

OH

OH
O

OCl

Cl

OH

OH

O

X
 

 

The two C–Cl bonds can be hydrolysed by hot NaOH(aq). The C-O-C bonds cannot be 

hydrolysed by hot NaOH(aq). 

 

What are the numbers of specified types of –OH groups before and after hydrolysing the two 

C–Cl bonds? 

 

 

before 

hydrolysis 
after hydrolysis 

secondary primary secondary tertiary 

A 0 1 2 4 

B 0 2 1 4 

C 4 1 5 1 

D 4 2 4 1 

 

 

26 The compounds below are all produced by plants. 

 

Each compound is warmed with acidified potassium dichromate(VI). 

 

Which compound will give a different observation to the other three? 

 

OH

A

OH

B C D

OH

OH
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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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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 

 

 

CEDAR COLLEGE ALCOHOLS WS 1



 37

15

16

�  
[S'16 P11 Q26]

9 

© UCLES 2016 9701/11/M/J/16 [Turn over 

26 Malic acid is found in apples. 

 

C

OH

CO2H

CH2CO2HH

malic acid
 

 

Which reagent will react with all three –OH groups present in the malic acid molecule? 

A ethanol in the presence of concentrated sulfuric acid 

B potassium hydroxide 

C sodium 

D sodium carbonate 

 

 

27 Cyclic esters are also known as lactones. Delta lactone is used as a solvent and in the 

manufacture of polyesters. 

 

O

O

delta lactone
 

 

From which compound could delta lactone be made by a single reaction? 

A HOCH2CH2CH2CH2CHO 

B HOCH2CH2CH2CH2CO2H 

C HOCH2CH2CH2CH2CH2OH 

D HOCH2CH2CH2CH2CH2CO2H 

 

 

28 Which reagent cannot be used to distinguish between ethanal and propanone? 

 

A acidified sodium dichromate(VI) solution 

B alkaline aqueous iodine 

C cold acidified potassium manganate(VII) solution 

D Fehling’s reagent 
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23 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 structures of X• are possible? 

A 2 B 3 C 4 D 5 

 

 

24 Vitamin A contains retinol. 

 

OH

retinol
 

 

Under appropriate conditions, acidified KMnO4(aq) can be used to break apart C=C bonds. 

 

After these bonds have been broken, further oxidation of the fragments may occur. 

 

Under which conditions is the acidified KMnO4(aq) used and what do the final oxidation products 

include? 

 

 conditions final oxidation products 

A cold, dilute aldehydes and carboxylic acids 

B cold, dilute ketones and carboxylic acids 

C hot, concentrated aldehydes and carboxylic acids 

D hot, concentrated ketones and carboxylic acids 
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25  Diols in which both hydroxy groups are bonded to the same carbon can spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 

 

Which compound, after complete hydrolysis, gives a positive reaction with Tollens’ reagent? 

A 1,1-dibromobutane 

B 1,2-dibromobutane 

C 1,3-dibromobutane 

D 2,2-dibromobutane 

 

 

26  Propan-2-ol undergoes many reactions. 

 

Which row is correct? 

 

 
reagent added 

to propan-2-ol 
product 

A acidified KMnO4 CH3CH2CHO 

B Cl 2 CH3CHCl CH3 

C conc. H2SO4 CH3CHCH2 

D methanoic acid HCO2CH2CH2CH3 

 

 

27  Ethane-1,2-diol has the following structure. 

 

H HC

H

H

O

H HC O

 

 

Without breaking the C–C bond, there are five possible oxidation products. 

 

What is the total number of aldehyde groups and carboxylic acid groups in these five products? 

 

 –CHO –COOH 

A 3 3 

B 3 4 

C 4 3 

D 4 4 

 

 

� 

[W'16 P11 Q25]

11 

© UCLES 2016 9701/11/O/N/16 [Turn over 

25 X, Y and Z are three isomeric alcohols. 

 

X CH3CH2CH2CH2CH2OH 

Y CH3CH2CH(OH)CH2CH3 

Z (CH3)2C(OH)CH2CH3 

 

Two or more of these alcohols react with mild oxidising agents. 

 

One of these alcohols, when dehydrated, will give a pair of cis-trans isomers with molecular 

formula C5H10. 

 

Which row is correct? 

 

 reacts with mild 

oxidising reagents 

gives cis-trans 

isomers 

A X, Y and Z Y only 

B X, Y and Z Z only 

C X and Y only Y only 

D X and Y only Z only 

 

 

26 Propanone reacts with an aqueous mixture of HCN and NaCN by a nucleophilic addition 

mechanism. 

 

The first stage of the mechanism involves attack by cyanide ions. 

 

Which diagram correctly represents this? 

 

CH3

CH3

D

N C C O
δ–δ+–

CH3

CH3

C

C N C O
δ–δ+–

CH3

CH3

B

N C C O
δ–δ+–

CH3

CH3

A

N C C O
δ–δ+–
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24 Lactide is an intermediate in the manufacture of a synthetic fibre. 
 

O

O

lactide

O

O

 
 

Which compound, on heating with an acid catalyst, can produce lactide? 

A hydroxyethanoic acid 

B 2-hydroxybutanoic acid 

C 2-hydroxypropanoic acid 

D 3-hydroxypropanoic acid 
 
 
25 Diols in which both hydroxy groups are bonded to the same carbon atom spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 
 

Which compound is hydrolysed to form a product that gives a positive reaction with  
2,4-dinitrophenylhydrazine but not with Fehling’s reagent? 

A 1,1-dibromopropane 

B 1,2-dibromopropane 

C 1,3-dibromopropane 

D 2,2-dibromopropane 
 
 
26 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) 
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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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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO
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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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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO
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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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26 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature (20 °C)? 

A CH3OH  +  PCl 5  →  CH3Cl  +  POCl 3  +  HCl 

B CH3CH2Br  +  KCN  →  CH3CH2CN  +  KBr 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2CN  +  2H2O  →  CH3CH2CO2H  +  NH3 
 
 
27 When compound X is warmed with dilute, acidified potassium dichromate(VI) there is no colour 

change. X does not give an orange precipitate with 2,4-dinitrophenylhydrazine reagent. 
 

What could X be? 

A butan-2-ol 

B ethanal 

C methylpropan-2-ol 

D propanone 
 
 
28 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
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26 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature (20 °C)? 

A CH3OH  +  PCl 5  →  CH3Cl  +  POCl 3  +  HCl 

B CH3CH2Br  +  KCN  →  CH3CH2CN  +  KBr 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2CN  +  2H2O  →  CH3CH2CO2H  +  NH3 
 
 
27 When compound X is warmed with dilute, acidified potassium dichromate(VI) there is no colour 

change. X does not give an orange precipitate with 2,4-dinitrophenylhydrazine reagent. 
 

What could X be? 

A butan-2-ol 

B ethanal 

C methylpropan-2-ol 

D propanone 
 
 
28 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
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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 S only V only 

B S only V and S 

C V and S V only 

D V and S V and S 
 
 
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 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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29 Ethene is reacted with steam in the presence of concentrated H3PO4. The product of this reaction 

is added to acidified potassium dichromate(VI) and heated under reflux for one hour. The final 

organic product is collected and labelled X. 

 

But-2-ene is treated with hot, concentrated, acidified potassium manganate(VII). The final 

organic product is collected and labelled Y. 

 

Which statement is correct? 

A One molecule of X has more carbon atoms than one molecule of Y. 

B One molecule of Y has more carbon atoms than one molecule of X. 

C X and Y have different functional groups. 

D X is the same compound as Y. 

 

 

30 A sample of the ester CH3CH2CH2CO2CH2CH3 is hydrolysed. The product mixture is then treated 

with hot, acidified KMnO4. 

 

What are the final carbon-containing products? 

A CH3CH2CO2H only 

B CH3CO2H  +  CH3CH2CO2H 

C CH3CO2H  +  CH3CH2CH2CO2H 

D CH3CH2OH  +  CH3CH2CH2CO2H 
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29 Compound G 

 

● has a chiral centre, 

● gives a positive result with alkaline aqueous iodine, 

● does not give a silver mirror with Tollens’ reagent. 

 

What could compound G be? 

A 1-hydroxybutan-2-one 

B 2-hydroxybutanal 

C 3-hydroxybutanal 

D 3-hydroxybutan-2-one 

 

 

30 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  
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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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23 Which alcohol can be dehydrated to give two products which are structural isomers of each 
other? 

 

C

H

H

C

H

H

C

A

H

H

H C OH

H

H

C

H

H

C

H

H

C

B

CH3 CH3

CH3H

H OH C

H

H

C

C

HC

H

H

C

H H

C

D

CH3 H

H OH OH

 
 
 
24 Which reagent could detect the presence of alcohol in a mixture consisting mainly of alkanes and 

alkenes? 

A Na 

B Br2 (in CCl 4) 

C KMnO4(aq) 

D 2,4-dinitrophenylhydrazine 
 
 
25 Compound Q 
 

● contains a chiral centre, 

● gives a positive result with Fehling’s reagent, 

● gives a positive result with alkaline aqueous iodine. 
 

What could compound Q be? 

A 1-hydroxybutanone 

B 2-hydroxybutanal 

C 3-hydroxybutanal 

D 3-hydroxybutanone 
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23 Which alcohol can be dehydrated to give two products which are structural isomers of each 
other? 

 

C

H

H

C

H

H

C

A

H

H

H C OH

H

H

C

H

H

C

H

H

C

B

CH3 CH3

CH3H

H OH C

H

H

C

C

HC

H

H

C

H H

C

D

CH3 H

H OH OH

 
 
 
24 Which reagent could detect the presence of alcohol in a mixture consisting mainly of alkanes and 

alkenes? 

A Na 

B Br2 (in CCl 4) 

C KMnO4(aq) 

D 2,4-dinitrophenylhydrazine 
 
 
25 Compound Q 
 

● contains a chiral centre, 

● gives a positive result with Fehling’s reagent, 

● gives a positive result with alkaline aqueous iodine. 
 

What could compound Q be? 

A 1-hydroxybutanone 

B 2-hydroxybutanal 

C 3-hydroxybutanal 

D 3-hydroxybutanone 
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26 When 0.0075 mol of alcohol X are completely burnt in excess oxygen and the gases produced 
are passed through an excess of limewater (calcium hydroxide solution), 3.0 g of calcium 
carbonate are produced. 

 
When X is warmed with acidified potassium dichromate(VI) there is a colour change from orange 
to green. 

 
What could be the identity of X? 

A CH3CH(OH)CH2CH3 

B (CH3)3COH 

C CH3CH2CH2OH 

D CH3CH(OH)CH3 
 
 
27 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 
 
 
28 A student carried out a two-stage synthesis in which CH3CH2CH2Br was converted into 

CH3CH2CH2CO2H. 
 

Which compound could have been formed by the first stage of this synthesis? 

A CH3CH2CH2OH 

B CH3CH2CH2CHO 

C CH3CH2CN 

D CH3CH2CH2CN 
 
 
29 An ester X has the structural formula CH3CO2CH(CH3)CH2CH3. X can be prepared by heating an 

alcohol Y, under reflux, with ethanoic acid and an acid catalyst. 
 

What is the correct name for Y? 

A butan-1-ol 

B butan-2-ol 

C butan-3-ol 

D methylpropan-2-ol 
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19 Chlorate(V) ions, Cl O3

–

, are produced in the redox reaction between chlorine and hot aqueous 

sodium hydroxide. Oxidation numbers can be used to help balance the equation for this reaction. 

 

What will be the values of coefficients v, x and y in the balanced equation? 

 

vCl 2(g)  +  wOH
–

(aq)  →  xCl –(aq)  +  yCl O3

–

(aq)  +  zH2O(l) 

 

 v x y 

A 2 3 1 

B 3 4 2 

C 3 5 1 

D 7 12 2 

 

 

20 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 

 

 

21 What is the major product formed when compound Q is warmed with excess HBr? 

 

OH

OH

Q

OH

A

Br Br

Br

B

Br

OH

Br

C

Br Br

Br

D

Br

Br
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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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26 When 0.0075 mol of alcohol X are completely burnt in excess oxygen and the gases produced 
are passed through an excess of limewater (calcium hydroxide solution), 3.0 g of calcium 
carbonate are produced. 

 
When X is warmed with acidified potassium dichromate(VI) there is a colour change from orange 
to green. 

 
What could be the identity of X? 

A CH3CH(OH)CH2CH3 

B (CH3)3COH 

C CH3CH2CH2OH 

D CH3CH(OH)CH3 
 
 
27 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 
 
 
28 A student carried out a two-stage synthesis in which CH3CH2CH2Br was converted into 

CH3CH2CH2CO2H. 
 

Which compound could have been formed by the first stage of this synthesis? 

A CH3CH2CH2OH 

B CH3CH2CH2CHO 

C CH3CH2CN 

D CH3CH2CH2CN 
 
 
29 An ester X has the structural formula CH3CO2CH(CH3)CH2CH3. X can be prepared by heating an 

alcohol Y, under reflux, with ethanoic acid and an acid catalyst. 
 

What is the correct name for Y? 

A butan-1-ol 

B butan-2-ol 

C butan-3-ol 

D methylpropan-2-ol 
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37 The diagram shows a compound present in smoke from burning garden waste. 

 

C C C

HH

H

O

H

 

 

Which reagents would undergo a colour change on reaction with this compound? 

1 aqueous bromine 

2 Fehling’s reagent 

3 warm acidified K2Cr2O7 

 

 

38 Organic acids and alcohols react together to form esters. 

 

Which pairs of compounds could produce a product of molecular formula C4H6O4? 

1 CH3CO2H and C2H5OH 

2 HCO2H and HOCH2CH2OH 

3 HO2CCO2H and CH3OH 

 

 

39 Use of the Data Booklet is relevant for this question. 

 

In an organic synthesis, a 62 % yield of product is achieved. 

 

Which of these conversions are consistent with this information? 

1 74.00g of butan-2-ol → 44.64 g of butanone 

2 74.00g of butan-1-ol → 54.56 g of butanoic acid 

3 74.00g of 2-methylpropan-1-ol → 54.56 g of 2-methylpropanoic 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  Menthol is a naturally-occurring alcohol found in peppermint oil. 

 

OH

menthol
 

 

Which reagents will react with menthol? 

1 aqueous bromine 

2 sodium metal 

3 aqueous acidified manganate(VII) 

 

 

39  Which pairs of reagents will take part in a redox reaction under suitable conditions? 

1 CH3(CH2)4CHO  +  Tollens’ reagent 

2 CH3(CH2)4CH3  +  Br2 

3 CH3CO(CH2)4CH3  +  Fehling’s reagent 

 

 

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 could be used to synthesise propanoic acid? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3CH2CN 

�
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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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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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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  Ammonia and chlorine react in the gas phase. 

 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 

 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2  Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 

 

 

35 Which statements about calcium and strontium compounds are correct? 

1 When calcium oxide and strontium oxide are added to water they both produce alkalis. 

2  Calcium hydroxide is more soluble than strontium hydroxide. 

3 Calcium sulfate is less soluble than strontium sulfate. 

 

 

36  Which descriptions of the ammonium ion are correct? 

1 It contains ten electrons. 

2  It has a bond angle of 109.5°. 

3 It has only three bonding pairs of electrons. 

 

 

37  Compound Q is obtained by adding H2O across the double bond in compound P. 

 

OH

P Q
 

 

Which statements about these two compounds are correct? 

1 P shows cis-trans isomerism. 

2  Q contains two chiral centres. 

3 Q is a tertiary alcohol. 

� 
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38  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 exists in two optically active forms. 

 

 

39 Propanone and hydrogen cyanide react together by this mechanism. 

 

CN

C

O–

H3C

H3C

CN

C + CN–

OH

H3C

H3C

CN–

H CNC O

H3C

H3C
 

 

Which statements about this mechanism are correct? 

1 CN
–

 is an electrophile. 

2 It is an addition reaction. 

3 Heterolytic bond breaking is involved. 

 

 

40  Monopotassium citrate is used as an emulsifying agent in powdered milk and in powdered soups. 

It may be represented by the formula shown. 

 

CH2CO2H

CH2CO2H

CHO CO2  K+–

monopotassium citrate
 

 

Which statements about monopotassium citrate are correct? 

1 It does not have a chiral carbon atom. 

2 It can act as a dibasic acid. 

3 It reacts with NaHCO3 to give CO2. 
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39 Propane-1,2,3-triol is the raw material for many important industrial chemical processes. 

 

CH2

OH

CH

OH

CH2

OH

propane-1,2,3-triol
 

 

Which statements about propane-1,2,3-triol are correct? 

1 It reacts with carboxylic acids to form compounds containing up to three ester groups. 

2 It can be oxidised to form compounds with aldehyde and ketone functional groups. 

3 It can be oxidised to form compounds with up to three carboxylic acid groups. 

 

 

40  The diagram shows an experimental set-up which can be used in several different experiments. 

 

trough of 
water 

liquid X on
mineral wool

support

silica, alumina 
or baked clay 

strong 
heat 

gas collected 

gentle 
heat 

 

 

Which processes could be demonstrated by using the above apparatus? 

1 oxidation of ethanol (liquid X) 

2 dehydration of ethanol (liquid X) 

3 cracking of paraffin (liquid X) 
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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 Propanal reacts 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 HCN is a weaker nucleophile than the nucleophile provided by NaCN. 

2 The reaction mechanism involves two steps. 

3 The product of the reaction has a chiral carbon atom. 
 
 
40 The structure of lactic acid is shown. 
 

OH

OH

lactic acid

O

CH3C CH

 
 

Which esters might form when lactic acid is heated? 

1 CH3CH(OH)CO2CH(CH3)CO2H 

2  

3 CH3CH(OH)CO2CH(OH)CH3 
 
 

 

C

O

O

O

CH3

CH3

CH

CH

O

C
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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 An organic compound, X, has the following skeletal formula. 
 

 
 

Which statements about X are correct? 

1 X is a primary alcohol. 

2 X will dehydrate to give a single alkene. 

3 X will undergo a substitution reaction with chloride ions. 
 
 
40 2,2,4-trimethylpentanal is used in the manufacture of adhesives. 
 

Which reagents would 2,2,4-trimethylpentanal react with? 

1 2,4-dinitrophenylhydrazine reagent 

2 Tollens' reagent 

3 alkaline aqueous iodine 
 
 

OH

X
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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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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 
 
 

§

ai

I
s
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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 
 

I

⑥

:

into

er
'

F
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4  A series of reactions based on propan-1-ol is shown.

CH3 CH2 CH2 OH U (C3 H8 O)

VCH3 CH2 CO2 H

reaction 2 HBr

steam
catalyst

reaction 1

reaction 3

CH3 CH=CH2

 (a)  Suggest a suitable reagent and conditions for reaction 1.

  ..............................................................................................................................................   [2]

 (b) (i)  Write an equation for reaction 2, using [O] to represent the oxidising agent.

  .......................................................................................................................................   [1]

 (ii)  Suggest a suitable reagent and conditions for reaction 2.

  .......................................................................................................................................   [2]

 (c)  Give the structural formulae of U and V.

 U  ................................................................................................................................................

 V  ................................................................................................................................................
[2]

 (d)  Suggest a suitable reagent and conditions for reaction 3.

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

  ..............................................................................................................................................   [2]

[Total: 9]
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4  A series of reactions based on propan-1-ol is shown.

CH3 CH2 CH2 OH U (C3 H8 O)

VCH3 CH2 CO2 H

reaction 2 HBr

steam
catalyst

reaction 1

reaction 3

CH3 CH=CH2

 (a)  Suggest a suitable reagent and conditions for reaction 1.

  ..............................................................................................................................................   [2]

 (b) (i)  Write an equation for reaction 2, using [O] to represent the oxidising agent.

  .......................................................................................................................................   [1]

 (ii)  Suggest a suitable reagent and conditions for reaction 2.

  .......................................................................................................................................   [2]

 (c)  Give the structural formulae of U and V.

 U  ................................................................................................................................................

 V  ................................................................................................................................................
[2]

 (d)  Suggest a suitable reagent and conditions for reaction 3.

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

  ..............................................................................................................................................   [2]

[Total: 9]
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4  There are four alcohols, A, B, C and D, which are structural isomers with the molecular formula 
C4H10O.

  Alcohol A does not react with acidifi ed potassium dichromate(VI) solution but B, C and D do.

  All four alcohols react with hot, concentrated sulfuric acid to form products with the molecular 
formula C4H8. A, C and D each give a single product in this reaction. B gives a mixture of two 
structural isomers, one of which shows stereoisomerism.

 (a)  Give the skeletal formula for each of the four alcohols and complete the diagram with the 
names of the types of structural isomerism shown by each linked pair of compounds.

A B

..........................
isomerism

..........................
isomerism

C D

..........................
isomerism

[7]
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 (b) (i)  Give the names of the two structural isomers produced by the reaction of B with hot, 
concentrated sulfuric acid

 ...........................................................                .............................................................   [2]

 (ii)  State which of these two isomers shows stereoisomerism. Explain why this molecule is 
capable of showing stereoisomerism.

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

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

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

  .......................................................................................................................................   [2]

 (iii)  Draw displayed formulae to show the two stereoisomers.

stereoisomer 1 stereoisomer 2
[2]

[Total: 13]
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4  The structure of H is shown.

C C

H

CH2OH

CH3

CH3

CH3

 (a)  H reacts with both cold, dilute, acidifi ed potassium manganate(VII) and with hot, concentrated, 
acidifi ed potassium manganate(VII).

 (i)  Give the structure of the organic product of the reaction of H with cold, dilute, acidifi ed 
potassium manganate(VII).

[1]

 (ii)  Give the structures of the organic products of the reaction of H with hot, concentrated, 
acidifi ed potassium manganate(VII).

[2]

 (b) (i)  Complete the reaction scheme to show the mechanism of the reaction of H with bromine 
to form J.

  Include all necessary curly arrows, lone pairs and charges.

C C

CH2OH

CH3

Br δ+

Br δ–

CH3

CH3

CCH3 C

J

CH3

Br

CH3

CH2OH

Br

[3]
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 (ii)  Explain the origin of the dipole on the bromine molecule.

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

  .......................................................................................................................................   [1]

  J is formed as an equimolar mixture of isomers.

 (iii)  State the type of isomerism shown by J.

  .......................................................................................................................................   [1]

 (iv)  Draw the structures of the two isomers of J.

[2]

[Total: 10]
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4  Some reactions involving ethanol are shown.

CH3CH2Cl CH3CH2OH Y

X

distil with
Cr2O7

2– + H+

reaction 1

reaction 2
heat with NaOH

in ethanol

 (a) (i)  Give an equation for reaction 2 including the reagent needed for the conversion.

  .......................................................................................................................................   [2]

 (ii)  State the reagent and conditions required for reaction 1.

  .......................................................................................................................................   [2]

 (b) (i)  Identify the organic product X.

  .......................................................................................................................................   [1]

 (ii)  Nitric acid is added to the products of reaction of CH3CH2Cl with NaOH in ethanol.
 Silver nitrate solution is then added to this mixture.

  State what you would observe.

  .......................................................................................................................................   [1]

 (iii)  Write an ionic equation, including state symbols, for the reaction responsible for the 
observation in (ii).

  .......................................................................................................................................   [1]

 (c) (i)  Identify the organic product Y which is distilled out of the reaction mixture.

  .......................................................................................................................................   [1]

 (ii)  Explain, in terms of the properties of and intermolecular forces in CH3CH2OH and Y, why 
the chosen conditions for the reaction ensure that Y is the product.

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

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

  .......................................................................................................................................   [3]

[Total: 11]
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5  A sequence of reactions is shown starting with an alcohol, C3H7OH.

CH3 CH2 CO2 H C3 H7 OH CH3 CH2 CHO
reaction 1

reaction 3

reaction 2

P

 (a)  Draw the skeletal formula of the alcohol C3H7OH.

[1]

 (b)  State the reagents and conditions needed for reaction 1.

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

  ..............................................................................................................................................  [2]

 (c)  State the reagents and conditions needed for reaction 2.

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

  ..............................................................................................................................................  [2]

 (d)  Name P, the organic product of reaction 3.

  ..............................................................................................................................................  [1]

[Total: 6]
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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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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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29 In a preparation of ethene, ethanol is added a drop at a time to a heated reagent Y. To purify the
ethene it is bubbled through a solution Z and then collected.

What could reagent Y and solution Z be?

30 The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic
conditions.

What is the formula of the final product?

A CH3CH(OH)CO2H

B CH3CH2CH2CO2H

C (CH3)2CHCONH2

D (CH3)2C(OH)CO2H

reagent Y solution Z

A acidified K2Cr2O7 dilute NaOH

B concentrated H2SO4 dilute H2SO4

C concentrated H2SO4 dilute NaOH

D ethanolic NaOH concentrated H2SO4

10
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29 In a preparation of ethene, ethanol is added a drop at a time to a heated reagent Y. To purify the
ethene it is bubbled through a solution Z and then collected.

What could reagent Y and solution Z be?

30 The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic
conditions.

What is the formula of the final product?

A CH3CH(OH)CO2H

B CH3CH2CH2CO2H

C (CH3)2CHCONH2

D (CH3)2C(OH)CO2H

reagent Y solution Z

A acidified K2Cr2O7 dilute NaOH

B concentrated H2SO4 dilute H2SO4

C concentrated H2SO4 dilute NaOH

D ethanolic NaOH concentrated H2SO4
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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

�  
[W'03 Q25]
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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 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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26 Which alcohol gives only one 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

27 What will react differently with the two isomeric pentanols, (CH3 )3 CCH2OH and
(CH3 )2CHCH2CH2OH?

A acidified aqueous potassium manganate(VII)

B concentrated sulphuric acid

C phosphorus pentachloride

D sodium

28 How many hydrogen atoms in a molecule of glycerol, HOCH2CH(OH)CH2OH, may be substituted
by deuterium on dissolving it in an excess of D2O?

A 2 B 3 C 5 D 8

29 CH3 CH2COCH2CH3 reacts with hydrogen cyanide to form a cyanohydrin.

Which features apply 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.

� 
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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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28 Compound X

! has the molecular formula C10H14O;

! is unreactive towards mild oxidising agents.

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

29 For which pair of compounds can the members be distinguished by means of Tollens’ test (the

use of a solution containing )?)Ag(NH
23

!

A CH3CHO and CH3COCH3

B CH3COCH3 and C2H5COCH3

C CH3COCH3 and CH3CO2CH3

D CH3CO2H and CH3CO2CH3

30 Compound X changes the colour of acidified sodium dichromate(VI) from orange to green. 1 mol

of X reacts with 2 mol of HCN(g).

What could X be?

A CH3COCH2COCH3

B CH3CH2CH2CHO

C H2C=CHCH2CHO

D OHCCH2CH2CHO

C

A

CH
2

CH
2

CH
2

CH

B

CHCH
2 CH

3
CH

CHCH CH
2

CH
3

D

CHC CH
3

CH
3

� 
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26 Which alcohol gives only one 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

27 What will react differently with the two isomeric pentanols, (CH3 )3 CCH2OH and
(CH3 )2CHCH2CH2OH?

A acidified aqueous potassium manganate(VII)

B concentrated sulphuric acid

C phosphorus pentachloride

D sodium

28 How many hydrogen atoms in a molecule of glycerol, HOCH2CH(OH)CH2OH, may be substituted
by deuterium on dissolving it in an excess of D2O?

A 2 B 3 C 5 D 8

29 CH3 CH2COCH2CH3 reacts with hydrogen cyanide to form a cyanohydrin.

Which features apply 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.
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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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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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25  Ethyl ethanoate is a very important solvent in industry. Currently, researchers are investigating 

ways of producing the ester from cheap, low grade ethanol by the following process. 

 

CH
3
CH

2
OH

step 1 step 2 step 3
CH

3
CHO CH

3
CH

2
OCHCH

3
CH

3
CH

2
OCOCH

3

OH
 

 

What types of reaction are steps 1 and 3? 

 

 step 1 step 3 

A elimination esterification 

B elimination isomerisation 

C oxidation esterification 

D oxidation oxidation 

 

 

26  Malic acid occurs in apples. 

 

C

OH

CO2H

CH2CO2HH

malic acid
 

 

Which substance will react with all three –OH groups present in the malic acid molecule? 

A ethanol in the presence of concentrated sulphuric acid 

B potassium hydroxide 

C sodium 

D sodium carbonate 

 

 

27  Which compound reacts with its own oxidation product (an oxidation which involves no loss of 

carbon) to give a sweet-smelling liquid? 

A propanal 

B propanoic acid 

C propanone 

D propan–1–ol 
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25  Ethyl ethanoate is a very important solvent in industry. Currently, researchers are investigating 

ways of producing the ester from cheap, low grade ethanol by the following process. 

 

CH
3
CH

2
OH

step 1 step 2 step 3
CH

3
CHO CH

3
CH

2
OCHCH

3
CH

3
CH

2
OCOCH

3

OH
 

 

What types of reaction are steps 1 and 3? 

 

 step 1 step 3 

A elimination esterification 

B elimination isomerisation 

C oxidation esterification 

D oxidation oxidation 

 

 

26  Malic acid occurs in apples. 

 

C

OH

CO2H

CH2CO2HH

malic acid
 

 

Which substance will react with all three –OH groups present in the malic acid molecule? 

A ethanol in the presence of concentrated sulphuric acid 

B potassium hydroxide 

C sodium 

D sodium carbonate 

 

 

27  Which compound reacts with its own oxidation product (an oxidation which involves no loss of 

carbon) to give a sweet-smelling liquid? 

A propanal 

B propanoic acid 

C propanone 

D propan–1–ol 
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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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11 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by 

10 °C. 

 

What explains this observation? 

A Raising the temperature by 10 °C doubles the average kinetic energy of each molecule. 

B Raising the temperature by 10 °C doubles the average velocity of the molecules. 

C Raising the temperature by 10 °C doubles the number of molecular collisions in a given time. 

D Raising the temperature by 10 °C doubles the number of molecules having more than a 

certain minimum energy. 

 

 

12 When dangerous chemicals are transported by road, vehicles must carry signs that indicate what 

measures should be taken in the event of a spillage of the chemical carried. 

 

Which material must be used if there were a spillage of metallic sodium? 

A ethanol 

B jets of water 

C sand 

D water spray 

 

 

13 Which species has the largest radius? 

A P
3−

 B Cl 
−

 C Ar D K
+

 

 

 

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

 

The sketch graph shows the variation of one physical or chemical property with another for the 

Group II elements. 

 

y

x  

 

What are the correct labels for the axes? 

 

 x-axis y-axis 

A atomic number mass number 

B atomic number melting point 

C first ionisation energy atomic number 

D first ionisation energy atomic radius 
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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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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 

 

 

CEDAR COLLEGE ALCOHOLS WS 3



 60

20

21

22

23

24

� 

[W'08 Q25]

9 

© UCLES 2008 9701/01/O/N/08 [Turn over 

25 The functional group in a primary alcohol is –CH2 OH. 

 

Which reagent reacts with a primary alcohol, under suitable conditions, to give an organic product 

with the same number of oxygen atoms as the alcohol? 

A Al2 O3

 

B CH3 CO2 H C HBr D Na 

 

 

26 Ethyl phenylethanoate, C6 H5 CH2 CO2 C2 H5 , gives a characteristic flowery aroma to honey. 

 

Which sequence of reagents, with heating in each case, leads to the preparation of 

C6 H5 CH2 CO2 C2 H5  from C6 H5 CH2 Br? 

 

A

B

C

D

C6H5CH2Br

C6H5CH2Br

C6H5CH2Br

C6H5CH2Br

NaOH(aq)

NaOH(aq)

NaCN(alcoholic)

NaOH(aq)

C2H5COCl

C2H5CO2H, conc. H2SO4

C2H5OH, conc. H2SO4

C2H5OH, conc. H2SO4

H+(aq)

conc. MnO4, H+(aq)–

 

 

 

27 The stomach wall can become sensitive to acidic compounds.  

 

Which is the most acidic compound? 

 

CO2H CO2H CO2H

CO2H

CH(OH)

CH(OH)

CH(OH)

CH(OH)

CH2

CH(OH)

CH2OH

CH3CH(OH)CO2H

A B C D

OCOCH3

aspirin

gluconic acid

malic acid

lactic acid
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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 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 

 

 

22 A compound Y has all of the properties below. 

 

• It is a liquid at 25 °C. 

• It mixes completely with water. 

• It reacts with aqueous sodium hydroxide. 

 

What could Y be? 

A ethanoic acid 

B ethanol 

C ethene 

D ethyl ethanoate 

 

 

23 Tartaric acid is present in some wines. It may be synthesised in the laboratory in two steps. 

 

OHCCHO HO2CCH(OH)CH(OH)CO2Hintermediate
step 1 step 2

tartaric acid  

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCl (aq) HCN(g) 

B HCN, NaCN(aq/alcoholic) H2SO4(aq) 

C H2SO4(aq) K2Cr2O7 / H2SO4(aq)

D KCN(aq/alcoholic) K2Cr2O7 / H2SO4(aq)
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30  Compound X, C
6
H

12
O, is oxidised by acidified sodium dichromate(VI) to compound Y. 

 

Compound Y reacts with ethanol in the presence of a little concentrated sulphuric acid to give 

liquid Z. 

 

What is the formula of Z? 

A CH
3
(CH

2
)
2
CH=CHCO

2
H 

B CH
3
(CH

2
)
4
CH

2
COCH

2
CH

3
 

C CH
3
(CH

2
)
4
CO

2
CH

2
CH

3
 

D CH
3
CH

2
CO

2
(CH

2
)
4
CH

3
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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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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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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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26 Which alcohol gives only one 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

27 What will react differently with the two isomeric pentanols, (CH3 )3 CCH2OH and
(CH3 )2CHCH2CH2OH?

A acidified aqueous potassium manganate(VII)

B concentrated sulphuric acid

C phosphorus pentachloride

D sodium

28 How many hydrogen atoms in a molecule of glycerol, HOCH2CH(OH)CH2OH, may be substituted
by deuterium on dissolving it in an excess of D2O?

A 2 B 3 C 5 D 8

29 CH3 CH2COCH2CH3 reacts with hydrogen cyanide to form a cyanohydrin.

Which features apply 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.
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18 Nitrogen monoxide, NO, is a primary pollutant produced by petrol engines and is found in their 

exhaust gases. 

 

Which reaction occurs in a catalytic converter and decreases the emission of nitrogen monoxide? 

A NO(g) + CO(g) → NO
2
(g) + C(s) 

B NO(g) + CO
2
(g) → NO

2
(g) + CO(g) 

C 2NO(g) + 2CO(g) → N
2
(g) + 2CO

2
(g) 

D 2NO(g) + CO
2
(g) → 2NO

2
(g) + C(s) 

 

 

19 In the reaction pathway below, an alkane is converted into a carboxylic acid through several 

stages. 

 

C10H22 C2H4 C2H5OH CH3CO2H 
stage 1 stage 2 

catalytic
hydration

stage 3 

 

 

Which processes occur at stage 1 and at stage 3? 

 

 stage 1 stage 3 

A condensation combustion 

B cracking dehydration 

C cracking oxidation 

D dehydration combustion 

 

 

20 Acrylic acid is produced from propene, a gaseous product of oil refineries. 

 

O

OH
acrylic acid

x y

 

 

Which statement about acrylic acid is not correct? 

A Both bond angles x and y are approximately 120°. 

B It decolourises aqueous bromine. 

C It gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent. 

D It reacts with an alcohol to give an ester. 
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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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28 The ester CH3 CH2 CH2 CO2 CH3  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 CH2 O B CH4O C C2 H4O D C3 H6 O2  

 

 

29 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
 

 

Cholesterol is separately treated with 

 

● cold, dilute acidified KMnO4, 

● hot, concentrated acidified KMnO4. 

 

What is the change in the number of chiral carbon atoms in the molecule during each reaction? 

 

 
cold, dilute acidified 

KMnO4 

hot, concentrated acidified 

KMnO4 

A +1 0 

B +1 –1 

C +2 0 

D +2 –1 

 

 

30 Which reaction would not give ethanoic acid as a product? 

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) 
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29 Geraniol is a constituent of some perfumes. 

 

OH

geraniol
 

 

Which statement about geraniol is not correct? 

A Geraniol causes hot acidified potassium dichromate(VI) to change colour from orange to 

green. 

B Geraniol decolourises bromine water. 

C There are three methyl groups and three methylene (CH2) groups in geraniol. 

D There are two pairs of cis-trans isomers of geraniol. 

 

 

30 Which pair of substances could react to give the ester CH3CH2CO2CH3? 

A ethanol and ethanoic acid 

B methanol and ethanoic acid  

C methanol and propanoic acid 

D propan-1-ol and methanoic acid 
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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 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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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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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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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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19 The halogens exist as diatomic molecules, X2. 

 

The boiling points of the Group VII elements increase as the group is descended from chlorine to 

iodine. 

 

Which statement helps to explain this increase in boiling point as Group VII is descended? 

A The electronegativity of X decreases as the group is descended. 

B The number of electrons in each X2 molecule increases as the group is descended. 

C The size of the permanent dipole in the X2 molecule increases as the group is descended. 

D The X–X bond strength increases as the group is descended. 

 

 

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

perfumery. 

 

CH3CH2CH=CHCH2CH2OH 

P 

 

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

A CH3CH2CH(OH)CH(OH)CH2CH2OH 

B CH3CH2CH=CHCH2CO2H 

C CH3CH2CHO and OCHCH2CH2OH 

D CH3CH2CO2H and HO2CCH2CO2H 
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26 Use of the Data Booklet is relevant to this question. 

 

2.30 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 desired organic product was then 

collected by distillation. The yield of product was 60.0 %. 

 

What mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.20 g 

 

 

27 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 only one of the functional groups? 

A acidified potassium dichromate(VI) 

B 2,4-dinitrophenylhydrazine 

C hydrogen cyanide 

D sodium hydroxide 

 

 

28 The structural formula of a compound X is shown below. 

 

CH3CH2CH2OC

O

H
 

 

What is the name of compound X and how does its boiling point compare with that of butanoic 

acid? 

 name of X boiling point of X 

A methyl propanoate higher 

B methyl propanoate lower 

C propyl methanoate higher 

D propyl methanoate lower 
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25 Use of the Data Booklet is relevant to this question. 

 

2.30 g of ethanol were mixed with aqueous acidified potassium dichromate(VI) and the desired 

organic 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 2.20 g 

 

 

26 Which pair of reactions could  have the same common intermediate? 

 

W CH
3
CH

2
CH

3
 → intermediate → (CH

3
)
2
CHCN 

X CH
3
CH(OH)CH

3
 → intermediate → (CH

3
)
2
C(OH)CN 

Y CH
3
CH=CH

2
 → intermediate → CH

3
CH(OH)CH

3
 

Z CH
3
CO

2
CH

2
CH

2
CH

3
 → intermediate → CH

3
CH

2
CH

2
Br 

 

A W and X B W and Y C X and Z D Y and Z 

 

 

27 Santonin is a drug that was once widely used to expel parasitic worms from the body. 

 

CH3

CH3

O

CH3

O

O

santonin
 

 

When santonin is first treated with warm dilute H
2
SO

4
, and then the product of this reaction is 

treated with cold acidified KMnO
4
, a final product X is obtained. 

 

How many atoms of hydrogen in each molecule of product X can be displaced with sodium 

metal? 

A 2 B 4 C 5 D 6 

 

 

28 Which compound is optically active and could also be oxidised to a ketone? 

A 2-methylbutan-1-ol 

B 3-methylhexan-3-ol 

C 3-methylpentan-2-ol 

D propan-2-ol 

 

 

�  
[W'13 P11 Q26]

10 

© UCLES 2013 9701/11/O/N/13  

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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30 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 
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27 Primary alcohols can be oxidised to aldehydes using either acidified potassium dichromate(VI) or 

acidified potassium manganate(VII). Both these oxidising agents change colour as they are 

reduced. 

 

What is the colour of each oxidising agent before and after it has reacted? 

 

acidified potassium dichromate(VI) acidified potassium manganate(VII) 

 

before after before after 

A green orange purple colourless 

B orange green colourless purple 

C orange green purple colourless 

D purple colourless orange green 

 

 

28 In which reaction is the organic compound oxidised? 

A CH3CH2OH  +  concentrated H3PO4 

B CH3CH2CH2CHO  +  Tollens’ reagent 

C CH3COCH3  +  2,4-dinitrophenylhydrazine reagent 

D CH3CN  +  dilute H2SO4 

 

 

29 How many of the compounds shown will react with aqueous sodium hydroxide to form the sodium 

salt of a carboxylic acid? 

 

OH3C

O

C CH2 CH3

OH

O

C CH2 CH3

O

H

O

C

CH2 CH3CH2

O

O H

H3C CH

CH3

C

 

 

A 1 B 2 C 3 D 4 
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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 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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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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38  Chloroethane can be formed from bromoethane in two steps. 

 

C2 H5 Br C2 H5 OH 
step X

C2 H5 Cl 
step Y

 

 

Which statements about these steps are correct? 

1 Step X involves 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  Which reagents react with butanone, C2H5COCH3? 

1 Tollens’ reagent 

2 sodium borohydride 

3 2,4-dinitrophenylhydrazine reagent 

 

 

40  Oleic acid is found in olive oil. It has the following formula. 

 

C C

C

H H

O

OH

CH3 (CH2 )7 (CH2 )7

 

 

Which reagents will give a positive result with oleic acid? 

1 aqueous bromine 

2 acidified potassium dichromate(VI) 

3 Fehling’s reagent 
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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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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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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 The compound cholesterol has the following structure. 

 

HO
CH CH

CH2

CH3

CH2

CH2

CH3 CH3

CH3

CH2 CH2

CH2

CH2

CH2

CH CH

CH CH

C

C

CH3

C

CH
 

 

Which statements are correct? 

1 Cholesterol reacts with a mixture of ethanoic acid and concentrated sulphuric acid. 

2 Cholesterol reacts with bromine to form a compound which has two new chiral centres.  

3 Cholesterol is oxidised by acidified sodium dichromate(VI) to form an aldehyde. 

 

 

40 Ferulic acid is an antioxidant that occurs widely in plants. 

 

HO

CH3O

CH=CHCO2H

ferulic acid
 

 

Which reagents can react with the –CH=CHCO2H part of the molecule? 

1 NaOH(aq) 

2 acidified KMnO4 

3 HBr 
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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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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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38  Which alkenes, on reaction with steam at 600 K and 6 x 10
6 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. 

 

 

39  The diagram shows an experiment. 

 

trough of
water

liquid X on
mineral wool

support

silica, alumina
or baked clay

strong
heat

gas collected

gentle
heat

 

 

Which processes could be demonstrated by using the above apparatus? 

1 the oxidation of ethanol (the liquid X) 

2 the dehydration of ethanol (the liquid X) 

3 the cracking of paraffin (the liquid X) 

 

 

40  A compound has a relative molecular mass of 88 and its molecule contains only four carbon 

atoms. 

 

What could this compound be? 

1 a saturated non-cyclic diol 

2 a secondary alcohol containing an aldehyde group 

3 a primary alcohol containing a ketone group 
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36 Sulfur dioxide is an atmospheric pollutant that causes acid rain. One of the reactions in this 

process is the oxidation of sulfur dioxide to sulfur trioxide. 

 

This oxidation takes place by a two stage reaction involving oxygen and nitrogen monoxide, NO. 

 

NO  +  
2

1

O2  →  NO2 

NO2  +  SO2  →  SO3  +  NO 

 

Which statements are correct? 

1 Nitrogen monoxide is acting as a catalyst for the oxidation. 

2 Nitrogen atoms are oxidised in the second stage. 

3 Oxygen atoms are first reduced and are then oxidised. 

 

 

37 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 the C–Cl bond. 

 

 

38 What can be produced when an aqueous solution of butan-2-ol is oxidised under suitable 

conditions? 

1 butanone 

2 butanoic acid 

3 butanal 

 

 

39 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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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

For
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4 Some perfumes and scents of flowers and fruit contain compounds which are structural
isomers. Two such examples are citronellol and geraniol.

(a) Confirm that citronellol and geraniol are isomers by calculating their molecular formula
and their relative molecular mass, Mr.

(i) Molecular formula .....................................................................................................

(ii) Mr ..........................................................................................................................[2]

(b) Name two functional groups present in both molecules.

(i) .....................................................................................................................................

(ii) .................................................................................................................................[3]

Citronellol and geraniol also show stereo isomerism.

(c) On the diagram of the structure of citronellol above, draw a circle around a chiral carbon
atom. [1]

H C

OH

H

C

H

H

C

C C

H

CH3

C

H

H

C

H

H

H CH3

CH3

citronellol

CH3 C

CH3

H

C

H

H

C

C C

H

H

C

H

H

CH3 CH2OH

H

geraniol
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(d) The two compounds below are among many secreted by insects to attract members of
the same species. Such compounds are used in traps to control insect populations.
They need to be made synthetically.

For each synthesis outline how they could be prepared from pentan-1-ol, giving the
necessary reagents and conditions.

(i) CH3 (CH2)3 CO2H

(ii) CH3 CO2(CH2)4CH3

[4]

[Total : 10]
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(d) (i) Draw the other cis-trans isomer of geraniol. [In parts (d) and (f) use R – to
represent a part of the molecule.]

(ii) Explain why geraniol has no optical isomers.

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

...............................................................................................................................[2]

(e) State what you would expect to see if citronellol was reacted with aqueous bromine.

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

......................................................................................................................................[1]

(f) Draw structures of the organic products when geraniol reacts with each of the following
reagents.

(i) an excess of H+ / Cr2O7
2– under reflux

(ii) ethanoic acid in the presence of an acidic catalyst

(iii) hydrogen bromide, HBr

[4]

[Total : 13]
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4 Esters are compounds which provide the flavour of many fruits and the perfumes of many
flowers.

(a) The ester CH3(CH2)2CO2CH3 contributes to the aroma of apples.

(i) State the reagents and conditions needed for the hydrolysis of this ester.

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

(ii) Write the equation for the hydrolysis of this ester.

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

(iii) Apart from their use as perfumes and food flavourings, state one major commercial
use of esters.

...............................................................................................................................[3]

(b) Leaf alcohol is a stereoisomer that can form when insects such as caterpillars eat green
leaves.

(i) Draw the other stereo-isomer of leaf alcohol.

(ii) Draw the structure for the ester formed when leaf alcohol reacts with ethanoic acid.
Show all the bonds in the ester group.

[3]

(c) (i) Deduce the relative molecular mass, Mr, for leaf alcohol.

HO

CH2 CH3C C

CH2

H H

CH2

For
Examiner’s

Use

© UCLES 2004

�

[J’04 Q4]

6

9701/02/M/J/04

4 Esters are compounds which provide the flavour of many fruits and the perfumes of many
flowers.

(a) The ester CH3(CH2)2CO2CH3 contributes to the aroma of apples.

(i) State the reagents and conditions needed for the hydrolysis of this ester.

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

(ii) Write the equation for the hydrolysis of this ester.

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

(iii) Apart from their use as perfumes and food flavourings, state one major commercial
use of esters.

...............................................................................................................................[3]

(b) Leaf alcohol is a stereoisomer that can form when insects such as caterpillars eat green
leaves.

(i) Draw the other stereo-isomer of leaf alcohol.

(ii) Draw the structure for the ester formed when leaf alcohol reacts with ethanoic acid.
Show all the bonds in the ester group.

[3]

(c) (i) Deduce the relative molecular mass, Mr, for leaf alcohol.

HO

CH2 CH3C C

CH2

H H

CH2
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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]
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4 Alcohols are widely used as solvents and in the manufacture of esters.

Butan-1-ol, C4H10O, is an example of a primary alcohol.

(a) What is meant by the term primary alcohol?

.................................................................................................................................... [1]

(b) There are three more alcohols with molecular formula C4H10O that are structural
isomers of butan-1-ol.

Complete the table below by drawing displayed formulae of each of these three
compounds.

For each isomer, state whether it is a primary, secondary, or tertiary alcohol.

[6]

8
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C OH
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primary

butan-1-ol isomer 2 isomer 3 isomer 4

�
[N’05 Q4]

(c) Butan-1-ol can be oxidised to a carboxylic acid by heating with an acidified solution of
potassium dichromate(VI).

(i) What colour change would be seen during this reaction?

from ....................................................... to .............................................................

(ii) State which of the isomers you have drawn in (b) could also be oxidised to form a
carboxylic acid.

..................................................................................................................................
[3]

[Total: 10]
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4 Alcohols are widely used as solvents and in the manufacture of esters.

Butan-1-ol, C4H10O, is an example of a primary alcohol.

(a) What is meant by the term primary alcohol?

.................................................................................................................................... [1]

(b) There are three more alcohols with molecular formula C4H10O that are structural
isomers of butan-1-ol.

Complete the table below by drawing displayed formulae of each of these three
compounds.

For each isomer, state whether it is a primary, secondary, or tertiary alcohol.

[6]
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4 Compounds containing the allyl group, CH2=CHCH2− , have pungent smells and are found 
in onions and garlic.

 Allyl alcohol, CH2=CHCH2OH, is a colourless liquid which is soluble in water.

 (a) Allyl alcohol behaves as an alkene and as a primary alcohol.

  Give the structural formula of the organic compound formed when allyl alcohol is 

  (i) reacted with Br2,

  (ii) heated under reflux with an acidified solution of Cr2O7
2–  ions.

 [2]

 (b) When allyl alcohol is reacted with MnO2 at room temperature, propenal, CH2=CHCHO 
is formed.

  What type of reaction is this?

 ......................................................................................................................................[1]

 (c) Allyl alcohol may be converted into propanal, CH3 CH2CHO, by using a ruthenium(IV) 
catalyst in water.

CH2=CHCH2OH  ruthenium(IV) catalyst  CH3 CH2CHO
     

  The reactant and the product are isomers.
  What form of isomerism do they display?

 ......................................................................................................................................[1]
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 (d) Allyl alcohol can be converted into propanal in two steps without the use of a 
ruthenium(IV) catalyst.

  CH2=CHCH2OH    
step I

    CH3CH2CH2OH    
step II

    CH3CH2CHO
                                                                     

  What reagents and conditions would be used for each step?

   step I

reagent(s)  ........................................................................................................................

condition(s)  ......................................................................................................................

  step II

reagent(s)  ........................................................................................................................

condition(s)  ..................................................................................................................[4]

 (e) By considering your answers to (b) and (d), suggest what is unusual about the single-
step reaction in (c).

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

 ......................................................................................................................................[1]

 (f) Suggest the structural formula of the organic compound formed when allyl alcohol is 

  (i) reacted with cold, dilute MnO4
–  ions,

  (ii) heated under reflux with acidified MnO4
–  ions.

 [3]

 [Total: 12]
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5 Lactic acid, 2-hydroxypropanoic acid, CH3CH(OH)CO2H, occurs in sour milk.

 Glycollic acid, 2-hydroxyethanoic acid, HOCH2CO2H, occurs in sugar cane.

 (a) Lactic acid may be synthesised from propene by the following sequence.

 step I  step II
  CH3CH=CH2  CH3CH(OH)CH2OH  CH3CH(OH)CO2H

  (i) What reagent(s) and condition(s) are used for step I?

   reagent(s)  .................................................................................................................

   condition(s)  ...............................................................................................................

  (ii) What type of reaction is step II?
 ..................................................................................................................................

[3]

 (b) Glycollic acid may be synthesised from ethanoic acid by the following sequence.

   step III  step IV
  CH3CO2H  ClCH2CO2H  HOCH2CO2H

  (i) Suggest the reagent(s) and condition(s) that are used for step III.

   reagent(s)  .................................................................................................................

   condition(s)  ...............................................................................................................

  (ii) What reagents and conditions are used in step IV?

   reagent(s)  .................................................................................................................

   condition(s)  ...............................................................................................................
[4]

 (c) Lactic acid and glycollic acid react differently when heated under reflux with acidified 
dichromate(VI) ions.

  Draw the structural formula of the organic product in each case.

   product from lactic acid product from glycollic acid

[2]
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 (d) Lactic acid is chiral. Draw displayed formulae of the two optical isomers of lactic acid 
clearly showing their three-dimensional structures. Indicate with an asterisk (*) the chiral 
carbon atom in each.

[2]

  Glycollic acid and lactic acid each give the reactions of an alcohol group and of a carboxylic 
acid group. Each compound will react with the other to give an ester.

 (e) When one molecule of glycollic acid reacts with one molecule of lactic acid, it is possible 
to form two different esters.

  Draw the structure of each of these esters.

[2]

  Glycollic acid and lactic acid are reacted together to make the material for ‘soluble stitches’ 
(also known as ‘soluble sutures’) which are used in surgery.

  In this material, many molecules of each acid have been reacted to form a long chain 
‘polyester’ molecule which contains many ester groups.

 This polyester is used in surgery to sew up wounds inside the body.

  Over a period of time, the polyester undergoes a chemical reaction and breaks up to re-form 
the two individual hydroxy-acids.

 (f)  (i) This reaction occurs where the pH of the body is about pH5 to pH6. Suggest what 
type of chemical reaction causes the polyester material to break up.

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

  (ii) Suggest why the products of this reaction are soluble in water.

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

 ..................................................................................................................................
[2]

[Total: 15]
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 Alcohols may be classified into primary, secondary and tertiary. Some reactions are common 
to all three types of alcohol. In other cases, the same reagent gives different products 
depending on the nature of the alcohol.

 (d) In the empty squares below give the structural formula of the organic compound formed 
in each of the reactions indicated.

  If no reaction occurs, write ‘no reaction’ in the space.

                      alcohol

reagent(s) and
conditions

CH3CH2CH2CH2OH CH3CH2CH(OH)CH3 (CH3)3COH

red phosphorus and 
iodine

heat under reflux

concentrated H2SO4

heat

Cr2O7
2–/H+

heat under reflux

[5]

[Total: 11]
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 Alcohols may be classified into primary, secondary and tertiary. Some reactions are common 
to all three types of alcohol. In other cases, the same reagent gives different products 
depending on the nature of the alcohol.

 (d) In the empty squares below give the structural formula of the organic compound formed 
in each of the reactions indicated.

  If no reaction occurs, write ‘no reaction’ in the space.

                      alcohol

reagent(s) and
conditions

CH3CH2CH2CH2OH CH3CH2CH(OH)CH3 (CH3)3COH

red phosphorus and 
iodine

heat under reflux

concentrated H2SO4

heat

Cr2O7
2–/H+

heat under reflux

[5]

[Total: 11]

�
[J‘07 Q2] 

5

9701/02/M/J/07© UCLES 2007

For
Examiner’s

Use

[Turn over

 Alcohols may be classified into primary, secondary and tertiary. Some reactions are common 
to all three types of alcohol. In other cases, the same reagent gives different products 
depending on the nature of the alcohol.

 (d) In the empty squares below give the structural formula of the organic compound formed 
in each of the reactions indicated.

  If no reaction occurs, write ‘no reaction’ in the space.

                      alcohol

reagent(s) and
conditions

CH3CH2CH2CH2OH CH3CH2CH(OH)CH3 (CH3)3COH

red phosphorus and 
iodine

heat under reflux

concentrated H2SO4

heat

Cr2O7
2–/H+

heat under reflux

[5]

[Total: 11]
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4 The structural formulae of six different compounds, A – F, are given below.
 Each compound contains four carbon atoms in its molecule.

 CH3CH=CHCH3 CH3CH2COCH3 CH2=CHCH2CH3

 A B C

 CH3CH2CH(OH)CH3 HOCH2CH2CH2CH2OH CH3CH2OCH2CH3

 D E F

 (a) (i) What is the empirical formula of compound E? ……………… 

  (ii) Draw the skeletal formula of compound D.

  (iii)  Structural formulae do not show all of the isomers that may exist for a given 
molecular formula. Which two compounds each show different types of isomerism 
and what type of isomerism does each compound show? Identify each compound 
by its letter. 

compound type of isomerism

 

 

[4]

 Compound D may be converted into compound C.
 
 (b) (i) What type of reaction is this?

   ………………………………………

  (ii) What reagent would you use for this reaction?

   ………………………………………

  (iii) What is formed when compound E undergoes the same reaction using an excess 
of the same reagent?

   ……………………………………… [3]
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 Compound A may be converted into compound B in a two-stage reaction.

CH3CH=CHCH3  ⎯⎯⎯→
stage I

  intermediate  ⎯⎯⎯→
stage II   CH3CH2COCH3

 (c) (i) What is the structural formula of the intermediate compound formed in this 
sequence?

  (ii) Outline how stage I may be carried out to give this intermediate compound.
 

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

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

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

  (iii) What reagent would be used for stage II?

   …………………………………………   [4]

 (d) Compounds D and F are isomers.

  What type of isomerism do they show?

  …………………………………………  [1]

[Total: 12]
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5 The fermentation of starch or molasses using the bacterium Clostridium acetobutylicum, 
produces a mixture of propanone and butan-1-ol.

 (a) Give the reagent(s) and state what would be observed when one test is carried out to 
confirm the presence of propanone in a mixture of propanone and butan-1-ol.

reagent(s)  ........................................................................................................................

observation  ................................................................................................................  [2]

 (b) What will be observed when a small piece of sodium metal is dropped into a dry sample 
of butan -1-ol? Write an equation for the reaction that takes place.

observation  ......................................................................................................................

equation  .....................................................................................................................  [2]

 The molecular formula C5H12O represents a number of alcohols.
 Three alcohols with molecular formula C5H12O are straight chain pentanols.

 (c) Draw the following formulae.

  (i) the structural formula of pentan-1-ol

  (ii) the displayed formula of pentan-2-ol

  (iii) the skeletal formula of pentan-3-ol

[3]

233
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5 The fermentation of starch or molasses using the bacterium Clostridium acetobutylicum, 
produces a mixture of propanone and butan-1-ol.

 (a) Give the reagent(s) and state what would be observed when one test is carried out to 
confirm the presence of propanone in a mixture of propanone and butan-1-ol.

reagent(s)  ........................................................................................................................

observation  ................................................................................................................  [2]

 (b) What will be observed when a small piece of sodium metal is dropped into a dry sample 
of butan -1-ol? Write an equation for the reaction that takes place.

observation  ......................................................................................................................

equation  .....................................................................................................................  [2]

 The molecular formula C5H12O represents a number of alcohols.
 Three alcohols with molecular formula C5H12O are straight chain pentanols.

 (c) Draw the following formulae.

  (i) the structural formula of pentan-1-ol

  (ii) the displayed formula of pentan-2-ol

  (iii) the skeletal formula of pentan-3-ol

[3]

233
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 When one of the three pentanols in (c) is dehydrated, alkenes with two different structural 
formulae are formed.

 (d) Identify this alcohol and give the structural formula of each alkene.

name of alcohol  .........................................

alkene 1 alkene 2

[3]

 A number of alcohols with molecular formula C5 H12O are branched chain compounds and 
may be considered as derivatives of butanol or propanol with alkyl side chains.

 (e) (i) Draw the structural formula of the derivative of propanol that has the molecular 
formula C5 H12O.

  (ii) Draw the structural formula of the organic compound that will be present when the 
derivative of propanol you have given in (i) is heated under reflux with acidified 
potassium dichromate(VI).

[2]

[Total: 12]
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5 Fermentation of sugars by bacteria or moulds produces many different organic compounds.

 One compound present in fermented molasses is 2-ethyl-3-methylbutanoic acid which gives 
a distinctive aroma to rum.

 (CH3)2CHCH(C2H5)CO2H

 2-ethyl-3-methylbutanoic acid 

 (a) (i) What is the molecular formula of 2-ethyl-3-methylbutanoic acid?

  (ii) How many chiral carbon atoms are present in a molecule of 2-ethyl-3-methylbutanoic 
acid? If none write ‘none’.

 ....................................
[2]

 A sample of 2-ethyl-3-methylbutanoic acid may be prepared in a school or college laboratory 
by the oxidation of 2-ethyl-3-methylbutan-1-ol, (CH3)2CHCH(C2H5)CH2OH.

 (b) (i) State the reagent(s) that would be used for this oxidation.
   Describe what colour change would be seen.

reagent(s)  .................................................................................................................

colour change from ............................................... to ...............................................

  This reaction is carried out by heating the reacting chemicals together.

  (ii) What could be the main organic impurity present in the sample of the acid?

   Explain your answer.

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

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

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

  (iii) State whether a distillation apparatus or a reflux apparatus should be used.

   Explain your answer.

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

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

 ..................................................................................................................................
[6]
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 (c) A structural isomer of 2-ethyl-3-methylbutan-1-ol is 2-ethyl-3-methylbutan-2-ol, 
(CH3)2CHC(OH)(C2H5)CH3.

  What colour change would be seen if this were heated with the reagents you have given 
in (b)(i)?

  Explain your answer as clearly as you can.

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

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

 ...................................................................................................................................... [3]

 An isomer of 2-ethyl-3-methylbutanoic acid which is an ethyl ester is a very strong smelling 
compound which is found in some wines.

 (d) This ethyl ester contains a branched hydrocarbon chain and is chiral.

  Draw the displayed formula of this ethyl ester.

  Identify the chiral carbon atom with an asterisk (*).

[3]

[Total: 14]
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3  Food additives are substances added to food to preserve the fl avour or to improve its taste 
and appearance.

  European Union legislation requires most additives used in foods to be labelled clearly in the 
list of ingredients, either by name or by an ‘E number’. E296 is malic acid which occurs in 
unripe fruit.

  Malic acid has the structural formula HO2CCH2CH(OH)CO2H.

 (a)  Some reactions of malic acid are shown below.
  In the boxes below, give the structural formulae of organic compounds A to F.

HO2 CCH2 CH(OH)CO2 H

concentrated
H2 SO4

C

F

A B

heat with
CH3 CO2 H / H+

heat with
CH3 OH / H+

cold dilute
MnO4

– / H+

steam / H3 PO4

D E

hot concentrated
MnO4

– / H+

[6]

6
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3  Food additives are substances added to food to preserve the fl avour or to improve its taste 
and appearance.

  European Union legislation requires most additives used in foods to be labelled clearly in the 
list of ingredients, either by name or by an ‘E number’. E296 is malic acid which occurs in 
unripe fruit.

  Malic acid has the structural formula HO2CCH2CH(OH)CO2H.

 (a)  Some reactions of malic acid are shown below.
  In the boxes below, give the structural formulae of organic compounds A to F.

HO2 CCH2 CH(OH)CO2 H

concentrated
H2 SO4
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F
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heat with
CH3 OH / H+
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[6]
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 (b)  What type of reaction is each of the following conversions?

 malic acid into C  ....................................................

 C into D  ..................................................................

 C into E  ..................................................................  [3]

 (c)  Suggest one major commercial use of compounds such as A or B.

  .....................................................................................................................................  [1]

 (d) (i)  Malic acid is chiral.
  Draw fully displayed formulae of the two optical isomers of malic acid.
  Indicate with an asterisk (*) the chiral carbon atom.

 (ii)  Compound C also shows stereoisomerism.
  Draw the skeletal formulae of each of the stereoisomers of C. Label each isomer.

[6]

 (e)  The food additive E330 is another organic compound which occurs naturally in fruit.
  E330 has the following composition by mass: C, 37.5 %; H, 4.17 %; O, 58.3 %.
  Calculate the empirical formula of E330.

[3]

[Total: 19]
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5  Compounds containing the allyl group, CH
2
=CHCH

2
–, have pungent smells and are found in 

onions and garlic.

  Allyl alcohol, CH
2
=CHCH

2
OH, is a colourless liquid which is soluble in water.

 (a)  Allyl alcohol behaves as a primary alcohol and as an alkene.

  Give the structural formula of the organic compound formed when allyl alcohol is reacted  

separately with each of the following reagents.

 (i)  acidifi ed potassium dichromate(VI), heating under refl ux

 (ii)  bromine in an inert organic solvent

 (iii)  cold, dilute, acidifi ed potassium manganate(VII)

 (iv)  hot, concentrated, acidifi ed potassium manganate(VII)

[5]

 (b)  Allyl alcohol undergoes the following reactions.

 (i)  When reacted with concentrated HCl at 100 qC, CH
2
=CHCH

2
Cl is formed.

  State as fully as you can what type of reaction this is.

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

 (ii)  When reacted with MnO
2
 at room temperature, CH

2
=CHCHO is formed.

  What type of reaction is this?

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

[2]
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 (c)  Allyl alcohol can be converted into propanal in two steps.

 step I step II

CH2=CHCH2OH    CH3CH2CH2OH    CH3CH2CHO

 (i)  What reagents and conditions would be used for each step?

 step I

 reagent(s)  ..................................................................................................................

 condition(s)  ................................................................................................................

 step II

 reagent(s)  ..................................................................................................................

 condition(s)  ................................................................................................................

 (ii)  Allyl alcohol and propanal are isomers.

  What form of isomerism do they display?

  ....................................................................................................................................
[5]

 (d)  Allyl alcohol may also be converted into propanal by using a ruthenium(IV) catalyst in 
water.

 ruthenium(IV) catalyst

CH2=CHCH2OH    CH3CH2CHO

 Suggest what is unusual about this single step reaction.  

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

  .....................................................................................................................................  [1]

[Total: 13]
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5  The molecular formula C4H9OH represents four different alcohols, W, X, Y and Z.

W X Y Z

CH3CH2CH2CH2OH CH3CH2CH(OH)CH3 (CH3)2CHCH2OH (CH3)3COH

 (a)  Draw the skeletal formula of Z.

[1]

 (b)  Acidifi ed potassium dichromate(VI) is used as an oxidising agent in organic chemistry.

  Give the structural formula of the organic product formed when each of the four alcohols 
above is heated under refl ux with acidifi ed potassium dichromate(VI).

  If you believe that no reaction occurs, write 'no reaction' in the box.

W

X

Y

Z

[4]
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 (c)  One of the alcohols, W, X, Y or Z, can be dehydrated to give more than one organic 
product.

  Identify this alcohol and give the structural formulae of two of the products.

alcohol

product 1

product 2

[2]

[Total: 7]
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Carbonyls

This topic introduces the chemistry of the carbonyl compounds, aldehydes and 
ketones.

a describe:

(i) the formation of aldehydes and ketones from primary and secondary alcohols 
respectively using Cr2O72–/H+

(ii) the reduction of aldehydes and ketones, e.g. using NaBH4 or LiAlH4

(iii) the reaction of aldehydes and ketones with HCN and NaCN

b describe the mechanism of the nucleophilic addition reactions of hydrogen cyanide 
with aldehydes and ketones

c describe the use of 2,4-dinitrophenylhydrazine (2,4-DNPH) reagent to detect the 
presence of carbonyl compounds

d deduce the nature (aldehyde or ketone) of an unknown carbonyl compound from the 
results of simple tests (Fehling’s and Tollens’ reagents; ease of oxidation)

e describe the reaction of CH3CO– compounds with alkaline aqueous iodine to give tri-
iodomethane
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18 Carbonyl compounds

This topic introduces the chemistry of the carbonyl compounds, aldehydes and ketones.

Learning outcomes
Candidates should be able to:

18.1  Aldehydes and 
ketones

a) describe:

(i)  the formation of aldehydes and ketones from primary and secondary 
alcohols respectively using Cr2O7

2–/H+

(ii) the reduction of aldehydes and ketones, e.g. using NaBH4 or LiAlH4

(iii) the reaction of aldehydes and ketones with HCN and NaCN

b) describe the mechanism of the nucleophilic addition reactions of 
hydrogen cyanide with aldehydes and ketones

c) describe the use of 2,4-dinitrophenylhydrazine (2,4-DNPH) reagent to 
detect the presence of carbonyl compounds

d) deduce the nature (aldehyde or ketone) of an unknown carbonyl 
compound from the results of simple tests (Fehling’s and Tollens’ 
reagents; ease of oxidation)

e) describe the reaction of CH3CO– compounds with alkaline aqueous 
iodine to give tri-iodomethane

y
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INTRODUCTION

Collectively, aldehydes and ketones are known as carbonyl compounds.  

The properties of aldehydes and ketones are very similar to each other: almost all the 

reactions of ketones are also shown by aldehydes. But aldehydes show additional 

reactions associated with their lone hydrogen atom. 

1

The carbonyl double bond is formed by the sideways 

overlap of two adjacent p orbitals, one on carbon and one 

on oxygen. Because of its higher electronegativity, oxygen 

attracts the bonding electrons (in both the σ and the π 

bonds), creating an electron- deficient carbon atom.

This unequal distribution of electrons is responsible for the ways in which carbonyl 

compounds react.

TO/

-0

iiii÷ /4 H - C H - c- oc=O÷t A A

Methanol ethanol

Auto CHZCHO

ALDEHYDES

Aldehydes have at least one H attached to the carbonyl group. 

Their names end in -al

2

H H 0
"

H - d-f-c- H

H # propound

4 H * it
,

,§*
4- memypentanal

" ' HT 't
,

H CH } H H
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KETONES

Ketones have two carbons attached to the carbonyl group. 

Their names end in -one

3

a ¥.tI¥II.tt#I*.ItYsHoH.t"¥÷÷i¥÷I±.

3- methylbntan -1-01

2- memylplntan -3-01

2,3 - dimethyl pentant -01

go  %

H O H o ,

Oytynydrogen
I 11 HYCKOF I 11 H H

.
.

s .

bona
A- o - e- A -> A- o - e- OH -q .

1
heat 1

H H 11

* R

0
"

H -

C-
H methanol

H H 0
"

H - d-f-c- H

H # propound

H

CHZH
OH

H - ftp.f-f.it
4 H * it

,

,§*
4- memypentanal

it

chit
it

" ' HT 't
,

H CH } H H

H 0 H propanone⇒c- c-c-
H

I I

H it

H 0 It H H pentan - 2- one
I 11 I I I

H - c-
c-

o_O - c- H
I I I I
It H H H

" ¥"¥gft¥"ftp.n.

4 Mennen 'm . zone
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SKILL CHECK

4

O

chtihzilto
11

utzyt 0%64,14+3
CHN

⇐] KHDKCHO (CH3CHzCHDzC=O

eHhcHuto¥t¥A¥kh> g

μk ¥tuw¥mmza×

KHDZCO ⇒Q¥ CHzCH=CHz

0
11

CHO H0~oμ¥, E ^W s W
CHZ - CHIH -4+0 CHztH=CH - CHZOH

CHztH=CHCH CHzCHz€HzCHfH

CHZ o utz A utz H

11 I I

¥ -f- C- H ¥ -I - g- H ¥ -b#H
H A H OH B

Zmemylpbpamal 2- memylpropan -1-01 2- methyl propene

ytoweho in
A B C D

O
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0
11

CHO H0~oμ¥, E ^W s W
CHZ - CHIH -4+0 CHztH=CH - CHZOH

CHztH=CHCH CHzCHz€HzCHfH

CHZ o utz A utz H

11 I I

¥ -f- C- H ¥ -I - g- H ¥ -b#H
H A H OH B
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ytoweho in
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BOILING POINTS

5

)*'

;jcXi^dcVa�\gdje

VaYZ]nYZ `ZidcZ

6aYZ]nYZh�VcY�`ZidcZh
Aldehydes and ketones are also known as carbonyl compounds and 
contain the carbonyl (C=O) functional group.

E]nh^XVa�egdeZgi^Zh�d[�VaYZ]nYZh�VcY�`ZidcZh
The boiling points of alkanes, alcohols and aldehydes are compared in 
Figure 10.17.

The boiling points of ketones are very similar to those of aldehydes of 
the same relative molecular mass. Aldehydes have higher boiling points 
than alkanes of similar relative molecular mass and lower boiling points 
than alcohols of similar relative molecular mass.

Aldehydes have higher boiling points than alkanes, as aldehydes are 
polar whereas alkanes are non-polar. Aldehydes are polar because of the 
presence of the very electronegative O atom.

IZhi�ndjghZa[
 19 Name the following alcohols and classify each as primary, secondary or tertiary:

V W X Y

HZa["iZhi�*

IZhi�ndjghZa[IZhi�ndjghZa[
 19 

HZa["iZhi�*

 19 
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D=

=

D

=
8

 20 For each of the alcohols in question 19, give 
the structural formula of the product (if any) of 
complete oxidation when they are heated with 
acidifi ed potassium dichromate(VI).

 21 Write a balanced equation for the complete 
combustion of butan-1-ol.

 22 Give the structure of the organic product formed 
when each of the following alcohols is heated 
with acidifi ed potassium dichromate(VI) with 
the apparatus set up for distillation:

 a 3-methylbutan-1-ol
 b 2-methylpentan-3-ol
 c 2,3-dimethylpentan-1-ol

D

88
8
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Boiling Points/ oC

BOILING POINTS

Aldehydes have higher boiling points than alkanes, as aldehydes are polar 

whereas alkanes are non-polar. Aldehydes are polar because of the presence 

of the very electronegative O atom.  

The intermolecular forces between aldehyde molecules are stronger than 

those between alkane molecules of similar relative molecular mass because of 

the presence of dipole–dipole interactions between the aldehyde molecules. 

Alcohols are also polar molecules, but, because the O is joined directly to an H 

atom, they are also able to participate in hydrogen bonding. Hydrogen bonding 

is a stronger intermolecular force than dipole–dipole interactions. 

6
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SOLUBILITY

Lower members (methanal, ethanal, propanal, propanone, butanone) are soluble in 

water because of their polarity and also because they are able to hydrogen bond to 

water molecules.  

The solubility decreases as the hydrocarbon chain gets longer, because of the non-polar 

nature of the hydrocarbon chain. 

7
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1
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H - ftp.f-f.it
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,
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H 0 H propanone⇒c- c-c-
H

I I
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I 11 I I I

H - c-
c-

o_O - c- H
I I I I
It H H H

" ¥"¥gft¥"ftp.n.

4 Mennen 'm . zone

Note: aldehydes do not hydrogen bond to each other, 

but they are able to participate in hydrogen bonding 

with water. 

FORMATION OF ALDEHYDES

Aldehydes are prepared by the controlled oxidation of a primary alcohol. 

Primary alcohols oxidize to aldehydes when heated with acidified potassium 

dichromate, K2Cr2O7, and the product distilled off. (It is essential to distill off the 

aldehyde before it gets oxidized to acid.)

8

Reagent acidified potassium dichromate, K2Cr2O7

Condition heat and distill off the product

Type oxidation

orH+kr20F 11 Atlcrzoi '

11

k - c- H -7 R -c- H - .t0H1
heat  'qdistilloffme heat under

A Product retux

primary alcohol aldehyde acid .Tonetti
A

OH HO Ho
1 1 H+/Cr20F 1 11 Atlcrzoi '

1 11

A- c- c- H - A- c-c- H -> It - c-c-OH
1 1

heat  'qdistilloffme 1
heatunder |

H it Product # retux μ
ethanol ethanol gthanoicaa'd

.Tara'¥aW
onttlcrzittgheatunderreinx

11

R - c- H -> R -c- OH
I HYMNOI  tgheatunderrtux
H

primary alum

:÷tkrzittgheatunderreinx 11
,

R - c-R
' => R -c- 12

1 HYMNOI  tgheatunderrtux
H

H

OH
H H 0HuA- c-C- out my H - c-c- c-Ar

- H A H H

propan -2-01 pnpanone
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FORMATION OF KETONES

Secondary alcohols when heated (under reflux to get a good yield) with 

acidified potassium dichromate(VI) or potassium manganate(VII), form ketones.

9

Reagent acidified potassium dichromate, K2Cr2O7  
(OR acidified potassium manganate(VII), KMnO4)

Condition heat under reflux

Type oxidation

orH+kr20F 11 Atlcrzoi '

11

k - c- H -7 R -c- H - .t0H1
heat  'qdistilloffme heat under

A Product retux

primary alcohol aldehyde acid .Tonetti
A

OH HO Ho
1 1 H+/Cr20F 1 11 Atlcrzoi '

1 11

A- c- c- H - A- c-c- H -> It - c-c-OH
1 1

heat  'qdistilloffme 1
heatunder |
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.Tara'¥aW
onttlcrzittgheatunderreinx

11

R - c- H -> R -c- OH
I HYMNOI  tgheatunderrtux
H

primary alum

:÷tkrzittgheatunderreinx 11
,

R - c-R
' => R -c- 12

1 HYMNOI  tgheatunderrtux
H

H

OH
H H 0HuA- c-C- out my H - c-c- c-Ar

- H A H H

propan -2-01 pnpanone

REDUCTION OF ALDEHYDES & KETONES

10

Aldehydes give primary alcohols, while ketones give secondary alcohols.

Reagent sodium borohydride, NaBH4(aq) or lithium aluminiumhydride, LiAlH4, in ether.

Condition heat

Type Reduction

Alternate hydrogen gas over a nickel or platinum catalyst and heat

RCHO +2ft ] => RCHZOH RCOR
'

+2ft ] -7 RCHCOHK '

0

OH

0

OH
" " 1

Rt - H  -> Red- H R - C - R
'

-> Re - R '!
- H

0

OH

0

OH
" " 1

Utzutzt
- H  - utzatzt- H Ctbutzt- CHZ ->ctbutzt- CHZ

pnpanal I pnpomtol bntananonl 1 baton -2-01
H H

H 0 H

OH
H 0 H HOHH1 11 1 1  11 1 1 1

H - c- Ctt
 -> H - d- c- H H - c- c-c- A  A - d- ct - H

I I I 1 I I I I
H H It H H H H H

ethanol ethanol popanone propan -2-01

He EE ,+Li¥#H - H heat
H H

RCHO +2ft ] => RCHZOH RCOR
'

+2ft ] -7 RCHCOHK '

0

OH

0

OH
" " 1

Rt - H  -> Red- H R - C - R
'

-> Re - R '!
- H

0

OH

0

OH
" " 1

Utzutzt
- H  - utzatzt- H Ctbutzt- CHZ ->ctbutzt- CHZ

pnpanal I pnpomtol bntananonl 1 baton -2-01
H H

H 0 H

OH
H 0 H HOHH1 11 1 1  11 1 1 1

H - c- Ctt
 -> H - d- c- H H - c- c-c- A  A - d- ct - H

I I I 1 I I I I
H H It H H H H H

ethanol ethanol popanone propan -2-01

He EE ,+Li¥#H - H heat
H H
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KHDZCO ⇒Q¥ CHzCH=CHz

0
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SKILL CHECK

11

OH
O

I HYKZCRZO ,
11

R - C - It - R -

c-
H

I hlattgdishlloff product:=t+/KzCrzOy 11

R -
C- - R -c- R
1

k
hlattgdishlloff product:

Hz % % Linlltyinethlr
it - d-d- c- c- H -

heatH:Hz P, IHYKZCKOTit - d-d- c- c- H -

I I heat  under reflux
it :

°
" "

R -

C-
A T pre - OH

Draw molecules W and X.

SKILL CHECK

Draw molecule Q and give the reagents and conditions for reactions I and II.
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SKILL CHECK

13
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⇐] KHDKCHO (CH3CHzCHDzC=O

eHhcHuto¥t¥A¥kh> g

μk ¥tuw¥mmza×

KHDZCO ⇒Q¥ CHzCH=CHz

0
11

CHO H0~oμ¥, E ^W s W
CHZ - CHIH -4+0 CHztH=CH - CHZOH

CHztH=CHCH CHzCHz€HzCHfH

CHZ o utz A utz H

11 I I

¥ -f- C- H ¥ -I - g- H ¥ -b#H
H A H OH B

Zmemylpbpamal 2- memylpropan -1-01 2- methyl propene

ytoweho in
A B C D

Name the reagents and the conditions required for the following reactions:

(a)

(b)

OXIDATION OF ALDEHYDES

Aldehydes are oxidized readily to their corresponding acids by acidified sodium 

dichromate or manganate (VII). Ketones do not undergo oxidation.

14

Reagent acidified potassium dichromate, K2Cr2O7  
(OR acidified potassium manganate(VII), KMnO4)

Condition heat under reflux

Type oxidation

orH+kr20F 11 Atlcrzoi '

11

k - c- H -7 R -c- H - .t0H1
heat  'qdistilloffme heat under

A Product retux

primary alcohol aldehyde acid .Tonetti
A

OH HO Ho
1 1 H+/Cr20F 1 11 Atlcrzoi '

1 11

A- c- c- H - A- c-c- H -> It - c-c-OH
1 1

heat  'qdistilloffme 1
heatunder |

H it Product # retux μ
ethanol ethanol gthanoicaa'd

.Tara'¥aW
onttlcrzittgheatunderreinx

11

R - c- H -> R -c- OH
I HYMNOI  tgheatunderrtux
H

primary alum

:÷tkrzittgheatunderreinx 11
,

R - c-R
' => R -c- 12

1 HYMNOI  tgheatunderrtux
H

H

OH
H H 0HuA- c-C- out my H - c-c- c-Ar

- H A H H

propan -2-01 pnpanone
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SKILL CHECK

15

OH
O

I HYKZCRZO ,
11

R - C - It - R -

c-
H

I hlattgdishlloff product:=t+/KzCrzOy 11

R -
C- - R -c- R
1

k
hlattgdishlloff product:

Hz % % Linlltyinethlr
it - d-d- c- c- H -

heatH:Hz P, IHYKZCKOTit - d-d- c- c- H -

I I heat  under reflux
it :

°
" "

R -

C-
A T pre - OH

OXIDATION OF ALDEHYDES

OXIDATION provides a way of differentiating between aldehydes and ketones.  

Aldehydes can be oxidized to carboxylic acids and ketones can not be oxidized.

16

orH+kr20F 11 Atlcrzoi '

11

k - c- H -7 R -c- H - .t0H1
heat  'qdistilloffme heat under

A Product retux

primary alcohol aldehyde acid .Tonetti
A

OH HO Ho
1 1 H+/Cr20F 1 11 Atlcrzoi '

1 11

A- c- c- H - A- c-c- H -> It - c-c-OH
1 1

heat  'qdistilloffme 1
heatunder |

H it Product # retux μ
ethanol ethanol gthanoicaa'd

.Tara'¥aW
onttlcrzittgheatunderreinx

11

R - c- H -> R -c- OH
I HYMNOI  tgheatunderrtux
H

primary alum

:÷tkrzittgheatunderreinx 11
,

R - c-R
' => R -c- 12

1 HYMNOI  tgheatunderrtux
H

H

OH
H H 0HuA- c-C- out my H - c-c- c-Ar

- H A H H

propan -2-01 pnpanone

OXIDISING AGENTS OBSERVATION with ALDEHYDES

Acidified Potassium Dichromate color changes from orange to green

Acidified Potassium Permanganate color changes from purple to colorless

Tollen’s Reagent forms a silver ppt.

Fehling’s Solution forms a brick red ppt.
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TOLLEN’S REAGENT

Tollen’s Reagent – ammoniacal silver nitrate, contains the diammine silver(I) ion 

[Ag(NH3)2]+ (ligand, complex ion), this acts as a mild oxidizing agent and will oxidize 

aldehydes but not ketones.  

The silver(I) ion is reduced to silver.  

17

° °
" "

R -

C-
A T pre - OH

=' " "
R -

C-
A -7 pre - OH ->R-c-

ohytAg
colourless sikerppt .

P,
CB % F Tonen 's Reagent

H - c-d- c- c- H  -

I

A

SKILL CHECK

18

° °
" "

R -

C-
A T pre - OH

=' " "
R -

C-
A -7 pre - OH ->R-c-

ohytAg
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P,
CB % F Tonen 's Reagent

H - c-d- c- c- H  -

I

A
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 17 Aldehydes and ketones

301

Reduction of Fehling’s solution
The bright blue Fehling’s solution is a solution of Cu2+ ions, complexed with 
salts of tartaric acid, in an aqueous alkaline solution. When warmed with an 
aldehyde, the Cu2+ ions are reduced to Cu+ ions, which in the alkaline solution 
form a red precipitate of copper(I) oxide. The aldehyde is oxidised to the salt of the 
corresponding carboxylic acid:

CH3CHO(aq) + 2Cu2+(aq) + 5OH−(aq) → CH3CO2
−(aq) + Cu2O(s) + 3H2O(l)

Formation of a silver mirror with Tollens’ reagent
Tollens’ reagent contains silver ions, complexed with ammonia, in an aqueous 
alkaline solution. These silver ions are readily reduced to silver metal on gentle 
warming with an aldehyde. The metal will often silver-plate the inside of the test tube. 
Once again, the aldehyde is oxidised to the salt of the corresponding carboxylic acid:

CH3CHO + 2Ag+ + 3OH− → CH3CO2
− + 2Ag(s) + 2H2O

A dilute solution of the aldehyde sugar, glucose, was once used to make mirrors for 
domestic use by means of this reaction.

The tri-iodomethane (iodoform) reaction
Ketones that contain the group ¬COCH3 (that is, methyl ketones) undergo the tri-
iodomethane (iodoform) reaction on treatment with an aqueous alkaline solution 
of iodine. Tri-iodomethane, CHI3, is a pale yellow insoluble solid, with a sweet, 
antiseptic ‘hospital’ smell:

3I2 CHI3 3H2O4OH! 3I!CH3CO!
2 

pale yellow
precipitate 

C O
CH3

CH3

" " " " "

There is one aldehyde, ethanal, that also undergoes the tri-iodomethane reaction:

CHI3(s)CH3CHO 
I2 + OH–(aq) 

HCO!
2 (aq)"

Figure 16.7 shows the results of the iodoform reaction.
The tri-iodomethane (iodoform) reaction is thus a very specifi c test for the 

CH3CO¬ group (or the CH3CH(OH)¬ group – see Topic 16).

   blue solution       red precipitate

  silver mirror

a b cFigure 17.5 An aldehyde produces a silver 
mirror with Tollens’ reagent.

Aldehydes can be distinguished from 
ketones by one of the following tests:

●  aldehydes produce a red precipitate on 
warming with Fehling’s solution

●  aldehydes produce a silver mirror on 
warming with Tollens’ reagent.

181333_17_AS_Chem_BP_294-304.indd   301 30/09/14   6:05 PM

TOLLEN’S REAGENT

The reaction produce a silver ppt (as the silver(I) ion is reduced to silver.) 

The test is known as THE SILVER MIRROR TEST. 

Aldehydes are oxidised to salt of carboxylic acids as Tollen’s reagent is alkaline.

19

Note: if the container isn’t clean, then a black ppt. forms

FEHLING’S SOLUTION 

Fehling’s Solution contains copper(II) ions, blue solution.  

On warming it will oxidize aldehydes.  

Copper(II) is reduced to a brick-red precipitate.

20

° 0 °
" " "

-

R -

C-
A -7 pre - OH ->R-o_0

CUH
bwesantion

Cut

bricktedpp

μ
_~"0¥✓'T

it
44 - DNPH

z
atoms lost uicondensahmreaehmtomakettzo

)

*¥E .ve#fIIiIEicfFanEEneFtIt3t.
2,4 - diniwophenyl hydrazine
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CONDENSATION REACTION

The most important condensation reaction of carbonyl compounds is that with 2,4-

dinitrophenylhydrazine (2,4-DNPH).  

The products are called hydrazones and are crystalline orange solids, which 

precipitate out of solution rapidly. 

21

° 0 °
" " "

-

R -

C-
A -7 pre - OH ->R-o_0

CUH
bwesantion

Cut

bricktedpp

μ
_~"0¥✓'T

it
44 - DNPH

z
atoms lost uicondensahmreaehmtomakettzo

)

*¥E .ve#fIIiIEicfFanEEneFtIt3t.
2,4 - diniwophenyl hydrazine

ORGANIC CHEMISTRY

300

The most important condensation reaction of carbonyl compounds is that with 
2,4-dinitrophenylhydrazine (2,4-DNPH). The products are called hydrazones and 
are crystalline orange solids, which precipitate out of solution rapidly. They can be 
purifi ed relatively easily by recrystallisation.

H2O

N

NO2R

R
C

HN

NO2
R

R
HN

NO2

NO2

2,4-DNPH a 2,4-dinitrophenylhydrazone

O C !

H2N

The formation of an orange precipitate when a solution of 2,4-DNPH is added to an 
unknown compound is a good test for the presence of a carbonyl compound.

If the melting point of a recrystallised sample is measured and compared with 
tables of known values, the carbonyl compound can be uniquely identifi ed. This is 
especially useful if the carbonyl compounds have similar boiling points, and so would 
otherwise be easily confused (see Table 17.4).

Carbonyl compound Boiling point/∞C Melting point of 2,4-dinitrophenylhydrazone 
derivative/∞C

CH3CH2CH2CH2CHO 103 108

CH3CH2COCH2CH3 102 156

CH3CH2CH2COCH3 102 144

ba

Reactions undergone only by aldehydes
Aldehydes are distinguished from ketones by having a hydrogen atom directly 
attached to the carbonyl group. This hydrogen atom is not in any way acidic, but the 
C¬H bond is signifi cantly weaker than usual. The ¬CHO group is readily oxidised 
to a ¬COOH group, making aldehydes mild reducing agents. This oxidation, 
specifi c to aldehydes, has been used to design the following tests that will distinguish 
aldehydes from ketones.

Oxidation by acidifi ed potassium dichromate(VI) solution
It was mentioned in section 16.3 that aldehydes are more easily oxidised than 
alcohols. The reaction takes place on gentle warming, and the colour of the reagent 
changes from orange to green.

[O]CH3C

O

H

K2 Cr2O7(aq) + H2 SO4(aq)

CH3C

O

OH

Table 17.4 The melting points of some 
2,4-DNPH derivatives of carbonyl compounds

Figure 17.4 Ethanal reacting with 2,4-DNPH: 
a at the start of the reaction; this forms an 
orange 2,4-DNPH precipitate, b.

Now try this
Two isomers G and H have the molecular 
formula C4H8O. G forms an orange 
precipitate with 2,4-DNPH whereas H 
does not. H decolorises bromine water, 
but G does not. On treatment with 
hydrogen and nickel, both G and H give 
the same compound, butan-1-ol.

Suggest structures for G and H.

181333_17_AS_Chem_BP_294-304.indd   300 30/09/14   6:05 PM

CONDENSATION REACTION

22
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" " "

-

R -
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)
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NUCLEOPHILIC ADDITION REACTION

The carbonyl group in aldehydes and ketones is polar because 

oxygen is much more electronegative than carbon.  

The shared electrons in the double bond are drawn towards the 

oxygen atom. This leaves a slight positive charge on the carbon atom.  

As a result, the carbon atom in a carbonyl group is open to attack by 

nucleophiles.  

Both aldehydes and ketones undergo nucleophilic addition 

reactions.  

It involves addition to the polar C=O double bond. Nucleophiles 

attack the positive carbon centre. 

23

HtS -

C - 0

/

iif.:#rio

NUCLEOPHILIC ADDITION REACTION

Carbonyl compounds add on to hydrogen cyanide (HCN) to give nitriles.  

The reaction is carried out by treating the carbonyl compound with dilute 

HCN in an excess of NaCN(aq) (or KCN(aq)). 

24

CHZCHO + HCN -CHZCHQACN

H OH OHI 11 I I
A - C -

C-
It - H - C - C - CN"

t H
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NUCLEOPHILIC ADDITION REACTION

25

CHZCHO + HCN -CHZCHQACN

H OH OHI 11 I I
A - C -

C-
It - H - C - C - CN"

t H

P,
CB F I NacN@ninHCN@N

H - c-d- c- C- H -
I heatunderrthn:H OH

i- CN - R - g-
COZH

k
R

With HCI CHZCHZCOZCHZ + HZO -> CHZCHZCCKH + CHZOH

With NAOH CH3CHzC0zCHz + HZO ->
CH3CHzCO[ + CHZOH

H tl 0 H 0 H tl

1 I  11 I 11 I I dil HCI
It - Ct -0 - C - C- C -0 - Ct - H -II I II heat

H H H H H

CHZCHZOCOCHZCOZCHZCHZ

Reagent dilute HCN in an excess of NaCN(aq) (or KCN(aq))  
OR aqueous sodium cyanide and dilute sulphuric acid (or dilute HCl).

Condition heat under reflux

Type nucleophilic addition

NUCLEOPHILIC ADDITION STEP 1

CN— (from NaCN or KCN) acts as a nucleophile and attacks the slightly 

positive carbon atom.  

One of the C=O bonds breaks; a pair of electrons goes onto the O and gets 

a negative charge.

26

NTCN⇐vAc=Os
. - f- o

§ st
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NUCLEOPHILIC ADDITION STEP 2

A pair of electrons from the O with a —ve charge is used to form a bond 

with H from HCN. 

Overall, there has been an addition of HCN.

27

NTCN CN⇐vANA
- f- o Hen - f-OH

st 8-

NUCLEOPHILIC ADDITION

28

*#X#t - niPzoT,eA
.

- naff

. need . often Nucleation '

H st S -

H H
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NUCLEOPHILIC ADDITION

Note:  HCN is a weak acid;  HCN   ⇌   H+  + CN҆  therefore, a few CN҆ ions produced. 

The reaction is catalyzed by CN҆ ions from NaCN (or KCN).

29

*#X#t - niPzoT,eA
.

- naff

. need . often Nucleation '

H st S -

H H

SKILL CHECK

30

CHZCHO + HCN -CHZCHQACN

H OH OHI 11 I I
A - C -

C-
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t H

P,
CB F I NacN@ninHCN@N

H - c-d- c- C- H -
I heatunderrthn:H OH

i- CN - R - g-
COZH

k
R

With HCI CHZCHZCOZCHZ + HZO -> CHZCHZCCKH + CHZOH

With NAOH CH3CHzC0zCHz + HZO ->
CH3CHzCO[ + CHZOH

H tl 0 H 0 H tl

1 I  11 I 11 I I dil HCI
It - Ct -0 - C - C- C -0 - Ct - H -II I II heat

H H H H H

CHZCHZOCOCHZCOZCHZCHZ

O
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CHN
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μk ¥tuw¥mmza×

KHDZCO ⇒Q¥ CHzCH=CHz

0
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CHZ - CHIH -4+0 CHztH=CH - CHZOH

CHztH=CHCH CHzCHz€HzCHfH

CHZ o utz A utz H

11 I I

¥ -f- C- H ¥ -I - g- H ¥ -b#H
H A H OH B

Zmemylpbpamal 2- memylpropan -1-01 2- methyl propene

ytoweho in
A B C D

CHZCHO + HCN -CHZCHQACN

H OH OHI 11 I I
A - C -

C-
It - H - C - C - CN"

t H

P,
CB F I NacN@ninHCN@N

H - c-d- c- C- H -
I heatunderrthn:H OH

i- CN - R - g-
COZH

k
R

With HCI CHZCHZCOZCHZ + HZO -> CHZCHZCCKH + CHZOH

With NAOH CH3CHzC0zCHz + HZO ->
CH3CHzCO[ + CHZOH

H tl 0 H 0 H tl

1 I  11 I 11 I I dil HCI
It - Ct -0 - C - C- C -0 - Ct - H -II I II heat

H H H H H

CHZCHZOCOCHZCOZCHZCHZ
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HYDROLYSIS

The product of nucleophilic addition, the hydroxy-nitrile, are hydrolyzed by heating 

under reflux with a dilute acid.

31

Reagent dilute hydrochloric acid, dil. HCl, (or dilute sulphuric acid)

Condition heat under reflux

Type hydrolysis

CHZCHO + HCN -CHZCHQACN

H OH OHI 11 I I
A - C -

C-
It - H - C - C - CN"

t H

P,
CB F I NacN@ninHCN@N

H - c-d- c- C- H -
I heatunderrthn:H OH

i- CN - R - g-
COZH

k
R

With HCI CHZCHZCOZCHZ + HZO -> CHZCHZCCKH + CHZOH

With NAOH CH3CHzC0zCHz + HZO ->
CH3CHzCO[ + CHZOH

H tl 0 H 0 H tl

1 I  11 I 11 I I dil HCI
It - Ct -0 - C - C- C -0 - Ct - H -II I II heat

H H H H H

CHZCHZOCOCHZCOZCHZCHZ

 CH3CH(OH)CN   +   2H2O   +   H +             ⟶            CH3CH(OH)CO2H    +   NH4+

SKILL CHECK

Draw molecules A and B.

32
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SKILL CHECK

Draw molecule S and give the reagents and conditions for reactions III and IV.

33

O

chtihzilto
11

utzyt 0%64,14+3
CHN

⇐] KHDKCHO (CH3CHzCHDzC=O

eHhcHuto¥t¥A¥kh> g

μk ¥tuw¥mmza×

KHDZCO ⇒Q¥ CHzCH=CHz

0
11

CHO H0~oμ¥, E ^W s W
CHZ - CHIH -4+0 CHztH=CH - CHZOH

CHztH=CHCH CHzCHz€HzCHfH

CHZ o utz A utz H

11 I I

¥ -f- C- H ¥ -I - g- H ¥ -b#H
H A H OH B

Zmemylpbpamal 2- memylpropan -1-01 2- methyl propene

ytoweho in
A B C D

SKILL CHECK

Compound A has the molecular formula C4H8O. It reacts with Fehling’s solution. 

On treatment with sodium tetrahydridoborate(III) it gives B, which on warming 

with concentrated sulfuric acid gives 2-methylpropene. Identify A and B.  

34
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St

jH2\=H\gH⇐
CHZ °j÷...EL hydrogen bonds+Ho/Hs+÷siH2 - CH3

,,tt%QF_hydrogen bondYHHOE#-of
CHZ

Hs+
CHZ -Ctt

Hz CHZ CHZ

HtvH EY'⇒ a

μ
IZTOHTAQ ) OH

'

CHZCHZ - g-CHZ #CHZCHZ -§tHz CHzCHz-§tIs CHzCHz-

§-5 + CHI
,

H

CHZCHCOH) - CHAO -

Hutti t , It
OH

IODOFORM REACTION

Carbonyl compounds containing CH3CO-  group, that is, those that have a methyl group on the 

same carbon atom that bears the oxygen atom, can be oxidised by alkaline aqueous iodine to a 

salt of a carboxylic acid (with one less carbon) and a pale yellow ppt of tri-iodomethane. 

The tri-iodomethane (iodoform) reaction is thus a very specific test for the CH3CO— group (or 

the CH3CH(OH)— group.

35

The overall reaction is:

IODOFORM REACTION

Except for ethanal, all the carbonyls that undergo this reaction are methyl ketones, with the 

carbonyl group on the second carbon atom of the chain, that is, they are alkan-2-ones. 

The reaction can be use to obtain an acid having one carbon less.

36
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IODOFORM REACTION

The exception, ethanal, is the only aldehyde to give the pale yellow 

precipitate of tri-iodomethane (iodoform) with alkaline aqueous iodine:

37

SKILL CHECK

Which of these carbonyl compounds will undergo the iodoform reaction? Draw all 

the organic products.

38
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⇐] KHDKCHO (CH3CHzCHDzC=O
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 CARBONYLS WS 1
SECTION A

1

2

3

4
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© UCLES 2011 9701/12/M/J/11 [Turn over 

28 The ester CH3 CH2 CH2 CO2 CH3  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 CH2 O B CH4O C C2 H4O D C3 H6 O2  

 

 

29 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
 

 

Cholesterol is separately treated with 

 

● cold, dilute acidified KMnO4, 

● hot, concentrated acidified KMnO4. 

 

What is the change in the number of chiral carbon atoms in the molecule during each reaction? 

 

 
cold, dilute acidified 

KMnO4 

hot, concentrated acidified 

KMnO4 

A +1 0 

B +1 –1 

C +2 0 

D +2 –1 

 

 

30 Which reaction would not give ethanoic acid as a product? 

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) 

 

 

�
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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 
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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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21 Hydroxyethanal, HOCH
2
CHO, 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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24 A student investigates four different fuels. Each fuel is used separately to raise the temperature of 

1 dm
3

 of water from 20 °C to 100 °C. Each fuel undergoes complete combustion. All other 

conditions are the same in each experiment. 

 

Which fuel would produce the smallest amount of carbon dioxide in these experiments? 

 

 fuel 
energy released 

per mole of fuel 

A ethanol 1367 kJ mol
–1

 

B methane 890 kJ mol
–1

 

C methanol 715 kJ mol
–1

 

D propane 2220 kJ mol
–1

 

 

 

25 Most alcohols can be dehydrated to give alkenes. 

 

Which alcohol can be dehydrated to give three different isomeric alkenes? 

A CH3(CH2)3CH2OH 

B CH3(CH2)2CH(OH)CH3 

C CH3CH2CH(OH)CH2CH3 

D CH3C(CH3)2CH2OH 

 

 

26 Hept-4-enal is present in cow’s milk. 

 

CH3CH2CH=CHCH2CH2CHO 

hept-4-enal 

 

Which row correctly shows the product formed when hept-4-enal is treated with the given 

reducing agent? 

 

 reducing agent product 

A H2 + Ni CH3(CH2)5CH2OH 

B H2 + Ni CH3(CH2)5CH3 

C NaBH4 CH3(CH2)5CH2OH 

D NaBH4 CH3(CH2)5CHO 

 

 

�

10  

© UCLES 2016 9701/13/M/J/16  

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 dm
3

 B 144 dm
3

 C 156 dm
3

 D 288 dm
3

 

 

 

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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26 Malic acid is found in apples. 

 

C

OH

CO2H

CH2CO2HH

malic acid
 

 

Which reagent will react with all three –OH groups present in the malic acid molecule? 

A ethanol in the presence of concentrated sulfuric acid 

B potassium hydroxide 

C sodium 

D sodium carbonate 

 

 

27 Cyclic esters are also known as lactones. Delta lactone is used as a solvent and in the 

manufacture of polyesters. 

 

O

O

delta lactone
 

 

From which compound could delta lactone be made by a single reaction? 

A HOCH2CH2CH2CH2CHO 

B HOCH2CH2CH2CH2CO2H 

C HOCH2CH2CH2CH2CH2OH 

D HOCH2CH2CH2CH2CH2CO2H 

 

 

28 Which reagent cannot be used to distinguish between ethanal and propanone? 

 

A acidified sodium dichromate(VI) solution 

B alkaline aqueous iodine 

C cold acidified potassium manganate(VII) solution 

D Fehling’s reagent 
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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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23 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 structures of X• are possible? 

A 2 B 3 C 4 D 5 

 

 

24 Vitamin A contains retinol. 

 

OH

retinol
 

 

Under appropriate conditions, acidified KMnO4(aq) can be used to break apart C=C bonds. 

 

After these bonds have been broken, further oxidation of the fragments may occur. 

 

Under which conditions is the acidified KMnO4(aq) used and what do the final oxidation products 

include? 

 

 conditions final oxidation products 

A cold, dilute aldehydes and carboxylic acids 

B cold, dilute ketones and carboxylic acids 

C hot, concentrated aldehydes and carboxylic acids 

D hot, concentrated ketones and carboxylic acids 
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20 What is the correct name of the molecule with the skeletal formula shown? 

 

HO

 

 

A 1,2,2-trimethylbutan-3-ol 

B 2-ethyl-2-methylbutan-2-ol 

C 3,3-dimethylpentan-2-ol 

D 4-hydroxy-3,3-dimethylpentane 

 

 

21  The diagram shows the structure of 1,3-butadiene. 

 

C
C

HC
C

H

H

H H

H

1,3-butadiene
 

 

The addition reaction between 1,3-butadiene and two molecules of hydrogen bromide can 

produce three structurally isomeric products. 

 

How many of these products have at least one chiral centre? 

A 0 B 1 C 2 D 3 

 

 

22 An ester with an aroma of pineapples can be synthesised in the laboratory from butanal using this 

reaction scheme. 

 

CH3(CH2)2CHO

NaBH4

conc. H2SO4

Cr2O7
2–  / H+

X

Y

ester

 

 

What is the structural formula of the ester? 

A CH3(CH2)2CO2(CH2)2CH3 

B CH3(CH2)2CO2(CH2)3CH3 

C CH3(CH2)3CO2(CH2)2CH3 

D CH3(CH2)3CO2(CH2)3CH3 
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25 X, Y and Z are three isomeric alcohols. 

 

X CH3CH2CH2CH2CH2OH 

Y CH3CH2CH(OH)CH2CH3 

Z (CH3)2C(OH)CH2CH3 

 

Two or more of these alcohols react with mild oxidising agents. 

 

One of these alcohols, when dehydrated, will give a pair of cis-trans isomers with molecular 

formula C5H10. 

 

Which row is correct? 

 

 reacts with mild 

oxidising reagents 

gives cis-trans 

isomers 

A X, Y and Z Y only 

B X, Y and Z Z only 

C X and Y only Y only 

D X and Y only Z only 

 

 

26 Propanone reacts with an aqueous mixture of HCN and NaCN by a nucleophilic addition 

mechanism. 

 

The first stage of the mechanism involves attack by cyanide ions. 

 

Which diagram correctly represents this? 

 

CH3

CH3

D

N C C O
δ–δ+–

CH3

CH3

C

C N C O
δ–δ+–

CH3

CH3

B

N C C O
δ–δ+–

CH3

CH3

A

N C C O
δ–δ+–
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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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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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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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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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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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26 Ethane-1,2-diol, HOCH2CH2OH, reacts with an excess of ethanoic acid, CH3CO2H, in the 

presence of an acid catalyst. A compound is formed with the molecular formula C6H10O4. 

 

What is the structure of this compound? 

A CH3OCOCH2CH2CO2CH3 

B CH3CO2CH2CH2CO2CH3 

C CH3CO2CH2CH2OCOCH3 

D HOCH2CH2COCH2OCOCH3 

 

 

27 Compound X is heated with a mild oxidising agent. One of the products of the reaction will react 

with hydrogen cyanide, forming 2-hydroxybutanenitrile. 

 

What is compound X? 

A butan-1-ol 

B butan-2-ol 

C propan-1-ol 

D propan-2-ol 

 

 

28 Which row correctly describes the reactivity of aldehydes and ketones? 

 

 with NaBH4 with H
+ / Cr2O7

2–

(aq) 

A both react both react 

B both react only aldehydes react 

C only ketones react both react 

D only ketones react only aldehydes react 
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26 Ethane-1,2-diol, HOCH2CH2OH, reacts with an excess of ethanoic acid, CH3CO2H, in the 

presence of an acid catalyst. A compound is formed with the molecular formula C6H10O4. 

 

What is the structure of this compound? 

A CH3OCOCH2CH2CO2CH3 

B CH3CO2CH2CH2CO2CH3 

C CH3CO2CH2CH2OCOCH3 

D HOCH2CH2COCH2OCOCH3 

 

 

27 Compound X is heated with a mild oxidising agent. One of the products of the reaction will react 

with hydrogen cyanide, forming 2-hydroxybutanenitrile. 

 

What is compound X? 

A butan-1-ol 

B butan-2-ol 

C propan-1-ol 

D propan-2-ol 

 

 

28 Which row correctly describes the reactivity of aldehydes and ketones? 

 

 with NaBH4 with H
+ / Cr2O7

2–

(aq) 

A both react both react 

B both react only aldehydes react 

C only ketones react both react 

D only ketones react only aldehydes react 

 

 

CEDAR COLLEGE  CARBONYLS WS 1



 120

19

20

21

22

�

8 

© UCLES 2017 9701/12/M/J/17  

18 The ammonium ion is formed by the following reaction. 
 

NH3  +  H+  o  NH4
+ 

 
Which statement about the species involved in this reaction is correct? 

A The ammonia molecule contains a dative covalent bond. 

B The ammonium ion is a Brønsted-Lowry base as it has accepted a proton. 

C The H–N–H bond angle changes from 107° in ammonia to 90° in the ammonium ion. 

D The number of electrons surrounding each nitrogen atom does not change. 
 
 
19 A chemist took 2.00 dm3 of nitrogen gas, measured under room conditions, and reacted it with a 

large volume of hydrogen gas to produce ammonia. Only 15.0% of the nitrogen gas reacted to 
produce ammonia. 

 
Which mass of ammonia was formed? 

A 0.213 g B 0.425 g C 1.42 g D 2.83 g 
 
 
20 A carbonyl compound X will react with HCN in the presence of NaCN to make a compound with 

Mr 85. Compound X does not react with Fehling’s reagent. 
 

What is X? 

A butanal 

B butanone 

C propanal 

D propanone 
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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO

 
 
 

�

9 

© UCLES 2017 9701/11/M/J/17 [Turn over 

24 Lactide is an intermediate in the manufacture of a synthetic fibre. 
 

O

O

lactide

O

O

 
 

Which compound, on heating with an acid catalyst, can produce lactide? 

A hydroxyethanoic acid 

B 2-hydroxybutanoic acid 

C 2-hydroxypropanoic acid 

D 3-hydroxypropanoic acid 
 
 
25 Diols in which both hydroxy groups are bonded to the same carbon atom spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 
 

Which compound is hydrolysed to form a product that gives a positive reaction with  
2,4-dinitrophenylhydrazine but not with Fehling’s reagent? 

A 1,1-dibromopropane 

B 1,2-dibromopropane 

C 1,3-dibromopropane 

D 2,2-dibromopropane 
 
 
26 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) 
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27 H2NNHC6H3(NO2)2 is the structural formula of 2,4-DNPH. 
 

Many, but not all, organic reactions need to be heated before reaction occurs. 
 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A C10H22  o  C8H18  +  C2H4 

B CH3CH2CH2Br  +  NH3  o  CH3CH2CH2NH2  +  HBr 

C CH3CH2OH  +  KBr  o  CH3CH2Br  +  KOH 

D (CH3)2CO  +  H2NNHC6H3(NO2)2  o  (CH3)2C=NNHC6H3(NO2)2  +  H2O 
 
 
28 A carboxylic acid, P, has no possible chain isomers. It reacts with an alcohol, Q, that has only 

one positional isomer. 
 

What could be the ester formed from a reaction between P and Q? 

A butyl propanoate 

B ethyl butanoate 

C pentyl ethanoate 

D propyl pentanoate 
 
 
29 Which compound is chiral and reacts with Na2CO3 to give CO2? 
 

 
 
 
30 Which compound, when hydrolysed, gives propanoic acid and propan-2-ol? 

A CH3CH2CO2CH2CH(CH3)CH3 

B (CH3)2CHCO2CH2CH3 

C CH3CH2CO2CH(CH3)CH3 

D CH3CH2CH2CO2CH(CH3)CH3 
 
 

CH(Br)CO2 H

CH2

CH3

A B C D

H CO2 H

H CO2 H

C 

C

CH3 OH 
HCO2 CH 

CH2 Br

CH3
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28 CH3CH2COCH2CH3 reacts with hydrogen cyanide to form an organic product called a 

cyanohydrin. 

 

Which statement is correct? 

A The cyanohydrin product has one chiral centre. 

B The cyanohydrin product is formed by electrophilic addition. 

C The cyanohydrin product is formed via an intermediate which contains a C–OH group. 

D The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst. 

 

 

29 Compound X, CH3CH(OH)CH(CHO)CH3, is heated under reflux with an excess of acidified 

K2Cr2O7 to form compound Y. 

 

Both X and Y are separately warmed with Fehling’s solution and the observations noted. 

 

What are the observations? 

A Both X and Y give a red precipitate. 

B Only X gives a red precipitate. 

C Only Y gives a red precipitate. 

D Neither X nor Y gives a red precipitate. 

 

 

30 Which two compounds can react together to produce an ester? 

 

OH O

A

+
OH O

O

B

+

HO
OH

HO OH

C

+

D

+
O

OH

O
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28 CH3CH2COCH2CH3 reacts with hydrogen cyanide to form an organic product called a 

cyanohydrin. 

 

Which statement is correct? 

A The cyanohydrin product has one chiral centre. 

B The cyanohydrin product is formed by electrophilic addition. 

C The cyanohydrin product is formed via an intermediate which contains a C–OH group. 

D The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst. 

 

 

29 Compound X, CH3CH(OH)CH(CHO)CH3, is heated under reflux with an excess of acidified 

K2Cr2O7 to form compound Y. 

 

Both X and Y are separately warmed with Fehling’s solution and the observations noted. 

 

What are the observations? 

A Both X and Y give a red precipitate. 

B Only X gives a red precipitate. 

C Only Y gives a red precipitate. 

D Neither X nor Y gives a red precipitate. 

 

 

30 Which two compounds can react together to produce an ester? 

 

OH O

A

+
OH O

O

B

+

HO
OH

HO OH

C

+

D

+
O

OH

O
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25  Diols in which both hydroxy groups are bonded to the same carbon can spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 

 

Which compound, after complete hydrolysis, gives a positive reaction with Tollens’ reagent? 

A 1,1-dibromobutane 

B 1,2-dibromobutane 

C 1,3-dibromobutane 

D 2,2-dibromobutane 

 

 

26  Propan-2-ol undergoes many reactions. 

 

Which row is correct? 

 

 
reagent added 

to propan-2-ol 
product 

A acidified KMnO4 CH3CH2CHO 

B Cl 2 CH3CHCl CH3 

C conc. H2SO4 CH3CHCH2 

D methanoic acid HCO2CH2CH2CH3 

 

 

27  Ethane-1,2-diol has the following structure. 

 

H HC

H

H

O

H HC O

 

 

Without breaking the C–C bond, there are five possible oxidation products. 

 

What is the total number of aldehyde groups and carboxylic acid groups in these five products? 

 

 –CHO –COOH 

A 3 3 

B 3 4 

C 4 3 

D 4 4 
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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO
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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 
 
 

�

10 

© UCLES 2017 9701/13/M/J/17  

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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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO
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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO
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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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29 Compound G 

 

● has a chiral centre, 

● gives a positive result with alkaline aqueous iodine, 

● does not give a silver mirror with Tollens’ reagent. 

 

What could compound G be? 

A 1-hydroxybutan-2-one 

B 2-hydroxybutanal 

C 3-hydroxybutanal 

D 3-hydroxybutan-2-one 

 

 

30 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  
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26 Many, but not all, organic reactions need to be heated before a reaction occurs. 
 

Which reaction occurs quickly at room temperature (20 °C)? 

A CH3OH  +  PCl 5  →  CH3Cl  +  POCl 3  +  HCl 

B CH3CH2Br  +  KCN  →  CH3CH2CN  +  KBr 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2CN  +  2H2O  →  CH3CH2CO2H  +  NH3 
 
 
27 When compound X is warmed with dilute, acidified potassium dichromate(VI) there is no colour 

change. X does not give an orange precipitate with 2,4-dinitrophenylhydrazine reagent. 
 

What could X be? 

A butan-2-ol 

B ethanal 

C methylpropan-2-ol 

D propanone 
 
 
28 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
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26 Glucose can be used to prepare sorbitol, a compound used as a sugar substitute. 

 

HO
OH OH

OH OH
OH

sorbitol

O

H

OH OH

OH OH
OH

glucose  
 

Which reagent may be used for this conversion? 

A acidified potassium dichromate(VI) 

B sodium borohydride 

C sodium hydroxide 

D Tollens’ reagent 

 

 

27 3-methylbutanone is treated with alkaline aqueous iodine. The mixture of products is then 

acidified. 

 

Which compound is present in the final mixture of products? 

A 3-methylbutanoic acid 

B butanoic acid 

C methylpropanoic acid 

D propanoic acid 

 

 

28 At room temperature, propanoic acid was reacted to produce sodium propanoate. No gas was 

produced during the reaction. 

 

What could the propanoic acid have reacted with? 

A NaHCO3(aq) B NaOH(aq) C Na2CO3(aq) D Na2SO4(aq) 
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26 Glucose can be used to prepare sorbitol, a compound used as a sugar substitute. 

 

HO
OH OH

OH OH
OH

sorbitol

O

H

OH OH

OH OH
OH

glucose  
 

Which reagent may be used for this conversion? 

A acidified potassium dichromate(VI) 

B sodium borohydride 

C sodium hydroxide 

D Tollens’ reagent 

 

 

27 3-methylbutanone is treated with alkaline aqueous iodine. The mixture of products is then 

acidified. 

 

Which compound is present in the final mixture of products? 

A 3-methylbutanoic acid 

B butanoic acid 

C methylpropanoic acid 

D propanoic acid 

 

 

28 At room temperature, propanoic acid was reacted to produce sodium propanoate. No gas was 

produced during the reaction. 

 

What could the propanoic acid have reacted with? 

A NaHCO3(aq) B NaOH(aq) C Na2CO3(aq) D Na2SO4(aq) 
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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 
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23 Which alcohol can be dehydrated to give two products which are structural isomers of each 
other? 

 

C

H

H

C

H

H

C

A

H

H

H C OH

H

H

C

H

H

C

H

H

C

B

CH3 CH3

CH3H

H OH C

H

H

C

C

HC

H

H

C

H H

C

D

CH3 H

H OH OH

 
 
 
24 Which reagent could detect the presence of alcohol in a mixture consisting mainly of alkanes and 

alkenes? 

A Na 

B Br2 (in CCl 4) 

C KMnO4(aq) 

D 2,4-dinitrophenylhydrazine 
 
 
25 Compound Q 
 

● contains a chiral centre, 

● gives a positive result with Fehling’s reagent, 

● gives a positive result with alkaline aqueous iodine. 
 

What could compound Q be? 

A 1-hydroxybutanone 

B 2-hydroxybutanal 

C 3-hydroxybutanal 

D 3-hydroxybutanone 
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28 Ethanedioic acid has the formula HO2CCO2H. 
 

What is the formula of aluminium ethanedioate? 

A Al C2O4 B Al (C2O4)3 C Al 2C2O4 D Al 2(C2O4)3 
 
 
29 Alcohols, aldehydes and nitriles can each be converted into carboxylic acids. 
 

Which descriptions of their conversions into carboxylic acids are correct? 
 

 alcohols aldehydes nitriles 

A hydrolysis hydrolysis hydrolysis 

B hydrolysis hydrolysis oxidation 

C oxidation oxidation hydrolysis 

D oxidation oxidation oxidation 
 
 
30 How many structural isomers with the molecular formula C4H10O give infra-red absorptions both 

at approximately 1200 cm–1 and at approximately 3400 cm–1? 

A 2 B 4 C 6 D 7 
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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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27 Ethyl propanoate is refluxed with aqueous sodium hydroxide. The alcohol produced is then 
reacted with methyl propanoic acid to make a second ester. 

 
What is the structural formula of this second ester? 

 

CH3

CH3

CHCH2 CH3O

A

C

O

CH3

CH3

CHCH2 CH2

CH3 CH2

CH3O

B

C

O

CH3

CH3

CHC CH3O

C

CH2

O

C

CH3

CH CH3O CH2

O
D

 
 
 
28 Which reagent could be used to carry out the following reaction? 
 

O
O

OH 
 

A a solution containing acidified dichromate(VI) ions 

B a solution containing dilute, acidified manganate(VII) ions 

C a solution containing hot, concentrated, acidified manganate(VII) ions 

D concentrated sulfuric acid 
 
 
29 Four reactions of propanoic acid to form salts and other products are shown. 
 

Which reaction does not show the formulae of all the correct products? 
 

CH3CH2CO2H(aq)
propanoic

acid

B
(CH3CH2CO2

–)2Mg2+(aq)  +  H2(g)

D
(CH3CH2CO2

–)2Ca2+(aq)  +  H2O(l)

A
CH3CH2CO2

– K+(aq)  +  H2O(l)

C
CH3CH2CO2

– Na+(aq)  +  CO2(g)

Ca(OH)2

Mg(s)

Na2CO3

KOH
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26 What is the mechanism for the reaction of ethanal, CH3CHO, with hydrogen cyanide, HCN, in the 
presence of NaCN? 

 

A CH3

CN–

C H

O

CH3

CN

C H

O–

CH3

CN

C H

– O

CH3

CN

C H

OH

CH3

CN

C H

OH

H–

C

CH3

CN–

C H

H CH3

CN–

C H

OHO

CH3 C +

O

CN

D initiation HCN H

H

+ CN

CNpropagation

termination

CH3 C +

O

H

O

CN

H

CH3 C CH3 C

CH3 CCH3 C

CH3 C

H +

CN–B +

H C N

CH3

H C

C

N

•

•

•

H CNH + CN+

OH

CN

H

OH

CN

H •

•

O

CN

•

O

CN

•

•

+

O
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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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28 Ethanedioic acid, HO2CCO2H, is reduced using an excess of lithium aluminium hydride, LiAl H4. 
 

What is the organic product of the reaction? 

A ethanol 

B ethane-1,2-diol 

C ethanedial, OHCCHO 

D methane 
 
 
29 The diester shown can be hydrolysed by heating with an excess of aqueous sodium hydroxide. 
 

H C

O

C

H

H

H

H

H

H

H

H

C C C C HO O

O

 
 

What would the products of this reaction be? 
 

H HO C

H

A C

O

OH

C

H

H

H

H

H

C OH HO C

O

C H

H

H

H NaO C

H

B C

O

OH

C

H

H

H

H

H

C ONa HO C

O

C H

H

H

H HO C

H

C C

O

ONa

C

H

H

H

H

H

C OH CNaO

CNaO

O

C H

H

H

O

C H

H

H

H NaO C

H

D C

O

ONa

C

H

H

H

H

H

C ONa
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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 
 

¥

£
s
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26 The reactions of four organic compounds are given in the table. 
 

Which compound could be propan-2-ol? 
 

 

reagent / observations 

when oxidised with Cr2O7
2–

 / H+, gives 
an organic product with a boiling point 

greater than the original compound 

when added to ethanoic acid, and a 
few drops of conc. H2SO4, gives a 

sweet-smelling compound 

A no no 

B no yes 

C yes no 

D yes yes 
 
 
27 Compound X has the empirical formula C2H3O. 
 

Compound X reacts with 2,4-dinitrophenylhydrazine reagent to give an orange precipitate and 
also decolourises warmed acidified potassium manganate(VII) solution. 

 
What could be the identity of X? 

 

C

H

A

H

C

H

H

C

O

H

C

O

H

C

H

H

C

H

H

C

O

HO

C

H

H

C

H

H

C

O

H

C

O

B

C

H

H

H

H

C

O

CH H

C

H
HO O

C

H

C C

C H

H

H

D

 
 
 
28 Compound Y gives methanol and sodium ethanoate on treatment with aqueous sodium 

hydroxide. 
 

What is the structure of Y? 

A CH3CO2CH3 

B HCO2C2H5 

C HO2CCH2CHO 

D HOCH2CH2COOH 
 

Et

Ei

£
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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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34 The Brønsted-Lowry theory describes acid and base character. 

 

When concentrated sulfuric acid and concentrated nitric acid are mixed, the following reactions 

occur. 

 

H2SO4  +  HNO3    HSO4

–

  + H2NO3

+

 

H2NO3

+

    H2O  +  NO2

+

 

H2O  +  H2SO4    HSO4

–

  +  H3O
+

 

 

Which species are bases in these reactions? 

1 HSO4

–

 

2 HNO3 

3 NO2

+

 

 

 

35 Pollutant oxide Y, which contains non-metallic element X, is formed in a car engine. 

 

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 molecules. 

 

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 has an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

36 A test-tube of HI gas and a test-tube of HBr gas are placed together in an environment at 

temperature, T. 

 

Which combinations of observations are possible depending on the temperature, T? 

1 A brown vapour appears in one of the test-tubes. No change is apparent in the other  

test-tube. 

2 A brown vapour appears in one of the test-tubes. A purple vapour appears in the other  

test-tube. 

3 No change is apparent in either test-tube. 

 

 

37 Which pairs of reagents will take part in a redox reaction? 

1 CH3COCH3  +  Tollens’ reagent 

2 CH3CH2CHO  +  Fehling’s reagent 

3 CH3CH=CH2  +  Br2 

 

 

�

12  
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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 student borrowed a friend’s chemistry notes and copied out the notes in the box below. 

 

Which statements are correct? 

 

A gas behaves less like an ideal gas when the gas 

1 is at low pressure. 

2  is at low temperature. 

3 can be easily liquefied. 

 

 

35  On being heated, hydrogen iodide breaks down more quickly than hydrogen chloride. 

 

Which statements explain this faster rate? 

1 The HI bond is weaker than the HCl bond. 

2  The reaction of the breakdown of HI has a smaller activation energy than that of HCl. 

3 The breakdown of HI is more exothermic than that of HCl. 

 

 

36  Which statements about calcium oxide are correct? 

1 It reacts with cold water. 

2  It is produced when calcium nitrate is heated. 

3 It can be reduced by heating with magnesium. 

 

 

37  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 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. 

�

14  
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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 intermolecular forces between iodine molecules are instantaneous dipole-induced dipole 

forces. 

 

Which statements explain why iodine has these intermolecular forces? 

1 An iodine molecule is polar and experiences an attraction from a lone pair of electrons on an 

adjacent molecule. 

2 An iodine molecule has a fluctuating dipole because the electrons in a molecule are more 

mobile than the nuclei. 

3 The electron charge cloud within an I2 molecule may become unsymmetrical and may then 

attract other I2 molecules. 

 

 

37  Which reactions must be warmed to form a solid product? 

1 CH3 CH2CHO  +  2,4-dinitrophenylhydrazine reagent 

2 CH3 CH2CHO  +  Fehling’s reagent 

3 CH3 CH2CHO  +  Tollens’ reagent 

 

 

38  When hydrolysed with dilute sulfuric acid, which compounds produce propanoic acid? 

1 CH3 CH2CO2CH3  

2 CH3 CH2CH2CN 

3 CH3 CH2CH2Cl 

 

 

�
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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. 

 

 

38  Menthol is a naturally-occurring alcohol found in peppermint oil. 

 

OH

menthol
 

 

Which reagents will react with menthol? 

1 aqueous bromine 

2 sodium metal 

3 aqueous acidified manganate(VII) 

 

 

39  Which pairs of reagents will take part in a redox reaction under suitable conditions? 

1 CH3(CH2)4CHO  +  Tollens’ reagent 

2 CH3(CH2)4CH3  +  Br2 

3 CH3CO(CH2)4CH3  +  Fehling’s reagent 

 

 

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 could be used to synthesise propanoic acid? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3CH2CN 
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38  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 exists in two optically active forms. 

 

 

39 Propanone and hydrogen cyanide react together by this mechanism. 

 

CN

C

O–

H3C

H3C

CN

C + CN–

OH

H3C

H3C

CN–

H CNC O

H3C

H3C
 

 

Which statements about this mechanism are correct? 

1 CN
–

 is an electrophile. 

2 It is an addition reaction. 

3 Heterolytic bond breaking is involved. 

 

 

40  Monopotassium citrate is used as an emulsifying agent in powdered milk and in powdered soups. 

It may be represented by the formula shown. 

 

CH2CO2H

CH2CO2H

CHO CO2  K+–

monopotassium citrate
 

 

Which statements about monopotassium citrate are correct? 

1 It does not have a chiral carbon atom. 

2 It can act as a dibasic acid. 

3 It reacts with NaHCO3 to give CO2. 

 

 

�

15  

© UCLES 2016 9701/13/M/J/16  

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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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. 
 
 
39 An organic compound, X, has the following skeletal formula. 
 

 
 

Which statements about X are correct? 

1 X is a primary alcohol. 

2 X will dehydrate to give a single alkene. 

3 X will undergo a substitution reaction with chloride ions. 
 
 
40 2,2,4-trimethylpentanal is used in the manufacture of adhesives. 
 

Which reagents would 2,2,4-trimethylpentanal react with? 

1 2,4-dinitrophenylhydrazine reagent 

2 Tollens' reagent 

3 alkaline aqueous iodine 
 
 

OH

X

�
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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 The compound shown is produced when sugar burns. 

 

H3C C

O

CHO
 

 

Which reagents would give a positive result with this compound? 

1 alkaline aqueous iodine 

2 2,4-dinitrophenylhydrazine 

3 Fehling’s solution 

 

 

40 Which statements about the formation of a carboxylic acid are correct? 

1 A carboxylic acid can be produced by hydrolysis of a nitrile. 

2 A carboxylic acid can be produced by oxidation of a primary alcohol. 

3 A carboxylic acid can be produced by reduction of an aldehyde. 
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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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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. 
 
 

�

14 

© UCLES 2016 9701/13/M/J/16  

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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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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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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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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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. 
 
 
39 Propanal reacts 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 HCN is a weaker nucleophile than the nucleophile provided by NaCN. 

2 The reaction mechanism involves two steps. 

3 The product of the reaction has a chiral carbon atom. 
 
 
40 The structure of lactic acid is shown. 
 

OH

OH

lactic acid

O

CH3C CH

 
 

Which esters might form when lactic acid is heated? 

1 CH3CH(OH)CO2CH(CH3)CO2H 

2  

3 CH3CH(OH)CO2CH(OH)CH3 
 
 

 

C

O

O

O

CH3

CH3

CH

CH

O

C
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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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34 The diagram shows the reaction pathway for a reversible reaction. 
 

extent of reaction

energy
/ kJ mol–1

30

90

 
 

Which statements are correct? 

1 The forward reaction is exothermic. 

2 The enthalpy change for the forward reaction is –30 kJ mol–1. 

3 The enthalpy change for the backward reaction is +90 kJ mol–1. 
 
 
35 The structure of metals is considered to be positive ions surrounded by delocalised electrons. 
 

The melting points of the metals in Period 3 increase with increasing atomic number. 
 

Which statements help to explain this trend from sodium to aluminium? 

1 The charge on the metal ion increases. 

2 There are more delocalised electrons per metal ion. 

3 The radius of the metal ion decreases. 
 
 
36 Under room conditions, 600 cm3 of a gas, X, has a mass of 0.700 g. 
 

What could X be? 

1 carbon monoxide 

2 ethene 

3 nitrogen 
 
 
37 Which compounds, on reaction with NaBH4, form a compound with a chiral carbon atom? 

1 CH3CH2CH2COCH3 

2 CH2CHCOCH2CH3 

3 CH3CH2COCH2CH3 
 
 

&
or

§

#

I

£

B
E

  
[S’18 P11 Q40]

14 

© UCLES 2018 9701/11/M/J/18  

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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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 Compound Y is a straight chain molecule with formula CnH2n+1X. X is a halogen. The Mr of Y 

is 137. The halogen atom is on the second carbon atom in the chain. 
 

Which statements are correct? 

1 Y contains a chiral centre. 

2 Y can eliminate HX to form two structurally isomeric alkenes. 

3 Y can eliminate HX to form two geometrically isomeric alkenes. 
 
 
39 Propanone and hydrogen cyanide react together by the mechanism shown. 
 

CN

C

O–

H3C

H3C

CN

C + CN–

OH

H3C

H3C

CN–

H CNC O

H3C

H3C  
 

Which statements about this mechanism are correct? 

1 CN– is an electrophile. 

2 It is an addition reaction. 

3 Heterolytic bond breaking is involved. 
 
 
40 Acrolein is an organic compound with the molecular formula C3H4O. It is used in water treatment 

and as a herbicide. When acrolein reacts with 2,4-dinitrophenylhydrazine an orange precipitate is 
obtained. Reaction of acrolein with Tollens’ reagent produces a silver mirror. 

 
Which statements are correct? 

1 Acrolein reacts with alkaline aqueous iodine to produce a yellow precipitate. 

2 Acrolein can be reduced to a primary alcohol. 

3 Acrolein decolourises bromine water. 
 
 

±
I
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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. 
 
 
40 Ethanal reacts with HCN in the presence of KCN. 
 

Which changes in bonding occur during this reaction? 

1 A carbon-carbon bond is formed. 

2 A carbon-hydrogen bond is broken. 

3 A carbon-nitrogen bond is broken. 
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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 Compound Y is a straight chain molecule with formula CnH2n+1X. X is a halogen. The Mr of Y 

is 137. The halogen atom is on the second carbon atom in the chain. 
 

Which statements are correct? 

1 Y contains a chiral centre. 

2 Y can eliminate HX to form two structurally isomeric alkenes. 

3 Y can eliminate HX to form two geometrically isomeric alkenes. 
 
 
39 Propanone and hydrogen cyanide react together by the mechanism shown. 
 

CN

C

O–

H3C

H3C

CN

C + CN–

OH

H3C

H3C

CN–

H CNC O

H3C

H3C  
 

Which statements about this mechanism are correct? 

1 CN– is an electrophile. 

2 It is an addition reaction. 

3 Heterolytic bond breaking is involved. 
 
 
40 Acrolein is an organic compound with the molecular formula C3H4O. It is used in water treatment 

and as a herbicide. When acrolein reacts with 2,4-dinitrophenylhydrazine an orange precipitate is 
obtained. Reaction of acrolein with Tollens’ reagent produces a silver mirror. 

 
Which statements are correct? 

1 Acrolein reacts with alkaline aqueous iodine to produce a yellow precipitate. 

2 Acrolein can be reduced to a primary alcohol. 

3 Acrolein decolourises bromine water. 
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40 The reaction of ethanal, CH3CHO, with HCN to form 2-hydroxypropanenitrile is catalysed by 

NaCN. 

 

What are features of the intermediate of this reaction? 

1 It is chiral. 

2 It has a single negative charge on one of its atoms. 

3 It is a nucleophile. 
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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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5  A hydrocarbon, P, with the formula C6H12 readily decolourises bromine.

  On reaction with hot, concentrated, acidifi ed potassium manganate(VII) solution a single organic 
product, Q, is obtained.

  Q gives an orange precipitate when reacted with 2,4-dinitrophenylhydrazine, 2,4-DNPH reagent, 
but has no reaction with Tollens’ reagent.

 (a) (i)  Explain these observations.

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

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

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

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

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

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

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

  .......................................................................................................................................   [4]

 (ii)  Draw the skeletal formula of P and give its name.

 name of P  ...........................................................................................................................
[2]

 (iii)  Draw the skeletal formula of Q and give its name.

 name of Q  ...........................................................................................................................
[2]
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3  Ethanal reacts with hydrogen cyanide, in the presence of a small amount of NaCN, as shown.

CH3CHO  +  HCN  o  CH3CH(OH)CN

 (a)  Use bond energies from the Data Booklet to calculate the enthalpy change for this reaction.
  Include a sign with your answer.

enthalpy change = .................................... kJ mol–1  [3]

 (b)  The product of this reaction shows stereoisomerism as it contains a chiral centre. This reaction 
produces an equimolar mixture of two optical isomers.

 (i)  Explain the meanings of the terms stereoisomerism and chiral centre.

 stereoisomerism  .................................................................................................................

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

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

 chiral centre  ........................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Suggest why the two optical isomers are produced in equal amounts by this reaction.

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

  .......................................................................................................................................   [1]

�  

9

9701/22/M/J/14© UCLES 2014 [Turn over

 (b)  There are several structural isomers of P that also decolourise bromine, but only four of these  

structural isomers exhibit geometrical (cis-trans) isomerism.

  Give the structures of any three structural isomers of P that exhibit geometrical (cis-trans) 

isomerism.

[3]

[Total: 11]
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3  Ethanal reacts with hydrogen cyanide, in the presence of a small amount of NaCN, as shown.

CH3CHO  +  HCN  o  CH3CH(OH)CN

 (a)  Use bond energies from the Data Booklet to calculate the enthalpy change for this reaction.
  Include a sign with your answer.

enthalpy change = .................................... kJ mol–1  [3]

 (b)  The product of this reaction shows stereoisomerism as it contains a chiral centre. This reaction 
produces an equimolar mixture of two optical isomers.

 (i)  Explain the meanings of the terms stereoisomerism and chiral centre.

 stereoisomerism  .................................................................................................................

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

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

 chiral centre  ........................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Suggest why the two optical isomers are produced in equal amounts by this reaction.

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

  .......................................................................................................................................   [1]

�

9
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 (c) (i)  Complete the diagram to show the mechanism of this reaction. Include all necessary 
charges, partial charges, lone pairs and curly arrows and show the structure of the 
intermediate.

H3C C

H

O

H3C C H +

CN

OH

C–N

NCH
[5]

 (ii)  With reference to your mechanism in (i), explain the role of the NaCN in this reaction.

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

  .......................................................................................................................................   [1]

[Total: 12]
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4  There are seven structural isomers with the molecular formula C
5
H

10
O that are carbonyl

compounds. Four of these are aldehydes.

  These four aldehydes, A, B, C and D, have the following properties.

 Ɣ  Aldehyde A has a straight chain while B, C and D are branched.

 Ɣ  Aldehyde B is the only one of the four isomers with a chiral centre and it exists as a pair of 

optical isomers.

 Ɣ  Aldehyde C has two methyl groups in its structure but D has three.

 (a) (i)  Give the structure of each of the four isomers.

A B

C D

[4]

 (ii)  Draw the three-dimensional structures of the two optical isomers of B.

[2]
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 (b) (i)  Describe a chemical test that would allow you to distinguish between any of the four 
isomers A to D and any of the other three structural isomers of C5H10O, that are carbonyl 
compounds.

  In your answer you should describe any necessary reagents and conditions as well as 
explaining what you would see in each case.

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

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

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

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

  .......................................................................................................................................   [3]

 (ii)  Describe a test that would give the same result with all seven carbonyl isomers of C5H10O.

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

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

  .......................................................................................................................................   [2]

[Total: 11]
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3  A, B, C, D, E and F are all structural isomers with the molecular formula C4H8O.

 (a)  A, B and C all give an orange precipitate when treated with 2,4-DNPH but only A and B give a 
brick-red precipitate when warmed with Fehling’s solution.

 (i)  Draw the skeletal formulae of A, B and C.

A B C

[3]

 (ii)  Name the type of structural isomerism shown by A and B.

  .......................................................................................................................................   [1]

 (iii)  State what you would see when a sample of A is warmed with Tollens’ reagent.

  .......................................................................................................................................   [1]�

6

9701/23/M/J/15© UCLES 2015

3  A, B, C, D, E and F are all structural isomers with the molecular formula C4H8O.

 (a)  A, B and C all give an orange precipitate when treated with 2,4-DNPH but only A and B give a 
brick-red precipitate when warmed with Fehling’s solution.

 (i)  Draw the skeletal formulae of A, B and C.

A B C

[3]

 (ii)  Name the type of structural isomerism shown by A and B.

  .......................................................................................................................................   [1]

 (iii)  State what you would see when a sample of A is warmed with Tollens’ reagent.

  .......................................................................................................................................   [1]
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 (b)  D, E and F all decolourise bromine and effervesce slowly with sodium metal.

  E shows geometrical isomerism. Only D has a branched chain.

  None of these isomers contains an oxygen atom bonded to a carbon atom involved in S bonding.

  None of these isomers contains a chiral centre.

 (i)  Give the structures of D, E and F. Show the two stereoisomers of E and label the 
stereoisomerism shown.

D

E

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

E

.......................................
F

[5]

 (ii)  Identify the gas produced during the reaction of each of these isomers with sodium metal.

  .......................................................................................................................................   [1]

 (c)  Another compound, G, C3H6O, contains the same functional group as A.

  Give equations for the reactions of G with each of acidifi ed potassium dichromate(VI) and 
sodium tetrahydridoborate, NaBH4, using [O] or [H] as appropriate.

 (i)  reaction with acidifi ed potassium dichromate(VI)

 C3H6O  +  .....................................  o   ..........................................................................   [1]

 (ii)  reaction with NaBH4

 C3H6O  +  .....................................  o   ..........................................................................   [1]

[Total: 13]
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 (ii)  Give the systematic name of compound P.

  .......................................................................................................................................  [1]

 (iii)  What would you observe when compound P is reacted with 2,4-dinitrophenylhydrazine 
(2,4-DNPH)?

  .......................................................................................................................................  [1]

 (b)  Compound U contains a chiral centre and has the same molecular formula as compound P, 
C5H8O.

 x  Compound U readily decolourises a sample of bromine water.
 x  Compound U does not show cis-trans isomerism.
 x  When compound U is heated under reflux in the presence of excess acidified 

potassium dichromate(VI), the organic product gives the infra-red spectrum shown.

infra-red spectrum of product

4000 3000 2000

wavenumber / cm–1

10001500 500

transmittance /
%

100

50

0

  Use the information given to suggest a structure for compound U.
  Explain your answer.

[4]

[Total: 10]

�

12

9701/22/F/M/16© UCLES 2016

5  Some reactions of compound P, C5H8O, are shown.

H2(g)
Ni(s) catalyst

OH–(aq)
I2(aq)

compound Q

compound R compound S
compound P

compound T  +

O

O

–O

cold, acidified
KMnO4(aq)NaBH4

 (a) (i)  Give the structures for organic compounds Q, R, S and T.

Q

T

R S

[4]
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5  A reaction sequence based on propan-1-ol is shown.

CH3 CH CH2 CH3 CH2 CH2CH3 CH2 CH2 OH Br

CH3 CH2 C OH

O

CH3 CH2 C H

O

CH3 CH2 C CN

H

OH

reaction 1
reaction 4

propan-1-ol

reaction 5
NaCN / H+

reaction 3

reaction 2

 (a)  Reactions 1 and 2 can both be carried out using the same reagents.

 (i)  Identify suitable reagents for reactions 1 and 2.

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

  .......................................................................................................................................  [1]

 (ii)  State and explain how the reaction should be carried out to ensure that reaction 2 rather 
than reaction 1 occurs.

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

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

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

  .......................................................................................................................................  [2]

 (b)  Identify the necessary reagents and conditions for each of reactions 3 and 4.

 reaction 3  ...................................................................................................................................

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

 reaction 4  ...................................................................................................................................

  ....................................................................................................................................................
[2]
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4  Acetoin, CH3COCH(OH)CH3, and diacetyl, CH3COCOCH3, are two of the compounds that give 
EXWWHU�LWV�FKDUDFWHULVWLF�ÀDYRXU��7KHLU�VNHOHWDO�IRUPXODH�DUH�VKRZQ�

O

HO

acetoin

O

O

diacetyl

 (a)  Give the systematic name for acetoin.

  ..............................................................................................................................................  [1]

 (b)  Identify the reagents and conditions necessary for the conversion of acetoin into diacetyl.

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

  ..............................................................................................................................................  [2]

 (c)  The infra-red spectrum for acetoin is shown.

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 (i)  Explain the main features of this spectrum, with reference to the peaks with wavenumbers 
greater than 1500 cm–1.

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

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

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

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

  .......................................................................................................................................  [3]
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4  P, Q and R all have the molecular formula C3H6O. They are all structural isomers of each other.

  P and Q each contain an oxygen atom bonded directly to a carbon atom that is sp2 hybridised.  
R contains an oxygen atom bonded directly to a carbon atom that is sp3 hybridised.

 (a) (i)  Explain the meaning of the term structural isomers.

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

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

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

  .......................................................................................................................................  [2]

 (ii)  Explain how sp2 and sp3 hybridisation can occur in carbon atoms.

  sp2 hybridisation  .................................................................................................................

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

 sp3 hybridisation  .................................................................................................................

  .............................................................................................................................................
[2]

 (iii)� �6WDWH�WKH�ERQG�DQJOHV�QRUPDOO\�DVVRFLDWHG�ZLWK�HDFK�W\SH�RI�K\EULGLVDWLRQ�LQ�FDUERQ�DWRPV�

 sp2  .......................................................................................................................................

 sp3  .......................................................................................................................................
[2]

 (b)  R contains two different functional groups, one of which is an alkene group.
  R�UHDFWV�ZLWK�FROG��GLOXWH��DFLGL¿HG�PDQJDQDWH�VII) ions to form propane-1,2,3-triol.

H

HO C

H

OH

OHC

propane-1,2,3-triol

H

H

C

H

 (i)  Give the displayed formula of R.

[1]
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 (ii)� �6WDWH�WKH�W\SH�RI�UHDFWLRQ�DQG�ZKDW�\RX�ZRXOG�REVHUYH�ZKHQ�R reacts with bromine water.

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

  .......................................................................................................................................  [2]

 (iii)  Draw the structure of the product formed when R reacts with bromine water.

[1]

 (iv)  Identify the gaseous product formed when R reacts with hot, concentrated, 
DFLGL¿HG�PDQJDQDWH�VII) ions.

  .......................................................................................................................................  [1]

 (c)  P and Q (C3H6O) both form an orange precipitate when reacted with 2,4-DNPH. Only Q 
produces a yellow precipitate when reacted with alkaline aqueous iodine.

 (i)  Name P and Q.

 P  .........................................................................................................................................

 Q  .........................................................................................................................................
[2]

 (ii)  Identify the yellow precipitate formed by the reaction of Q with alkaline aqueous iodine.

  .......................................................................................................................................  [1]

 (d)  P and Q each react with hydrogen cyanide to form a single product.
  The product formed from P exists as a pair of optical isomers.
  The product formed from Q does not exhibit optical isomerism.

 (i)  Explain the meaning of the term optical isomers.

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

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

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

  .......................................................................................................................................  [2]
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 (ii)  Ethanal, CH3CHO, also reacts with hydrogen cyanide. The product of this reaction is 
CH3CH(OH)CN.

  Draw the mechanism of this reaction.
  Include all necessary charges, dipoles, lone pairs and curly arrows.

[3]

[Total: 19]

�
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5  In each section of this question choose the answer or answers from the options listed.

 (a)  Six particles are listed.

Hx       H+       Cl x       Cl –       xCH
3
       +CH

3

 (i)  Identify two particles produced during the reaction of methane and chlorine in the presence 

of UV light.

  .......................................................................................................................................  [1]

 (ii)  Identify the two�SDUWLFOHV�SURGXFHG�E\�WKH�KHWHURO\WLF�¿VVLRQ�RI�D�ERQG�LQ�FKORURPHWKDQH�

  .......................................................................................................................................  [1]

 (b)  Seven reaction types are listed.

addition       substitution       oxidation       elimination

hydrolysis       condensation       reduction

 (i)  Name the type of reaction involved when Tollens’ reagent is used to identify an aldehyde.

  .......................................................................................................................................  [1]

 (ii)  Name the type of reaction involved in the test for a carbonyl group using 2,4-DNPH.

  .......................................................................................................................................  [1]

 (iii)  Name the type of reaction involved in the reaction of a ketone with NaBH
4
.

  .......................................................................................................................................  [1]

 (iv)  Name the type of reaction involved in the reaction of an aldehyde with HCN.

  .......................................................................................................................................  [1]

[Total: 6]
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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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 (c)  The isomers F and G, C5H102��ERWK�IRUP�DQ�RUDQJH�SUHFLSLWDWH�ZKHQ�UHDFWHG�ZLWK�����'13+�

  F is unbranched and reacts with alkaline aqueous iodine to produce a yellow precipitate.

  G does not react with alkaline aqueous iodine. It contains a chiral centre and produces a silver 
mirror when warmed with Tollens’ reagent.

 (i)  Name the yellow precipitate produced by the reaction between F and alkaline aqueous 
iodine.

  .......................................................................................................................................  [1]

 (ii)  Give the structural formula of F and of G.

 F  .........................................................................................................................................

 G  .........................................................................................................................................
[2]

 (iii)  Explain the meaning of the term chiral centre.

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

  .......................................................................................................................................  [1]
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  7Zo possiEle PetKods oI PaNing lactic acid are sKoZn.

reaction 2

reaction 4

reaction 1

reaction 3
lactic acid

C

O

HH3C

C

O

CO2HH3C
C H

CH2OH

H3C

OH

C H

CN

H3C

OH

C H

CO2H

H3C

OH

 (ii)  6tate suitaEle reagents and conditions Ior reactions 1 and 3.

reaction reagents and conditions

1

3

 >�@

 (iii)  1aPe tKe t\pe oI reaction tKat occurs in reaction 2.

  .......................................................................................................................................  >�@

 (iv)  Reaction 4 uses NaBH�.

  ,dentiI\ tKe role oI 1a%+� in this reaction.

  .......................................................................................................................................  >�@

 (v)  /actic acid Kas a cKiral centre.

  6tate ZKat is Peant E\ tKe terP chiral centre.

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

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

  .......................................................................................................................................  >�@

 >7otal� ��@
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4  W is &+3&2&+2&+3.

 (a)  7Ke reaction EetZeen W and alNaline aTueous iodine produces a \elloZ precipitate.

 (i)  *iYe tKe naPe oI tKe coPpound IorPed as a \elloZ precipitate in tKis reaction.

  .......................................................................................................................................  [1]

 (ii)  *iYe tKe naPe oI W.

  .......................................................................................................................................  [1]

 (b)  7Kere are tZo structural isoPers oI W tKat are also carEon\l coPpounds.

  DraZ tKe structures oI tKese tZo isoPers oI W.

 [2]

  7Zo reactions oI W are shown.

CH3 COCH2 CH3 CH3 CH(OH)CH2 CH3

H3 C CH2 CH3C

OH

CN

W

X

reaction 2

reaction 1

 (c) (i)  ,dentiI\ tKe t\pe oI reaction occurring in reaction 1.

  .......................................................................................................................................  [1]

 (ii)  ,dentiI\ tKe reagent Ior reaction 1.

  .......................................................................................................................................  [1]
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 (d)  Reaction 2 is carried out E\ adding a Pi[ture oI +&1 and 1a&1 to W.
  7Ke product, X, is IorPed as a Pi[ture oI tZo isoPers.

 (i)  &oPplete tKe PecKanisP Ior tKis reaction.

  ,nclude tKe structure oI tKe interPediate IorPed and all necessar\ cKarges, dipoles, lone 
pairs and curl\ arroZs.

H3C CH2

CH3

O

CW

XCN–

H3C CH2CH3C

OH

CN

 [4]

 (ii)  6tate tKe naPe oI tKe t\pe oI isoPerisP sKoZn E\ X.

  .......................................................................................................................................  [1]

 (iii)  ([plain Iull\ ZK\ X sKoZs tKis t\pe oI isoPerisP.

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

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

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

  .......................................................................................................................................  [2]

Question 4 continues on page 10.
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 (d)  Reaction 2 is carried out E\ adding a Pi[ture oI +&1 and 1a&1 to W.
  7Ke product, X, is IorPed as a Pi[ture oI tZo isoPers.

 (i)  &oPplete tKe PecKanisP Ior tKis reaction.

  ,nclude tKe structure oI tKe interPediate IorPed and all necessar\ cKarges, dipoles, lone 
pairs and curl\ arroZs.

H3C CH2

CH3

O

CW

XCN–

H3C CH2CH3C

OH

CN

 [4]

 (ii)  6tate tKe naPe oI tKe t\pe oI isoPerisP sKoZn E\ X.

  .......................................................................................................................................  [1]

 (iii)  ([plain Iull\ ZK\ X sKoZs tKis t\pe oI isoPerisP.

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

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

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

  .......................................................................................................................................  [2]

Question 4 continues on page 10.
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 (d)  Reaction 2 is carried out E\ adding a Pi[ture oI +&1 and 1a&1 to W.
  7Ke product, X, is IorPed as a Pi[ture oI tZo isoPers.

 (i)  &oPplete tKe PecKanisP Ior tKis reaction.

  ,nclude tKe structure oI tKe interPediate IorPed and all necessar\ cKarges, dipoles, lone 
pairs and curl\ arroZs.

H3C CH2

CH3

O

CW

XCN–

H3C CH2CH3C

OH

CN

 [4]

 (ii)  6tate tKe naPe oI tKe t\pe oI isoPerisP sKoZn E\ X.

  .......................................................................................................................................  [1]

 (iii)  ([plain Iull\ ZK\ X sKoZs tKis t\pe oI isoPerisP.

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

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

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

  .......................................................................................................................................  [2]

Question 4 continues on page 10.
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4  7Ke diagraP sKoZs a reaction seTuence starting IroP etKanal.

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)  1aPe tKe t\pe oI cKePical reaction tKat occurs in reaction 3.

  .......................................................................................................................................  [1]

 (iii)  Write an equation to represent reaction 4.

  8se >2@ to represent tKe o[idising agent.

  .......................................................................................................................................  [1]

 (iv)  6tate tKe reagents and conditions Ior reaction 4.

  .......................................................................................................................................  [1]
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4  7Ke diagraP sKoZs a reaction seTuence starting IroP etKanal.

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)  1aPe tKe t\pe oI cKePical reaction tKat occurs in reaction 3.

  .......................................................................................................................................  [1]

 (iii)  Write an equation to represent reaction 4.

  8se >2@ to represent tKe o[idising agent.

  .......................................................................................................................................  [1]

 (iv)  6tate tKe reagents and conditions Ior reaction 4.

  .......................................................................................................................................  [1]
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4  7Ke diagraP sKoZs a reaction seTuence starting IroP etKanal.

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)  1aPe tKe t\pe oI cKePical reaction tKat occurs in reaction 3.

  .......................................................................................................................................  [1]

 (iii)  Write an equation to represent reaction 4.

  8se >2@ to represent tKe o[idising agent.

  .......................................................................................................................................  [1]

 (iv)  6tate tKe reagents and conditions Ior reaction 4.

  .......................................................................................................................................  [1]
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 (b)  Compound Q is IorPed as a Pi[ture oI tZo optical isoPers.

 (i)  ([plain ZKat is Peant E\ tKe terP optical isomers.

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

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

  .......................................................................................................................................  [1]

 (ii)  Draw the two optical isomers of Q, sKoZing clearl\ tKeir tKree�diPensional structures.

 [2]

 (c)  R can Ee used to PaNe a pol\Per, W, in tZo steps.

R W
addition

polymerisation
intermediate

polymer
NaOH(aq)

  Draw one repeat unit of W.

 [3]
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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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28 Ethanal may be converted into a three-carbon acid in a two-step process.

Which compound is the intermediate?

A CH3 CO2 H           B CH3 CN           C CH3 CH2 CN           D CH3 CH(OH)CN

29 Which compound is both chiral and acidic?

C

C

HA

B

H

CO2 H

OHCH3

CO2 H

HCO2 CHC

CH3

CH(OH)CO2 H

CH2 CO2 H

D

CH2 Br

�

9
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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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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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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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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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28 Compound X

! has the molecular formula C10H14O;

! is unreactive towards mild oxidising agents.

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

29 For which pair of compounds can the members be distinguished by means of Tollens’ test (the

use of a solution containing )?)Ag(NH
23

!

A CH3CHO and CH3COCH3

B CH3COCH3 and C2H5COCH3

C CH3COCH3 and CH3CO2CH3

D CH3CO2H and CH3CO2CH3

30 Compound X changes the colour of acidified sodium dichromate(VI) from orange to green. 1 mol

of X reacts with 2 mol of HCN(g).

What could X be?

A CH3COCH2COCH3

B CH3CH2CH2CHO

C H2C=CHCH2CHO

D OHCCH2CH2CHO

C

A

CH
2

CH
2

CH
2

CH

B

CHCH
2 CH

3
CH

CHCH CH
2

CH
3

D

CHC CH
3

CH
3

�
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26 Which alcohol gives only one 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

27 What will react differently with the two isomeric pentanols, (CH3 )3 CCH2OH and
(CH3 )2CHCH2CH2OH?

A acidified aqueous potassium manganate(VII)

B concentrated sulphuric acid

C phosphorus pentachloride

D sodium

28 How many hydrogen atoms in a molecule of glycerol, HOCH2CH(OH)CH2OH, may be substituted
by deuterium on dissolving it in an excess of D2O?

A 2 B 3 C 5 D 8

29 CH3 CH2COCH2CH3 reacts with hydrogen cyanide to form a cyanohydrin.

Which features apply 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.

�
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29 In a preparation of ethene, ethanol is added a drop at a time to a heated reagent Y. To purify the
ethene it is bubbled through a solution Z and then collected.

What could reagent Y and solution Z be?

30 The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic
conditions.

What is the formula of the final product?

A CH3CH(OH)CO2H

B CH3CH2CH2CO2H

C (CH3)2CHCONH2

D (CH3)2C(OH)CO2H

reagent Y solution Z

A acidified K2Cr2O7 dilute NaOH

B concentrated H2SO4 dilute H2SO4

C concentrated H2SO4 dilute NaOH

D ethanolic NaOH concentrated H2SO4
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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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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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28 Compound X

! has the molecular formula C10H14O;

! is unreactive towards mild oxidising agents.

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

29 For which pair of compounds can the members be distinguished by means of Tollens’ test (the

use of a solution containing )?)Ag(NH
23

!

A CH3CHO and CH3COCH3

B CH3COCH3 and C2H5COCH3

C CH3COCH3 and CH3CO2CH3

D CH3CO2H and CH3CO2CH3

30 Compound X changes the colour of acidified sodium dichromate(VI) from orange to green. 1 mol

of X reacts with 2 mol of HCN(g).

What could X be?

A CH3COCH2COCH3

B CH3CH2CH2CHO

C H2C=CHCH2CHO

D OHCCH2CH2CHO

C

A

CH
2

CH
2

CH
2

CH

B

CHCH
2

CH
3

CH

CHCH CH
2

CH
3

D

CHC CH
3

CH
3

�
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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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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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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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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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26 Which reagent could detect the presence of alcohol in a petrol consisting mainly of a mixture of 

alkanes and alkenes? 

A Na 

B Br2 (in CCl4) 

C KMnO4(aq) 

D 2,4-dinitrophenylhydrazine 

 

 

27 Which alcohol may be oxidised to a product which reacts with 2,4-dinitrophenylhydrazine reagent 

but not with Fehling’s reagent?  

A butan-1-ol 

B butan-2-ol 

C 2-methylpropan-1-ol 

D 2-methylpropan-2-ol 

 

 

28 The first stage in the synthesis of antipyrine, a drug used in reducing fever, is the reaction 

between compound P and phenylhydrazine.  

 

CH3COCH2CO2CH2CH3
+ NHNH2 Q

phenylhydrazineP
 

 

What is the product Q of this first stage? 

 

A

B

C

D

CH3COCH2CONH

CH3COCH2CO

NHCH2CO2CH2CH3

NHNH2

NHN

CH3CCH2CO2CH2CH3
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27 What is formed when propanone is refluxed with an anhydrous solution of NaBH4? 

A propanal 

B propan-1-ol 

C propan-2-ol 

D propane 

 

 

28 What is the structure of the ester formed from propanoic acid and ethanol? 

 

C C

H

H

H

CO

O
H

H

C

H

H

C

H

H

H

A

C C

H

H

H

CO

O
H

H

C

H

H
C

H

H

H

B

C C

H

H

H

O

O
H

C

C

C

H

H

H H

H H

C

C C

H

H

H

CO

O
H

H

C

H

H

H

D

 

 

 

29 Lactic acid occurs naturally, for example in sour milk. 

 

Its displayed formula is shown. 

 

O

O

H
C

H

H

H

O

H

H

C C

 

 

Which reaction occurs with 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. 
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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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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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29  Aldehydes and ketones are carbonyl compounds. 

 

Which of them react both with NaBH4 and with Tollens’ reagent? 

A both aldehydes and ketones 

B aldehydes only 

C ketones only 

D neither aldehydes nor ketones 

 

 

30 Which compound is a product of the hydrolysis of CH3CO2C3H7 by boiling aqueous sodium 

hydroxide? 

A CH3OH B C3H7OH C C3H7CO2H D 
+−

Na273
COHC  
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26 Which reagent could detect the presence of alcohol in a petrol consisting mainly of a mixture of 

alkanes and alkenes? 

A Na 

B Br2 (in CCl4) 

C KMnO4(aq) 

D 2,4-dinitrophenylhydrazine 

 

 

27 Which alcohol may be oxidised to a product which reacts with 2,4-dinitrophenylhydrazine reagent 

but not with Fehling’s reagent?  

A butan-1-ol 

B butan-2-ol 

C 2-methylpropan-1-ol 

D 2-methylpropan-2-ol 

 

 

28 The first stage in the synthesis of antipyrine, a drug used in reducing fever, is the reaction 

between compound P and phenylhydrazine.  

 

CH3COCH2CO2CH2CH3
+ NHNH2 Q

phenylhydrazineP
 

 

What is the product Q of this first stage? 

 

A

B

C

D

CH3COCH2CONH

CH3COCH2CO

NHCH2CO2CH2CH3

NHNH2

NHN

CH3CCH2CO2CH2CH3
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27 Which compound 

 

• is unaffected by hot alkaline potassium manganate(VII); 

• gives hydrogen when treated with sodium? 

 

A (CH3)2CHCOCH3 

B (CH3)3COH 

C CH3CH2CH(OH)CH3 

D CH3CO2CH(CH3)2 

 

 

28 A common industrial solvent is a mixture of propanone, CH3COCH3, and pentyl ethanoate 

CH3CO2(CH2)4CH3. 

 

Which reagent would have no effect on this solvent? 

A Na(s) 

B NaBH4 

C NaOH(aq) 

D 2,4-dinitrophenylhydrazine reagent 

 

 

29 Apples, the fruit of trees of the genus Malus, are rich in malic acid. Malic acid may be synthesised 

in the laboratory in two steps. 

 

NCCH2CHO HO2CCH2CH(OH)CO2HX
step 1 step 2

malic acid
 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCl (aq) HCN(g) 

B HCN, NaCN(aq/alcoholic) H2SO4(aq) 

C H2SO4(aq) K2Cr2O7 / H2SO4(aq)

D KCN(aq/alcoholic) HCl (aq) 
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28  Hept-4-enal is present in cow’s milk. 

 

CH3 CH2 CH=CHCH2 CH2 CHO 

 

hept-4-enal 

 

What is formed when hept-4-enal is reduced with either hydrogen and a nickel catalyst or 

sodium borohydride? 

A with H2  / Ni CH3 (CH2 )5 CH2 OH 

B with H2  / Ni CH3 (CH2 )5 CH3  

C with NaBH4 CH3 (CH2 )5 CH2 OH 

D with NaBH4 CH3 (CH2 )5 CHO 

 

 

29  Which of these reactions is shown by butanone, CH3 COCH2 CH3 ? 

A On warming with acidified potassium dichromate(VI) the solution turns green. 

B On heating with Fehling’s reagent a red precipitate is formed. 

C With 2,4-dinitrophenylhydrazine reagent an orange precipitate is formed. 

D With hydrogen cyanide an aldehyde is formed. 

 

 

30 The ester CH3 CH2 CH2 CO2 CH3  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 CH4O B C2 H4O C C2 H4O2  D C3 H7 O2  
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4 The graph shows the first thirteen ionisation energies for element X. 

 

number of electrons removed

ionisation
energy 

 

 

What can be deduced about element X from the graph? 

A It is in the second period (Li to Ne) of the Periodic Table. 

B It is a d-block element. 

C It is in Group II of the Periodic Table. 

D It is in Group III of the Periodic Table. 

 

 

5 Hydrogen bonding can occur between molecules of methanal, HCHO, and molecules of liquid Y. 

 

What could liquid Y be? 

A CH3OH 

B CH3CHO 

C CH3COCH3 

D CH3CO2CH3 

 

 

6 Lycra
®

 is a polyurethane fibre used in the fashion industry. It is a polymer made from two 

monomers, one of which has the following formula. 

 

O=C=N–(CH2)n 
–N=C=O 

 

What is the O–C–N bond angle in this molecule? 

A 90 ° B 109 ° C 120 ° D 180 °   
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28 Compound X will decolourise a warm acidified solution of manganate(VII) ions and forms orange 

crystals on reaction with 2,4-dinitrophenylhydrazine. 

 

What is X? 

A CH3CH=CHCH2OH 

B CH3COCH2CH3 

C CH3CH2CH2CHO 

D CH3CH(OH)CH2CO2H 

 

 

29 Which compound would undergo nucleophilic addition? 

A ethene, C2H4 

B bromoethane, C2H5Br 

C ethanal, CH3CHO 

D ethane, C2H6 

 

 

30 Which formula represents the organic compound formed by the reaction of propanoic acid with 

methanol in the presence of concentrated sulphuric acid as a catalyst? 

A CH3CH2COCH3 

B CH3CH2CO2CH3 

C CH3CO2CH2CH3 

D CH3CH2CH2CO2CH3 
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28  Hept-4-enal is present in cow’s milk. 

 

CH3 CH2 CH=CHCH2 CH2 CHO 

 

hept-4-enal 

 

What is formed when hept-4-enal is reduced with either hydrogen and a nickel catalyst or 

sodium borohydride? 

A with H2  / Ni CH3 (CH2 )5 CH2 OH 

B with H2  / Ni CH3 (CH2 )5 CH3  

C with NaBH4 CH3 (CH2 )5 CH2 OH 

D with NaBH4 CH3 (CH2 )5 CHO 

 

 

29  Which of these reactions is shown by butanone, CH3 COCH2 CH3 ? 

A On warming with acidified potassium dichromate(VI) the solution turns green. 

B On heating with Fehling’s reagent a red precipitate is formed. 

C With 2,4-dinitrophenylhydrazine reagent an orange precipitate is formed. 

D With hydrogen cyanide an aldehyde is formed. 

 

 

30 The ester CH3 CH2 CH2 CO2 CH3  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 CH4O B C2 H4O C C2 H4O2  D C3 H7 O2  
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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 

 

 

CEDAR COLLEGE  CARBONYLS WS 3



 159

28

29

30

31

�

10  

© UCLES 2008 9701/01/O/N/08  

28  Bees use 2-methylbutyl ethanoate as an ‘alarm’ pheromone. When disturbed, individual bees on 

guard will raise their abdomen and emit the alarm pheromone, fanning their wings to aid its 

dispersal. This alerts other bees to a danger and makes them ready to sting when required. 

 

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 CH3CH2OH and CH3CH2CH(CH3)CO2H 

B CH3CO2H and CH3CH2CH(CH3)CH2OH 

C CH3CH2OH and CH3CH2CH(CH3)CH2CO2H 

D CH3CO2H and CH3CH2CH(CH3)CH2CO2H 

 

 

29  The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic 

conditions. 

 

What is the formula of the final product? 

A CH3CH(OH)CO2H 

B CH3CH2CH2CO2H 

C (CH3)2CHCONH2 

D (CH3)2C(OH)CO2H 

 

 

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

 

Ethyl ethanoate can be obtained from ethanoic acid and ethanol by the following reaction. 

 

CH3CH2OH + CH3CO2H  CH3CO2CH2CH3 + H2O 

 

Ethanol (30 g) and ethanoic acid (30 g) are heated under reflux together, and 22 g of ethyl 

ethanoate are obtained. 

 

What is the yield of the ester? 

A 25 % B 38 % C 50 % D 77 % 
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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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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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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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27  The naturally-occurring molecule civetone is found in a gland of the African civet cat and has 

been used in perfumery. 

 

CH2

H2C

CH2

H2C

H2C

H2C

CH2 CH2
CH2

CH2

CH2

CH2

CH2 CH2

CH

HC

C O

civetone
 

 

With which reagent will civetone not react? 

A 2,4-dinitrophenylhydrazine reagent 

B Fehling’s reagent 

C hydrogen bromide 

D sodium tetrahydridoborate(III) (sodium borohydride) 

 

 

28  Cyanohydrins can be made from carbonyl compounds by generating CN
–

 ions from HCN in the 

presence of a weak base. 

 

R

R′

R

R′

C O HCN+

OH

CN

C
CN–

 

 

In a similar reaction, 
–

CH2 CO2 CH3 ions are generated from CH3CO2 CH3 by strong bases. 

 

Which compound can be made from an aldehyde and CH3CO2 CH3 in the presence of a strong 

base? 

A CH3CH(OH)CO2 CH3 

B CH3CO2 CH2 CH(OH)CH3 

C CH3CH2 CH(OH)CH2 CO2 CH3 

D (CH3)2 C(OH)CH2 CO2 CH3 
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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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21 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 

 

 

22 A compound Y has all of the properties below. 

 

• It is a liquid at 25 °C. 

• It mixes completely with water. 

• It reacts with aqueous sodium hydroxide. 

 

What could Y be? 

A ethanoic acid 

B ethanol 

C ethene 

D ethyl ethanoate 

 

 

23 Tartaric acid is present in some wines. It may be synthesised in the laboratory in two steps. 

 

OHCCHO HO2CCH(OH)CH(OH)CO2Hintermediate
step 1 step 2

tartaric acid  

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCl (aq) HCN(g) 

B HCN, NaCN(aq/alcoholic) H2SO4(aq) 

C H2SO4(aq) K2Cr2O7 / H2SO4(aq)

D KCN(aq/alcoholic) K2Cr2O7 / H2SO4(aq)
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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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27  The naturally-occurring molecule civetone is found in a gland of the African civet cat and has 

been used in perfumery. 

 

CH2

H2C

CH2

H2C

H2C

H2C

CH2 CH2
CH2

CH2

CH2

CH2

CH2 CH2

CH

HC

C O

civetone
 

 

With which reagent will civetone not react? 

A 2,4-dinitrophenylhydrazine reagent 

B Fehling’s reagent 

C hydrogen bromide 

D sodium tetrahydridoborate(III) (sodium borohydride) 

 

 

28  Cyanohydrins can be made from carbonyl compounds by generating CN
–

 ions from HCN in the 

presence of a weak base. 

 

R

R′

R

R′

C O HCN+

OH

CN

C
CN–

 

 

In a similar reaction, 
–

CH2 CO2 CH3 ions are generated from CH3CO2 CH3 by strong bases. 

 

Which compound can be made from an aldehyde and CH3CO2 CH3 in the presence of a strong 

base? 

A CH3CH(OH)CO2 CH3 

B CH3CO2 CH2 CH(OH)CH3 

C CH3CH2 CH(OH)CH2 CO2 CH3 

D (CH3)2 C(OH)CH2 CO2 CH3 
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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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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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24 Esters are frequently used as solvents and as flavouring agents in fruit drinks and confectionery. 

 

An ester C8H12Br2O4 can be prepared in low yield by the reaction shown. 

 

CH3C(Br)(CH2Br)CO2H + (CH3)2C(OH)CO2H ! C8H12Br2O4 + H2O 

 

What is the structural formula of the ester C8H12Br2O4? 

A CH3C(Br)(CH2Br)CO2C(CH3)2CO2H 

B CH3C(Br)(CH2Br)CO2C(OH)(CH3)CO2CH3 

C CH3C(Br)(CH3)CO2C(CH3)2CO2CH2Br 

D (CH3)2C(Br)C(CO2H)(CH2Br)CO2CH3 

 

 

25 Many, but not all, organic reactions need to be heated before reaction occurs. 

 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A C10H22 → C8H18 + C2H4 

B CH3CH2CH2Br + NH3 → CH3CH2CH2NH2 + HBr 

C CH3CH2OH + KBr → CH3CH2Br + KOH 

D (CH3)2CO + H2NNHC6H3(NO2)2 → (CH3)2C=NNHC6H3(NO2)2 + H2O 

 

 

26 Which pair of reagents will take part in a redox reaction? 

A CH3CH2OH + concentrated H2SO4 

B CH3CHO + Tollens’ reagent 

C CH3CO2C2H5 + dilute H2SO4 

D CH3COCH3 + Fehling’s solution 
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26 Compound X changes the colour of warm acidified sodium dichromate(VI) from orange to green. 

1 mol of X reacts with 2 mol of HCN in the presence of KCN. 

 

What could X be? 

A CH3CH2CH2CHO 

B CH3COCH2COCH3 

C H2C=CHCH2CHO 

D OHCCH2CH2CHO 

 

 

27 Which formula represents an ester which will form sodium ethanoate on hydrolysis with aqueous 

sodium hydroxide? 

 

CH2 CH3OH C

CH2CH2 CH3OH3C

O

C

O

CH3CH2 OH3C C

CH2 CH2 CH3OH3C C

A B

C D
O O

 

 

 

28 A compound Y is treated with warm acidified potassium dichromate(VI). The resulting organic 

product gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent but does not give a 

silver mirror with Tollens’ reagent. 

 

What is Y? 

A butan-1-ol 

B butan-2-ol 

C butanal 

D 2-methylpropan-2-ol 

 

 

29 Aldehydes and ketones are carbonyl compounds. 

 

Which of them react with NaBH4 and react with Fehling’s reagent? 

A both aldehydes and ketones 

B aldehydes only 

C ketones only 

D neither aldehydes nor ketones 
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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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26 Compound X changes the colour of warm acidified sodium dichromate(VI) from orange to green. 

1 mol of X reacts with 2 mol of HCN in the presence of KCN. 

 

What could X be? 

A CH3CH2CH2CHO 

B CH3COCH2COCH3 

C H2C=CHCH2CHO 

D OHCCH2CH2CHO 

 

 

27 Which formula represents an ester which will form sodium ethanoate on hydrolysis with aqueous 

sodium hydroxide? 

 

CH2 CH3OH C

CH2CH2 CH3OH3C

O

C

O

CH3CH2 OH3C C

CH2 CH2 CH3OH3C C

A B

C D
O O

 

 

 

28 A compound Y is treated with warm acidified potassium dichromate(VI). The resulting organic 

product gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent but does not give a 

silver mirror with Tollens’ reagent. 

 

What is Y? 

A butan-1-ol 

B butan-2-ol 

C butanal 

D 2-methylpropan-2-ol 

 

 

29 Aldehydes and ketones are carbonyl compounds. 

 

Which of them react with NaBH4 and react with Fehling’s reagent? 

A both aldehydes and ketones 

B aldehydes only 

C ketones only 

D neither aldehydes nor ketones 
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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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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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22 Use of the Data Booklet is relevant to this question. 

 

 A sample of ethyl propanoate 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 % 

 

 

23 Compound C is used in textile and leather processing. 

O
CH2C

O
H2C C

O

O

compound C

 

 Which starting material(s), on gentle heating with a few drops of concentrated sulfuric acid, 

generates compound C? 

A CH
3
COOH only 

B HOCH
2
COOH only 

C CH
3
COOCH

2
COOH only 

D CH
3
COOH mixed with HOCH

2
COOH  

 

 

24 How many isomeric esters have the molecular formula C
4
H

8
O

2
? 

A 2 B 3 C 4 D 5 

 

 

25 Which compound, on reaction with hydrogen cyanide, produces a compound with a chiral centre? 

A CH
3
CHO 

B CH
3
CH

2
COCH

2
CH

3
 

C CH
3
CO

2
CH

3
 

D HCHO 
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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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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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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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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 dm
3

 B 12.0 dm
3

 C 21.6 dm
3

 D 24.0 dm
3

 

 

 

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

 

2.30 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 desired organic product was then 

collected by distillation. The yield of product was 60.0 %. 

 

What mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.20 g 

 

 

27 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 only one of the functional groups? 

A acidified potassium dichromate(VI) 

B 2,4-dinitrophenylhydrazine 

C hydrogen cyanide 

D sodium hydroxide 

 

 

28 The structural formula of a compound X is shown below. 

 

CH3CH2CH2OC

O

H
 

 

What is the name of compound X and how does its boiling point compare with that of butanoic 

acid? 

 name of X boiling point of X 

A methyl propanoate higher 

B methyl propanoate lower 

C propyl methanoate higher 

D propyl methanoate lower 
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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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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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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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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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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 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. 

 

 

40 Lactic acid builds up in muscles when oxygen is in short supply. It can cause muscular pain. Part 

of the reaction sequence is shown. 

 

CH2OHCH(OH)CHO → CH3COCO2H → CH3CH(OH)CO2H 

   glyceraldehyde pyruvic acid lactic acid 

 

 Which statements about the reaction sequence are correct? 

1 An aldehyde is oxidised to a carboxylic acid. 

2 A ketone is reduced to a secondary alcohol. 

3 A secondary alcohol is oxidised to a ketone. 

 

 

�
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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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39  The steroid shown is an intermediate compound obtained during the synthesis of Formestane 

which is used in the treatment of breast cancer. 

 

HO

OH

O

CH3

CH3

 

 

Which statements about this compound are correct? 

1 It reacts with hydrogen cyanide in a nucleophilic addition reaction. 

2  It can be oxidised by warm acidified potassium dichromate(VI) to a carboxylic acid. 

3 It will react with Fehling’s solution. 

 

 

40  A sun protection cream contains the following ester as its active ingredient. 

 

CH3O CH    CHCO2CH2CH
CH2CH2

CH2CH2CH2CH3
 

 

What are the products of its partial or total hydrolysis by aqueous sodium hydroxide? 

 

 

CH3O CH    CHCO2 
Na+- 

CH3O CO2 
Na+-

CH3CH2CH2CH2CH(CH2CH3)CH2OH1

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  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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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. 

 

 

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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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. 

 

 

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, HOCH2 CH(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 K2 Cr2 O7  

2 NaBH4  

3 Tollens’ reagent 
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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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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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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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37 The diagram shows a compound present in smoke from burning garden waste. 

 

C C C

HH

H

O

H

 

 

Which reagents would undergo a colour change on reaction with this compound? 

1 aqueous bromine 

2 Fehling’s reagent 

3 warm acidified K2Cr2O7 

 

 

38 Organic acids and alcohols react together to form esters. 

 

Which pairs of compounds could produce a product of molecular formula C4H6O4? 

1 CH3CO2H and C2H5OH 

2 HCO2H and HOCH2CH2OH 

3 HO2CCO2H and CH3OH 

 

 

39 Use of the Data Booklet is relevant for this question. 

 

In an organic synthesis, a 62 % yield of product is achieved. 

 

Which of these conversions are consistent with this information? 

1 74.00g of butan-2-ol → 44.64 g of butanone 

2 74.00g of butan-1-ol → 54.56 g of butanoic acid 

3 74.00g of 2-methylpropan-1-ol → 54.56 g of 2-methylpropanoic acid 
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38  Chloroethane can be formed from bromoethane in two steps. 

 

C2 H5 Br C2 H5 OH 
step X

C2 H5 Cl 
step Y

 

 

Which statements about these steps are correct? 

1 Step X involves 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  Which reagents react with butanone, C2H5COCH3? 

1 Tollens’ reagent 

2 sodium borohydride 

3 2,4-dinitrophenylhydrazine reagent 

 

 

40  Oleic acid is found in olive oil. It has the following formula. 

 

C C

C

H H

O

OH

CH3 (CH2 )7 (CH2 )7

 

 

Which reagents will give a positive result with oleic acid? 

1 aqueous bromine 

2 acidified potassium dichromate(VI) 

3 Fehling’s reagent 
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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 
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38 An organic compound Y, molecular formula C6H14O, may be oxidised to compound Z, molecular 

formula C6H12O2. 

 

What could be the structural formula of Y? 

1 CH3CH2CH(CH2OH)CH2CH3 

2 (CH3)3CCH2CH2OH 

3 CH3CH2CH(CH3)CH2CH2OH 

 

 

39 Which reactions can be used to make an alcohol in the laboratory? 

1 hydrolysis of a bromoalkane with NaOH(aq) 

2 reduction of a ketone with NaBH4 

3 reduction of an aldehyde with NaBH4 

 

 

40 The compounds below are treated with hydrogen cyanide. 

 

Which compounds react and produce a molecule containing a chiral centre? 

1 butanal 

2 pentan-3-one 

3 2-chlorobutane 
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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  Which changes in bonding occur during the reaction of ethanal and hydrogen cyanide? 

1 A carbon-carbon bond is formed. 

2  A carbon-hydrogen bond is broken. 

3  A carbon-nitrogen bond is broken. 
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38 An organic compound Y, molecular formula C6H14O, may be oxidised to compound Z, molecular 

formula C6H12O2. 

 

What could be the structural formula of Y? 

1 CH3CH2CH(CH2OH)CH2CH3 

2 (CH3)3CCH2CH2OH 

3 CH3CH2CH(CH3)CH2CH2OH 

 

 

39 Which reactions can be used to make an alcohol in the laboratory? 

1 hydrolysis of a bromoalkane with NaOH(aq) 

2 reduction of a ketone with NaBH4 

3 reduction of an aldehyde with NaBH4 

 

 

40 The compounds below are treated with hydrogen cyanide. 

 

Which compounds react and produce a molecule containing a chiral centre? 

1 butanal 

2 pentan-3-one 

3 2-chlorobutane 
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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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36 Sulfur dioxide is an atmospheric pollutant that causes acid rain. One of the reactions in this 

process is the oxidation of sulfur dioxide to sulfur trioxide. 

 

This oxidation takes place by a two stage reaction involving oxygen and nitrogen monoxide, NO. 

 

NO  +  
2

1

O2  →  NO2 

NO2  +  SO2  →  SO3  +  NO 

 

Which statements are correct? 

1 Nitrogen monoxide is acting as a catalyst for the oxidation. 

2 Nitrogen atoms are oxidised in the second stage. 

3 Oxygen atoms are first reduced and are then oxidised. 

 

 

37 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 the C–Cl bond. 

 

 

38 What can be produced when an aqueous solution of butan-2-ol is oxidised under suitable 

conditions? 

1 butanone 

2 butanoic acid 

3 butanal 

 

 

39 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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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 reaction of ethanal, CH3CHO, with HCN to form a cyanohydrin is catalysed by NaCN. 

 

What are features of the intermediate of this reaction? 

1 It is chiral. 

2 It has a single negative charge on one of its atoms. 

3 It is a nucleophile. 

 

 

39  The ester C2H5CO2CH2CH2CH3 can be made in a school or college laboratory by a sequence of 

reactions using compound X as the only organic material. 

 

What might be the identity of compound X? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3COCH3 

 

 

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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33 Methanoic acid molecules, HCO2H, and hydrogen carbonate ions, HCO3

–

, can both behave as 

acids. 

 

Why does a solution of methanoic acid have a lower pH than a solution of sodium hydrogen 

carbonate of the same concentration? 

1 HCO2H molecules dissociate more fully than HCO3

–

 ions do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCO3

–

 ion only has one. 

3 Methanoic acid is a weaker acid than sodium hydrogen carbonate. 

 

 

34 The following equilibrium is an exothermic reaction in the forward direction. 

 

2CrO4

2–

(aq)  +  2H
+

(aq)    Cr2O7

2–

(aq)  +  H2O(l) 

 

What happens when the concentration of CrO4

2–

 ions increases and the temperature 

decreases? 

1 The concentration of Cr2O7

2–

 ions increases. 

2 The equilibrium constant increases. 

3 The activation energy decreases. 

 

 

35 Which processes involve the conversion of sulfur dioxide into sulfur trioxide? 

1 the combustion of sulfur contaminated fossil fuels 

2 the Contact process for manufacturing sulfuric acid 

3 the catalytic oxidation of sulfur dioxide by oxides of nitrogen 

 

 

36 Which chlorides of Period 3 elements will form a neutral solution when added to water? 

1 NaCl 

2 Al 2Cl 6 

3 PCl 5 
 

 

37 A series of tests was carried out on the compound shown below. 

 

OO

H

CH3CCH2CH CHCH2C

 

 

Which pairs of reagents would both give a positive result for this compound? 

1 Tollens’ reagent and a solution containing acidified dichromate(VI) ions 

2 aqueous bromine and Fehling’s reagent 

3 2,4-dinitrophenylhydrazine reagent and sodium carbonate 

CEDAR COLLEGE  CARBONYLS WS 3



 172

 CARBONYLS WS 4
1

�

8

9701/2/O/N/02

5 Samples of the following compounds were labelled A to E as shown.

A CH3 CH2CH2OH

B CH3 CH2CH(OH)CH3

C CH3 CHO

D CH3 COCH3

E CH3 CH=CHCH3

Complete the table below by inserting the letter (or letters) of the compounds that correspond
to each test.

[9]

[Total : 9]

For
Examiner’s

Use

reagent

acidified potassium
dichromate(VI)

acidified potassium
manganate(VII)

hydrogen in the presence
of a platinum catalyst

Fehling’s reagent

2,4-dinitrophenylhydrazine

bromine in an inert
solvent

observation

green colour obtained
on boiling

ethanoic acid obtained
on boiling

hydrogen absorbed

brown-red precipitate
obtained on boiling

orange precipitate

solution decolourised

letter(s)
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6 A compound, A, has the following composition by mass.

C, 66.7%; H, 11.1%; O, 22.2%.

It has an Mr of 72.

(a) Calculate the molecular formula of A.

[2]

(b) A reacts with 2,4-dinitrophenylhydrazine but not with Fehling’s or Tollens’ reagents.

(i) State what you would see when A reacts with the 2,4-dinitrophenylhydrazine
reagent.

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

(ii) State what functional group is present in A. .............................................................

(iii) Identify A either by name or by its structural formula.

...............................................................................................................................[3]

(c) A can be reduced to compound B.

For this reaction

(i) state a suitable reducing agent, ................................................................................

(ii) name the functional group in B (two words are required),

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

(iii) give the structural formula of B.

[3]

[Total : 8]

For
Examiner’s

Use

CEDAR COLLEGE  CARBONYLS WS 4



 174

3

�

11

9701/02/O/N/04

(c) In this synthesis 4.40 g of ethanal were used and at the end 5.40 g of lactic acid were
obtained.

Calculate the percentage yield of lactic acid.

[3]

[Total : 10]

For
Examiner’s

Use
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5 2-Hydroxypropanoic acid (lactic acid), CH3CH(OH)CO2H, can be prepared in a two-stage
synthesis from ethanal, CH3CHO. 

(a) In the first stage, ethanal reacts with hydrogen cyanide, HCN, in the presence of an
NaCN catalyst to produce a cyanohydrin.

(i) Write an equation for the reaction of ethanal and HCN, giving the displayed formula
of the product.

(ii) State what type of reaction this is.

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

(iii) Describe the mechanism of this reaction.

[5]

(b) In the second stage, the product from (a) is converted into lactic acid.

(i) Write the equation for this stage.

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

(ii) State what type of reaction this is.

...............................................................................................................................[2]

For
Examiner’s

Use

© UCLES 2004
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5 A student obtained the following results when analysing an organic compound, H.

The student allowed test 5 to go to completion and then investigated the productof test 5
with the following result.

(a) Calculate the molecular formula of H.

[2]

(b) What can be deduced about the nature of H by the following tests?

(i) test 3 ........................................................................................................................

(ii) test 4 ........................................................................................................................
[2]

(c) (i) What functional group would have given a positive result in test 6?

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

(ii) What functional group is shown to be present in H by tests 5 and 6?

..................................................................................................................................
[2]

10

9701/02/M/J/05© UCLES 2005
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Examiner’s

Use

test observation

test 1

test 2

test 3

test 4

test 5

test 6

relative molecular mass 72

C, 66.7%; H, 11.1%; O, 22.2%

Br2 decolourised

H2(g) evolved

green colour observed

no reaction

% composition by mass

reactions with Br2(aq)

reaction with Na(s)

reaction with warm Cr2O7
2–/H+

reaction with 
2,4-dinitrophenylhydrazine
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(d) On testing a sample of H, the student found that it was not chiral.

H did, however, show cis-trans isomerism.

How does cis-trans isomerism arise in an organic molecule?

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

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

.................................................................................................................................... [2]

(e) Use all of the information above to draw labelled, displayed formulae of the
stereoisomers of compound H.

[2]

[Total: 10]

11

9701/02/M/J/05© UCLES 2005
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5 Compound Z, an organic compound with three functional groups, has the molecular
formula C4H6O2. The functional groups can be confirmed by the following tests.

(a) Test for the first functional group.

Z decolourises aqueous bromine.

What functional group is shown to be present in Z by this test?

.................................................................................................................................... [1]

(b) Tests for the second functional group.

Z reacts with sodium to give hydrogen and a solid compound of formula C4H5O2Na.

When Z is heated with ethanoic acid and a few drops of concentrated sulphuric acid, a
sweet smelling liquid of molecular formula C6H8O3 is formed.

What functional group is shown to be present in Z by these tests?

.................................................................................................................................... [1]

(c) Tests for the third functional group.

A few drops of Z form a yellow/orange precipitate when added to 
2,4-dinitrophenylhydrazine reagent.

When a few drops of Z are warmed with Tollens’ reagent, a silver mirror is formed.

What functional group is shown to be present in Z by these tests?

.................................................................................................................................... [1]

(d) Z does not show cis-trans isomerism.

Draw the displayed formula of Z.

[2]

10

For
Examiner’s

Use
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In parts (e) and (f) you may use R– to represent the part of the molecule that does not
react.

(e) What is the organic compound formed by the reactions of Z in each of the tests in (b)?

with sodium

with ethanoic acid

[2]

(f) Draw the structure of the organic compound formed by Z in each of the tests in (c).

with Tollens’ reagent

with 2,4-dinitrophenylhydrazine,

[2]

(g) But-2-enoic acid is an isomer of Z which shows cis-trans isomerism.

Draw a displayed formula of the cis isomer of this acid.

[2]

[Total: 11]

NHNH2

NO2

NO2

11

CEDAR COLLEGE  CARBONYLS WS 4



 179

6

�

8

9701/02/M/J/07© UCLES 2007

For
Examiner’s

Use

4 Commercial paint and varnish removers contain a mixture of dichloromethane, CH2Cl2, and 
methanol, CH3OH.

 (a) What would be observed when the following reactions are carried out?
  In each case, give the name or formula of the reaction product which is responsible for 

the observation you have made.

  (i) CH2Cl2 is reacted with NaOH(aq) and AgNO3(aq) and the mixture left to stand.

observation  ...............................................................................................................

product responsible  ..................................................................................................

  (ii) CH3OH is mixed with PCl5.

observation  ...............................................................................................................

product responsible  ..................................................................................................

  (iii) CH3OH is reacted with sodium.

observation  ...............................................................................................................

product responsible  ..................................................................................................
 [6]

 (b) When CH2Cl2 is heated under reflux with an excess of NaOH(aq), a compound W is 
formed.

  W has the following composition by mass: C, 40.0%; H, 6.7%; O, 53.3%.

  Use this information and the Data Booklet to show that the empirical formula of W is 
CH2O.

 [2]
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 (c) Compounds with the empirical formula CH2O can have the molecular formula C2H4O2.

  Two possible structural formulae for compounds with molecular formula C2H4O2 are 
HCO2CH3 and H2C=C(OH)2.

  In the boxes below, draw displayed formulae for three further structural isomers with 
the molecular formula C2H4O2.

  Do not attempt to draw any structures containing rings or O–O bonds.

X

 

Y Z
 [3]

 (d) Identify which of your compounds, X, Y, or Z, will react with the following reagents.

  In each case, state what you would observe.

  (i) solid NaHCO3

compound ............

observation  ...............................................................................................................

  (ii) Tollens’ reagent

compound ............

observation  ...............................................................................................................
 [4]

 (e) One of the three compounds, X, Y, or Z, shows stereoisomerism.

  Draw displayed, labelled structures of the stereoisomers of this compound.

 [2]

 [Total: 17]
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5 Ethanedial (glyoxal) is used in the production of fabrics which have permanent creases.

O OC

H

ethanedial

C

H

 Ethanedial undergoes many of the reactions of aldehydes.

 (a) Ethanedial reacts with Tollens’ reagent.

  (i) What would you see if you carried out this reaction?

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

  (ii) What is the structural formula of the organic compound formed?

 [2]

 (b) Ethanedial reacts with hydrogen cyanide, HCN, to give compound F.

  (i) What is the structural formula of F?

  (ii) What type of reaction is this?

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

  (iii) What is the structural formula of the compound formed when F is heated with an 
aqueous mineral acid such as dilute sulphuric acid?

 [3]
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 (c) Ethanedial can be oxidised and reduced.

  (i) What is the structural formula of the organic compound formed when ethanedial is 
heated under reflux with an excess of acidified potassium dichromate(VI)?

  (ii) What is the structural formula of the compound formed when ethanedial is 
reduced?

  (iii) What reagent would be used for this reduction?

 ..................................................................................................................................
 [3]

 (d) When ethanedial is reacted with NaOH and the product treated with a mineral acid such 
as dilute sulphuric acid, the following reaction sequence takes place.

   I CHOCHO  +  NaOH  →  HOCH2CO2Na

   II HOCH2CO2Na  +  H+  →  HOCH2CO2H  +  Na+ 

  What type of reaction is the overall change?

 ...................................................................................................................................... [1]

 (e) An isomer of ethanedial exists which reacts with sodium metal to give hydrogen.

  Suggest the displayed formula of this isomer.

 [2]

 [Total: 11]
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4 (a) Complete the following reaction scheme which starts with ethanal.

  In each empty box, write the structural formula of the organic compound that would 
be formed.

B

dilute H2SO4
heat

D

conc. H2SO4
heat

CH2=CHCO2H

C

HCN
Tollens’
reagent

reduction

E

CH3CHO

heat under reflux

[6]
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 (b) Write the structural formula for the organic compound formed when, under suitable 
conditions,

  (i) compound C reacts with compound D,

  (ii) compound C reacts with compound E.

 

[2]

 (c) Compound B is chiral.  Draw displayed formulae of the two optical isomers of compound 
B, indicating with an asterisk (*) the chiral carbon atom.

  

[3]

[Total: 11]
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4 (a) Complete the following reaction scheme which starts with propanone.
  In each empty box, write the structural formula of the organic compound that would 

be formed.

V

NaBH4 CH3 COCH3
HCN

X

PCl5

dil
H2SO4
heat

W Y

conc.
H2SO4
170 °C

Br2

Z

 [6]
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 (b) One of the compounds V, W, X, Y or Z is chiral.

  (i) Identify this compound by its letter.

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

  (ii) Draw displayed formulae of the two optical isomers of this compound.
   Indicate with an asterisk (*) the chiral carbon atom.

 [3]

 (c) Write the structural formula for the organic compound formed when, under suitable 
conditions,

  (i) compound Y reacts with compound V,

  (ii) compound Y reacts with compound Z.

 [2]

 [Total: 11]
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5 Lactic acid, 2-hydroxypropanoic acid, CH3CH(OH)CO2H, occurs naturally in sour milk and in 
our muscles when we take hard exercise.

 Lactic acid is chiral and shows stereoisomerism.

 (a) Draw fully displayed structures of the two optical isomers of lactic acid.
  Indicate with an asterisk (*) the chiral carbon atom in the lactic acid molecule.

 [3]

 (b) Lactic acid may be synthesised from ethanol by the following route.

 CH3CH2OH  
step 1

  CH3CHO  
step 2

  CH3CH(OH)CN  
step 3

  CH3CH(OH)CO2H

  Give the reagent(s) and essential condition(s) for each step.

reagent(s) condition(s)

step 1

step 2

step 3

 [6]
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 During exercise, lactic acid is produced in our muscles from pyruvic acid, CH3COCO2H. 
 This reaction occurs in the presence of the enzyme lactic acid dehydrogenase.

 (c) (i) What type of chemical compound is the enzyme lactic acid dehydrogenase?

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

  (ii) How would you detect a small quantity of pyruvic acid in a sample of lactic acid?

   State the reagent(s) you would use and what would be seen in your test.

reagent(s)  .................................................................................................................

observation  ...............................................................................................................

  (iii) How would you detect a small quantity of lactic acid in a sample of pyruvic acid?

   State the reagent(s) you would use and what would be seen in your test.

reagent(s)  .................................................................................................................

observation  ...............................................................................................................

  (iv) What chemical reagent would be used to convert pyruvic acid into lactic acid?

CH3COCO2H    CH3CH(OH)CO2H

   .................................................
 [6]

 [Total: 15]
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4 Ketones are widely used as solvents and as intermediates in the chemical industry.

 Ketones contain the reactive keto group, C O.

 (a) Propanone, CH3COCH3, undergoes a reaction with hydrogen cyanide, HCN.

  (i) What type of reaction is this?

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

  (ii) What reagents are used?

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

  (iii) Draw a diagram to show the dipole present in the propanone molecule.

[3]
9
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 (b) Propanone reacts with 2,4-dinitrophenylhydrazine reagent.

H2N

NO2

NO2N

H
2,4-dinitrophenylhydrazine

  (i) Construct a balanced equation for the reaction between propanone and 
2,4-dinitrophenylhydrazine.

  (ii) A similar type of reaction occurs between propanone and hydroxylamine, NH2OH.

   Draw the displayed formula of the organic product of this reaction.

H3C

H3C

C O +

H

H

N OH

 [3]

[Total: 6]
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4 The compound trans -4-hydroxy-2-nonenal (HNE) is thought to lead to infections of the lung 
when cigarettes are smoked.

O

OH

  
CH3(CH2)4CH(OH)CH=CHCHO

 trans -4-hydroxy-2-nonenal

 (a) What is the empirical formula of trans -4-hydroxy-2-nonenal?

 ....................................  [1]

 (b) (i) HNE contains an alkene group. Name as fully as you can two other functional 
groups which are present in the HNE molecule.

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

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

  (ii) How would you confirm the presence of the alkene group in HNE?
   State the reagent used and the observation you would make.

reagent  .............................................

observation  ...............................................................................................................
[5]
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 HNE is a reactive compound.

 (c) Give the structural formulae of all of the carbon-containing compounds formed in each 
case when HNE is reacted separately with the following reagents.

  (i) hot concentrated manganate(VII) ions in acid solution

  (ii) hot phosphorus trichloride, PCl 3

  (iii) sodium tetrahydridoborate(III), NaBH4

[4]

[Total: 10]
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5 Astronomers using modern telescopes of various types have found many molecules in 
the dust clouds in space. Many of these molecules are those of organic compounds and 
astronomers constantly look for evidence that amino acids such as aminoethanoic acid, 
H2NCH2CO2H, are present. 

 One molecule that has been found in the dust clouds is hydroxyethanal, HOCH2CHO.

 (a) Hydroxyethanal contains two functional groups.

  (i) Name, as fully as you can, each of the functional groups present in 
hydroxyethanal.

   1 .................................................................................

   2 .................................................................................

  (ii) For each functional group, identify a reagent that will react with this group and not 
react with the other functional group present. 

   In each case, describe what would be observed when this reaction is carried out.

   functional group 1  reagent .......................................................

        observation..................................................
 
   functional group 2  reagent .......................................................

        observation................................................... [7]

 (b) Give the skeletal formulae of the organic compounds formed when hydroxyethanal is 
reacted separately with the following.

  (i) NaBH4

  (ii) Cr2O7
2– /H+ under reflux conditions

[2]
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  In a school or college laboratory, it is possible to convert a sample of hydroxyethanal 
into aminoethanoic acid in a three-step process.

HOCH2CHO       step 1       X       step 2       Y       step 3       H2NCH2CO2H   

  By considering the possible reactions of the functional groups present in hydroxyethanal, 
you are to deduce a possible route for this conversion.

  (c) (i) In the boxes below, draw the structural formulae of your suggested intermediates X 
and Y.

X Y

  (ii) State the reagents for each of the three steps you have chosen.

   step 1......................................................

   step 2......................................................

   step 3...................................................... [5]

[Total: 14]
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4  Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and 
esters, contain oxygen.

 (a)  The table below lists some oxygen-containing organic compounds and some common 
laboratory reagents.

 (i)  Complete the table as fully as you can.
  If you think no reaction occurs, write ‘no reaction’ in the box for the structural 

formula(e).

reaction
organic

compound
reagent

structural formula(e) of 
organic product(s)

A (CH3)3COH
Cr2O7

2–
 / H+

heat under refl ux

B CH3CH2CHO
Fehling’s reagent

warm

C HCO2CH(CH3)2

NaOH(aq)
warm

D CH2  CHCHO NaBH4

E (CH3)3COH NaBH4

F CH3CH2COCH3

MnO4
–

 / H+

heat under refl ux
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 (ii)  During some of the reactions in (i) a colour change occurs.
  Complete the table below for any such reactions, stating the letter of the reaction 

and what the colour change is.

reaction colour at the beginning
of the reaction

colour at the end
of the reaction

[10]

 (b)  Some oxygen-containing compounds react with 2,4-dinitrophenylhydrazine.

O2N

H2NNH NO2

2,4-dinitrophenylhydrazine

 (i)  Draw the structural formula of the organic compound formed when HOCH2CH2CHO 
reacts with 2,4-dinitrophenylhydrazine reagent.

 (ii)  Suggest the colour of the organic product.

 ......................................................
[2]

[Total: 12]
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5  The molecular formula C4H8O can represent a number of compounds which have different 
functional groups and which show different types of isomerism.

  Compounds H, J and K each have the molecular formula C4H8O.
  In each of the molecules of H, J and K,

 Ɣ the carbon chain is unbranched and the molecule is not cyclic,

 Ɣ  no oxygen atom is attached to any carbon atom which is involved in S bonding.

  When compound H is reacted with sodium metal, a colourless fl ammable gas is produced.

  Both J and K give an orange-red precipitate when reacted with 2,4-dinitrophenylhydrazine 
reagent but only K reacts with Fehling’s solution.

 (a) (i)  Suggest possible structural formulae for H, J and K.
  Three structural formulae are possible for H but only one for J and one for K.

H J K
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  In addition to being structural isomers of each other, some of the possible structures for 
H, J or K show cis-trans isomerism or are chiral.

 (ii)  Draw the displayed formulae of those isomers which show cis-trans isomerism.

 (iii)  Draw the displayed formulae of those isomers which are chiral, indicating in each 
case the chiral carbon atom with an asterisk (*).

[8]

[Total: 8]
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5  Crotonaldehyde, CH3CH=CHCHO, occurs in soybean oils.

 (a)  In the boxes below, write the structural formula of the organic compound formed when 
crotonaldehyde is reacted separately with each reagent under suitable conditions.

  If you think no reaction occurs, write 'NO REACTION' in the box.

reaction reagent product

A Br2 in an inert organic
solvent

B PCl 3

C H2 and Ni catalyst

D NaBH4

E K2Cr2O7 / H+

[5]

 (b)  Crotonaldehyde exists in more than one stereoisomeric form.
  Draw the displayed formulae of the stereoisomers of crotonaldehyde.
  Label each isomer.

[3]
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 (c)  Draw the skeletal formula of crotonaldehyde.

[1]

 (d)  The product of reaction E in the table opposite will react with a solution containing 
acidifi ed manganate(VII) ions.

  Draw the structural formulae of the organic products when the reagent is

 (i)  cold, dilute;

 (ii)  hot, concentrated.

[3]

[Total: 12]
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4  Compound Q, heptan-2-one, is found in some blue cheeses.

CH3(CH2)4COCH3

compound Q

 (a)  Compound Q may be reduced to R.
  Compound R may be dehydrated to give two different products, S and T.

 (i)  In the boxes below, draw the structural formulae of R, S, and T.

CH3 (CH2 )4 COCH3

R

reduce

S T

dehydrate

 (ii)  State the reagents that would be used for each of these reactions in a school or 
college laboratory.

 reduction  ....................................................................................................................

 dehydration  ................................................................................................................
[5]
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 (b)  In the boxes below, write the structural formula of the organic compound formed when 

Q is reacted separately with each reagent under suitable conditions.

  If you think no reaction occurs, write 'NO REACTION' in the box.

Tollens’ reagent

HCN

K
2
Cr

2
O

7
 / H+

[3]

 (c)  The fi rst stage of cheese making is to produce 2-hydroxypropanoic acid (lactic acid) from 

milk.

CH
3
CH(OH)CO

2
H

lactic acid

  Other than the use of a pH indicator, what reagent could you use to confi rm the presence 

of some lactic acid in a sample of heptan-2-one?

  State what observation you would make.

 reagent  .............................................................................................................................

 observation  .................................................................................................................  [2]

[Total: 10]
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6 Compounds D and E are both ketones.

CH3CH2COCH2CH3 CH3CH2CH2COCH3

D E

(a) State which one of these compound reacts with alkaline aqueous iodine, and draw the
structural formulae of the products formed during this reactions.

(i) compound (D or E) ....................................................................................................

(ii) products

.............................................................................................................................. [3]

(b) The reduction of D with NaBH4 produces just one alcohol, but a similar reduction of E
produces two isomers in equal amounts. Explain these observations, drawing structures
where appropriate.

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

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

[3]

[Total: 6]
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5  The two compounds V and W are isomers with the molecular formula C
4
H

8
O, and show the following 

properties and reactions.

 ●  Both compounds react with sodium metal, and both decolourise bromine water.

 ●  Compound V forms a yellow precipitate with alkaline aqueous iodine, whereas compound 

W does not.

 ●  When reacted with cold KMnO
4
(aq), both V and W produce the same neutral compound 

X, C
4
H

10
O

3
.

 ●  Both V and W exist as pairs of stereoisomers.

 (a) Suggest which functional groups are responsible for the reactions with

 (i) sodium, 

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

 (ii) bromine water,

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

 (iii) alkaline aqueous iodine.

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

[3]

 (b)  Suggest structures for V and W.

V W
[2]
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 (c)  State the type of stereoisomerism shown by compound V and draw the structures of the 
stereoisomers.

  type of stereoisomerism .............................................................................................................

  structures of stereoisomers

isomer 1 isomer 2
[2]

 (d)  Suggest the structure of the neutral compound X.

X
[1]

[Total: 8]
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5  Although now remembered for his music, the Russian composer Alexander Borodin was a chemist. 
 He is credited with the discovery of the aldol reaction, a product of which is compound J.

  J shows the following properties:

 ● its molecular formula is C4H8O2,
 ● it is neutral,
 ● it reacts with sodium metal,
 ● it reacts with Fehling's solution,
 ● it does not react with aqueous bromine.

 (a) Suggest which functional groups are responsible for the reactions with

 (i) sodium,

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

 (ii) Fehling's solution.

  .............................................................................................................................................
[2]

 (b)  The result of the bromine test shows a functional group is absent from compound J.
  Suggest the identity of this functional group.

  ..............................................................................................................................................   [1]

 (c)  In the boxes below, draw three possible straight-chain structures for J that fi t the above 
results, and that are structural isomers of each other.

K L

M
[3]
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 (d)  Compound J reacts with alkaline aqueous iodine to give a pale yellow precipitate.

 (i)  Which functional group does this reaction show that J contains?

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

 (ii)  Which of your three structures K, L or M contains this group and is therefore J?

  .............................................................................................................................................
[2]

 (e)  Compound J exists as stereoisomers.

 (i)  Name the type of stereoisomerism shown by J.

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

 (ii)  Draw two structures of J to illustrate this stereoisomerism.

[2]

[Total: 10]
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Carboxylic acids

a describe the formation of carboxylic acids from alcohols, aldehydes and nitriles

b describe the reactions of carboxylic acids in the formation of:

(i) salts, by the use of reactive metals, alkalis or carbonates

(ii) alkyl esters

(iii) alcohols, by use of LiAlH4

(iv) acyl chlorides

c recognise that some carboxylic acids can be further oxidised: 

(i) the oxidation of methanoic acid, HCO2H, with Fehling’s and Tollens’ reagents

(ii) the oxidation of ethanedioic acid, HO2CCO2H, with warm acidified 
manganate(VII)

d explain the relative acidities of carboxylic acids, phenols and alcohols

e use the concept of electronegativity to explain the acidities of chlorine-substituted 
ethanoic acids

Esters

a describe the acid and base hydrolysis of esters

b state the major commercial uses of esters, e.g. solvents, perfumes, flavourings
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19 Carboxylic acids and derivatives

This topic introduces the chemistry of carboxylic acids and their derivatives.

Learning outcomes
Candidates should be able to:

19.1  Carboxylic acids a) describe the formation of carboxylic acids from alcohols, aldehydes and 
nitriles

b) describe the reactions of carboxylic acids in the formation of:

(i) salts, by the use of reactive metals, alkalis or carbonates 

(ii) alkyl esters

(iii) alcohols, by use of LiAlH4

(iv) acyl chlorides

c) recognise that some carboxylic acids can be further oxidised:

 (i)  the oxidation of methanoic acid, HCO2H, with Fehling’s and 
Tollens’ reagents

 (ii)  the oxidation of ethanedioic acid, HO2CCO2H, with warm 
acidified manganate(VII)

d) explain the relative acidities of carboxylic acids, phenols and 
alcohols

e) use the concept of electronegativity to explain the acidities of 
chlorine-substituted ethanoic acids

19.2  Acyl chlorides a) describe the hydrolysis of acyl chlorides

b) describe the reactions of acyl chlorides with alcohols, phenols, 
ammonia and primary amines

c) explain the relative ease of hydrolysis of acyl chlorides, alkyl 
chlorides and aryl chlorides including the condensation (addition-
elimination) mechanism for the hydrolysis of acyl chlorides

19.3  Esters a) describe the acid and base hydrolysis of esters

b) state the major commercial uses of esters, e.g. solvents, perfumes, 
flavourings
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CARBOXYLIC ACIDS

When the carbonyl group is directly joined to an oxygen atom, the carboxyl group is 

formed. This occurs in carboxylic acids and esters. 

2
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The reactions of the carbonyl group are drastically changed by the presence of the 

electronegative oxygen atom.  

These compounds have virtually none of the reactions of carbonyl compounds. 

The reactivity of carboxylic acids is dominated by the tendency of the O—H bond to ionise 

to give hydrogen ions, hence the incorporation of the word ‘acid’ in their name.  

The extent of ionisation is small, however. 

3

BOILING POINT

4
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A comparison of the boiling points of aldehydes, alcohols and carboxylic 
acids is shown in Figure 10.18.

Carboxylic acids have hydrogen bonding between molecules and 
therefore have higher boiling points than aldehydes of similar relative 
molecular mass. They also have higher boiling points than alcohols of the 
same relative molecular mass, as they have two O atoms per molecule 
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BOILING POINT

Carboxylic acids have hydrogen bonding between molecules and therefore have higher 

boiling points than aldehydes of similar relative molecular mass.
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Carboxylic acids have hydrogen bonding between 

molecules and therefore have higher boiling points 

than aldehydes of similar relative molecular mass. 

They also have higher boiling points than alcohols 

of the same relative molecular mass, as they have 

two O atoms per molecule and therefore have 

stronger hydrogen bonding than alcohols, which 

have only one O atom per molecule.
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SOLUBILITY

Carboxylic acids with lower relative molecular mass are generally soluble in water, owing to 

the ability to hydrogen bond to water.  

However, the solubility decreases as the length of the hydrocarbon chain (non-polar) 

increases, so octanoic acid is essentially insoluble in water. 

6
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FROM OXIDATION OF PRIMARY ALCOHOLS

7
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Reagent acidified potassium dichromate, K2Cr2O7 (OR acidified potassium 

manganate(VII), KMnO4)

Condition heat under reflux

Type oxidation

FROM OXIDATION OF ALDEHYDES
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CHZCHZCN + 2h20 -7 CHZCHZCOZH t NHZ
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FROM HYDROLYSIS OF CYANIDES

Hydrolysis of nitriles formed after the reaction of halogenoalkanes with CN— produces 

carboxylic acids.

9

Reagent dilute HCl or NaOH (aq)

Condition heat under reflux

Type hydrolysis
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with acids 

with alkalis 

ACID REACTIONS

10

Carboxylic acids neutralised alkalis to form salts

Equation              CH3CO2H     +     NaOH                                CH3CO2҆Na+     +     H2O

Carboxylic acids are weak acids.

Equation              CH3CO2H     +     H2O             ⇌           CH3CO2҆     +     H3O+

Carboxylic acids neutralised carbonates to form salts, carbon dioxide and water

Equation       2 CH3CO2H    +    Na2CO3                           2CH3CO2҆Na+    +    CO2    +    H2O

Carboxylic acids react with most metals (e.g. Na) to form salt and hydrogen gas

Equation        CH3CO2H    +    Na                           CH3CO2҆Na+    +    ½ H2
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ESTERIFICATION

When an alcohol is heated with a carboxylic acid in the presence of a small amount of 

concentrated sulfuric acid as a catalyst, an ester is formed. 

11

Reagent carboxylic acid and conc. sulfuric acid, H2SO4

Condition 60°C / heat

Type of reaction esterification / condensation / nucleophilic substitution

ESTERIFICATION

The alcohol and the carboxylic acid have been joined together and water has been 

eliminated (one H atom from the alcohol and –OH from the carboxylic acid molecule). 
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Condensation reactions are reactions in which two molecules join 
together with the elimination of the elements of water. They are part of 
a more general class of reactions called addition–elimination reactions, in 
which molecules other than H2O are eliminated.
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When an alcohol is heated with a carboxylic acid in the presence of a 
small amount of concentrated sulfuric acid as a catalyst, an ester is formed. 
For example:

 conc. H2SO4
alcohol + carboxylic acid  ester + water
 heat

 conc. H2SO4
ethanol + ethanoic acid  ethyl ethanoate + water
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The alcohol and the carboxylic acid have been joined together and 
water has been eliminated (one H atom from the alcohol and –OH from 
the carboxylic acid molecule).
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r� Describe the formation of esters
r� Understand how to name esters
r� Understand how polyesters 

may be formed in condensation 
polymerisation reactions

r� Describe the formation of 
amides from amines and 
carboxylic acids

r� Understand how to name 
amides

r� Understand how polyamides 
may be formed in condensation 
polymerisation reactions

r� Describe the economic 
importance of condensation 
reactions
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Examiner’s tip
The product formed when 
any alcohol and any carboxylic 
acid come together can be 
worked out simply by putting 
the alcohol and carboxylic acid 
together, so that the two O–H 
groups are next to each other, 
removing H from the OH of 
the alcohol and OH from the 
carboxylic acid and joining the 
O of the alcohol to the C=O 
of the carboxylic acid.
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Condensation reactions are reactions in which two molecules join 
together with the elimination of the elements of water. They are part of 
a more general class of reactions called addition–elimination reactions, in 
which molecules other than H2O are eliminated.

:hiZg^Ò�XVi^dc
When an alcohol is heated with a carboxylic acid in the presence of a 
small amount of concentrated sulfuric acid as a catalyst, an ester is formed. 
For example:

 conc. H2SO4
alcohol + carboxylic acid  ester + water
 heat

 conc. H2SO4
ethanol + ethanoic acid  ethyl ethanoate + water
 heat
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The alcohol and the carboxylic acid have been joined together and 
water has been eliminated (one H atom from the alcohol and –OH from 
the carboxylic acid molecule).
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r� Describe the formation of esters
r� Understand how to name esters
r� Understand how polyesters 

may be formed in condensation 
polymerisation reactions

r� Describe the formation of 
amides from amines and 
carboxylic acids

r� Understand how to name 
amides

r� Understand how polyamides 
may be formed in condensation 
polymerisation reactions

r� Describe the economic 
importance of condensation 
reactions
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Examiner’s tip
The product formed when 
any alcohol and any carboxylic 
acid come together can be 
worked out simply by putting 
the alcohol and carboxylic acid 
together, so that the two O–H 
groups are next to each other, 
removing H from the OH of 
the alcohol and OH from the 
carboxylic acid and joining the 
O of the alcohol to the C=O 
of the carboxylic acid.
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HYDROLYSIS OF ESTERS

The most common type of reaction that esters undergo is nucleophilic substitution, 

illustrated by their hydrolysis.  

The hydrolysis of an ester is a slow process, taking several hours of heating under reflux 

with dilute aqueous acids. Acid catalysed hydrolysis does not go completion. 

Ester hydrolysis can also be carried out in alkaline solution. The reaction is quicker than in 

acid solution: OH— is a stronger nucleophile than water. Additionally, it does not reach 

equilibrium, but goes to completion.  

This is because the carboxylic acid produced reacts with an excess of the alkali to form the 

carboxylate salt. 

14
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HYDROLYSIS OF ESTERS

15

CHZCHO + HCN -CHZCHQACN
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HYDROLYSIS OF ESTERS

Hydrolyse the following esters using dil HCl.
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HYDROLYSIS OF ESTERS

17
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H OH OHI 11 I I
A - C -

C-
It - H - C - C - CN"

t H

P,
CB F I NacN@ninHCN@N

H - c-d- c- C- H -
I heatunderrthn:H OH

i- CN - R - g-
COZH

k
R

With HCI CHZCHZCOZCHZ + HZO -> CHZCHZCCKH + CHZOH

With NAOH CH3CHzC0zCHz + HZO ->
CH3CHzCO[ + CHZOH

H tl 0 H 0 H tl

1 I  11 I 11 I I dil HCI
It - Ct -0 - C - C- C -0 - Ct - H -II I II heat

H H H H H

CHZCHZOCOCHZCOZCHZCHZ

HYDROLYSIS OF ESTERS

Hydrolyse the following esters using NaOH (aq).
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HYDROLYSIS OF ESTERS

Hydrolyse the following esters using dil HCl.
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ESTERS

Esters often have a sweet, fruity smell and are used as artificial flavours and odours. Esters 

are good organic solvents.  

Fats and oils are esters of propane-1,2,3-triol (glycerol) and long-chain carboxylic acids (fatty 

acids).  

Despite containing two oxygen atoms, they do not form strong hydrogen bonds with water 

molecules. Neither do they form hydrogen bonds with other ester molecules (because they 

do not contain δ+ hydrogen atoms).  

Their major intermolecular bonding is van der Waals. Their boiling points are therefore a 

few degrees higher than those of the alkanes of similar molecular mass lower than those of 

corresponding carboxylic acids. 

20
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REDUCTION OF THE –CO2H GROUP

Carboxylic acids can be reduced to alcohols by reacting with lithium 

tetrahydridoaluminate(III) (lithium aluminium hydride), LiAlH4, in dry ether. 

The reaction requires the powerful reducing agent LiAlH4: neither NaBH4 nor H2 + Ni are 

strong enough to reduce carboxylic acids.  

21

OH
O

4 LIAIHY
R - C - - H

\
0 - µ

dry other
R - ¢

H

CHZCOZH + 4ft ] → CAZCHZOH + HZO

REDUCTION OF CARBOXYLIC ACIDS

Carboxylic acids can be reduced to their corresponding primary alcohol by using the 

reducing agent lithium tetrahydridoaluminate, LiAlH4, in dry ether at room temperature. Dry 

ether is used because LiAlH4 reacts violently with water.  

In the simplified reduction equation, the symbol [H] can be used to represent the hydrogen 

atoms from the reducing agent (remember that in organic chemistry, reduction can be 

thought of as the addition of hydrogen atoms). So for ethanoic acid being reduced to 

ethanol, we can show the reaction as:  

22

OH
O
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R - C - - H

\
0 - µ

dry other
R - ¢

H

CHZCOZH + 4ft ] → CAZCHZOH + HZO
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CARBOXYLIC ACIDS WS 1
SECTION A

1
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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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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 
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21 Hydroxyethanal, HOCH
2
CHO, 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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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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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 CH3 CH2 CH2 CO2 CH3  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 CH2 O B CH4 O C C2 H4 O D C3 H6 O2  

 

 

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

H2 O 

B CxHy  +  (x + 

4

y

)O2   →  xCO2   +  yH2 O 

C CxHy  +  (x + 

4

y

)O2   →  xCO2   +  

4

y

H2 O 

D CxHy  +  (x + 

4

y

)O2   →  xCO2   +  

2

y

H2 O 
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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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27 Methyl methylpropenoate is the monomer used to make Perspex. 

 

Which diagram correctly shows methyl methylpropenoate? 
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28 The ester CH3 CH2 CH2 CO2 CH3  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 CH2 O B CH4 O C C2 H4 O D C3 H6 O2  

 

 

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

H2 O 

B CxHy  +  (x + 

4

y

)O2   →  xCO2   +  yH2 O 

C CxHy  +  (x + 

4

y

)O2   →  xCO2   +  

4

y

H2 O 

D CxHy  +  (x + 

4

y

)O2   →  xCO2   +  

2

y

H2 O 
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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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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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28 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. 

 

 

29 Citric acid is found in lemon juice. 

 

HO2CCH2C(OH)(CO2H)CH2CO2H 

citric acid 

 

What is the volume of 0.4 mol dm
–3

 sodium hydroxide solution required to neutralise a solution 

containing 0.005 mol of citric acid? 

A 12.5 cm
3

 B 25.0 cm
3

 C 37.5 cm
3

 D 50.0 cm
3
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26 Pheromones are used by insects and other animals as a means of communication. 

 

The pheromone in a bee sting is 3-methylbutyl ethanoate. 

 

CH3 C

O

O CH2CH2CH(CH3)2

3-methylbutyl ethanoate
 

 

What are the organic products when 3-methylbutyl ethanoate is heated under reflux with aqueous 

sodium hydroxide? 

A CH3CO2H  and  (CH3)2CHCH2CH2OH 

B CH3CO2H  and  (CH3)2CHCH2CH2O
–

Na
+

 

C CH3CO2

–

Na
+

  and  (CH3)2CHCH2CH2OH 

D CH3CO2

–

Na
+

  and  (CH3)2CHCH2CH2O
–

Na
+

 

 

 

27  The compound 2-ethyl-3-methylbutanoic acid is used as a flavouring in some food. 

 

CCH3 C

H

C

O

OH

CH3 C2H5

H

2-ethyl-3-methylbutanoic acid
 

 

Which compound will produce 2-ethyl-3-methylbutanoic acid when heated under reflux with 

sodium cyanide in ethanol, followed by 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
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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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24  The naturally-occurring molecule civetone is found in a gland of the African civet cat and has 

been used in perfumery. 

 

CH2

H2C

CH2

H2C

H2C

H2C

CH2 CH2
CH2

CH2

CH2

CH2

CH2 CH2

CH

HC

C O

civetone
 

 

Which reagent will not react with civetone? 

A 2,4-dinitrophenylhydrazine reagent 

B Fehling’s reagent 

C hydrogen bromide 

D sodium tetrahydridoborate(III), NaBH4 

 

 

25  Compound X, C5H12O, is oxidised by acidified sodium dichromate(VI) to compound Y. 

 

Compound Y reacts with butan-2-ol in the presence of a little concentrated sulfuric acid to give 

liquid Z. 

 

What could be the formula of Z? 

A CH3(CH2)3CO2CH(CH3)CH2CH3 

B CH3(CH2)3CO2(CH2)3CH3 

C CH3(CH2)2CO2CH(CH3)CH2CH3 

D (CH3)2CHCH2CO2C(CH3)3 
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30 Malic acid occurs in apples. 

 

H C

malic acid

OH

CO2H

CH2CO2H

 

 

Under suitable conditions, which substance will react with only one of the –OH groups in the 

malic acid molecule? 

A Cr2O7

2– / H+

(aq) 

B Na(s) 

C NaOH(aq) 

D PCl 5(s) 
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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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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 
 
 

�

8  

© UCLES 2015 9701/12/O/N/15  

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 dm
3

. 

 

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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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 dm
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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 
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30 Which row of the table is correct? 
 

 increasing number of carbon atoms  

A ethyl methanoate methyl propanoate pentyl pentanoate propyl butanoate 

B ethyl methanoate methyl propanoate propyl butanoate pentyl pentanoate 

C methyl propanoate propyl butanoate ethyl methanoate pentyl pentanoate 

D propyl butanoate ethyl methanoate pentyl pentanoate methyl propanoate 
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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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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. 
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H
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C

OO

O CH3

CH3
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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 The diagrams show two different compounds. 

 

O

1

O

2
 

 

What is 

 

● the total number of structural isomers, including compound 2, that could be formed 

by adding a second methyl group to the ring of compound 1, 

 

● the number of π electrons in each compound? 

 

 
number of 

isomers 

number of 

π electrons 

A 3 2 

B 3 4 

C 5 2 

D 5 4 

 

 

21 The structural formula of compound X is shown below. 

 

CH3 CH2 CH2 OC

O

H

compound X
 

 

What is the name of compound X and how does its boiling point compare with that of butanoic 

acid? 

 

 name of X boiling point of X 

A methyl propanoate higher than butanoic acid 

B methyl propanoate lower than butanoic acid 

C propyl methanoate higher than butanoic acid 

D propyl methanoate lower than butanoic acid 
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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 Compound X, C4H8O2, has an unbranched carbon chain. An aqueous solution of X has an 

approximate pH of 3. 

 

Compound Y, C3H8O, is a secondary alcohol. 

 

X and Y are reacted together in the presence of a little concentrated sulfuric acid to form Z as the 

major organic product. 

 

What is the structural formula of Z? 

A (CH3)2CHCO2CH2CH2CH3 

B CH3(CH2)2CO2CH(CH3)2 

C CH3(CH2)2CO2(CH2)2CH3 

D (CH3)2CHCO2CH(CH3)2 
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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 Compound X, C4H8O2, has an unbranched carbon chain. An aqueous solution of X has an 

approximate pH of 3. 

 

Compound Y, C3H8O, is a secondary alcohol. 

 

X and Y are reacted together in the presence of a little concentrated sulfuric acid to form Z as the 

major organic product. 

 

What is the structural formula of Z? 

A (CH3)2CHCO2CH2CH2CH3 

B CH3(CH2)2CO2CH(CH3)2 

C CH3(CH2)2CO2(CH2)2CH3 

D (CH3)2CHCO2CH(CH3)2 
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25  Malic acid is found in apples. 

 

H C

malic acid

OH

CO2H

CH2CO2H

 

 

Which reagent will react with only one of the – OH groups in the malic acid molecule? 

A ethanoic acid in the presence of concentrated sulfuric acid 

B sodium 

C sodium hydrogen carbonate 

D sodium hydroxide 

 

 

26  Which organic compound would not give either a yellow precipitate when treated with alkaline 

aqueous iodine or an orange precipitate when treated with 2,4-dinitrophenylhydrazine reagent? 

A propanal  

B propan-1-ol 

C propan-2-ol 

D propanone 

 

 

27 In which reaction is the organic compound oxidised? 

A CH3 CH2 CH2 CHO  +  Tollens’ reagent 

B CH3 CH2 CH2 CHO  +  LiAl H4 
C CH3 CH2 CH2 OH  +  concentrated H3 PO4 

D CH3 CO2 C2 H5   +  dilute H2 SO4 

 

 

28  How many of the following compounds produce a carboxylic acid on heating under reflux with an 

excess of hot acidified K2 Cr2 O7 ? 

 

CH3 CH2 CHO 

CH3 COCH3  

CH3 CH2 CH2 OH 

CH3 CH(OH)CH3  

 

A 1 B 2 C 3 D 4 
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20 What is the correct name of the molecule with the skeletal formula shown? 

 

HO

 

 

A 1,2,2-trimethylbutan-3-ol 

B 2-ethyl-2-methylbutan-2-ol 

C 3,3-dimethylpentan-2-ol 

D 4-hydroxy-3,3-dimethylpentane 

 

 

21  The diagram shows the structure of 1,3-butadiene. 

 

C
C

HC
C

H

H

H H

H

1,3-butadiene
 

 

The addition reaction between 1,3-butadiene and two molecules of hydrogen bromide can 

produce three structurally isomeric products. 

 

How many of these products have at least one chiral centre? 

A 0 B 1 C 2 D 3 

 

 

22 An ester with an aroma of pineapples can be synthesised in the laboratory from butanal using this 

reaction scheme. 

 

CH3(CH2)2CHO

NaBH4

conc. H2SO4

Cr2O7
2–  / H+

X

Y

ester

 

 

What is the structural formula of the ester? 

A CH3(CH2)2CO2(CH2)2CH3 

B CH3(CH2)2CO2(CH2)3CH3 

C CH3(CH2)3CO2(CH2)2CH3 

D CH3(CH2)3CO2(CH2)3CH3 
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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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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 
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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
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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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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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O

O

O

O

C

O
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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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29  The ester CH3CH2CH2CO2CH2CH(CH3)2 was hydrolysed under acidic conditions. 

 

What are the organic products of this hydrolysis? 

A butanoic acid and 2-methylpropan-1-ol 

B butanoic acid and 2-methylpropan-2-ol 

C butan-1-ol and 2-methylpropanoic acid 

D propanoic acid and 2-methylpropan-1-ol 

 

 

30  Geranyl ethanoate is present in ginger and cocoa, and is used in shampoos and soaps as a 

perfume. It reacts with an excess of bromine in an organic solvent to give X, a bromo-derivative. 

 

O

O
Br2

geranyl ethanoate

bromo-derivative

X
 

 

Including geranyl ethanoate, how many cis-trans isomers are there of geranyl ethanoate, and 

how many chiral centres are there in X? 

 

 cis-trans isomers 
chiral centres 

in X 

A 2 3 

B 2 4 

C 4 3 

D 4 4 
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25  Diols in which both hydroxy groups are bonded to the same carbon can spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 

 

Which compound, after complete hydrolysis, gives a positive reaction with Tollens’ reagent? 

A 1,1-dibromobutane 

B 1,2-dibromobutane 

C 1,3-dibromobutane 

D 2,2-dibromobutane 

 

 

26  Propan-2-ol undergoes many reactions. 

 

Which row is correct? 

 

 
reagent added 

to propan-2-ol 
product 

A acidified KMnO4 CH3CH2CHO 

B Cl 2 CH3CHCl CH3 

C conc. H2SO4 CH3CHCH2 

D methanoic acid HCO2CH2CH2CH3 

 

 

27  Ethane-1,2-diol has the following structure. 

 

H HC

H

H

O

H HC O

 

 

Without breaking the C–C bond, there are five possible oxidation products. 

 

What is the total number of aldehyde groups and carboxylic acid groups in these five products? 

 

 –CHO –COOH 

A 3 3 

B 3 4 

C 4 3 

D 4 4 
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28 CH3CH2COCH2CH3 reacts with hydrogen cyanide to form an organic product called a 

cyanohydrin. 

 

Which statement is correct? 

A The cyanohydrin product has one chiral centre. 

B The cyanohydrin product is formed by electrophilic addition. 

C The cyanohydrin product is formed via an intermediate which contains a C–OH group. 

D The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst. 

 

 

29 Compound X, CH3CH(OH)CH(CHO)CH3, is heated under reflux with an excess of acidified 

K2Cr2O7 to form compound Y. 

 

Both X and Y are separately warmed with Fehling’s solution and the observations noted. 

 

What are the observations? 

A Both X and Y give a red precipitate. 

B Only X gives a red precipitate. 

C Only Y gives a red precipitate. 

D Neither X nor Y gives a red precipitate. 

 

 

30 Which two compounds can react together to produce an ester? 

 

OH O

A

+
OH O

O

B

+

HO
OH

HO OH

C

+

D

+
O

OH

O
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24 Lactide is an intermediate in the manufacture of a synthetic fibre. 
 

O

O

lactide

O

O

 
 

Which compound, on heating with an acid catalyst, can produce lactide? 

A hydroxyethanoic acid 

B 2-hydroxybutanoic acid 

C 2-hydroxypropanoic acid 

D 3-hydroxypropanoic acid 
 
 
25 Diols in which both hydroxy groups are bonded to the same carbon atom spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 
 

Which compound is hydrolysed to form a product that gives a positive reaction with  
2,4-dinitrophenylhydrazine but not with Fehling’s reagent? 

A 1,1-dibromopropane 

B 1,2-dibromopropane 

C 1,3-dibromopropane 

D 2,2-dibromopropane 
 
 
26 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) 
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30 A solvent, X, used in printing inks has a molecular formula C6H10O4. It may be made by reacting 
ethane-1,2-diol with ethanoic acid in the presence of an acid catalyst. 

 

CHO OH

H

H

C

H

ethane-1,2-diol

H

 
 

What is the structure of solvent X? 
 

CHO O

H

H

C C

H

H

CH3

O

A B

O C

CH3

O

H3C

O

CO OC

H

H

C C

H

H

CH3

O

C

CC

H

H

C

H3C H

H

O

O

CC

H

H

C C

CH3H

H

OO

O

H3C

O

D
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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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27 Q is a compound with the molecular formula C4H10O. Q can be oxidised with acidified 
potassium dichromate(VI). Q cannot be made by reducing a carboxylic acid with LiAl H4. 

 
What is the structure of Q? 

A CH3CH(OH)CH2CH3 

B CH3CH2CH2CH2OH 

C (CH3)3COH 

D (CH3)2CHCH2OH 
 
 
28 A sample of 2.30 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 60.0%. 

 
Which mass of product was collected? 

A 1.32 g B 1.38 g C 1.80 g D 3.00 g 
 
 
29 Which compound gives a positive test with alkaline aqueous iodine and does not show optical 

isomerism? 

A CH3COCH2CH2OH 

B CH3CH2CH(OH)CHO 

C CH3COCH(OH)CH3 

D (CH3)2C(OH)CHO 
 
 
30 Citral is found in lemongrass oil. It can react to give compound W. 
 

CHO
an excess of

H2  / Ni
hot, concentrated

acidified manganate(VII)
under reflux

V W

citral  
 

What could compound W be? 
 

A B C D

CO2 H

CO2 H

CO2 H

CO2 H
O

CHO
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24 Lactide is an intermediate in the manufacture of a synthetic fibre. 
 

O

O

lactide

O

O

 
 

Which compound, on heating with an acid catalyst, can produce lactide? 

A hydroxyethanoic acid 

B 2-hydroxybutanoic acid 

C 2-hydroxypropanoic acid 

D 3-hydroxypropanoic acid 
 
 
25 Diols in which both hydroxy groups are bonded to the same carbon atom spontaneously eliminate 

a molecule of water to produce a carbonyl compound. 
 

Which compound is hydrolysed to form a product that gives a positive reaction with  
2,4-dinitrophenylhydrazine but not with Fehling’s reagent? 

A 1,1-dibromopropane 

B 1,2-dibromopropane 

C 1,3-dibromopropane 

D 2,2-dibromopropane 
 
 
26 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) 
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29 Butanoic acid can be produced from 1-bromopropane using reagents X and Y as shown. 
 
 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 NH3 in ethanol HCl (aq) 

D NaOH(aq) H+
 / Cr2O7

2–(aq) 
 
 
30 How many esters with the molecular formula C5H10O2 can be made by reacting a primary alcohol 

with a carboxylic acid? 

A 4 B 5 C 6 D 8 
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29 Butanoic acid can be produced from 1-bromopropane using reagents X and Y as shown. 
 
 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 NH3 in ethanol HCl (aq) 

D NaOH(aq) H+
 / Cr2O7

2–(aq) 
 
 
30 How many esters with the molecular formula C5H10O2 can be made by reacting a primary alcohol 

with a carboxylic acid? 

A 4 B 5 C 6 D 8 
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28 Chlorogenic acid is found in green coffee beans and is used in treatments for weight loss. 
 

HO

HO

OH

O

O

R

CO2 H

R = C6 H5 O2  and takes
no part in the reaction
with sodium carbonate.

chlorogenic acid  
 

What is produced in good yield when chlorogenic acid is treated with an excess of sodium 
carbonate solution at room temperature? 

 

HO

HO

OH

O R

CO2 Na

A

O

NaO

NaO

ONa

O R

CO2 Na

B

O

NaO

NaO

ONa

O R

CO2 H

C

O

HO

HO

OH

OH

+

CO2 Na

D

HO R

O
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28 Chlorogenic acid is found in green coffee beans and is used in treatments for weight loss. 
 

HO

HO

OH

O

O

R

CO2 H

R = C6 H5 O2  and takes
no part in the reaction
with sodium carbonate.

chlorogenic acid  
 

What is produced in good yield when chlorogenic acid is treated with an excess of sodium 
carbonate solution at room temperature? 

 

HO

HO

OH

O R

CO2 Na

A

O

NaO

NaO

ONa

O R

CO2 Na

B

O

NaO

NaO

ONa

O R

CO2 H

C

O

HO

HO

OH

OH

+

CO2 Na

D

HO R

O
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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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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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26 Ethane-1,2-diol, HOCH2CH2OH, reacts with an excess of ethanoic acid, CH3CO2H, in the 

presence of an acid catalyst. A compound is formed with the molecular formula C6H10O4. 

 

What is the structure of this compound? 

A CH3OCOCH2CH2CO2CH3 

B CH3CO2CH2CH2CO2CH3 

C CH3CO2CH2CH2OCOCH3 

D HOCH2CH2COCH2OCOCH3 

 

 

27 Compound X is heated with a mild oxidising agent. One of the products of the reaction will react 

with hydrogen cyanide, forming 2-hydroxybutanenitrile. 

 

What is compound X? 

A butan-1-ol 

B butan-2-ol 

C propan-1-ol 

D propan-2-ol 

 

 

28 Which row correctly describes the reactivity of aldehydes and ketones? 

 

 with NaBH4 with H
+ / Cr2O7

2–

(aq) 

A both react both react 

B both react only aldehydes react 

C only ketones react both react 

D only ketones react only aldehydes react 
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30 A solvent, X, used in printing inks has a molecular formula C6H10O4. It may be made by reacting 

ethane-1,2-diol with ethanoic acid in the presence of an acid catalyst. 

 

CHO OH

H

H

C

H

ethane-1,2-diol

H

 
 

What is the structure of solvent X? 

 

CHO O

H

H

C C

H

H

CH3

O

A B

O C

CH3

O

H3C

O

CO OC

H

H

C C

H

H

CH3

O

C

CC

H

H

C

H3C H

H

O

O

CC

H

H

C C

CH3H

H

OO

O

H3C

O

D
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27 H2NNHC6H3(NO2)2 is the structural formula of 2,4-DNPH. 
 

Many, but not all, organic reactions need to be heated before reaction occurs. 
 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A C10H22  o  C8H18  +  C2H4 

B CH3CH2CH2Br  +  NH3  o  CH3CH2CH2NH2  +  HBr 

C CH3CH2OH  +  KBr  o  CH3CH2Br  +  KOH 

D (CH3)2CO  +  H2NNHC6H3(NO2)2  o  (CH3)2C=NNHC6H3(NO2)2  +  H2O 
 
 
28 A carboxylic acid, P, has no possible chain isomers. It reacts with an alcohol, Q, that has only 

one positional isomer. 
 

What could be the ester formed from a reaction between P and Q? 

A butyl propanoate 

B ethyl butanoate 

C pentyl ethanoate 

D propyl pentanoate 
 
 
29 Which compound is chiral and reacts with Na2CO3 to give CO2? 
 

 
 
 
30 Which compound, when hydrolysed, gives propanoic acid and propan-2-ol? 

A CH3CH2CO2CH2CH(CH3)CH3 

B (CH3)2CHCO2CH2CH3 

C CH3CH2CO2CH(CH3)CH3 

D CH3CH2CH2CO2CH(CH3)CH3 
 
 

CH(Br)CO2 H

CH2

CH3

A B C D

H CO2 H

H CO2 H

C 

C

CH3 OH 
HCO2 CH 

CH2 Br

CH3
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26 Glucose can be used to prepare sorbitol, a compound used as a sugar substitute. 

 

HO
OH OH

OH OH
OH

sorbitol

O

H

OH OH

OH OH
OH

glucose  
 

Which reagent may be used for this conversion? 

A acidified potassium dichromate(VI) 

B sodium borohydride 

C sodium hydroxide 

D Tollens’ reagent 

 

 

27 3-methylbutanone is treated with alkaline aqueous iodine. The mixture of products is then 

acidified. 

 

Which compound is present in the final mixture of products? 

A 3-methylbutanoic acid 

B butanoic acid 

C methylpropanoic acid 

D propanoic acid 

 

 

28 At room temperature, propanoic acid was reacted to produce sodium propanoate. No gas was 

produced during the reaction. 

 

What could the propanoic acid have reacted with? 

A NaHCO3(aq) B NaOH(aq) C Na2CO3(aq) D Na2SO4(aq) 
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27 Ethyl propanoate is refluxed with aqueous sodium hydroxide. The alcohol produced is then 
reacted with methyl propanoic acid to make a second ester. 

 
What is the structural formula of this second ester? 

 

CH3

CH3

CHCH2 CH3O

A

C

O

CH3

CH3

CHCH2 CH2

CH3 CH2

CH3O

B

C

O

CH3

CH3

CHC CH3O

C

CH2

O

C

CH3

CH CH3O CH2

O
D

 
 
 
28 Which reagent could be used to carry out the following reaction? 
 

O
O

OH 
 

A a solution containing acidified dichromate(VI) ions 

B a solution containing dilute, acidified manganate(VII) ions 

C a solution containing hot, concentrated, acidified manganate(VII) ions 

D concentrated sulfuric acid 
 
 
29 Four reactions of propanoic acid to form salts and other products are shown. 
 

Which reaction does not show the formulae of all the correct products? 
 

CH3CH2CO2H(aq)
propanoic

acid

B
(CH3CH2CO2

–)2Mg2+(aq)  +  H2(g)

D
(CH3CH2CO2

–)2Ca2+(aq)  +  H2O(l)

A
CH3CH2CO2

– K+(aq)  +  H2O(l)

C
CH3CH2CO2

– Na+(aq)  +  CO2(g)

Ca(OH)2

Mg(s)

Na2CO3

KOH
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27 H2NNHC6H3(NO2)2 is the structural formula of 2,4-DNPH. 
 

Many, but not all, organic reactions need to be heated before reaction occurs. 
 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A C10H22  o  C8H18  +  C2H4 

B CH3CH2CH2Br  +  NH3  o  CH3CH2CH2NH2  +  HBr 

C CH3CH2OH  +  KBr  o  CH3CH2Br  +  KOH 

D (CH3)2CO  +  H2NNHC6H3(NO2)2  o  (CH3)2C=NNHC6H3(NO2)2  +  H2O 
 
 
28 A carboxylic acid, P, has no possible chain isomers. It reacts with an alcohol, Q, that has only 

one positional isomer. 
 

What could be the ester formed from a reaction between P and Q? 

A butyl propanoate 

B ethyl butanoate 

C pentyl ethanoate 

D propyl pentanoate 
 
 
29 Which compound is chiral and reacts with Na2CO3 to give CO2? 
 

 
 
 
30 Which compound, when hydrolysed, gives propanoic acid and propan-2-ol? 

A CH3CH2CO2CH2CH(CH3)CH3 

B (CH3)2CHCO2CH2CH3 

C CH3CH2CO2CH(CH3)CH3 

D CH3CH2CH2CO2CH(CH3)CH3 
 
 

CH(Br)CO2 H

CH2

CH3

A B C D

H CO2 H

H CO2 H

C 

C

CH3 OH 
HCO2 CH 

CH2 Br

CH3

�
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28 Ethanedioic acid has the formula HO2CCO2H. 
 

What is the formula of aluminium ethanedioate? 

A Al C2O4 B Al (C2O4)3 C Al 2C2O4 D Al 2(C2O4)3 
 
 
29 Alcohols, aldehydes and nitriles can each be converted into carboxylic acids. 
 

Which descriptions of their conversions into carboxylic acids are correct? 
 

 alcohols aldehydes nitriles 

A hydrolysis hydrolysis hydrolysis 

B hydrolysis hydrolysis oxidation 

C oxidation oxidation hydrolysis 

D oxidation oxidation oxidation 
 
 
30 How many structural isomers with the molecular formula C4H10O give infra-red absorptions both 

at approximately 1200 cm–1 and at approximately 3400 cm–1? 

A 2 B 4 C 6 D 7 
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29 Ethene is reacted with steam in the presence of concentrated H3PO4. The product of this reaction 

is added to acidified potassium dichromate(VI) and heated under reflux for one hour. The final 

organic product is collected and labelled X. 

 

But-2-ene is treated with hot, concentrated, acidified potassium manganate(VII). The final 

organic product is collected and labelled Y. 

 

Which statement is correct? 

A One molecule of X has more carbon atoms than one molecule of Y. 

B One molecule of Y has more carbon atoms than one molecule of X. 

C X and Y have different functional groups. 

D X is the same compound as Y. 

 

 

30 A sample of the ester CH3CH2CH2CO2CH2CH3 is hydrolysed. The product mixture is then treated 

with hot, acidified KMnO4. 

 

What are the final carbon-containing products? 

A CH3CH2CO2H only 

B CH3CO2H  +  CH3CH2CO2H 

C CH3CO2H  +  CH3CH2CH2CO2H 

D CH3CH2OH  +  CH3CH2CH2CO2H 
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27 Ethyl propanoate is refluxed with aqueous sodium hydroxide. The alcohol produced is then 
reacted with methyl propanoic acid to make a second ester. 

 
What is the structural formula of this second ester? 

 

CH3

CH3

CHCH2 CH3O

A

C

O

CH3

CH3

CHCH2 CH2

CH3 CH2

CH3O

B

C

O

CH3

CH3

CHC CH3O

C

CH2

O

C

CH3

CH CH3O CH2

O
D

 
 
 
28 Which reagent could be used to carry out the following reaction? 
 

O
O

OH 
 

A a solution containing acidified dichromate(VI) ions 

B a solution containing dilute, acidified manganate(VII) ions 

C a solution containing hot, concentrated, acidified manganate(VII) ions 

D concentrated sulfuric acid 
 
 
29 Four reactions of propanoic acid to form salts and other products are shown. 
 

Which reaction does not show the formulae of all the correct products? 
 

CH3CH2CO2H(aq)
propanoic

acid

B
(CH3CH2CO2

–)2Mg2+(aq)  +  H2(g)

D
(CH3CH2CO2

–)2Ca2+(aq)  +  H2O(l)

A
CH3CH2CO2

– K+(aq)  +  H2O(l)

C
CH3CH2CO2

– Na+(aq)  +  CO2(g)

Ca(OH)2

Mg(s)

Na2CO3

KOH
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28 Ethanal, CH3CHO, is used to make product R in a three-stage synthesis. 
 

CH3CHO product P

HCN
/ NaCN

H2SO4(aq),
reflux

product Q product R

conc. H2SO4
(a few drops)

 
 

Two molecules of Q react to give one molecule of R plus two molecules of water. 
 

R has two ester functional groups in each molecule. R does not react with sodium. 
 

What is the empirical formula of R? 

A CHO B C3H4O2 C C3H5O2 D C6H10O5 
 
 
29 The ester ethyl butanoate can be hydrolysed using an excess of dilute sodium hydroxide solution. 
 

Which substance is a product of this reaction? 

A CH3CH2CH2CO2Na 

B CH3CO2Na 

C CH3CH2ONa 

D H2O 
 
 
30 The infra-red spectrum of an organic compound is shown. 
 

100

50

0

transmittance
%

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 
 

Which compound could give this spectrum? 

A CH3CH2CO2H 

B CH3CH(OH)CH3 

C CH3COCH3 

D CH3COCH2OH 

Si

{

±
5

:
§
*
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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  A sun protection cream contains the following ester as its active ingredient. 

 

CH3O CHCO2CH2CH CH 

CH2CH3 

CH2CH2CH2CH3
 

 

Which substances are present in the products of its hydrolysis by aqueous sodium hydroxide? 

 

CH3CH2CH2CH2CH(CH2CH3)CH2OH1 

2

3

CH3O CHCO2
–Na+CH

CH3O CO2
–Na+

 

 

 

40  Which reagents, when used in an excess, can be used to make sodium lactate, 

CH3CH(OH)CO2Na, from lactic acid, CH3CH(OH)CO2H? 

1 Na 

2  NaHCO3 

3 NaOH 
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38  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 exists in two optically active forms. 

 

 

39 Propanone and hydrogen cyanide react together by this mechanism. 

 

CN

C

O–

H3C

H3C

CN

C + CN–

OH

H3C

H3C

CN–

H CNC O

H3C

H3C
 

 

Which statements about this mechanism are correct? 

1 CN
–

 is an electrophile. 

2 It is an addition reaction. 

3 Heterolytic bond breaking is involved. 

 

 

40  Monopotassium citrate is used as an emulsifying agent in powdered milk and in powdered soups. 

It may be represented by the formula shown. 

 

CH2CO2H

CH2CO2H

CHO CO2  K+–

monopotassium citrate
 

 

Which statements about monopotassium citrate are correct? 

1 It does not have a chiral carbon atom. 

2 It can act as a dibasic acid. 

3 It reacts with NaHCO3 to give CO2. 
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40 5-hydroxypentanoic acid is readily converted into the cyclic compound L. 

 

O

O
L

 

 

Which statements about this reaction are correct? 

1 Acidified sodium dichromate(VI) is used as a reagent. 

2 A water molecule is produced in the reaction. 

3 The reaction is catalysed by concentrated H2SO4. 
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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. 

 

 

38 The molecule responsible for the pineapple flavour used in sweets is CH3CH2CH2CO2CH2CH3. 

 

Which statements about this molecule are correct? 

1 The name of this compound is ethyl butanoate. 

2  This compound is a structural isomer of hexanoic acid. 

3 When this compound is heated with aqueous sodium hydroxide, the products are butan-1-ol 

and sodium ethanoate. 

 

 

39  The compound pentan-1,4-diol has two OH groups per molecule and can be oxidised. 

 

Which statements about pentan-1,4-diol or its oxidation products are correct? 

1 When one mole of pentan-1,4-diol reacts with an excess of sodium metal, one mole of 

hydrogen molecules is produced. 

2  At least one of the possible oxidation products of pentan-1,4-diol will react with 

2,4-dinitrophenylhydrazine reagent. 

3 Dehydration of pentan-1,4-diol could produce a compound with empirical formula C5H8. 

 

 

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

 

In an organic synthesis, a 62% yield of product is achieved. 

 

Which conversions are consistent with this information? 

1 74.00 g of butan-2-ol  →  44.64 g of butanone 

2  74.00 g of butan-1-ol  →  54.56 g of butanoic acid 

3 74.00 g of 2-methylpropan-1-ol  →  54.56 g of 2-methylpropanoic acid 
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37 An oxidising agent that can oxidise ethanal to ethanoic acid, or to ethanoate ions, will also oxidise 

methanoic acid, HCO2H, to carbon dioxide and water. 

 

Which reagents, on heating, will react differently with HCO2H and CH3CO2H? 

1 Na2CO3(aq) 

2 Fehling’s reagent 

3 dilute acidified KMnO4 

 

 

38 Each of the compounds below is treated separately with excess NaBH4. The product of each 

reaction is then heated with excess concentrated H2SO4. 

 

In each case, one or more products are formed with molecular formula C7H10. 

 

Which compounds give only one final product with the molecular formula C7H10? 

 

1

O

O

2

O

O

3

O

O
 

 

 

39 Which reactions result in the formation of propanoic acid? 

1 CH3CH2CO2Na with dilute H2SO4(aq) 

2 CH3CH=CHCH3 with hot, concentrated H
+ / MnO4

–

(aq) 

3 CH3CH2OH with H
+ / Cr2O7

2–

(aq) 

 

 

40 The diagram shows the structure of propanamide. 

 

H

H

H

C

H

H

H O

H

C C N

propanamide
 

 

Which statements about the hydrolysis of propanamide are correct? 

1 Propanamide can be hydrolysed by heating under reflux with H2SO4(aq). 

2 Propanamide can be hydrolysed by heating under reflux with NaOH(aq). 

3 Propanamide can be hydrolysed by cold water. 
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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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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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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 Compound X has the molecular formula C3H6O3. 
 

Heating X under reflux with acidified K2Cr2O7 forms HO2CCOCO2H. 
 

Reacting X with NaBH4 forms HOCH2CH(OH)CH2OH. 
 

What is a possible structural formula for X? 

1 HOCH2CH2CO2H 

2 HOCH2CH(OH)CHO 

3 HOCH2COCH2OH 
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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 The compound shown is produced when sugar burns. 

 

H3C C

O

CHO
 

 

Which reagents would give a positive result with this compound? 

1 alkaline aqueous iodine 

2 2,4-dinitrophenylhydrazine 

3 Fehling’s solution 

 

 

40 Which statements about the formation of a carboxylic acid are correct? 

1 A carboxylic acid can be produced by hydrolysis of a nitrile. 

2 A carboxylic acid can be produced by oxidation of a primary alcohol. 

3 A carboxylic acid can be produced by reduction of an aldehyde. 
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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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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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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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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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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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4  A series of reactions based on propanoic acid is shown.

CH3CH2CH2OH

CH3CH2CO2H three products

CH3CO2CH2CH2CH3

reaction 1 reaction 2

reaction 3

CaCO3

 (a)  Write an equation for reaction 1, using [H] to represent the reducing agent.

  ..............................................................................................................................................   [2]

 (b) (i)  What type of reaction is reaction 2?

  .......................................................................................................................................   [1]

 (ii)  Suggest a suitable reagent and conditions for reaction 2.

  .......................................................................................................................................   [2]

 (c)  Write an equation for the reaction of propanoic acid with calcium carbonate, CaCO3.

  ..............................................................................................................................................   [2]

 (d) (i)  Suggest a suitable reagent and conditions for reaction 3.

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

  .......................................................................................................................................   [2]

 (ii)  Identify the other product of reaction 3.

  .......................................................................................................................................   [1]

[Total: 10]
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4  This question is about molecules with molecular formula C4H8O2.

 (a)  Give the structural formulae of the pair of chain isomers with the formula C4H8O2 that are 
carboxylic acids.

[2]

 (b) (i)  Give the structural formulae of a pair of SRVLWLRQDO isomers with the formula C4H8O2 that 
are esters.

[2]

 (ii)  Give the reagents and conditions needed to produce one of your esters in (i).

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

  .......................................................................................................................................  [2]
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5  Some reactions of compound P, C5H8O, are shown.

H2(g)
Ni(s) catalyst

OH–(aq)
I2(aq)

compound Q

compound R compound S
compound P

compound T  +

O

O

–O

cold, acidified
KMnO4(aq)NaBH4

 (a) (i)  Give the structures for organic compounds Q, R, S and T.

Q

T

R S

[4]
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4  This question is about molecules with molecular formula C4H8O2.

 (a)  Give the structural formulae of the pair of chain isomers with the formula C4H8O2 that are 
carboxylic acids.

[2]

 (b) (i)  Give the structural formulae of a pair of SRVLWLRQDO isomers with the formula C4H8O2 that 
are esters.

[2]

 (ii)  Give the reagents and conditions needed to produce one of your esters in (i).

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

  .......................................................................................................................................  [2]
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30 The acarid mite releases Iardolure to attract other mites to a host: this chemical can be destroyed
by hydrolysis with acid.

CH3 CH2 CH2 [CH(CH3 )CH2 ]3 CH(CH3 )O-C-H

O

A simplified formula for lardolure  may be written as RCH(CH3 )O-C-H.

O

What are the products of its hydrolysis?

A RCH(CH3 )CO2 H + CH3 OH

B RCH(CH3 )CO2 H + HCO2 H

C RCH(CH3 )OH + CO2

D RCH(CH3 )OH + HCO2 H

10

9701/1/M/J/02

30 The acarid mite releases Iardolure to attract other mites to a host: this chemical can be destroyed
by hydrolysis with acid.

CH3 CH2 CH2 [CH(CH3 )CH2 ]3 CH(CH3 )O-C-H

O

A simplified formula for lardolure  may be written as RCH(CH3 )O-C-H.

O

What are the products of its hydrolysis?

A RCH(CH3 )CO2 H + CH3 OH

B RCH(CH3 )CO2 H + HCO2 H

C RCH(CH3 )OH + CO2

D RCH(CH3 )OH + HCO2 H
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28 A compound R has all of the following properties:

it is neutral;
it gives an orange precipitate with 2,4-dinitrophenylhydrazine;
it evolves hydrogen chloride when treated with PCl5 in the cold.

What could R be?

29 MCPA and 2,4-D are two widely-used selective weedkillers. 

Which reagent will distinguish MCPA from 2,4-D?

A acidified AgNO3 (aq)

B Fehling’s solution

C Na

D Na2CO3 (aq)

OCH2CO2H

Cl

CH3

MCPA

OCH2CH2OH

Cl

Cl

2,4-D

COCH3A OCH3

C O

B CH2OH

C O

C CO2H

CH3

D

�
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28 A compound R has all of the following properties:

it is neutral;
it gives an orange precipitate with 2,4-dinitrophenylhydrazine;
it evolves hydrogen chloride when treated with PCl5 in the cold.

What could R be?

29 MCPA and 2,4-D are two widely-used selective weedkillers. 

Which reagent will distinguish MCPA from 2,4-D?

A acidified AgNO3 (aq)

B Fehling’s solution

C Na

D Na2CO3 (aq)

OCH2CO2H

Cl

CH3

MCPA

OCH2CH2OH

Cl

Cl

2,4-D

COCH3A OCH3

C O

B CH2OH

C O

C CO2H

CH3

D
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30 Acarol is sold as an insecticide for use on fruit and vegetables. 

 

CHBr C

Br

OH

C O

O

CH

CH

3

3

Acarol
 

 

 The final stage of its manufacture is an esterification. 

 

 Which alcohol is used to form the ester? 

A di(4-bromophenyl)methanol 

B methanol 

C propan-1-ol 

D propan-2-ol 

 

 

�
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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

�

11
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30 An ester with an odour of banana has the following formula.

CH3 CO2 CH2 CHCH2 CH3

CH3

In which of the following do the substances react together, under suitable conditions, to produce
this ester?

A CH3 CH2 CHCH2 CO2 H + CH3 OH

CH3

B CH3 CH2 CHCO2 H + CH3 CH2 OH

CH3

C CH3 CO2 H + CH3 CH2 CHCH2 OH

CH3

D CH3 CO2 H + CH3 CH2 CHCH2 OH

CH3
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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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25  Ethyl ethanoate is a very important solvent in industry. Currently, researchers are investigating 

ways of producing the ester from cheap, low grade ethanol by the following process. 

 

CH
3
CH

2
OH

step 1 step 2 step 3
CH

3
CHO CH

3
CH

2
OCHCH

3
CH

3
CH

2
OCOCH

3

OH
 

 

What types of reaction are steps 1 and 3? 

 

 step 1 step 3 

A elimination esterification 

B elimination isomerisation 

C oxidation esterification 

D oxidation oxidation 

 

 

26  Malic acid occurs in apples. 

 

C

OH

CO2H

CH2CO2HH

malic acid
 

 

Which substance will react with all three –OH groups present in the malic acid molecule? 

A ethanol in the presence of concentrated sulphuric acid 

B potassium hydroxide 

C sodium 

D sodium carbonate 

 

 

27  Which compound reacts with its own oxidation product (an oxidation which involves no loss of 

carbon) to give a sweet-smelling liquid? 

A propanal 

B propanoic acid 

C propanone 

D propan–1–ol 
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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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29  Aldehydes and ketones are carbonyl compounds. 

 

Which of them react both with NaBH4 and with Tollens’ reagent? 

A both aldehydes and ketones 

B aldehydes only 

C ketones only 

D neither aldehydes nor ketones 

 

 

30 Which compound is a product of the hydrolysis of CH3CO2C3H7 by boiling aqueous sodium 

hydroxide? 

A CH3OH B C3H7OH C C3H7CO2H D 
+−

Na273
COHC  
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27 Which compound 

 

• is unaffected by hot alkaline potassium manganate(VII); 

• gives hydrogen when treated with sodium? 

 

A (CH3)2CHCOCH3 

B (CH3)3COH 

C CH3CH2CH(OH)CH3 

D CH3CO2CH(CH3)2 

 

 

28 A common industrial solvent is a mixture of propanone, CH3COCH3, and pentyl ethanoate 

CH3CO2(CH2)4CH3. 

 

Which reagent would have no effect on this solvent? 

A Na(s) 

B NaBH4 

C NaOH(aq) 

D 2,4-dinitrophenylhydrazine reagent 

 

 

29 Apples, the fruit of trees of the genus Malus, are rich in malic acid. Malic acid may be synthesised 

in the laboratory in two steps. 

 

NCCH2CHO HO2CCH2CH(OH)CO2HX
step 1 step 2

malic acid
 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCl (aq) HCN(g) 

B HCN, NaCN(aq/alcoholic) H2SO4(aq) 

C H2SO4(aq) K2Cr2O7 / H2SO4(aq)

D KCN(aq/alcoholic) HCl (aq) 
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27 What is formed when propanone is refluxed with an anhydrous solution of NaBH4? 

A propanal 

B propan-1-ol 

C propan-2-ol 

D propane 

 

 

28 What is the structure of the ester formed from propanoic acid and ethanol? 

 

C C

H

H

H

CO

O
H

H

C

H

H

C

H

H

H

A

C C

H

H

H

CO

O
H

H

C

H

H
C

H

H

H

B

C C

H

H

H

O

O
H

C

C

C

H

H

H H

H H

C

C C

H

H

H

CO

O
H

H

C

H

H

H

D

 

 

 

29 Lactic acid occurs naturally, for example in sour milk. 

 

Its displayed formula is shown. 

 

O

O

H
C

H

H

H

O

H

H

C C

 

 

Which reaction occurs with 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. 
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27 What is formed when propanone is refluxed with an anhydrous solution of NaBH4? 

A propanal 

B propan-1-ol 

C propan-2-ol 

D propane 

 

 

28 What is the structure of the ester formed from propanoic acid and ethanol? 

 

C C

H

H

H

CO

O
H

H

C

H

H

C

H

H

H

A

C C

H

H

H

CO

O
H

H

C

H

H
C

H

H

H

B

C C

H

H

H

O

O
H

C

C

C

H

H

H H

H H

C

C C

H

H

H

CO

O
H

H

C

H

H

H

D

 

 

 

29 Lactic acid occurs naturally, for example in sour milk. 

 

Its displayed formula is shown. 

 

O

O

H
C

H

H

H

O

H

H

C C

 

 

Which reaction occurs with 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. 
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30  Which pair of compounds is formed when the ester C2H5CO2CH3 is boiled with aqueous sodium 

hydroxide? 

A C2H5CO2H CH3OH 

B C2H5CO2Na CH3ONa 

C C2H5CO2Na CH3OH 

D C2H5OH CH3CO2Na 
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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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30 PHB (polyhydroxybutyric acid) is a natural polymer produced by a range of micro-organisms. It 

can also be manufactured from sugar. PHB is readily biodegradable. 

 

O

O

[ [CCH CH2

CH3

n

PHB (polyhydroxybutyric acid)
 

 

What type of reaction will cause PHB to break down? 

A addition 

B hydrolysis 

C reduction 

D substitution 
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28  Hept-4-enal is present in cow’s milk. 

 

CH3 CH2 CH=CHCH2 CH2 CHO 

 

hept-4-enal 

 

What is formed when hept-4-enal is reduced with either hydrogen and a nickel catalyst or 

sodium borohydride? 

A with H2  / Ni CH3 (CH2 )5 CH2 OH 

B with H2  / Ni CH3 (CH2 )5 CH3  

C with NaBH4 CH3 (CH2 )5 CH2 OH 

D with NaBH4 CH3 (CH2 )5 CHO 

 

 

29  Which of these reactions is shown by butanone, CH3 COCH2 CH3 ? 

A On warming with acidified potassium dichromate(VI) the solution turns green. 

B On heating with Fehling’s reagent a red precipitate is formed. 

C With 2,4-dinitrophenylhydrazine reagent an orange precipitate is formed. 

D With hydrogen cyanide an aldehyde is formed. 

 

 

30 The ester CH3 CH2 CH2 CO2 CH3  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 CH4O B C2 H4O C C2 H4O2  D C3 H7 O2  
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28 Compound X will decolourise a warm acidified solution of manganate(VII) ions and forms orange 

crystals on reaction with 2,4-dinitrophenylhydrazine. 

 

What is X? 

A CH3CH=CHCH2OH 

B CH3COCH2CH3 

C CH3CH2CH2CHO 

D CH3CH(OH)CH2CO2H 

 

 

29 Which compound would undergo nucleophilic addition? 

A ethene, C2H4 

B bromoethane, C2H5Br 

C ethanal, CH3CHO 

D ethane, C2H6 

 

 

30 Which formula represents the organic compound formed by the reaction of propanoic acid with 

methanol in the presence of concentrated sulphuric acid as a catalyst? 

A CH3CH2COCH3 

B CH3CH2CO2CH3 

C CH3CO2CH2CH3 

D CH3CH2CH2CO2CH3 
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28  Bees use 2-methylbutyl ethanoate as an ‘alarm’ pheromone. When disturbed, individual bees on 

guard will raise their abdomen and emit the alarm pheromone, fanning their wings to aid its 

dispersal. This alerts other bees to a danger and makes them ready to sting when required. 

 

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 CH3CH2OH and CH3CH2CH(CH3)CO2H 

B CH3CO2H and CH3CH2CH(CH3)CH2OH 

C CH3CH2OH and CH3CH2CH(CH3)CH2CO2H 

D CH3CO2H and CH3CH2CH(CH3)CH2CO2H 

 

 

29  The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic 

conditions. 

 

What is the formula of the final product? 

A CH3CH(OH)CO2H 

B CH3CH2CH2CO2H 

C (CH3)2CHCONH2 

D (CH3)2C(OH)CO2H 

 

 

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

 

Ethyl ethanoate can be obtained from ethanoic acid and ethanol by the following reaction. 

 

CH3CH2OH + CH3CO2H  CH3CO2CH2CH3 + H2O 

 

Ethanol (30 g) and ethanoic acid (30 g) are heated under reflux together, and 22 g of ethyl 

ethanoate are obtained. 

 

What is the yield of the ester? 

A 25 % B 38 % C 50 % D 77 % 
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28  Bees use 2-methylbutyl ethanoate as an ‘alarm’ pheromone. When disturbed, individual bees on 

guard will raise their abdomen and emit the alarm pheromone, fanning their wings to aid its 

dispersal. This alerts other bees to a danger and makes them ready to sting when required. 

 

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 CH3CH2OH and CH3CH2CH(CH3)CO2H 

B CH3CO2H and CH3CH2CH(CH3)CH2OH 

C CH3CH2OH and CH3CH2CH(CH3)CH2CO2H 

D CH3CO2H and CH3CH2CH(CH3)CH2CO2H 

 

 

29  The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic 

conditions. 

 

What is the formula of the final product? 

A CH3CH(OH)CO2H 

B CH3CH2CH2CO2H 

C (CH3)2CHCONH2 

D (CH3)2C(OH)CO2H 

 

 

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

 

Ethyl ethanoate can be obtained from ethanoic acid and ethanol by the following reaction. 

 

CH3CH2OH + CH3CO2H  CH3CO2CH2CH3 + H2O 

 

Ethanol (30 g) and ethanoic acid (30 g) are heated under reflux together, and 22 g of ethyl 

ethanoate are obtained. 

 

What is the yield of the ester? 

A 25 % B 38 % C 50 % D 77 % 
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25 The functional group in a primary alcohol is –CH2 OH. 

 

Which reagent reacts with a primary alcohol, under suitable conditions, to give an organic product 

with the same number of oxygen atoms as the alcohol? 

A Al2 O3

 

B CH3 CO2 H C HBr D Na 

 

 

26 Ethyl phenylethanoate, C6 H5 CH2 CO2 C2 H5 , gives a characteristic flowery aroma to honey. 

 

Which sequence of reagents, with heating in each case, leads to the preparation of 

C6 H5 CH2 CO2 C2 H5  from C6 H5 CH2 Br? 

 

A

B

C

D

C6H5CH2Br

C6H5CH2Br

C6H5CH2Br

C6H5CH2Br

NaOH(aq)

NaOH(aq)

NaCN(alcoholic)

NaOH(aq)

C2H5COCl

C2H5CO2H, conc. H2SO4

C2H5OH, conc. H2SO4

C2H5OH, conc. H2SO4

H+(aq)

conc. MnO4, H+(aq)–

 

 

 

27 The stomach wall can become sensitive to acidic compounds.  

 

Which is the most acidic compound? 

 

CO2H CO2H CO2H

CO2H

CH(OH)

CH(OH)

CH(OH)

CH(OH)

CH2

CH(OH)

CH2OH

CH3CH(OH)CO2H

A B C D

OCOCH3

aspirin

gluconic acid

malic acid

lactic acid
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24 Esters are frequently used as solvents and as flavouring agents in fruit drinks and confectionery. 

 

An ester C8H12Br2O4 can be prepared in low yield by the reaction shown. 

 

CH3C(Br)(CH2Br)CO2H + (CH3)2C(OH)CO2H ! C8H12Br2O4 + H2O 

 

What is the structural formula of the ester C8H12Br2O4? 

A CH3C(Br)(CH2Br)CO2C(CH3)2CO2H 

B CH3C(Br)(CH2Br)CO2C(OH)(CH3)CO2CH3 

C CH3C(Br)(CH3)CO2C(CH3)2CO2CH2Br 

D (CH3)2C(Br)C(CO2H)(CH2Br)CO2CH3 

 

 

25 Many, but not all, organic reactions need to be heated before reaction occurs. 

 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A C10H22 → C8H18 + C2H4 

B CH3CH2CH2Br + NH3 → CH3CH2CH2NH2 + HBr 

C CH3CH2OH + KBr → CH3CH2Br + KOH 

D (CH3)2CO + H2NNHC6H3(NO2)2 → (CH3)2C=NNHC6H3(NO2)2 + H2O 

 

 

26 Which pair of reagents will take part in a redox reaction? 

A CH3CH2OH + concentrated H2SO4 

B CH3CHO + Tollens’ reagent 

C CH3CO2C2H5 + dilute H2SO4 

D CH3COCH3 + Fehling’s solution 
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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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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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26 Compound X changes the colour of warm acidified sodium dichromate(VI) from orange to green. 

1 mol of X reacts with 2 mol of HCN in the presence of KCN. 

 

What could X be? 

A CH3CH2CH2CHO 

B CH3COCH2COCH3 

C H2C=CHCH2CHO 

D OHCCH2CH2CHO 

 

 

27 Which formula represents an ester which will form sodium ethanoate on hydrolysis with aqueous 

sodium hydroxide? 

 

CH2 CH3OH C

CH2CH2 CH3OH3C

O

C

O

CH3CH2 OH3C C

CH2 CH2 CH3OH3C C

A B

C D
O O

 

 

 

28 A compound Y is treated with warm acidified potassium dichromate(VI). The resulting organic 

product gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent but does not give a 

silver mirror with Tollens’ reagent. 

 

What is Y? 

A butan-1-ol 

B butan-2-ol 

C butanal 

D 2-methylpropan-2-ol 

 

 

29 Aldehydes and ketones are carbonyl compounds. 

 

Which of them react with NaBH4 and react with Fehling’s reagent? 

A both aldehydes and ketones 

B aldehydes only 

C ketones only 

D neither aldehydes nor ketones 
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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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29 Geraniol is a constituent of some perfumes. 

 

OH

geraniol
 

 

Which statement about geraniol is not correct? 

A Geraniol causes hot acidified potassium dichromate(VI) to change colour from orange to 

green. 

B Geraniol decolourises bromine water. 

C There are three methyl groups and three methylene (CH2) groups in geraniol. 

D There are two pairs of cis-trans isomers of geraniol. 

 

 

30 Which pair of substances could react to give the ester CH3CH2CO2CH3? 

A ethanol and ethanoic acid 

B methanol and ethanoic acid  

C methanol and propanoic acid 

D propan-1-ol and methanoic acid 

 

 

�

11 

© UCLES 2011 9701/12/M/J/11 [Turn over 

28 The ester CH3 CH2 CH2 CO2 CH3  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 CH2 O B CH4O C C2 H4O D C3 H6 O2  

 

 

29 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
 

 

Cholesterol is separately treated with 

 

● cold, dilute acidified KMnO4, 

● hot, concentrated acidified KMnO4. 

 

What is the change in the number of chiral carbon atoms in the molecule during each reaction? 

 

 
cold, dilute acidified 

KMnO4 

hot, concentrated acidified 

KMnO4 

A +1 0 

B +1 –1 

C +2 0 

D +2 –1 

 

 

30 Which reaction would not give ethanoic acid as a product? 

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) 
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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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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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22 Use of the Data Booklet is relevant to this question. 

 

 A sample of ethyl propanoate 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 % 

 

 

23 Compound C is used in textile and leather processing. 

O
CH2C

O
H2C C

O

O

compound C

 

 Which starting material(s), on gentle heating with a few drops of concentrated sulfuric acid, 

generates compound C? 

A CH
3
COOH only 

B HOCH
2
COOH only 

C CH
3
COOCH

2
COOH only 

D CH
3
COOH mixed with HOCH

2
COOH  

 

 

24 How many isomeric esters have the molecular formula C
4
H

8
O

2
? 

A 2 B 3 C 4 D 5 

 

 

25 Which compound, on reaction with hydrogen cyanide, produces a compound with a chiral centre? 

A CH
3
CHO 

B CH
3
CH

2
COCH

2
CH

3
 

C CH
3
CO

2
CH

3
 

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

 

 A sample of ethyl propanoate 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 % 

 

 

23 Compound C is used in textile and leather processing. 

O
CH2C

O
H2C C

O

O

compound C

 

 Which starting material(s), on gentle heating with a few drops of concentrated sulfuric acid, 

generates compound C? 

A CH
3
COOH only 

B HOCH
2
COOH only 

C CH
3
COOCH

2
COOH only 

D CH
3
COOH mixed with HOCH

2
COOH  

 

 

24 How many isomeric esters have the molecular formula C
4
H

8
O

2
? 

A 2 B 3 C 4 D 5 

 

 

25 Which compound, on reaction with hydrogen cyanide, produces a compound with a chiral centre? 

A CH
3
CHO 

B CH
3
CH

2
COCH

2
CH

3
 

C CH
3
CO

2
CH

3
 

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

 

 A sample of ethyl propanoate 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 % 

 

 

23 Compound C is used in textile and leather processing. 

O
CH2C

O
H2C C

O

O

compound C

 

 Which starting material(s), on gentle heating with a few drops of concentrated sulfuric acid, 

generates compound C? 

A CH
3
COOH only 

B HOCH
2
COOH only 

C CH
3
COOCH

2
COOH only 

D CH
3
COOH mixed with HOCH

2
COOH  

 

 

24 How many isomeric esters have the molecular formula C
4
H

8
O

2
? 

A 2 B 3 C 4 D 5 

 

 

25 Which compound, on reaction with hydrogen cyanide, produces a compound with a chiral centre? 

A CH
3
CHO 

B CH
3
CH

2
COCH

2
CH

3
 

C CH
3
CO

2
CH

3
 

D HCHO 
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29  Many, but not all, organic reactions need to be heated before reaction occurs. 

 

Which reaction occurs at a good rate at room temperature (20 °C)? 

A CH3OH + PCl 5 → CH3Cl + POCl 3 + HCl 

B CH3CH2Br + KCN → CH3CH2CN + KBr 

C CH3CH2OH → C2H4 + H2O 

D CH3CH2CN + 2H2O → CH3CH2CO2H + NH3 

 

 

30  Compound X, C6H12O, is oxidised by acidified sodium dichromate(VI) to compound Y. 

 

Compound Y reacts with ethanol in the presence of a little concentrated sulfuric acid to give  

liquid Z. 

 

What is the formula of Z? 

A CH3(CH2)4COCH2CH3 

B CH3(CH2)4CO2CH2CH3 

C CH3CH2CO2(CH2)4CH3 

D CH3CO2(CH2)5CH3 
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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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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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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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25 Use of the Data Booklet is relevant to this question. 

 

2.30 g of ethanol were mixed with aqueous acidified potassium dichromate(VI) and the desired 

organic 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 2.20 g 

 

 

26 Which pair of reactions could  have the same common intermediate? 

 

W CH
3
CH

2
CH

3
 → intermediate → (CH

3
)
2
CHCN 

X CH
3
CH(OH)CH

3
 → intermediate → (CH

3
)
2
C(OH)CN 

Y CH
3
CH=CH

2
 → intermediate → CH

3
CH(OH)CH

3
 

Z CH
3
CO

2
CH

2
CH

2
CH

3
 → intermediate → CH

3
CH

2
CH

2
Br 

 

A W and X B W and Y C X and Z D Y and Z 

 

 

27 Santonin is a drug that was once widely used to expel parasitic worms from the body. 

 

CH3

CH3

O

CH3

O

O

santonin
 

 

When santonin is first treated with warm dilute H
2
SO

4
, and then the product of this reaction is 

treated with cold acidified KMnO
4
, a final product X is obtained. 

 

How many atoms of hydrogen in each molecule of product X can be displaced with sodium 

metal? 

A 2 B 4 C 5 D 6 

 

 

28 Which compound is optically active and could also be oxidised to a ketone? 

A 2-methylbutan-1-ol 

B 3-methylhexan-3-ol 

C 3-methylpentan-2-ol 

D propan-2-ol 
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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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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 dm
3

 B 12.0 dm
3

 C 21.6 dm
3

 D 24.0 dm
3

 

 

 

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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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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27 Primary alcohols can be oxidised to aldehydes using either acidified potassium dichromate(VI) or 

acidified potassium manganate(VII). Both these oxidising agents change colour as they are 

reduced. 

 

What is the colour of each oxidising agent before and after it has reacted? 

 

acidified potassium dichromate(VI) acidified potassium manganate(VII) 

 

before after before after 

A green orange purple colourless 

B orange green colourless purple 

C orange green purple colourless 

D purple colourless orange green 

 

 

28 In which reaction is the organic compound oxidised? 

A CH3CH2OH  +  concentrated H3PO4 

B CH3CH2CH2CHO  +  Tollens’ reagent 

C CH3COCH3  +  2,4-dinitrophenylhydrazine reagent 

D CH3CN  +  dilute H2SO4 

 

 

29 How many of the compounds shown will react with aqueous sodium hydroxide to form the sodium 

salt of a carboxylic acid? 

 

OH3C

O

C CH2 CH3

OH

O

C CH2 CH3

O

H

O

C

CH2 CH3CH2

O

O H

H3C CH

CH3

C

 

 

A 1 B 2 C 3 D 4 
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28 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. 

 

 

29 Citric acid is found in lemon juice. 

 

HO2CCH2C(OH)(CO2H)CH2CO2H 

citric acid 

 

What is the volume of 0.4 mol dm
–3

 sodium hydroxide solution required to neutralise a solution 

containing 0.005 mol of citric acid? 

A 12.5 cm
3

 B 25.0 cm
3

 C 37.5 cm
3

 D 50.0 cm
3
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The responses A to D should be selected on the basis of

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

40 Mevalonic acid is an intermediate in the biosynthesis of cholesterol, and is shown below.

Which properties does mevalonic acid have?

1 It has only one chiral carbon atom.

2 It can be esterified both by ethanoic acid and by ethanol, in the presence of H+ ions.

3 It contains both primary and secondary alcohol groups.

OH

HO2 CCH2 CCH2 CH2 OH

CH3

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

�

14 
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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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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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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

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

40 The flavour of pineapples is partly due to the compound Q.

When Q is heated under reflux with NaOH(aq) and the mixture distilled, what compounds will be
found in the distillate?

1 CH3 OH

2 CH3 CH2 CH2 CO2 Na

3 CH3 CH2 CH2 OH

CH3 CH2 CH2 COCH3

O

Q

A B C D

1, 2 and 3 1 and 2 2 and 3 1 only
are only are only are is

correct correct correct correct

CEDAR COLLEGE CARBOXYLIC ACIDS WS 3



 259

5

6

7

8

�

15 

 

© UCLES 2005 9701/01/M/J/05  

39  The steroid shown is an intermediate compound obtained during the synthesis of Formestane 

which is used in the treatment of breast cancer. 

 

HO

OH

O

CH3

CH3

 

 

Which statements about this compound are correct? 

1 It reacts with hydrogen cyanide in a nucleophilic addition reaction. 

2  It can be oxidised by warm acidified potassium dichromate(VI) to a carboxylic acid. 

3 It will react with Fehling’s solution. 

 

 

40  A sun protection cream contains the following ester as its active ingredient. 

 

CH3O CH    CHCO2CH2CH
CH2CH2

CH2CH2CH2CH3
 

 

What are the products of its partial or total hydrolysis by aqueous sodium hydroxide? 

 

 

CH3O CH    CHCO2 
Na+- 

CH3O CO2 
Na+-

CH3CH2CH2CH2CH(CH2CH3)CH2OH1

2

3
 

 

 

�

14 

 

© UCLES 2007 9701/01/O/N/07 

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 Monopotassium citrate is used as an emulsifying agent in powdered milk and in powdered soups. 

It may be represented by the formula shown. 

 

CH2CO2H

CH2CO2H

CHO CO2  K+–

 

 

Which statements about monopotassium citrate are correct? 

1 It can form optical isomers. 

2 It can act as a dibasic acid. 

3 It can form esters with both acids and alcohols. 
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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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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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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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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. 

 

 

39 The compound cholesterol has the following structure. 

 

HO
CH CH

CH2

CH3

CH2

CH2

CH3 CH3

CH3

CH2 CH2

CH2

CH2

CH2

CH CH

CH CH

C

C

CH3

C

CH
 

 

Which statements are correct? 

1 Cholesterol reacts with a mixture of ethanoic acid and concentrated sulphuric acid. 

2 Cholesterol reacts with bromine to form a compound which has two new chiral centres.  

3 Cholesterol is oxidised by acidified sodium dichromate(VI) to form an aldehyde. 

 

 

40 Ferulic acid is an antioxidant that occurs widely in plants. 

 

HO

CH3O

CH=CHCO2H

ferulic acid
 

 

Which reagents can react with the –CH=CHCO2H part of the molecule? 

1 NaOH(aq) 

2 acidified KMnO4 

3 HBr 
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37 Aspirin is a widely-available pain-killer, whose properties have been known for centuries. The 

structure of aspirin is shown. 

 

C

C

O

O

O

OH

CH3

 

 

Which functional groups are present in aspirin? 

1 alcohol 

2 carboxylic acid 

3 ester 

 

 

38 The structure of monosodium glutamate, a flavour enhancer, is shown. 

 

Na+
 O–

C CH2 CH2 CO2H

NH2

CH
O

 

 

It may be prepared starting from the following compound. 

 

Cl CH2 CO2H

NH2

CHCH2

 

 

Which set of reagents and reaction conditions could be used to prepare monosodium glutamate? 

1 Heat under reflux with ethanolic KCN followed by hydrolysis with NaOH(aq). 

2 Heat with sodium methanoate, 
 

2
HCO Na

− +

. 

3 Heat under reflux with NaOH(aq). 
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37 The diagram shows a compound present in smoke from burning garden waste. 

 

C C C

HH

H

O

H

 

 

Which reagents would undergo a colour change on reaction with this compound? 

1 aqueous bromine 

2 Fehling’s reagent 

3 warm acidified K2Cr2O7 

 

 

38 Organic acids and alcohols react together to form esters. 

 

Which pairs of compounds could produce a product of molecular formula C4H6O4? 

1 CH3CO2H and C2H5OH 

2 HCO2H and HOCH2CH2OH 

3 HO2CCO2H and CH3OH 

 

 

39 Use of the Data Booklet is relevant for this question. 

 

In an organic synthesis, a 62 % yield of product is achieved. 

 

Which of these conversions are consistent with this information? 

1 74.00g of butan-2-ol → 44.64 g of butanone 

2 74.00g of butan-1-ol → 54.56 g of butanoic acid 

3 74.00g of 2-methylpropan-1-ol → 54.56 g of 2-methylpropanoic 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. 

 

 

39  A sun protection cream contains the following ester as its active ingredient. 

 

CH3O CHCO2CH2CH CH 

CH2CH3 

CH2CH2CH2CH3
 

 

Which substances are present in the products of its hydrolysis by aqueous sodium hydroxide? 

 

CH3CH2CH2CH2CH(CH2CH3)CH2OH1 

2

3

CH3O CHCO2
–Na+CH

CH3O CO2
–Na+

 

 

 

40  Which reagents, when used in an excess, can be used to make sodium lactate, 

CH3CH(OH)CO2Na, from lactic acid, CH3CH(OH)CO2H? 

1 Na 

2  NaHCO3 

3 NaOH 
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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  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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34 When organic refuse decomposes in water carboxylic acids are formed. The water becomes 

acidic and aquatic life is destroyed. 

 

Which additives are suitable to remove this acid pollution? 

1 calcium carbonate 

2 calcium hydroxide 

3 potassium nitrate 

 

 

35 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 

with ½ mol of gaseous oxygen. 

 

What can X be? 

1 carbon 

2 nitrogen 

3 sulfur 

 

 

36 Sulfur dioxide and sulfites are used in food preservation. 

 

Why are they used for this purpose? 

1 They are reducing agents so retard the oxidation of food. 

2 They inhibit the growth of aerobic bacteria. 

3 They react with NO2(g) converting it to NO(g). 

 

 

37 Propanoic acid occurs naturally as a result of the bacterial fermentation of milk, and is partly 

responsible for the flavour of Swiss cheese. 

 

OH

O

propanoic acid  

 

Which starting materials could be used to synthesise propanoic acid? 

1 CH3CH2CH2OH 

2 CH3CH2CN 

3 CH3CH2CHO 
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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 compounds when heated under reflux with an excess of hot acidified potassium 

dichromate(VI), give a product with a chiral centre? 

 

1 

2 

3 

CH3CH2 CCH2 OH 

CH3

H

CH3CH2 CCH2 OH 

CH3

CO2 H

CH3COCCH(OH)CH3 

CH3

CO2 CH3
 

 

 

39  In the reaction between an aldehyde and HCN, catalysed by NaCN, which statements about the 

reaction mechanism are correct? 

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. 

 

 

40  An organic compound, X, will react with an excess of calcium metal to produce a salt with the 

empirical formula CaC4H6O4. 

 

What could be the identity of X? 

1 ethanoic acid 

2 butanedioic acid 

3 methylpropanedioic acid 
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38  Chloroethane can be formed from bromoethane in two steps. 

 

C2 H5 Br C2 H5 OH 
step X

C2 H5 Cl 
step Y

 

 

Which statements about these steps are correct? 

1 Step X involves 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  Which reagents react with butanone, C2H5COCH3? 

1 Tollens’ reagent 

2 sodium borohydride 

3 2,4-dinitrophenylhydrazine reagent 

 

 

40  Oleic acid is found in olive oil. It has the following formula. 

 

C C

C

H H

O

OH

CH3 (CH2 )7 (CH2 )7

 

 

Which reagents will give a positive result with oleic acid? 

1 aqueous bromine 

2 acidified potassium dichromate(VI) 

3 Fehling’s 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. 

 

 

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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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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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 molecule responsible for the pineapple flavour used in sweets is CH3CH2CH2CO2CH2CH3. 

 

Which statements about this molecule are correct? 

1 The name of this compound is ethyl butanoate. 

2  This compound is a structural isomer of hexanoic acid. 

3 When this compound is heated with aqueous sodium hydroxide, the products are butan-1-ol 

and sodium ethanoate. 

 

 

39  The compound pentan-1,4-diol has two OH groups per molecule and can be oxidised. 

 

Which statements about pentan-1,4-diol or its oxidation products are correct? 

1 When one mole of pentan-1,4-diol reacts with an excess of sodium metal, one mole of 

hydrogen molecules is produced. 

2  At least one of the possible oxidation products of pentan-1,4-diol will react with 

2,4-dinitrophenylhydrazine reagent. 

3 Dehydration of pentan-1,4-diol could produce a compound with empirical formula C5H8. 

 

 

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

 

In an organic synthesis, a 62% yield of product is achieved. 

 

Which conversions are consistent with this information? 

1 74.00 g of butan-2-ol  →  44.64 g of butanone 

2  74.00 g of butan-1-ol  →  54.56 g of butanoic acid 

3 74.00 g of 2-methylpropan-1-ol  →  54.56 g of 2-methylpropanoic 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  The reaction of ethanal, CH3CHO, with HCN to form a cyanohydrin is catalysed by NaCN. 

 

What are features of the intermediate of this reaction? 

1 It is chiral. 

2 It has a single negative charge on one of its atoms. 

3 It is a nucleophile. 

 

 

39  The ester C2H5CO2CH2CH2CH3 can be made in a school or college laboratory by a sequence of 

reactions using compound X as the only organic material. 

 

What might be the identity of compound X? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3COCH3 

 

 

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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36 A sample containing 0.40 mol of calcium nitrate was decomposed by heating in a roaring Bunsen 
burner flame until there was no further decomposition. 

 
What are the products of this reaction? 

1 0.40 mol of calcium oxide 

2 0.40 mol of nitrogen, N2(g) 

3 0.40 mol of oxygen, O2(g) 
 
 
37 Which reagents, when used in an excess, can be used to make sodium lactate, 

CH3CH(OH)CO2Na, from lactic acid, CH3CH(OH)CO2H? 

1 Na 

2 NaHCO3 

3 NaOH 
 
 
38 Chlorine atoms in the upper atmosphere cause the breakdown of ozone. 
 

Cl  +  O3  →  O2  +  Cl O 

Cl O  +  O  →  Cl  +  O2 
 

Which statements are correct when referring to these chlorine atoms? 

1 The chlorine atoms act as catalysts. 

2 The chlorine atoms are free radicals. 

3 The chlorine atoms are formed by heterolytic fission of a covalent bond in 
chlorofluorocarbons. 

 
 
39 An unknown organic compound Z reacts with sodium to give a combustible gas as one product. 

Z does not give a yellow precipitate with alkaline aqueous iodine. 
 

What is a possible identity of Z? 

1 ethanoic acid 

2 pentan-3-ol 

3 propan-1-ol 
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4 Esters are compounds which provide the flavour of many fruits and the perfumes of many
flowers.

(a) The ester CH3(CH2)2CO2CH3 contributes to the aroma of apples.

(i) State the reagents and conditions needed for the hydrolysis of this ester.

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

(ii) Write the equation for the hydrolysis of this ester.

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

(iii) Apart from their use as perfumes and food flavourings, state one major commercial
use of esters.

...............................................................................................................................[3]

(b) Leaf alcohol is a stereoisomer that can form when insects such as caterpillars eat green
leaves.

(i) Draw the other stereo-isomer of leaf alcohol.

(ii) Draw the structure for the ester formed when leaf alcohol reacts with ethanoic acid.
Show all the bonds in the ester group.

[3]

(c) (i) Deduce the relative molecular mass, Mr, for leaf alcohol.

HO

CH2 CH3C C

CH2

H H

CH2

For
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7 (a) (i) This question is about esters; esters occur naturally and are widely used.
In the boxes below, draw the structural formulae of any three different esters that
have the molecular formula C5H10O2.

(ii) Write an equation for the hydrolysis of one of these esters by hot, aqueous sodium
hydroxide.

...............................................................................................................................[4]

(b) State two general physical properties of esters.

(i) ...................................................................................................................................

(ii) ...............................................................................................................................[2]

(c) State two commercial uses of esters.

(i) ...................................................................................................................................

(ii) ...............................................................................................................................[2]

[Total : 8]
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7 (a) (i) This question is about esters; esters occur naturally and are widely used.
In the boxes below, draw the structural formulae of any three different esters that
have the molecular formula C5H10O2.

(ii) Write an equation for the hydrolysis of one of these esters by hot, aqueous sodium
hydroxide.

...............................................................................................................................[4]

(b) State two general physical properties of esters.

(i) ...................................................................................................................................

(ii) ...............................................................................................................................[2]

(c) State two commercial uses of esters.

(i) ...................................................................................................................................

(ii) ...............................................................................................................................[2]

[Total : 8]
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7 (a) (i) This question is about esters; esters occur naturally and are widely used.
In the boxes below, draw the structural formulae of any three different esters that
have the molecular formula C5H10O2.

(ii) Write an equation for the hydrolysis of one of these esters by hot, aqueous sodium
hydroxide.

...............................................................................................................................[4]

(b) State two general physical properties of esters.

(i) ...................................................................................................................................

(ii) ...............................................................................................................................[2]

(c) State two commercial uses of esters.

(i) ...................................................................................................................................

(ii) ...............................................................................................................................[2]

[Total : 8]

For
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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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 Oleic and elaidic acids are examples of mono-unsaturated acids.
 Many vegetable oils contain esters of polyunsaturated fatty acids. Such oils are often 

hydrogenated to form esters containing saturated or mono-unsaturated fatty acids.

 (d) (i) Suggest the meaning of the term polyunsaturated fatty acid.

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

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

  (ii) What reagent and condition(s) are used for the hydrogenation of an unsaturated 
fatty acid?

reagent  ...............................................

condition(s)  .........................................  [3]

 In cooking, unsaturated fats are often oxidised to give aldehydes or ketones.

 (e) (i) Give the structural formulae of the two aldehydes formed by the partial oxidation of 
the unsaturated fat below.

   In the structure, X, represents the rest of the fat molecule.

CH3(CH2)7CH!CH(CH2)7X

  (ii) Name the reagent you would use to show that the product contained either an 
aldehyde or a ketone. What change would be seen?

reagent  ....................................................................

observation  ..............................................................

  (iii) What reagent would you use to confirm the presence of an aldehyde?
   What change would be seen?

reagent  ....................................................................

observation  ..............................................................
 [6]
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 Animal fats and vegetable oils can become rancid because of oxidation. The rancid fat or oil 
has an unpleasant smell and taste.

 Antioxidants are used to prevent the spoilage of many foodstuffs by oxidation.

 One antioxidant that is widely used is vitamin C, ascorbic acid.

HO

HO

H
OO

ascorbic acid

OHHO

 (f) (i) How many chiral carbon atoms are present in one molecule of ascorbic acid?
   If none, write ‘none’.

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

  (ii) The ascorbic acid molecule contains three functional groups.

   Two of these are alcohol (primary and secondary) and alkene.

   What is the name of the third functional group?

......................................................................... [2]

 [Total: 14]
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5 Each of the three organic compounds, V, W, and X, has the empirical formula CH2O.
 The number of carbon atoms in each of their molecules is shown in the table.

compound number of C 
atoms

V 1

W 2

X 3

 V gives a brick red precipitate when warmed with Fehling’s reagent; W and X do not.

 W is a fruity smelling liquid. 

 In X, the carbon atoms are bonded directly to one another.

 X gives an effervescence when shaken with Na2CO3(aq); V and W do not.

 (a) Give the structural formula of V.

 [1]

 (b) (i) What functional group is present in W?

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

  (ii) Give the structural formula of W.

 [2]

 (c)  When X is heated under reflux with acidified K2Cr2O7, the product, Y, gives no reaction 
with 2,4-dinitrophenylhydrazine reagent.

  (i) Give the structural formula of X.

  (ii) Give the structural formula of Y, the compound formed from X.

 [2]
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 (d) When X is warmed with a little concentrated sulfuric acid, a small amount of a cyclic 
compound, Z, is formed. 

  Z has the molecular formula C6H8O4. 

  (i) Suggest a displayed formula for Z.

  (ii) What type of reaction occurs when Z is formed from X?

    .........................................  .................................................................................... [2]

 [Total: 7]
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5  Compound X has the molecular formula C4H8O2.

 (a) (i)  Treatment of X with sodium metal produces a colourless fl ammable gas.
  What does this result tell you about the functional groups that could be present in X?

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

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

 (ii)  There is no reaction when X is treated with sodium hydrogencarbonate, NaHCO3.
  What does this result tell you about the functional groups that could be present in X?

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

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

 (iii)  When X is shaken with aqueous bromine the orange colour disappears.
   What does this result tell you about the functional groups that could be present in X?

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

  ....................................................................................................................................
[3]
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 (b)  The molecule of X has the following features.

 Ɣ  The carbon chain is unbranched and the molecule is not cyclic.
 Ɣ  No oxygen atom is attached to any carbon atom which is involved in S bonding.
 Ɣ  No carbon atom has more than one oxygen atom joined to it.

  There are fi ve possible isomers of X which fi t these data. Four of these isomers exist as 
two pairs of stereoisomers.

 (i)  Draw displayed formulae of each of these two pairs.

pair 1

pair 2

 (ii)  These four isomers of X show two types of stereoisomerism.

  State which type of isomerism each pair shows.

 pair 1  .......................................................................

 pair 2  .......................................................................
[6]

[Total: 9]
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5  A student reacted together an alcohol and a carboxylic acid under appropriate conditions to 

produce an ester.

  A sweet smelling organic liquid, Q, with the empirical formula C
2
H

4
O was produced.

  The M
r
 of Q was found by experiment to be 87.5.

 (a)  What is the molecular formula of Q?

  .....................................................................................................................................  [1]

 (b)  In the boxes below, draw the structural formulae of four isomers with this formula that 

are esters.

W X

Y Z

[4]

�

10

9701/22/M/J/13© UCLES 2013

For
Examiner’s

Use

5  A student reacted together an alcohol and a carboxylic acid under appropriate conditions to 

produce an ester.

  A sweet smelling organic liquid, Q, with the empirical formula C
2
H

4
O was produced.

  The M
r
 of Q was found by experiment to be 87.5.

 (a)  What is the molecular formula of Q?

  .....................................................................................................................................  [1]

 (b)  In the boxes below, draw the structural formulae of four isomers with this formula that 

are esters.

W X

Y Z

[4]
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  A sample of Q was hydrolysed by heating with aqueous sulfuric acid.
  The resulting mixture was heated under refl ux with acidifi ed potassium dichromate(VI) to 

give a single organic product, R.
  The product, R, was collected and subjected to the following tests.

  A sample of R gave no reaction with Tollens’ reagent.

  A second sample of R gave no reaction with 2,4-dinitrophenylhydrazine reagent.

  A third sample of R gave an effervescence with sodium carbonate.

 (c) (i)  What does the result of the test with Tollens’ reagent show about R?

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

 (ii)  What does the result of the test with 2,4-dinitrophenylhydrazine reagent show about 
R?

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

 (iii)  What functional group does the result of the test with sodium carbonate show to be 
present in R?

  ....................................................................................................................................
[3]

 (d) (i)  What is the identity of the single organic compound, R?

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

 (ii)  Which of your structures, W, X, Y or Z, represents the ester, Q?

 ..................
[2]

 (e)  Which, if any, of your esters, W, X, Y or Z, is chiral?

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

  .....................................................................................................................................  [1]

[Total: 11]
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4  Compound R is a weak diprotic (dibasic) acid which is very soluble in water.

 (a)  A solution of R was prepared which contained 1.25 g of R in 250 cm3 of solution.

  When 25.0 cm3 of this solution was titrated with 0.100 mol dm–3 NaOH, 21.6 cm3 of the 

alkali were needed for complete reaction.

 (i)  Using the formula H
2
X to represent R, construct a balanced equation for the reaction 

between H
2
X and NaOH.

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

 (ii)  Use the data above to calculate the amount, in moles, of OH– ions used in the 

titration.

 (iii)  Use your answers to (i) and (ii) to calculate the amount, in moles, of R present in 

25.0 cm3 of solution.

 (iv)  Calculate the amount, in moles, of R present in 250 cm3 of solution.

 (v)  Calculate M
r
 of R.

[5]

 (b)  Three possible structures for R are shown below.

S T U

HO
2
CCH=CHCO

2
H HO

2
CCH(OH)CH

2
CO

2
H HO

2
CCH(OH)CH(OH)CO

2
H

 (i)  Calculate the M
r
 of each of these acids.

 M
r
 of S = .......................   M

r
 of T = .......................   M

r
 of U = .......................

 (ii)  Deduce which of the structures, S, T or U, correctly represents the structure of the 

acid, R.

 R is represented by ...........

[2]
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  It is possible to convert S, T, or U into one another.

 (c)  State the reagent(s) and essential conditions that would be used for the following 
conversions.

 S into T

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

  S into U

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

  T into S

  .....................................................................................................................................  [5]

 (d)  Give the structural formula of the organic product formed in each of the following 
reactions.

 T reacting with an excess of Na

 U reacting with an excess of Na2CO3

[2]

 (e)  The acid S shows stereoisomerism. Draw structures to show this isomerism.
  Label each isomer.

[2]

 (f)  When one of the isomers of S is heated at 110 °C in the absence of air, a cyclic compound 
V, with molecular formula C4H2O3, is formed.

  The other isomer of S does not react at this temperature.

  Suggest the displayed formula of V.

[2]

[Total: 18]
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4  Compound Q is a viscous liquid which is very soluble in water.
  The Mr of Q is 90.0.

  Three possible structures for Q are shown below.

R S T

HOCH2CH2CO2H HOCH2CO2CH3 HCO2CH2CH2OH

 (a) (i)  What type of isomerism do R, S and T show?

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

 (ii)  What oxygen-containing functional groups are present in R, S and T?
  Give their full names.

 R ...........................................................  and  ...........................................................

 S ...........................................................  and  ...........................................................

 T ...........................................................  and  ...........................................................

 (iii) Which functional group(s) in (ii) will react with sodium carbonate?

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

 (iv)  Which functional group(s) in (ii) will react with sodium metal?

  ....................................................................................................................................
[6]

 (b)  When 0.002 mol of Q is reacted with an excess of solid sodium carbonate, Na2CO3, 
24 cm3 of carbon dioxide, measured at room temperature and pressure, is produced.

 (i)  Calculate the amount, in moles, of carbon dioxide produced in this reaction.

 (ii)  Hence calculate the amount, in moles, of carbon dioxide produced by 1 mol of Q.

[2]
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  When 0.002 mol of Q is reacted with an excess of metallic sodium, 48 cm3 of hydrogen, 
measured at room temperature and pressure, is produced.

 (c) (i)  Calculate the amount, in moles, of hydrogen molecules produced in this reaction.

 (ii)  Hence calculate the amount, in moles, of hydrogen molecules produced by 1 mol of Q.

[2]

 (d)  Use your answers to (b) and (c) to deduce which structure, R, S or T, corresponds to the 
structure of Q and write balanced equations for the reactions that occurred.

  identity of Q is .........

  equation for reaction with sodium carbonate

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

  equation for reaction with sodium metal

  .....................................................................................................................................  [5]

[Total: 15]
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IR SPECTROSCOPY

a analyse an infra-red spectrum of a simple molecule to identify functional groups (see 
the Data Booklet for functional groups required in the syllabus)
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22 Analytical techniques

Analytical techniques are important tools for investigating organic compounds.

Learning outcomes
Candidates should be able to:

22.1  Chromatography a) explain and use the terms Rf value in thin layer chromatography and 
retention time in gas/liquid chromatography from chromatograms

b) interpret gas/liquid chromatograms in terms of the percentage 
composition of a mixture

22.2  Infra-red 
spectroscopy

a) analyse an infra-red spectrum of a simple molecule to identify functional 
groups (see the Data Booklet for functional groups required in the 
syllabus)

22.3  Mass spectrometry a) deduce the molecular mass of an organic molecule from the 
molecular ion peak in a mass spectrum 

b) deduce the number of carbon atoms in a compound using the M+1 
peak 

c) deduce the presence of bromine and chlorine atoms in a compound 
using the M+2 peak 

d) suggest the identity of molecules formed by simple fragmentation 
in a given mass spectrum

22.4  Carbon-13 NMR 
spectroscopy

a) analyse a carbon-13 NMR spectrum of a simple molecule to deduce: 

(i) the different environments of the carbon atoms present

(ii) the possible structures for the molecule

b) predict the number of peaks in a carbon-13 NMR spectrum for a 
given molecule

22.5  Proton (1H) NMR 
spectroscopy

a) analyse and interpret a proton NMR spectrum of a simple molecule 
to deduce:

(i) the different types of proton present using chemical shift values

(ii)  the relative numbers of each type of proton present from 
relative peak areas

(iii)  the number of non-equivalent protons adjacent to a given 
proton from the splitting pattern, using the n + 1 rule

(iv) the possible structures for the molecule

b) predict the chemical shifts and splitting patterns of the protons in a 
given molecule

c) describe the use of tetramethylsilane, TMS, as the standard for 
chemical shift measurements

d) state the need for deuterated solvents, e.g. CDCl3, when obtaining 
an NMR spectrum

e) describe the identification of O–H and N–H protons by proton 
exchange using D2O
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Analytical techniques are important tools for investigating organic compounds.

Learning outcomes
Candidates should be able to:

22.1  Chromatography a) explain and use the terms Rf value in thin layer chromatography and 
retention time in gas/liquid chromatography from chromatograms

b) interpret gas/liquid chromatograms in terms of the percentage 
composition of a mixture

22.2  Infra-red 
spectroscopy

a) analyse an infra-red spectrum of a simple molecule to identify functional 
groups (see the Data Booklet for functional groups required in the 
syllabus)

22.3  Mass spectrometry a) deduce the molecular mass of an organic molecule from the 
molecular ion peak in a mass spectrum 

b) deduce the number of carbon atoms in a compound using the M+1 
peak 

c) deduce the presence of bromine and chlorine atoms in a compound 
using the M+2 peak 

d) suggest the identity of molecules formed by simple fragmentation 
in a given mass spectrum

22.4  Carbon-13 NMR 
spectroscopy

a) analyse a carbon-13 NMR spectrum of a simple molecule to deduce: 

(i) the different environments of the carbon atoms present

(ii) the possible structures for the molecule

b) predict the number of peaks in a carbon-13 NMR spectrum for a 
given molecule

22.5  Proton (1H) NMR 
spectroscopy

a) analyse and interpret a proton NMR spectrum of a simple molecule 
to deduce:

(i) the different types of proton present using chemical shift values

(ii)  the relative numbers of each type of proton present from 
relative peak areas

(iii)  the number of non-equivalent protons adjacent to a given 
proton from the splitting pattern, using the n + 1 rule

(iv) the possible structures for the molecule

b) predict the chemical shifts and splitting patterns of the protons in a 
given molecule

c) describe the use of tetramethylsilane, TMS, as the standard for 
chemical shift measurements

d) state the need for deuterated solvents, e.g. CDCl3, when obtaining 
an NMR spectrum

e) describe the identification of O–H and N–H protons by proton 
exchange using D2O
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15.1 Infrared spectroscopy
Spectroscopy is a term that covers a range of practical techniques for studying
the composition, structure and bonding of compounds. Spectroscopic
techniques are now the essential ‘eyes’ of chemistry.

The range of techniques available covers many parts of the electromagnetic
spectrum, including the infrared, visible and ultraviolet regions. The
instruments used are either called spectroscopes (which emphasises the use of
techniques for making observations) or spectrometers (which emphasises the
importance of measurements).

Infrared spectroscopy is used to identify functional groups in organic
molecules. Infrared radiation from a glowing lamp or fire makes us feel warm.
This is because the frequencies of infrared radiation correspond to the natural
frequencies of vibrating atoms in molecules. Our skin warms up as the
molecules absorb infrared radiation and vibrate faster.

Most compounds absorb infrared radiation. The wavelengths of the radiation
they absorb correspond to the natural frequencies at which vibrating bonds in
the molecules bend and stretch. However, it is only molecules that change
their polarity as they vibrate that interact with infrared radiation.

173

15 Instrumental analysis
In modern chemistry, the use of instruments for analysis is more
important than analysis with chemical tests. Two of the techniques
that chemists use frequently are infrared spectroscopy and mass
spectrometry.

Figure 15.1 !
Scientists using an infrared spectrometer.
The instrument covers a range of infrared
wavelengths, and a detector records
how strongly the sample absorbs at each
wavelength. Wherever the sample
absorbs, there is a dip in the intensity of
the radiation transmitted, which shows
up as a dip in the plot of the spectrum.

printersample detector computerradiation
source

Figure 15.2 !
Essential features of a modern single-
beam spectrometer.

Figure 15.3 !
Bond vibrations give rise to absorptions in
the infrared region. Vibrations of
molecules that cause a fluctuating polarity
interact with electromagnetic waves.

IR ABSORPTION
Infrared spectroscopy is used to identify functional groups in organic molecules.  

Most compounds absorb infrared radiation.  

The wavelengths of the radiation they absorb correspond to the natural 

frequencies at which vibrating bonds in the molecules bend and stretch.  

However, it is only molecules that change their polarity as they vibrate that 

interact with infrared radiation. 

2
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Bonds vibrate in particular ways and absorb radiation at specific wavelengths. 

This means that it is possible to look at an infrared spectrum and identify 

functional groups. 

As a result, the infrared spectrum gives valuable clues to the presence of 

functional groups in organic molecules.  

An ‘IR spectrum’ can be read to analyze the structure of an organic molecule - 

most importantly the functional groups present. These are analysed in an 

instrument called the spectrophotometer.   

Only molecules that are polar (and hence have dipole moments) can absorb IR 

radiation.

3

SKILL CHECK

Which of these molecules will absorb IR radiation? 

A. O2 

B. HCN 

C. H2S 

D. N2 

E. CCl4 

F. CO2

4
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The major use of infrared spectroscopy is in determining the structures of 

organic compounds. In an infrared spectrometer, infrared radiation in the range 

400–4000cm−1 is passed through a sample. 

The printout of the spectrum then shows which frequencies (wavenumbers) are 

absorbed.  

Infrared spectra are always looked at with the baseline (representing 100% 

transmittance, i.e. zero absorbance) at the top. 

The troughs (usually called ‘bands’) thus represent wavenumbers at which 

radiation is absorbed.

5

IR SPECTRUM OF PROPANONE

6
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We are usually interested in identifying the bonds/functional groups 
in an organic molecule. To a good approximation the various bonds in a 
molecule can be considered to vibrate independently of each other. The 
wavenumbers at which some bonds vibrate are shown in Table A2.
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We can use an infrared spectrum to identify the bonds present in a molecule 
but cannot always distinguish between functional groups. For example, using 
Table A2, we could identify the presence of C=O in a molecule but would 
not be able to distinguish between an aldehyde and a ketone.

Consider the infrared spectrum of butanoic acid, shown in Figure A11. 
In order to identify the bonds present in the molecule we fi rst of all look 
at the region above 1500 cm−1.

We now need to match up the wavenumbers of bands in the spectrum 
with the wavenumbers given in Table A2. We can identify the C=O 
stretch, as this absorption band occurs in the 1700–1750 cm−1 region. 
The very broad absorption band between about 2400 and 3400 cm−1 is 
due to the O–H stretch in carboxylic acids and is very characteristic of 
those molecules. The functional group of a carboxylic acid contains a 
C–O bond, and therefore we should now look in the fi ngerprint region 
to confi rm the presence of an absorption in the region 1000–1300 cm−1, 

Examiner’s tip
A table of infrared stretching 
frequencies is given in the 
IBO Chemistry Data booklet. 
The values in that table diff er 
slightly from the ones give 
here – you should use the ones 
in the data booklet for the 
examination.

The precise wavenumber of a 
vibration for a particular functional 
group depends on the atoms 
adjacent to a particular bond. Thus, 
C=O in a ketone has a slightly 
diff erent stretching frequency to 
C=O in an ester.
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IR SPECTRUM OF PROPANONE

The infrared spectrum can be used to determine the bonds present in a molecule. 

Thus, in the region above 1500 cm−1 in the infrared spectrum of propanone there are two 

bands, corresponding to the C–H stretch and the C=O stretch.  

The region below 1500 cm−1 is called the ‘fingerprint region’ and is characteristic of the 

molecule as a whole. Comparison of the spectrum in the fingerprint region with spectra in 

databases of infrared spectra can be used to identify the molecule.  

For example, the infrared spectra of butanone and propanone can be distinguished using 

the fingerprint region. They both show very similar bands in the region above 1500cm−1 

because they have the same functional group, but they have different fingerprint regions.  

7

IR SPECTRUM OF PROPANONE

We are interested in identifying the bonds/functional groups in an organic molecule. 

To a good approximation the various bonds in a molecule can be considered to 

vibrate independently of each other. 

The wavenumbers at which some bonds vibrate are shown below. 

8

116

Spectroscopy

The important correlations between different bonds and observed absorptions
are shown in Figure 9.22. Hydrogen bonding broadens the absorption peaks of
−OH groups in alcohols, and even more so in carboxylic acids.

Molecules with several atoms can vibrate in many ways because the vibrations
of one bond affect others close to it. The complex pattern of vibrations can be
used as a ‘fingerprint’ to be matched against the recorded IR spectrum in a
database.

Figure 9.22 !
Chart to show the main regions of the
infrared spectrum and important
correlations between bonds and
observed absorptions.

C
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triple bond
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fingerprint
region

O H
N H

C N C O 

Wavenumber ranges

4000cm–1 2500 cm–1 1900 cm–1 1500 cm–1 650 cm–1

Note

Most organic molecules contain C−H
bonds. As a result, most organic
compounds have a peak at around
3000 cm−1 in their IR spectrum
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Figure 9.23 !
Two IR spectra.
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WAVENUMBERS
So how do we connect molecular features to wavenumbers absorbed? Take a 

look at this table:

9

6��BD9:GC�6C6ANI>86A�8=:B>HIGN ,8=:B>HIGN�;DG�I=:�>7�9>EADB6���86B7G>9<:�JC>K:GH>IN�EG:HH�'%&&

We are usually interested in identifying the bonds/functional groups 
in an organic molecule. To a good approximation the various bonds in a 
molecule can be considered to vibrate independently of each other. The 
wavenumbers at which some bonds vibrate are shown in Table A2.
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We can use an infrared spectrum to identify the bonds present in a molecule 
but cannot always distinguish between functional groups. For example, using 
Table A2, we could identify the presence of C=O in a molecule but would 
not be able to distinguish between an aldehyde and a ketone.

Consider the infrared spectrum of butanoic acid, shown in Figure A11. 
In order to identify the bonds present in the molecule we fi rst of all look 
at the region above 1500 cm−1.

We now need to match up the wavenumbers of bands in the spectrum 
with the wavenumbers given in Table A2. We can identify the C=O 
stretch, as this absorption band occurs in the 1700–1750 cm−1 region. 
The very broad absorption band between about 2400 and 3400 cm−1 is 
due to the O–H stretch in carboxylic acids and is very characteristic of 
those molecules. The functional group of a carboxylic acid contains a 
C–O bond, and therefore we should now look in the fi ngerprint region 
to confi rm the presence of an absorption in the region 1000–1300 cm−1, 

Examiner’s tip
A table of infrared stretching 
frequencies is given in the 
IBO Chemistry Data booklet. 
The values in that table diff er 
slightly from the ones give 
here – you should use the ones 
in the data booklet for the 
examination.

The precise wavenumber of a 
vibration for a particular functional 
group depends on the atoms 
adjacent to a particular bond. Thus, 
C=O in a ketone has a slightly 
diff erent stretching frequency to 
C=O in an ester.
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WAVENUMBERS

Note: These values are a very close approximation to the actual 

wavenumbers absorbed by different parts of the molecule. The 

surrounding environment of each type of  bond determines the exact 

wavenumber absorbed. 

We can use an infrared spectrum to identify the bonds present in a 

molecule but cannot always distinguish between functional groups. For 

example, we could identify the presence of C=O in a molecule but 

would not be able to distinguish between an aldehyde and a ketone.

10
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SKILL CHECK

Which of the following molecules will have an infrared band in the 

1700 to 1750cm−1 region?  

A. but-2-ene 

B. propanal 

C. CH3CH2CH(OH)CH3 

11
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which is, indeed, the case. If there were no band in this region, we would 
have to review our hypothesis that the molecule is a carboxylic acid.

The region below 1500 cm−1 contains many absorptions due to 
C–C bonds and C–H bonds and is diffi  cult to interpret. We usually 
look only at the fi ngerprint region to confi rm the presence of a 
particular vibration once we have a good idea of the structure of the 
molecule. For example, a band in the 1000–1300 cm−1 region does 
not confi rm the presence of a C–O in a molecule, but the absence 
of a band in this region means that C–O is not present. For example, 
in the IR spectrum of propanone (Figure A10 on page 7) there are 
peaks in the 1000–1300 cm−1 region but no C–O.

The infrared spectrum of propan-1-ol is shown in Figure A12.
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Again, by comparison of the bands with the values in Table A2, we 
can identify O–H (about 3350 cm−1) and C–H (about 2900–3000 cm−1) 
bonds. A C–O bond should also be present, and we can see that there is a 
band in the region 1000–1300 cm−1.
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The C–H stretch also occurs in the 
region around 3000 cm−1, but this 
is usually mostly obscured by the 
broad O–H absorption. 

The broadness of the O–H band is 
due to hydrogen bonding between 
molecules. If the infrared spectrum 
is taken of a carboxylic acid in the 
gas phase, the O–H band is much 
narrower.

BUTANOIC ACID

This is the IR spectrum for butanoic acid. The ‘broad band’ absorption around 

3000 cm-1 is characteristic of carboxylic acids:

12
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BUTANOIC ACID

We first of all look at the region above 1500 cm−1. 

We can identify the C=O stretch, as this absorption band occurs in the 1700–1750 cm−1 

region.  

The very broad absorption band between about 2400 and 3400cm−1 is due to the O–

H stretch in carboxylic acids and is very characteristic of those molecules. 

The functional group of a carboxylic acid contains a C–O bond, and therefore we 

should now look in the ngerprint region to con rm the presence of an absorption in the 

region 1000–1300cm−1  which is, indeed, the case.  

If there were no band in this region, we would have to review our hypothesis that the 

molecule is a carboxylic acid. 

13

PROPAN-1-OL 

We can identify  

O–H (about 3350cm−1) and  

C–H (about 2900–3000cm−1) 

bonds.  

A C–O bond should also be 

present, and we can see that 

there is a band in the region 

1000–1300cm−1. 

14
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which is, indeed, the case. If there were no band in this region, we would 
have to review our hypothesis that the molecule is a carboxylic acid.

The region below 1500 cm−1 contains many absorptions due to 
C–C bonds and C–H bonds and is diffi  cult to interpret. We usually 
look only at the fi ngerprint region to confi rm the presence of a 
particular vibration once we have a good idea of the structure of the 
molecule. For example, a band in the 1000–1300 cm−1 region does 
not confi rm the presence of a C–O in a molecule, but the absence 
of a band in this region means that C–O is not present. For example, 
in the IR spectrum of propanone (Figure A10 on page 7) there are 
peaks in the 1000–1300 cm−1 region but no C–O.

The infrared spectrum of propan-1-ol is shown in Figure A12.
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Again, by comparison of the bands with the values in Table A2, we 
can identify O–H (about 3350 cm−1) and C–H (about 2900–3000 cm−1) 
bonds. A C–O bond should also be present, and we can see that there is a 
band in the region 1000–1300 cm−1.
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The C–H stretch also occurs in the 
region around 3000 cm−1, but this 
is usually mostly obscured by the 
broad O–H absorption. 

The broadness of the O–H band is 
due to hydrogen bonding between 
molecules. If the infrared spectrum 
is taken of a carboxylic acid in the 
gas phase, the O–H band is much 
narrower.
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which is, indeed, the case. If there were no band in this region, we would 
have to review our hypothesis that the molecule is a carboxylic acid.

The region below 1500 cm−1 contains many absorptions due to 
C–C bonds and C–H bonds and is diffi  cult to interpret. We usually 
look only at the fi ngerprint region to confi rm the presence of a 
particular vibration once we have a good idea of the structure of the 
molecule. For example, a band in the 1000–1300 cm−1 region does 
not confi rm the presence of a C–O in a molecule, but the absence 
of a band in this region means that C–O is not present. For example, 
in the IR spectrum of propanone (Figure A10 on page 7) there are 
peaks in the 1000–1300 cm−1 region but no C–O.

The infrared spectrum of propan-1-ol is shown in Figure A12.
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Again, by comparison of the bands with the values in Table A2, we 
can identify O–H (about 3350 cm−1) and C–H (about 2900–3000 cm−1) 
bonds. A C–O bond should also be present, and we can see that there is a 
band in the region 1000–1300 cm−1.
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The C–H stretch also occurs in the 
region around 3000 cm−1, but this 
is usually mostly obscured by the 
broad O–H absorption. 

The broadness of the O–H band is 
due to hydrogen bonding between 
molecules. If the infrared spectrum 
is taken of a carboxylic acid in the 
gas phase, the O–H band is much 
narrower.
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ETHANOL

15

These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 
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Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.

QUESTION

242

Cambridge International AS Level Chemistry

ETHYL ETHANOATE

16

These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 
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Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.
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ETHANOIC ACID 
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These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 
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Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.
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These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 

100

80

60

40

20

0

4000 3500 3000 2500 2000 1500 1000 500

Ab
so

rb
an

ce
 / 

%

Wavenumber / cm–1

Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.
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These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 
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Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.
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These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 
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Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.
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SKILL CHECK

Compounds T and U are isomers with the molecular formula C3H6O2. 

Suggest their structures based on the spectra shown below:

19
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Type of bond Bond Frequency of absorption 
(wavenumber)/cm–1

bonds to hydrogen

O¬H 3600

O¬H (hydrogen bonded) 3200–3500

N¬H 3400

O¬H in RCO2H (strongly 
hydrogen bonded)

2500–3300

C¬H 2800–2900

triple bonds −C ‚ C− or ¬C ‚ N 2200

double bonds to oxygen

C “ O in RCOCl 1800

C “ O in RCO2R 1740

C “ O in RCHO 1730

C “ O in RCO2H 1720

C “ O in R2CO 1715

C “ C double bonds
C “ C in alkenes 1650

C “ C in arenes 1600 and 1500

single bonds C—O 1100–1250

Worked example
Compounds T and U are isomers with the molecular formula C3H6O2. Suggest their 
structures based on the spectra shown in Figures 29.15 and 29.16.

Answer
Both T and U show a C“O absorption in their spectrum at about 1700–1800 cm–1, and a 
C¬O absorption at about 1250 cm–1. T shows a broad hydrogen-bonded O¬H band from 
3300 to 2500 cm–1, whilst U shows no O¬H band at all.
So T is CH3CH2CO2H (propanoic acid) and U could be either the ester CH3CO2CH3 (methyl 
ethanoate) or the ester HCO2CH2CH3 (ethyl methanoate).

Table 29.4 Some infrared (IR) absorption 
frequencies for organic groups
(The exact frequency of absorption 
of a group depends on its molecular 
environment, and can be 50 cm–1 or so 
higher or lower than the frequencies given 
here.)
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IR Spectra for Compound T IR Spectra for Compound U

SKILL CHECK

Both T and U show a C=O absorption in their spectrum at 1700-1800 cm-1, and a C

—O absorption at about 1250cm-1.  

T shows ‘broad band’ absorption around 3000 cm-1, indicating the presence of an 

O-H bond, while U shows no O-H band.  

So, T is CH3CH2CO2H (propanoic acid) and U could either be the ester 

CH3CO2CH3 (methyl ethanoate) or the ester HCO2CH2CH3 (ethyl ethanoate).
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SKILL CHECK

Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol? 

21

These values will usually be given to you. You can see that 
absorption bands overlap considerably. That is why we 
need to use a variety of techniques, such as NMR, infra-
red spectroscopy and mass spectrometry, to work out the 
structure of a new organic compound (see Chapter 29).

As well as their wavenumber bands, particular 
absorbances have characteristic widths (broad or sharp 
peaks) and intensities (strong or weak) on the infra-red 
spectrum. For example, the presence of hydrogen bonding 
makes the absorbance of the O    H bonds in alcohols 
and carboxylic acids broad. By contrast, the C    O bond 
in carbonyl groups has a strong, sharp absorbance peak. 
Look at the infra-red spectra of ethanol, ethanoic acid and 
ethyl ethanoate shown in Figures 18.8–18.10.

Using the data in Table 18.3, note the broad bands 
in Figures 18.8 and 18.9 arising from the O    H groups 
involved in hydrogen bonding in the alcohol and in the 
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Figure 18.8 The infra-red spectrum of ethanol, CH3 CH2OH.

carboxylic acid. Contrast the width of these peaks with 
the sharp peak of the carbonyl group in the ester, ethyl 
ethanoate in Figure 18.10.
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Figure 18.9 The infra-red spectrum of ethanoic acid, 
CH3 COOH.
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Figure 18.10 The infra-red spectrum of ethyl ethanoate, 
CH3 COOCH2CH3 .

7  Look at the two infra-red spectra below:
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  a  Which one of the infra-red spectra is that of butanone and which one is of butan-2-ol?
  b  Explain your reasoning in part a.

QUESTION

242
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6  An alcohol has the molecular formula C3H8O. When warmed with an alkaline solution of iodine it forms a 
yellow precipitate.

  a  Name the yellow precipitate. [1]
  b  Draw the displayed formula of the alcohol. [1]
  c  The first stage in the reaction of the alcohol with alkaline iodine solution is an oxidation reaction. Name the 

organic product of this first stage. [1]
  d  There are four isomeric alcohols with the formula C4H9OH.
    i  Name the four isomeric alcohols. [1]
    ii  Classify each one as a primary, secondary or tertiary alcohol. [1]
    iii  Which of the four isomeric alcohols will give a yellow precipitate when warmed with an alkaline solution 

of iodine? [1]

 Total = 6

7  Use data from the table below of characteristic infra-red absorptions in organic molecules to answer the 
following question.

Bond Location Wavenumber / cm–1

C    O alcohols, esters 1000–1300
C    O aldehydes, ketones, carboxylic acids, esters 1680–1750
O    H hydrogen bonded in carboxylic acids 2500–3300 (broad)
N    H primary amines 3100–3500
O    H hydrogen bonded in alcohols, phenols 3230–3550
O    H free 3580–3670

 One of the three spectra labelled A to C below is produced when ethanal is analysed in an infra-red 
spectrophotometer:
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 Which infra-red spectrum is most likely to be produced by ethanal? Give three reasons for your choice. [3]

 Total = 3

245

Chapter 18: Carbonyl compounds

SKILL CHECK

Which one of the infra-red spectra is that of ethanal? Give three reasons.

22
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SKILL CHECK

Compound V (C3H6O) gives a silver mirror when warmed with Tollens’ reagent. It 

can be converted to compound W by reagent X. Use the spectra below to identify 

the functional groups present in V and W, and suggest the identity of reagent X.

23

507

 29 Techniques of analysis

Now try this
Compound V (C3H6O) gives a silver mirror when warmed with Tollens’ reagent. It can be 
converted to compound W by reagent X. Use the spectra in Figures 29.17 and 29.18 to 
identify the functional groups present in V and W, and suggest the identity of reagent X.
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Figure 29.17 Infrared (IR) spectrum of V
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Figure 29.18 IR spectrum of W 

 29.4  Proton (1H) nuclear magnetic 
resonance (NMR) spectroscopy
The basis of NMR spectroscopy
We cannot see molecules with our naked eyes, but some of the most direct evidence 
for their structures and shapes comes to us from nuclear magnetic resonance (NMR) 
spectroscopy. Every aspect of an NMR spectrum demands an exact interpretation, and 
there is usually a unique molecular structure that gives rise to a particular spectrum. 
NMR is potentially the most powerful technique at the disposal of the structural 
organic chemist.

Like electrons, nucleons (protons and neutrons) have spin. If an atom has an 
even number of nucleons, the spins cancel out and there is no overall magnetic 
moment. If, however, an atom has an odd number of nucleons, there is an overall 
magnetic moment. As a result, the nucleus can take up one of two orientations. In 
the absence of a magnetic fi eld, the energies of the two orientations are the same, 
but in the presence of an external magnetic fi eld one orientation has a slightly higher 
energy than the other. This splitting into two energy levels forms the basis of NMR 
spectroscopy: nucleons can be persuaded to fl ip from the lower energy spin state to 
the higher spin state (i.e. to resonate) by irradiating a sample with electromagnetic 
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SKILL CHECK

Oxidation of butan-1-ol gives a product with the infrared spectrum shown below. 

Use the data sheet to interpret the spectrum. State the reagents and conditions 

that were used to carry out the oxidation of the alcohol and give your reasons. 

24

180

1 With the help of the data sheet, sketch and label
diagrams to predict the pattern of the main peaks in
the infrared spectra of the following compounds
between wavenumbers 1500 cm–1 to 3500 cm–1.

a) Cyclohexane (2)

b) 1-bromopropane (2)

c) Propanone (2)

2 Oxidation of butan-1-ol gives a product with the
infrared spectrum shown in Figure 15.14. Use the data
sheet to interpret the spectrum. State the reagents and
conditions that were used to carry out the oxidation of
the alcohol and give your reasons. (4)

Figure 15.14 !

3 Figure 15.15 shows the mass spectrum of ethanol

a) Match the numbered peaks with the formulae of
these positive ions formed: C2H5

+, CH2OH+,
C2H5O

+, C2H5OH+ and C2H3
+. (3)

Figure 15.15 !

b) Write an equation to represent the formation of the
molecular ions. (2)

c) i) Write an equation to show how the molecular
ion fragments to give CH2OH+.

ii) Why does the other chemical species formed
during this fragmentation process not show up
in the mass spectrum? (2)

REVIEW QUESTIONS
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IB questions – Option A – Modern analytical chemistry 91

1. (a) Infrared spectroscopy is a powerful tool for identifying
organic compounds. State what occurs at the molecular
level during the absorption of infrared (ir) radiation and
identify the change that is necessary for ir absorption to
occur. Discuss why infrared studies are particularly
helpful in the characterisation of organic molecules. [4]

(b) Use information in Table 18 of the IB data booklet to
list the absorption regions expected for:

(i) ethanoic acid. [2]

(ii) methyl methanoate. [2]

(c) Identify the absorption listed in (b) which could be used
to distinguish between these two compounds. Explain
why the other absorptions could not be used. [2]

(d) Identify the absorption listed in (b) which has the
highest energy and calculate its wavelength in cm. [2]

2. A Student used the technique of ascending paper
chromatography in an experiment to investigate some
permitted food dyes (labelled P1 – P5). The result is 
shown below.

(a) By reference to the diagram above, describe how the
experiment would be carried out and explain the
meaning of the terms stationary phase, mobile phase,
partition, solvent front and Rf value [8]

(b) Calculate the Rf value of P1. [2]

(c) State, giving a reason, wheather P4 is a single substance
or a mixture [1]

3. The infra-red spectrum of compound A is shown below.

(a) What information does the absorption at 1690 cm–1

give about compound A? [1]

(b) There is a sharp absorption at 2950 cm –1. What could
this be due to? [1]

(c) The infra-red spectrum of compound A does not show
a broad absorption at about 3300 cm –1. What
information does give about compound A? [1]

4. This figure below depicts the visible region of the
electromagnetic spectrum and the two regions nearest to it.

(a) Name the regions labeled A and B, identify the atomic
or molecular processes associated with each region and
compare the energies of the photons involved in these
processes. [5]

(b) State, giving a reason, which region (A or B) could be
used to obtain information about the strength of bonds. [1]

5. 1H NMR spectroscopy can be used to distinguish between
pentan-2-one and pentan-3-one. In each case state the
number of peaks in their 1H NMR spectra and state the
ratios of the areas under each peak. [4]

P1 P2 P3 P4 P5
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6. The structure of carotene is given below:

(a) What feature of the carotene molecule accounts for the
fact that it absorbs light in the visible region of the
spectrum? [2]

(b) The extinction coefficient of the carotene absorption
spectrum is 130 000 dm3 mol–1 cm–1 at its absorption
maximum of 450 nm. Using the Beer-Lambert formula
in the IB data booklet calculate the concentration of
carotene required to absorb 99% of the incident light at
that wavelength as it passes through a 1.0 cm cell. [2]

(c) Carotene usually occurs mixed with other complex
organic molecules. A technique often employed with
such mixtures is to analyse them by combining gas
phase chromatography with mass spectrometry. Explain
briefly why these two techniques complement each
other so well. [2]

7. The 1H NMR spectrum of compound A is shown below:

(a) Give the molecular formula for the compound
responsible for the peak at 0 ppm and suggest two
reasons why it is used as reference. [3]

(b) What information do the integration lines give about
the numbers of protons with chemical shifts at 1.2, 3.0,
and 7.3—8.1 ppm? [1]

(c) The shifts at 1.2 and 3.0 ppm are split into a triplet and a
quartet respectively. What information does this splitting
pattern give about the structure of compound A? [2]

(d) What information about compound A can be deduced
from the peaks occurring between 7.3 and 8.1 ppm? [1]

TMS

10 9 8 7 6 5 4 3 2 1 0

δ (ppm)

CH3 CH3 CH3 CH3

CH3 CH3

CH3
CH3

CH3

CH3

SKILL CHECK

The infra-red spectrum of compound A is shown below.  

(a)  What information does the absorption at 1690 cm–1 give about compound A? 
(b)  There is a sharp absorption at 2950 cm–1. What could this be due to? 
(c)  The infra-red spectrum of compound A does not show a broad absorption at about 

3300 cm–1. What information does give about compound A?  

25

SKILL CHECK

Q. Infrared spectroscopy is a powerful tool for identifying organic 

compounds. List the absorption regions expected for:  

(i) ethanoic acid.  

(ii)methylmethanoate. 

26
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SKILL CHECK

Q. Identify the absorption listed in (a) which could be used to distinguish 

between these two compounds. Explain why the other absorptions could 

not be used. 

27

SKILL CHECK

The following are the infrared spectra of ethanol, ethanal and ethanoic acid.  

(a)Which spectrum belongs to which compound?  

(b)Why do all three spectra have a peak at around 3000 cm–1?  

(c)Why do two of the spectra have broad peaks at wavenumbers between 3000 

and 3500cm–1? 

28

Bonds vibrate in particular ways and absorb radiation at specific wavelengths.
This means that it is possible to look at an infrared spectrum and identify
functional groups.

Spectroscopists have found that it is possible to correlate absorptions in the
region 4000–1500 cm–1 with the stretching or bending vibrations of particular
bonds. As a result, the infrared spectrum gives valuable clues to the presence
of functional groups in organic molecules. The important correlations between
different bonds and observed absorptions are shown in Figure 15.4. Hydrogen
bonding broadens the absorption peaks of –OH groups in alcohols and even
more so in carboxylic acids.

Figure 15.4 !
Main regions of the infrared spectrum and important correlations between bonds and
observed absorptions.

Molecules with several atoms can vibrate in many ways because the vibrations
of one bond affect others close to it. The complex pattern of vibrations can be
used as a ‘fingerprint’ to be matched against the recorded infrared spectrum in
a database.

Infrared spectroscopy is an analytical tool that can be used to monitor the
progress of an organic synthesis. Comparing the spectrum of the final product
with the known spectrum in a database can be used to check that the product
is pure.

174

Instrumental analysis

Definitions

An absorption spectrum is a plot
that shows how strongly a chemical
absorbs radiation over a range of
frequencies.

Transmittance on the vertical axis of
infrared spectra measures the
percentage of radiation that passes
through the sample. The troughs
appear at the wavenumbers at which
the compound absorbs strongly.

Definition

Infrared wavenumbers range from
400 cm–1 to 4500 cm–1.
Spectroscopists find the numbers
more convenient than wavelengths.
The wavenumber is the number of
waves in 1 cm.
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Figure 15.5 !
Infrared spectra for three organic
compounds. Note that the quantity plotted
on the vertical axis is transmittance, which
means that the line dips at the
wavenumbers at which the molecules
absorb radiation. Chemists often refer to
these dips in the line as ‘peaks’, because
they indicate high levels of absorption.
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Note

Most organic molecules contain C–H
bonds. As a result, most organic
compounds have a peak in their
infrared spectrum at around 3000 cm–1.

Data

1 Why do the vibrations of O–H, C–O and C=O bonds show up strongly in infrared
spectra, while C–C vibrations do not.

2 Figure 15.5 shows the infrared spectra of ethanol, ethanal and ethanoic acid.
a) Which vibrations give rise to the peaks marked with the letters A–G?
b) Which spectrum belongs to which compound?
c) Why do all three spectra have a peak at around 3000 cm–1?
d) Why do two of the spectra have broad peaks at wavenumbers between

3000 and 3500?
3 Suggest reasons why it is better to use infrared spectroscopy to check the purity

of a liquid product from a synthesis than to measure its boiling temperature.

Test yourself
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SKILL CHECK

A student recorded the IR spectrum of a compound, X. He knew that X was one of the 

following compounds. Deduce which of the molecules is X and explain your choice by 

reference to the spectrum. 
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1 State which analytical technique would be most suitable for each of the following procedures:

 a Determination of the amount of mercury in a soil sample.  [1]

 b Separation of a mixture of sugars. [1]

 c Distinguishing between samples of pentane and hexane. [1]

2 Certain molecules absorb infrared (IR) radiation.

 a Consider the molecules:  H2 CO HCl N2 O2

  Select the molecule(s) from this list that can absorb IR radiation and explain your choice. [3]

 b  Explain why there are three absorption bands in the IR spectrum of SO2 but only two in the 
IR spectrum of CO2. [4]

 c  IR spectroscopy is one of the techniques that is used to determine the structure of organic molecules. 
A student recorded the IR spectrum of a compound, X:
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ENVIRONMENTAL CONCERNS

Small molecules in the atmosphere (especially CO2, CH4, H2O and 

CFCs) are responsible for the greenhouse effect: they absorb infrared 

radiation that is emitted from the surface of the Earth, preventing it 

from being lost to space.  

Consequently, the amount of heat lost is less than that gained from 

solar radiation, and the Earth warms up. 

30
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ENVIRONMENTAL CONCERNS

• IR spectroscopy works quickly and accurately to monitor pollutants, including 

nitrogen dioxide, sulfur dioxide, carbon monoxide and carbon dioxide, as well as 

more than a hundred VOCs (volatile organic compounds) and low-level ozone.  

• Scientists can use the characteristic wavelengths of infrared radiation absorbed by 

the molecules of the pollutants to identify them. They can also analyse the intensity 

of the absorptions to find the concentration of each pollutant present in a sample.  

• Monitored over a period of time, this data provides useful information on the 

effectiveness of pollution control measures introduced locally and on a global level. 

31
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30 Compound X contains three carbon atoms. Part of a simplified infra-red spectrum of compound X 
is shown. 

 
100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 
 

Which compound could be X? 

A CH3CH2CHO 

B CH3CH2CO2H 

C CH3CH2CH2OH 

D CH3CO2CH3 
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9 
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28 Ethanedioic acid has the formula HO2CCO2H. 
 

What is the formula of aluminium ethanedioate? 

A Al C2O4 B Al (C2O4)3 C Al 2C2O4 D Al 2(C2O4)3 
 
 
29 Alcohols, aldehydes and nitriles can each be converted into carboxylic acids. 
 

Which descriptions of their conversions into carboxylic acids are correct? 
 

 alcohols aldehydes nitriles 

A hydrolysis hydrolysis hydrolysis 

B hydrolysis hydrolysis oxidation 

C oxidation oxidation hydrolysis 

D oxidation oxidation oxidation 
 
 
30 How many structural isomers with the molecular formula C4H10O give infra-red absorptions both 

at approximately 1200 cm–1 and at approximately 3400 cm–1? 

A 2 B 4 C 6 D 7 
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28 Ethanal, CH3CHO, is used to make product R in a three-stage synthesis. 
 

CH3CHO product P

HCN
/ NaCN

H2SO4(aq),
reflux

product Q product R

conc. H2SO4
(a few drops)

 
 

Two molecules of Q react to give one molecule of R plus two molecules of water. 
 

R has two ester functional groups in each molecule. R does not react with sodium. 
 

What is the empirical formula of R? 

A CHO B C3H4O2 C C3H5O2 D C6H10O5 
 
 
29 The ester ethyl butanoate can be hydrolysed using an excess of dilute sodium hydroxide solution. 
 

Which substance is a product of this reaction? 

A CH3CH2CH2CO2Na 

B CH3CO2Na 

C CH3CH2ONa 

D H2O 
 
 
30 The infra-red spectrum of an organic compound is shown. 
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transmittance
%

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 
 

Which compound could give this spectrum? 

A CH3CH2CO2H 

B CH3CH(OH)CH3 

C CH3COCH3 

D CH3COCH2OH 
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30 Compound S can be extracted from natural compounds. Reacting S with hot, concentrated 

KMnO4 produces the organic product, T. Some of the absorptions found in the infra-red spectra of 

S and T are described. 

 

S has no strong absorption between 1670 and 1740 cm
–1

. 

 

T has a strong absorption at 1720 cm
–1

 but has no strong, broad absorption between 2500 and 

3000 cm
–1

. 

 

From this information, what could be the formulae of S and T? 

 

 S T 

A CH3(CH2)5CH=CH2 CH3(CH2)5CO2H 

B 
 

CH3COCH2CH2COCH(CH3)2 

C 
CH3CO

 

CH3COCH(COCH3)CH2CH2CH(COCH3)CH3 

D 

 

HO2CCH2CH2COCH2COCH3 

 

§

§
B
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5 Forest fires release a large number of organic compounds into the atmosphere, many in very 
small quantities. 

 (a) Compounds in the smoke from forest fires can be analysed using GC-MS.
  Explain how GC-MS enables the compounds to be identified.

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

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

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

 .............................................................................................................................................. [2]

 (b) Compound F was found to be present in the smoke. 
  Compound F contains C, H and O only and contains 54.2% oxygen by mass. 
  The molar mass of compound F is 118.0 g mol–1.

  (i) Using the information, show that the molecular formula of compound F is C4H6O4.

   Show all of your working.

 [2]

  (ii) The infrared spectrum of compound F is shown below.

4000
0

100

50

3000 2000 1500 1000 500

transmittance (%)

wavenumber / cm–1

   Using this spectrum, name the functional group present in compound F.

 ...................................................................................................................................... [1]
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3 A student was given three compounds, an aldehyde, a ketone, and a carboxylic acid.

 (a) The student carried out the same two chemical tests on each compound. This allowed her to 
distinguish between all three compounds.

  • Describe two suitable tests that the student could have used.

  • Show how the observations would allow her to distinguish between the compounds.

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

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

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

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

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

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

 .............................................................................................................................................. [4]

 (b) Explain how the student could use infrared spectroscopy to confirm which compound is a 
carboxylic acid.

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

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

 .............................................................................................................................................. [1]

 (c) The aldehyde has the molecular formula C5H10O.

  The 1H NMR spectrum of the aldehyde contains a doublet at b = 0.9 ppm with a relative peak 
area of six compared with the aldehyde proton.

  Analyse this information to deduce the structure of the aldehyde. Explain your reasoning.

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

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

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

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

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

 .............................................................................................................................................. [3]
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4 Ethanol, C2H5OH, can be produced by the fermentation of glucose, C6H12O6.

(a) Write a balanced equation for the fermentation of glucose.

......................................................................................................................................[2]

(b) Ethanol has a relatively high boiling point. This can be explained in terms of
intermolecular hydrogen bonds.

Draw a second molecule of ethanol alongside the one drawn below and show how a
hydrogen bond could be formed. Clearly show any relevant dipoles and lone pairs of
electrons.

[3]

(c) When ethanol is heated with acidified potassium dichromate(VI) solution, it can be
oxidised to form either ethanal, CH3CHO (Fig. 4.1), or ethanoic acid, CH3COOH
(Fig. 4.2).

Fig. 4.1 Fig. 4.2

OH

CH2CH3

For
Examiner’s

Use

ethanol
and acidified
potassium
dichromate(VI)

ethanol
and acidified
potassium
dichromate(VI)

water bath
at 60° C

water
out

water
out

water in

water
in

ice-water
mixture

distillate
heat
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For
Examiner’s

Use
The boiling points of ethanol, ethanal and ethanoic acid are given in the table below.

Use this table of boiling points to explain

(i) why the organic product is likely to be ethanal if the apparatus shown in Fig. 4.1 is
used,

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

...............................................................................................................................[2]

(ii) why the organic product is likely to be ethanoic acid if the apparatus shown in
Fig. 4.2 is used.

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

...............................................................................................................................[2]

(d) Write a balanced equation for the oxidation of ethanol to ethanoic acid. Use [O] to
represent the oxidising agent.

......................................................................................................................................[2]

CH3CH2OH CH3CHO CH3COOH

boiling point / °C 78 21 118
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(e) The ethanal collected using the apparatus shown in Fig. 4.1 was analysed by infra-red
spectroscopy. Use your Data Sheet to justify which of the three spectra shown below is
most likely to be that of ethanal.

spectrum A

spectrum B

spectrum C

The organic product collected when using the apparatus shown in Fig. 4.1 is most likely

to be that shown by spectrum .......... because..................................................................

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

......................................................................................................................................[3]

[Total: 14]
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4 Body odour often begins with secretions from glands called apocrine glands, which are most
numerous in the armpits. Bacteria, which live in the armpits, use these secretions to produce
energy and many different waste products. Scientists have isolated one of these waste products,
compound E, which is shown below.

(a) Compound E contains two functional groups, one of which is a primary alcohol.

(i) Name the other functional group and state how you could test for it.

name of the other functional group ....................................................................................

test .....................................................................................................................................

observation ................................................................................................................... [3]

(ii) Name compound E. ...................................................................................................... [1]

(b) Compound E can be oxidised to form a carboxylic acid.

(i) State a suitable oxidising mixture for this reaction.

....................................................................................................................................... [2] 

(ii) Write a balanced equation for this oxidation of compound E.

Use [O] to represent the oxidising mixture.

[3]

CH3 CH2 CH2

H3 C

CH2 OH

H

compound E

C C

CH3 CH2 CH2

H3 C

CH2 OH

H

compound E

C C
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(iii) Explain how compound E and the carboxylic acid could be distinguished by infra-red
spectroscopy.

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

....................................................................................................................................... [1]

(c) Compound E reacts with an excess of HBr to produce a mixture of two organic compounds,
each with the molecular formula C7 H14 Br2.

Identify both organic compounds in the mixture.

[2]

[Total: 12]
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2 The structures of some common organic solvents are shown below.

C

O

CH3H3C CH2

CH3

CH3OHCH3

propanone ethanol methylbenzene hexane

CH2 CH2 CH2 CH2 CH3

 (a) Propanone can be made by the oxidation of an alcohol.

  (i) Name the alcohol from which propanone can be made.

 ...................................................................................................................................... [1]

  (ii) A student carries out the oxidation of ethanol, which can form two different oxidation 
products. The infrared spectrum of the compound the student obtained is given below.

0
4000 3000 2000 1500

wavenumber / cm–1
1000 500
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)

100

   Use the spectrum to identify the compound formed.

 ...................................................................................................................................... [1]

  (iii) Explain how the spectrum in (ii) shows that no ethanol remains.

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

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

 ...................................................................................................................................... [2]
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The Mr of J was found to be 102. Use this information to suggest all the possible structures 
for the unbranched compound J. 
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 (e) Indicator B is an organic compound which gives a purple colour with neutral iron(III) chloride 
solution.

  The infrared spectrum of indicator B is shown below.

4000
0
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100

3000 2000
wavenumber / cm–1

1500 1000 500

1742 cm–1

  (i) Use the spectrum to identify two functional groups present in indicator B.

   Give your reasoning.

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

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

 ...................................................................................................................................... [3]

  (ii) Describe how the reaction of B with neutral iron(III) chloride solution gives more 
information about one of these groups.

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

 ...................................................................................................................................... [1]
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 (b) An analytical chemist was provided with a compound J which has an unbranched carbon 
skeleton. After analysis, the chemist obtained the following results.

type of analysis evidence

infrared spectroscopy broad absorption at 3350 cm–1

percentage composition by mass C, 70.59%; H, 13.72%; O, 15.69%

mass spectrometry molecular ion peak at m/z = 102.0

  Use this information to suggest all the possible structures for the unbranched compound J.

 In your answer you should make clear how your explanation is linked to the evidence.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................  [8]

[Total: 19]

END OF QUESTION PAPER
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5 Alcohols A, B, C and D are shown below.

CH3

CH3

CH3

CH2 OH H C OH

A

CH3 H3CCH2 CH2 OH

CB

CH3

CH3

C OH

D

 (a) Compound A is ethanol, a very useful alcohol.

  Identify the two main methods used in the industrial production of ethanol. 
Write an equation for each method.

method 1  ...................................................................................................................................

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

equation  ....................................................................................................................................

method 2  ...................................................................................................................................

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

equation  .............................................................................................................................  [4]

 (b) A student heated each alcohol, A–D, with acidified potassium dichromate(VI) as the oxidising 
agent. With alcohols A, B and C, the colour turned from orange to green.

  (i) Identify the organic product and write a balanced equation for the reaction of alcohol B 
with acidified potassium dichromate(VI).

   Use [O] to represent the oxidising agent, acidified potassium dichromate(VI).

   organic product:

   balanced equation:

[2]
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method 2  ...................................................................................................................................

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

equation  .............................................................................................................................  [4]

 (b) A student heated each alcohol, A–D, with acidified potassium dichromate(VI) as the oxidising 
agent. With alcohols A, B and C, the colour turned from orange to green.

  (i) Identify the organic product and write a balanced equation for the reaction of alcohol B 
with acidified potassium dichromate(VI).

   Use [O] to represent the oxidising agent, acidified potassium dichromate(VI).

   organic product:

   balanced equation:

[2]

�
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  (ii) The organic product obtained from C was analysed by infrared (IR) spectroscopy.

   The IR spectrum of the product is shown below.

4000 3000 2000 1500 1000 500
0

50

100

transmittance
(%)

wavenumber / cm–1

   Use your Data Sheet to identify the organic product. Explain your reasoning.

organic product:

reasoning  ..........................................................................................................................

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

 ....................................................................................................................................  [3]

 (c) The student heated alcohol D with ethanoic acid in the presence of an acid catalyst. An 
organic product E was formed with a fruity smell.

  (i) Name alcohol D.

 ....................................................................................................................................  [1]

  (ii) Name the functional group in the organic product E.

 ....................................................................................................................................  [1]

  (iii) Draw the structure of the organic product E.

[2]

[Total: 13]
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[2]

[Total: 13]
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4 Infrared spectroscopy and mass spectrometry are used to identify substances.

 (a) Police use breathalysers to detect ethanol in the breath of drivers. 

  (i) Some modern breathalysers use infrared spectroscopy.

   Suggest two characteristic infrared absorptions that could be used to identify the 
presence of ethanol vapour.

   1 ……………………. cm–1

   2 ……………………. cm–1 [2]

  (ii) Some older breathalysers used the redox reaction between acidified dichromate(VI) ions 
and ethanol. A colour change was seen which indicated the presence of ethanol in the 
breath.

   What is the colour change that would be seen in this breathalyser if ethanol was present 
in the breath?

   ……………………………….. to ……………………………….. [1]

  (iii) Give an equation to show the reaction between acidified dichromate(VI) ions and 
ethanol.

   Use [O] to represent the acidified dichromate(VI) ions, the oxidising agent.

 ...................................................................................................................................... [2]

�
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 (b) Infrared spectroscopy and mass spectrometry are used in the search for organic molecules in 
outer space.

  Compound A has been analysed by infrared spectroscopy.

4000

20
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60

80

100

3500 3000 2500 2000
wavenumber / cm–1

transmittance
(%)

1500 1000 500

  The mass spectrum of compound A is shown below.

0.0
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m / z

relative
abundance

(%)
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 (c) The space probe also detected different isotopes of sulfur on Mars. 

  (i) Outline how the mass spectrum would show how many different isotopes of sulfur were 
present on Mars.

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

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

 ...................................................................................................................................... [1]

  (ii) The relative atomic mass of the sulfur found by the space probe was different from the 
relative atomic mass of sulfur on Earth.

   Suggest why.

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

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

 ...................................................................................................................................... [1]

 (d) An environmental chemist used infrared spectroscopy to monitor air pollution outside a petrol 
station. The infrared spectrum below was obtained from one of these pollutants. 

4000

40

60

80

100

3500 3000 2500 2000
wavenumber / cm–1

transmittance
(%)

1500 1000 500

  What evidence is there in the spectrum that the pollutant may be a hydrocarbon rather than 
an alcohol or a carbonyl compound?

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

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

 .............................................................................................................................................. [1]
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  (i) A research chemist concludes that compound A is a hydrocarbon.

   What evidence is there to support this conclusion?

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

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

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

 ...................................................................................................................................... [2]

  (ii) How does the mass spectrum confirm that compound A has a molecular formula of 
C4H10?

 
 ...................................................................................................................................... [1]

  (iii) Draw the structural isomers of C4H10. 

 [1]

  (iv) Identify the fragment ions that give rise to the following peaks in the mass spectrum.

   m/z 15 is …………………….

   m/z 29 is …………………….

   m/z 43 is …………………….  [3]

  (v) Use your answer to part (iv) to identify which of the isomers in part (iii) is compound A. 
Explain your reasoning. 

 [1]

 [Total: 13]
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7 Compound G was extracted from the leaves of a plant. A sample of G was analysed by a research 
chemist. A summary of the chemist’s results is shown in the table.

type of analysis evidence

infrared spectroscopy absorptions at 1080, 1720 and a 
very broad absorption at 2900 cm–1

percentage composition by mass C, 26.7%; H, 2.22%; O, 71.1%

volumetric analysis 0.00105 mol of G has a mass of 
0.0945 g

 Use this information to suggest a possible structure for compound G. 

 In your answer, you should make clear how your explanation is linked to the evidence.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..........................................................................................................................................................
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7 Compound X and compound Y react together to make an ester Z. Samples of X and Y were 
analysed by a research chemist. A summary of the chemist’s results are shown below.

 Analysis of compound X

type of analysis evidence

infrared spectroscopy absorption at 1720 cm–1 and a very broad 
absorption between 2500 and 3300 cm–1

percentage composition by mass C, 48.65%; H, 8.11%; O, 43.24%

mass spectrometry molecular ion peak at m/z = 74.0

 Analysis of compound Y

 infrared spectrum of Y

4000
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transmittance
(%)

1500 1000 500

 mass spectrum of Y
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7 Compound X and compound Y react together to make an ester Z. Samples of X and Y were 
analysed by a research chemist. A summary of the chemist’s results are shown below.

 Analysis of compound X

type of analysis evidence

infrared spectroscopy absorption at 1720 cm–1 and a very broad 
absorption between 2500 and 3300 cm–1

percentage composition by mass C, 48.65%; H, 8.11%; O, 43.24%

mass spectrometry molecular ion peak at m/z = 74.0

 Analysis of compound Y

 infrared spectrum of Y
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 mass spectrum of Y
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 Use this information to suggest the identity of compound X, compound Y and ester Z. 

 In your answer you should make clear how your explanation is linked to the evidence.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ................................................................................................................................................... [10]

[Total:10]
END OF QUESTION PAPER
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 (d)  CH3(CH2)3CO2H is a colourless liquid with an unpleasant odour.

  It reacts with methanol in the presence of an acid catalyst to produce an organic product V, 
which has a pleasant fruity smell.

 (i)  Name V.

  .......................................................................................................................................  [1]

 (ii)  A student analysed CH3(CH2)3CO2H, methanol and V using infra-red spectroscopy. The 
spectra were returned to the student without labels.

  Identify which of the infra-red spectra, X, Y or Z, corresponds to V.

compound CH3(CH2)3CO2H methanol V

spectrum

  Explain your answer with reference to relevant features of the three spectra in the region 
above 1500 cm–1.

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

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

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

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

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

  .......................................................................................................................................  [4]
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100
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0

transmittance
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wavenumber / cm–1

1500 1000 500

infra-red spectrum X

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

infra-red spectrum Y

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

infra-red spectrum Z

 [Total: 21]
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 (d)  H and I are isomers with molecular formula C2H422. The infra-red spectra of isomers H and I 
are shown.

100

50

0

percentage
transmittance

percentage
transmittance

4000 3000 2000
wavenumber / cm–1

H

1500 1000

100

50

0
4000 3000 2000

wavenumber / cm–1

I

1500 1000

 (i)  Identify the bonds responsible for the principal peaks above 1500 cm–1 in each spectrum.

 spectrum of H ......................................................................................................................

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

 spectrum of I  .......................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Name H and I.

 H  .........................................................................................................................................

 I  ...........................................................................................................................................
[2]

[Total: 23]
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4  Acetoin, CH3COCH(OH)CH3, and diacetyl, CH3COCOCH3, are two of the compounds that give 
EXWWHU�LWV�FKDUDFWHULVWLF�ÀDYRXU��7KHLU�VNHOHWDO�IRUPXODH�DUH�VKRZQ�

O

HO

acetoin

O

O

diacetyl

 (a)  Give the systematic name for acetoin.

  ..............................................................................................................................................  [1]

 (b)  Identify the reagents and conditions necessary for the conversion of acetoin into diacetyl.

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

  ..............................................................................................................................................  [2]

 (c)  The infra-red spectrum for acetoin is shown.

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 (i)  Explain the main features of this spectrum, with reference to the peaks with wavenumbers 
greater than 1500 cm–1.

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

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

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

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

  .......................................................................................................................................  [3]
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 (c)  The infra-red spectra of one of the esters and of another isomer, X, are shown.

  X decolourises bromine water and is not an ester or an acid.

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

infra-red spectrum of the ester

infra-red spectrum of X

1500 1000 500

  Explain the differences between these two spectra, with particular reference to the peaks with 
wavenumbers above 1500 cm–1.

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

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

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

  ..............................................................................................................................................  [3]

[Total: 9]
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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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 (ii)  Give the systematic name of compound P.

  .......................................................................................................................................  [1]

 (iii)  What would you observe when compound P is reacted with 2,4-dinitrophenylhydrazine 
(2,4-DNPH)?

  .......................................................................................................................................  [1]

 (b)  Compound U contains a chiral centre and has the same molecular formula as compound P, 
C5H8O.

 x  Compound U readily decolourises a sample of bromine water.
 x  Compound U does not show cis-trans isomerism.
 x  When compound U is heated under reflux in the presence of excess acidified 

potassium dichromate(VI), the organic product gives the infra-red spectrum shown.

infra-red spectrum of product

4000 3000 2000

wavenumber / cm–1

10001500 500

transmittance /
%

100

50

0

  Use the information given to suggest a structure for compound U.
  Explain your answer.

[4]

[Total: 10]
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[4]

[Total: 10]
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 (c)  The product of reaction 2 is c\cloKe[ene.

  &\cloKe[ene can Ee conYerted into adipic acid �Ke[anedioic acid�, +22&�&+2��CO2H.

 (i)  ,dentiI\ tKe reagents and conditions Ior tKe conYersion oI c\cloKe[ene into adipic acid.

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

  .......................................................................................................................................  [2]

 (ii)  Suggest three Pain diIIerences EetZeen tKe inIra�red spectra oI c\cloKe[ene and 
adipic acid.

  ,n eacK case, identiI\ tKe Eond responsiEle and its cKaracteristic aEsorption range �in 
ZaYenuPEers�.

 �  ..........................................................................................................................................

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

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

 2  ..........................................................................................................................................

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

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

 3  ..........................................................................................................................................

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

  .............................................................................................................................................
 [3]

 >7otal� ��@

CEDAR COLLEGE IR SPECTROSCOPY WS 2



 317

20

� 

[N‘18 P21 Q4]

12

9701/21/O/N/18© UCLES 2018

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable 
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will 
be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local 
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

 (d)  When glycolic acid is heated in the presence of a sulfuric acid catalyst, a new compound, Y, 
C4H4O4, is formed.

  The equation for the reaction is given.

2CH2(OH)CO2H    C4H4O4  +  2H2O

 glycolic acid Y

 (i)  The infra-red spectrum of Y is shown.

100

50

0

transmittance

4000 3000 2000
wavenumber / cm–1

1500 1000 500

  State how this spectrum differs from an infra-red spectrum of glycolic acid. Explain your 
answer with particular reference to the peaks within the range 1500 – 4000 cm–1.

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

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

  .......................................................................................................................................  [2]

 (ii)  Suggest a structure for Y.

 [2]

 [Total: 17]
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 (c)  $ diIIerent triKaloPetKane, &+&l 3, reacts ZitK 22 to produce carEon\l dicKloride. +&l �g� is also 
released as a product of this reaction.

C

carbonyl dichloride

ClCl

O

 (i)  :rite an eTuation Ior tKis reaction oI &+&l 3 with O2.

  .......................................................................................................................................  [1]

 (ii)  7Ke conYersion oI &+&l 3 to carEon\l dicKloride can Ee Ponitored E\ inIra�red spectroscop\.
  7Ke inIra�red spectruP oI carEon\l dicKloride is sKoZn.

100

50

0

transmittance

4000 3000 2000
wavenumber / cm–1
1500 1000 700

  2n tKe inIra�red spectruP oI carEon\l dicKloride identiI\ ZitK an X tKe aEsorption tKat 
would not Ee present in an inIra�red spectruP oI &+&l 3.

  ([plain \our ansZer.

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

  .............................................................................................................................................
 [2]

 (iii)  6uggest anotKer diIIerence EetZeen tKe inIra�red spectra oI &+&l 3 and carEon\l dicKloride.

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

  .......................................................................................................................................  [1]

 [Total: 12]
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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 
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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 P4 O10 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 A student investigates four different fuels. Each fuel is used separately to raise the temperature of 

1 dm
3

 of water from 20 °C to 100 °C. Each fuel undergoes complete combustion. All other 

conditions are the same in each experiment. 

 

Which fuel would produce the smallest amount of carbon dioxide in these experiments? 

 

 fuel 
energy released 

per mole of fuel 

A ethanol 1367 kJ mol
–1

 

B methane 890 kJ mol
–1

 

C methanol 715 kJ mol
–1

 

D propane 2220 kJ mol
–1

 

 

 

25 Most alcohols can be dehydrated to give alkenes. 

 

Which alcohol can be dehydrated to give three different isomeric alkenes? 

A CH3(CH2)3CH2OH 

B CH3(CH2)2CH(OH)CH3 

C CH3CH2CH(OH)CH2CH3 

D CH3C(CH3)2CH2OH 

 

 

26 Hept-4-enal is present in cow’s milk. 

 

CH3CH2CH=CHCH2CH2CHO 

hept-4-enal 

 

Which row correctly shows the product formed when hept-4-enal is treated with the given 

reducing agent? 

 

 reducing agent product 

A H2 + Ni CH3(CH2)5CH2OH 

B H2 + Ni CH3(CH2)5CH3 

C NaBH4 CH3(CH2)5CH2OH 

D NaBH4 CH3(CH2)5CHO 
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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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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 P4 O10 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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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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25  Compound X has been investigated for use as an artificial sweetener. 

 

OH

OH

OH
O

OCl

Cl

OH

OH

O

X
 

 

The two C–Cl bonds can be hydrolysed by hot NaOH(aq). The C-O-C bonds cannot be 

hydrolysed by hot NaOH(aq). 

 

What are the numbers of specified types of –OH groups before and after hydrolysing the two 

C–Cl bonds? 

 

 

before 

hydrolysis 
after hydrolysis 

secondary primary secondary tertiary 

A 0 1 2 4 

B 0 2 1 4 

C 4 1 5 1 

D 4 2 4 1 

 

 

26 The compounds below are all produced by plants. 

 

Each compound is warmed with acidified potassium dichromate(VI). 

 

Which compound will give a different observation to the other three? 

 

OH

A

OH

B C D

OH

OH
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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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25  Malic acid is found in apples. 

 

H C

malic acid

OH

CO2H

CH2CO2H

 

 

Which reagent will react with only one of the – OH groups in the malic acid molecule? 

A ethanoic acid in the presence of concentrated sulfuric acid 

B sodium 

C sodium hydrogen carbonate 

D sodium hydroxide 

 

 

26  Which organic compound would not give either a yellow precipitate when treated with alkaline 

aqueous iodine or an orange precipitate when treated with 2,4-dinitrophenylhydrazine reagent? 

A propanal  

B propan-1-ol 

C propan-2-ol 

D propanone 

 

 

27 In which reaction is the organic compound oxidised? 

A CH3 CH2 CH2 CHO  +  Tollens’ reagent 

B CH3 CH2 CH2 CHO  +  LiAl H4 
C CH3 CH2 CH2 OH  +  concentrated H3 PO4 

D CH3 CO2 C2 H5   +  dilute H2 SO4 

 

 

28  How many of the following compounds produce a carboxylic acid on heating under reflux with an 

excess of hot acidified K2 Cr2 O7 ? 

 

CH3 CH2 CHO 

CH3 COCH3  

CH3 CH2 CH2 OH 

CH3 CH(OH)CH3  

 

A 1 B 2 C 3 D 4 

 

 

  

10  

© UCLES 2016 9701/12/M/J/16  

25  Malic acid is found in apples. 

 

H C

malic acid

OH

CO2H

CH2CO2H

 

 

Which reagent will react with only one of the – OH groups in the malic acid molecule? 

A ethanoic acid in the presence of concentrated sulfuric acid 

B sodium 

C sodium hydrogen carbonate 

D sodium hydroxide 

 

 

26  Which organic compound would not give either a yellow precipitate when treated with alkaline 

aqueous iodine or an orange precipitate when treated with 2,4-dinitrophenylhydrazine reagent? 

A propanal  

B propan-1-ol 

C propan-2-ol 

D propanone 

 

 

27 In which reaction is the organic compound oxidised? 

A CH3 CH2 CH2 CHO  +  Tollens’ reagent 

B CH3 CH2 CH2 CHO  +  LiAl H4 
C CH3 CH2 CH2 OH  +  concentrated H3 PO4 

D CH3 CO2 C2 H5   +  dilute H2 SO4 

 

 

28  How many of the following compounds produce a carboxylic acid on heating under reflux with an 

excess of hot acidified K2 Cr2 O7 ? 

 

CH3 CH2 CHO 

CH3 COCH3  

CH3 CH2 CH2 OH 

CH3 CH(OH)CH3  

 

A 1 B 2 C 3 D 4 
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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 dm
3

 B 144 dm
3

 C 156 dm
3

 D 288 dm
3

 

 

 

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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20 The structural formula of compound Q is shown. 

 

O

Q  
 

How many stereoisomers exist with this structural formula? 

A 1 B 2 C 4 D 8 

 

 

21 What is the name of compound X? 

 

OH

compound X  
 

A trans-2-hydroxyhex-3-ene 

B trans-2-hydroxyhexene 

C trans-5-hydroxyhex-3-ene 

D trans-5-hydroxyhexene 

 

 

22 Many, but not all, organic reactions need to be heated before a reaction occurs. 

 

Which reaction occurs quickly at room temperature, 20 °C? 

A C2H4  +  Br2  →  C2H4Br2 

B C2H4  +  H2O →   CH3CH2OH 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2OH  +  HBr  →  CH3CH2Br  +  H2O 
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23 Which alcohol can be dehydrated to give two products which are structural isomers of each 
other? 

 

C

H

H

C

H

H

C

A

H

H

H C OH

H

H

C

H

H

C

H

H

C

B

CH3 CH3

CH3H

H OH C

H

H

C

C

HC

H

H

C

H H

C

D

CH3 H

H OH OH

 
 
 
24 Which reagent could detect the presence of alcohol in a mixture consisting mainly of alkanes and 

alkenes? 

A Na 

B Br2 (in CCl 4) 

C KMnO4(aq) 

D 2,4-dinitrophenylhydrazine 
 
 
25 Compound Q 
 

● contains a chiral centre, 

● gives a positive result with Fehling’s reagent, 

● gives a positive result with alkaline aqueous iodine. 
 

What could compound Q be? 

A 1-hydroxybutanone 

B 2-hydroxybutanal 

C 3-hydroxybutanal 

D 3-hydroxybutanone 
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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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29 Which compound can be used to make propanoic acid by treatment with a single reagent? 

A CH2=CHCH2CH3 

B CH3CH2CH2CN 

C CH3CH(OH)CN 

D CH3CH(OH)CH3 

 

 

30 The infra-red spectrum of compound L is shown. 

 

100

50

0

transmittance
%

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 

 

What could be the structure of L? 

A HOCH2COCH2OH 

B HOCH2CH(OH)CHO 

C HOCH2CH(OH)CH2OH 

D HOCH2CH2COOH 

 

 

i

8
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28 Ethanal, CH3CHO, is used to make product R in a three-stage synthesis. 
 

CH3CHO product P

HCN
/ NaCN

H2SO4(aq),
reflux

product Q product R

conc. H2SO4
(a few drops)

 
 

Two molecules of Q react to give one molecule of R plus two molecules of water. 
 

R has two ester functional groups in each molecule. R does not react with sodium. 
 

What is the empirical formula of R? 

A CHO B C3H4O2 C C3H5O2 D C6H10O5 
 
 
29 The ester ethyl butanoate can be hydrolysed using an excess of dilute sodium hydroxide solution. 
 

Which substance is a product of this reaction? 

A CH3CH2CH2CO2Na 

B CH3CO2Na 

C CH3CH2ONa 

D H2O 
 
 
30 The infra-red spectrum of an organic compound is shown. 
 

100

50

0

transmittance
%

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 
 

Which compound could give this spectrum? 

A CH3CH2CO2H 

B CH3CH(OH)CH3 

C CH3COCH3 

D CH3COCH2OH 

Si

{

±
5

:
§
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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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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 Propanal reacts 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 can be classified as nucleophilic substitution. 

3 The hydrogen cyanide molecule attacks the propanal molecule to form an intermediate ion. 

 

 

40 Which syntheses will be successful? 

1 CH3CH2CH3 from CH3CH=CH2 + LiAl H4 

2 CH3CH(OH)CH3 from CH3COCH3 + NaBH4 

3 CH3CH2CH2OH from CH3CH2CHO + NaBH4 
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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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40 The diagram shows the structure of an addition polymer, X. 

 

C

CO2CH3

H

C

CO2CH3

H

C

H

C

H

CH3CH3

C

CO2CH3

H

C

H

CH3

 

 

Which reagents react with polymer X? 

1 aqueous sulfuric acid 

2 aqueous sodium hydroxide 

3 sodium 
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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 The diagram shows an experimental set-up which can be used in several different experiments. 
 

trough of
water

liquid X on
mineral wool

support

silica, alumina
or baked clay

strong
heat

gas collected

gentle
heat

 
 

Which processes could be demonstrated by using the above apparatus? 

1 oxidation of ethanol (liquid X) 

2 dehydration of ethanol (liquid X) 

3 cracking of paraffin (liquid X) 
 
 
40 The ester C2H5CO2CH2CH2CH3 can be made in a school or college laboratory by a sequence of 

four reactions or fewer using compound Z as the only organic material. 
 

What might be the identity of compound Z? 

1 CH3CH2CH2OH 

2 CH3CH2CHO 

3 CH3COCH3 
 
 

ji

:
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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. 

 

 

39 Propanal reacts 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 can be classified as nucleophilic substitution. 

3 The hydrogen cyanide molecule attacks the propanal molecule to form an intermediate ion. 

 

 

40 Which syntheses will be successful? 

1 CH3CH2CH3 from CH3CH=CH2 + LiAl H4 

2 CH3CH(OH)CH3 from CH3COCH3 + NaBH4 

3 CH3CH2CH2OH from CH3CH2CHO + NaBH4 
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3  P, Q and R are structural isomers with the molecular formula C4H8.

  All three compounds readily decolourise bromine in the dark.

  P and Q do not exhibit stereoisomerism but R exists as a pair of geometrical (cis-trans) isomers.

  All three compounds react with hot concentrated, acidifi ed potassium manganate(VII) to produce 
a variety of products as shown in the table.

compound products

P CO2 and S (C3H6O)

Q CO2 and CH3CH2CO2H

R CH3CO2H only

  S reacts with 2,4-dinitrophenylhydrazine reagent, 2,4-DNPH, to form an orange crystalline product 
but does not react with Fehling’s reagent.

 (a)  Give the structural formulae of P, Q, R and S.

 P  ....................................................................  Q  .....................................................................

 R  ....................................................................  S  .....................................................................
[4]

 (b) (i)  Explain what is meant by the term stereoisomerism.

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

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

  .......................................................................................................................................   [2]
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 (ii)  Draw the displayed formulae of the geometrical isomers of R and name them both.

 name ........................................................  name ......................................................... [2]

 (c)  State a reagent that could be used for the reduction of S and name the organic product of this 
reduction.

reagent .........................................................  product .........................................................  [2]

[Total: 10]
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3  P, Q, R and S are structural isomers with the molecular formula C5H10.

  All four compounds readily decolourise bromine in the dark.

  P, R and S do not exhibit stereoisomerism but Q exists as a pair of geometrical (cis-trans) isomers.

  All four compounds react with hot concentrated, acidifi ed potassium manganate(VII) to produce a 
variety of products as shown in the table.

compound products

P CO2 and CH3CH2CH2CO2H

Q CH3CO2H and CH3CH2CO2H

R CO2 and T (C4H8O)

S CH3CO2H and (CH3)2CO

  T reacts with 2,4-dinitrophenylhydrazine reagent, 2,4-DNPH, to form an orange crystalline product 
but does not react with Fehling’s reagent.

 (a)  Give the structural formulae of P, Q, R, S and T.

 P .....................................................................  Q ......................................................................

 R .....................................................................  S ......................................................................

 T ..................................................................... [5]

 (b) (i)  Explain what is meant by the term stereoisomerism.

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

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

  .......................................................................................................................................   [2]
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 (ii)  Draw the displayed formulae of the geometrical isomers of Q and name them both.

 name .........................................................   name ........................................................  [2]

 (c)  Name the organic product of the reaction of T with sodium borohydride, NaBH4.

  ..............................................................................................................................................   [1]

[Total: 10]
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4  Acetoin, CH3COCH(OH)CH3, and diacetyl, CH3COCOCH3, are two of the compounds that give 
EXWWHU�LWV�FKDUDFWHULVWLF�ÀDYRXU��7KHLU�VNHOHWDO�IRUPXODH�DUH�VKRZQ�

O

HO

acetoin

O

O

diacetyl

 (a)  Give the systematic name for acetoin.

  ..............................................................................................................................................  [1]

 (b)  Identify the reagents and conditions necessary for the conversion of acetoin into diacetyl.

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

  ..............................................................................................................................................  [2]

 (c)  The infra-red spectrum for acetoin is shown.

100

50

0

transmittance

4000 3000 2000

wavenumber / cm–1

1500 1000 500

 (i)  Explain the main features of this spectrum, with reference to the peaks with wavenumbers 
greater than 1500 cm–1.

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

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

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

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

  .......................................................................................................................................  [3]
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 (ii)  State and explain how the infra-red spectrum for diacetyl would differ from the infra-red 
spectrum for acetoin.

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

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

  .......................................................................................................................................  [2]

 (d)  If a sample of acetoin is reacted with concentrated sulfuric acid, a single product is formed that 
does not exhibit stereoisomerism.

  However, if a sample of acetoin is reacted with HBr, a mixture of a pair of stereoisomers is 
produced.

 (i)  Give the structural formula of the product of the reaction of acetoin with concentrated 
sulfuric acid.

  .......................................................................................................................................  [1]

 (ii)  Explain why the product in (i) does not exhibit stereoisomerism.

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

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

  .......................................................................................................................................  [2]

 (iii)  Explain why the product of reaction of acetoin with HBr does exhibit stereoisomerism.

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

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

  .......................................................................................................................................  [1]

 (iv)  Draw the two stereoisomers from (iii) using the conventional representation.

[2]

[Total: 14]
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5 Isomerism occurs in many organic compounds. The two main forms of isomerism are structural 
isomerism and stereoisomerism. Many organic compounds that occur naturally have molecules 
that can show stereoisomerism, that is cis-trans or optical isomerism.

 (a) (i) Explain what is meant by structural isomerism.

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

 ...................................................................................................................................... [1]

  (ii) State two different features of molecules that can give rise to stereoisomerism.

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

 ...................................................................................................................................... [2]

 Unripe fruit often contains polycarboxylic acids, that is acids with more than one carboxylic acid 
group in their molecule. One such acid is citric acid shown below.

 OH
|

HO2CCH2CCH2CO2H
|

   CO2H

 (b) (i) Does citric acid show optical isomerism? Explain your answer. 

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

 ...................................................................................................................................... [1]

  (ii) Dehydration of citric acid produces HO2CCH=C(CO2H)CH2CO2H. Draw the structure of 
the repeat unit formed by addition polymerisation of this molecule.

 [2]
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 A second polycarboxylic acid present in unripe fruit is a colourless crystalline solid, W, which has 
the following composition by mass: C, 35.8%; H, 4.5%; O, 59.7%.

 (c) Show by calculation that the empirical formula of W is C4H6O5.

 [2]

 A sample of W (Mr = 134) of mass 1.97 g was dissolved in water and the resulting solution titrated 
with 1.00 mol dm–3 NaOH. 

 29.4 cm3 of 1.00 mol dm–3 NaOH were required for complete neutralisation.

 (d) Use these data to deduce the number of carboxylic acid groups present in one molecule of W.

 [3]

 [Total: 11]
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4  This question is about molecules with molecular formula C4H8.

 (a)  Give the structures of a pair of positional isomers with the formula C4H8.

[1]

 (b)  Give the structures of a pair of chain isomers with the formula C4H8, that do not exhibit 
stereoisomerism.

[1]

 (c)  Give the structures and full names of a pair of stereoisomers with the formula C4H8.

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

[2]

 (d)  The structure of a molecule, A, of formula C4H8 is shown.

  Draw a functional group isomer of molecule A in box B. Explain how molecules A and B could 
be distinguished by a chemical test.

H2C

H2C

CH2

CH2

A B

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

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

  ..............................................................................................................................................  [3]

[Total: 7]
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4  The structure of glycolic acid is shown.

glycolic acid

H

H

C

O

C OH

OH

 (a)  Complete the table to show what you would observe when an aqueous solution of glycolic acid 
is added separately to each of the reagents. If a reaction occurs, state the functional group of 
glycolic acid that is responsible for the reaction.

reagent observation with glycolic acid
does a 
reaction 

occur? �/�
functional group

Na2CO3(aq)

�,��D13+

acidi¿ed &r2O7
2–

 [4]

 (b)  Two reaction sequences to make glycolic acid are shown.

 

HCHO CH2(OH)CO2Hsequence A X
HCN and NaCN

reaction 1 reaction 2

CH3CO2H CH2BrCO2H CH2(OH)CO2Hsequence B
Br2

reaction 3 reaction 4

 (i)  Draw the structure of X.

 [1]
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 (ii)  Name the reagent for reaction 2.

  .......................................................................................................................................  [1]

 (iii)  Name the mechanism of reaction 3.

  .......................................................................................................................................  [1]

 (iv)  Suggest the essential condition for reaction 3.

  .......................................................................................................................................  [1]

 (v)  Reaction 4 occurs via an SN2 mechanism.

  Complete the diagram for the mechanism for reaction 4.

  Include all relevant charges, partial charges, curly arrows and lone pairs.

H

H

C

O

C OH

– OH

Br

H

H

C

O

C OH

OH

 [2]

 (c)  Glycolic acid can also be made by reacting glyoxylic acid with NaBH4.

H

H

C

O

C OH

OH

C C

glyoxylic acid

O

OH

H

O

NaBH4

glycolic acid

 (i)  State the role of NaBH4 in this reaction.

  .......................................................................................................................................  [1]

 (ii)  Write an equation for this reaction using molecular formulae.
  Use [H] to represent NaBH4.

  .......................................................................................................................................  [2]
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27 Which compound 

 

• is unaffected by hot alkaline potassium manganate(VII); 

• gives hydrogen when treated with sodium? 

 

A (CH3)2CHCOCH3 

B (CH3)3COH 

C CH3CH2CH(OH)CH3 

D CH3CO2CH(CH3)2 

 

 

28 A common industrial solvent is a mixture of propanone, CH3COCH3, and pentyl ethanoate 

CH3CO2(CH2)4CH3. 

 

Which reagent would have no effect on this solvent? 

A Na(s) 

B NaBH4 

C NaOH(aq) 

D 2,4-dinitrophenylhydrazine reagent 

 

 

29 Apples, the fruit of trees of the genus Malus, are rich in malic acid. Malic acid may be synthesised 

in the laboratory in two steps. 

 

NCCH2CHO HO2CCH2CH(OH)CO2HX
step 1 step 2

malic acid
 

 

Which reagents could be used for this synthesis? 

 

 step 1 step 2 

A HCl (aq) HCN(g) 

B HCN, NaCN(aq/alcoholic) H2SO4(aq) 

C H2SO4(aq) K2Cr2O7 / H2SO4(aq)

D KCN(aq/alcoholic) HCl (aq) 

 

 

�
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30 A compound X has all of the properties below.

• It is a liquid at 25°C.

• It mixes completely with water.

• It reacts with aqueous sodium hydroxide.

What could X be?

A ethanoic acid

B ethanol

C ethene

D ethyl ethanoate

�

8
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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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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 o

C 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 o C the V2 O5  catalyst would not be effective. 

C At 450 o

C 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 o C 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 C2 H6-nCl
n
, 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 CH3 CH2 Br → CH2 =CH2  + HBr 

B CH2 =CH2  + HBr → CH3 CH2 Br 

C C3 H7 Br + H2 O → C3 H7 OH + HBr 

D C2 H6 + Br2  → C2 H5 Br + HBr 
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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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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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28 Compound X will decolourise a warm acidified solution of manganate(VII) ions and forms orange 

crystals on reaction with 2,4-dinitrophenylhydrazine. 

 

What is X? 

A CH3CH=CHCH2OH 

B CH3COCH2CH3 

C CH3CH2CH2CHO 

D CH3CH(OH)CH2CO2H 

 

 

29 Which compound would undergo nucleophilic addition? 

A ethene, C2H4 

B bromoethane, C2H5Br 

C ethanal, CH3CHO 

D ethane, C2H6 

 

 

30 Which formula represents the organic compound formed by the reaction of propanoic acid with 

methanol in the presence of concentrated sulphuric acid as a catalyst? 

A CH3CH2COCH3 

B CH3CH2CO2CH3 

C CH3CO2CH2CH3 

D CH3CH2CH2CO2CH3 
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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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25 The functional group in a primary alcohol is –CH2 OH. 

 

Which reagent reacts with a primary alcohol, under suitable conditions, to give an organic product 

with the same number of oxygen atoms as the alcohol? 

A Al2 O3

 

B CH3 CO2 H C HBr D Na 

 

 

26 Ethyl phenylethanoate, C6 H5 CH2 CO2 C2 H5 , gives a characteristic flowery aroma to honey. 

 

Which sequence of reagents, with heating in each case, leads to the preparation of 

C6 H5 CH2 CO2 C2 H5  from C6 H5 CH2 Br? 

 

A

B

C

D

C6H5CH2Br

C6H5CH2Br

C6H5CH2Br

C6H5CH2Br

NaOH(aq)

NaOH(aq)

NaCN(alcoholic)

NaOH(aq)

C2H5COCl

C2H5CO2H, conc. H2SO4

C2H5OH, conc. H2SO4

C2H5OH, conc. H2SO4

H+(aq)

conc. MnO4, H+(aq)–

 

 

 

27 The stomach wall can become sensitive to acidic compounds.  

 

Which is the most acidic compound? 

 

CO2H CO2H CO2H

CO2H

CH(OH)

CH(OH)

CH(OH)

CH(OH)

CH2

CH(OH)

CH2OH

CH3CH(OH)CO2H

A B C D

OCOCH3

aspirin

gluconic acid

malic acid

lactic acid
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18 Nitrogen monoxide, NO, is a primary pollutant produced by petrol engines and is found in their 

exhaust gases. 

 

Which reaction occurs in a catalytic converter and decreases the emission of nitrogen monoxide? 

A NO(g) + CO(g) → NO
2
(g) + C(s) 

B NO(g) + CO
2
(g) → NO

2
(g) + CO(g) 

C 2NO(g) + 2CO(g) → N
2
(g) + 2CO

2
(g) 

D 2NO(g) + CO
2
(g) → 2NO

2
(g) + C(s) 

 

 

19 In the reaction pathway below, an alkane is converted into a carboxylic acid through several 

stages. 

 

C10H22 C2H4 C2H5OH CH3CO2H 
stage 1 stage 2 

catalytic
hydration

stage 3 

 

 

Which processes occur at stage 1 and at stage 3? 

 

 stage 1 stage 3 

A condensation combustion 

B cracking dehydration 

C cracking oxidation 

D dehydration combustion 

 

 

20 Acrylic acid is produced from propene, a gaseous product of oil refineries. 

 

O

OH
acrylic acid

x y

 

 

Which statement about acrylic acid is not correct? 

A Both bond angles x and y are approximately 120°. 

B It decolourises aqueous bromine. 

C It gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent. 

D It reacts with an alcohol to give an ester. 
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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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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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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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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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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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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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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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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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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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18  Transition metals and their compounds are used as catalysts. 

 

Which row is correct? 

 

 

transition metal present 

in the catalyst used in 

the Contact process 

transition metal present 

in the catalyst used in 

the Haber process 

A iron iron 

B iron vanadium 

C vanadium iron 

D vanadium vanadium 

 

 

19  Consecutive elements X, Y and Z are in the third period of the Periodic Table. Element Y has the 

highest first ionisation energy and the lowest melting point of these three elements. 

 

What could be the identities of X, Y and Z? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulfur 

 

 

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

ethanol. 

 

CH3CH2OH CH3CH(OH)OCH2CH3

CH3CO2CH2CH3

CH3CHO
Cu catalyst

–2[H]
Cu catalyst

–2[H]

Cu catalyst

+ CH3CH2OH

 

 

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

A electrophilic addition 

B nucleophilic addition 

C nucleophilic substitution 

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

 

2.30 g of ethanol were mixed with aqueous acidified potassium dichromate(VI) and the desired 

organic 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 2.20 g 

 

 

26 Which pair of reactions could  have the same common intermediate? 

 

W CH
3
CH

2
CH

3
 → intermediate → (CH

3
)
2
CHCN 

X CH
3
CH(OH)CH

3
 → intermediate → (CH

3
)
2
C(OH)CN 

Y CH
3
CH=CH

2
 → intermediate → CH

3
CH(OH)CH

3
 

Z CH
3
CO

2
CH

2
CH

2
CH

3
 → intermediate → CH

3
CH

2
CH

2
Br 

 

A W and X B W and Y C X and Z D Y and Z 

 

 

27 Santonin is a drug that was once widely used to expel parasitic worms from the body. 

 

CH3

CH3

O

CH3

O

O

santonin
 

 

When santonin is first treated with warm dilute H
2
SO

4
, and then the product of this reaction is 

treated with cold acidified KMnO
4
, a final product X is obtained. 

 

How many atoms of hydrogen in each molecule of product X can be displaced with sodium 

metal? 

A 2 B 4 C 5 D 6 

 

 

28 Which compound is optically active and could also be oxidised to a ketone? 

A 2-methylbutan-1-ol 

B 3-methylhexan-3-ol 

C 3-methylpentan-2-ol 

D propan-2-ol 
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19 Use of the Data Booklet is relevant to this question. 

 

Which graph correctly shows relative electronegativity plotted against relative atomic radius for 

the elements Na, Mg, Al and Si? 

 

electronegativity

atomic radius

A

Si

Al

Mg

Na

electronegativity

atomic radius

B

Si

Al
Mg

Na

electronegativity

atomic radius

C

Si

Al

Mg

Na

electronegativity

atomic radius

D

Si

Al

Mg
Na

 

 

 

20  Many organic reactions need to be heated before reaction occurs, but some do not require 

heating. 

 

Which reaction occurs quickly at room temperature? 

A C
2
H

4
  +  Br

2
  →  C

2
H

4
Br

2
 

B C
2
H

4
  +  H

2
O →   CH

3
CH

2
OH 

C CH
3
CH

2
OH  →  C

2
H

4
  +  H

2
O 

D CH
3
CH

2
OH  +  HBr  →  CH

3
CH

2
Br  +  H

2
O 
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27 Primary alcohols can be oxidised to aldehydes using either acidified potassium dichromate(VI) or 

acidified potassium manganate(VII). Both these oxidising agents change colour as they are 

reduced. 

 

What is the colour of each oxidising agent before and after it has reacted? 

 

acidified potassium dichromate(VI) acidified potassium manganate(VII) 

 

before after before after 

A green orange purple colourless 

B orange green colourless purple 

C orange green purple colourless 

D purple colourless orange green 

 

 

28 In which reaction is the organic compound oxidised? 

A CH3CH2OH  +  concentrated H3PO4 

B CH3CH2CH2CHO  +  Tollens’ reagent 

C CH3COCH3  +  2,4-dinitrophenylhydrazine reagent 

D CH3CN  +  dilute H2SO4 

 

 

29 How many of the compounds shown will react with aqueous sodium hydroxide to form the sodium 

salt of a carboxylic acid? 

 

OH3C

O

C CH2 CH3

OH

O

C CH2 CH3

O

H

O

C

CH2 CH3CH2

O

O H

H3C CH

CH3

C

 

 

A 1 B 2 C 3 D 4 
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4 Organic chemistry is the chemistry of carbon compounds. The types of organic reactions 
that you have studied are listed below.

   addition   elimination  hydrolysis

   oxidation  reduction  substitution

 Addition and substitution reactions are further described as follows.

   electrophilic  nucleophilic   free radical 

 Complete the table below.

 Fill in the central column by using only the types of reaction given in the lists above. Use 
both lists when appropriate.

 In the right hand column give the name(s) or formula(e) of the reagent(s) you would use to 
carry out the reaction given.

organic reaction type of reaction reagent(s)

CH3CHO → 

 CH3CH(OH)CN

CH3CH2CH2CH3 →

CH3CH2CHBrCH3

  

CH3CH(OH)CH3 →

CH3CH=CH2

  

CH3CH=CH2 → 
 

CH3CH(OH)CH2OH

  

[Total: 10]
�
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4 Organic chemistry is the chemistry of carbon compounds. The types of organic reactions 
that you have studied are listed below.

   addition   elimination  hydrolysis

   oxidation  reduction  substitution

 Addition and substitution reactions are further described as follows.

   electrophilic  nucleophilic   free radical 

 Complete the table below.

 Fill in the central column by using only the types of reaction given in the lists above. Use 
both lists when appropriate.

 In the right hand column give the name(s) or formula(e) of the reagent(s) you would use to 
carry out the reaction given.

organic reaction type of reaction reagent(s)

CH3CHO → 

 CH3CH(OH)CN

CH3CH2CH2CH3 →

CH3CH2CHBrCH3

  

CH3CH(OH)CH3 →

CH3CH=CH2

  

CH3CH=CH2 → 
 

CH3CH(OH)CH2OH

  

[Total: 10]
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6 The African weaver ant aggressively defends its territory by giving off alarm pheromones
when threatened. Four organic compounds have been identified in the mandibular glands
of these ants, and are related to this behaviour.

The structures of these molecules are as follows.

Outline a series of chemical tests, with the observations, to distinguish each compound
from the others.

Positive identification is required for each compound, and this may require the use of more
than one test.

A ..............................................................................................................................................

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

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

B ..............................................................................................................................................

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

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

C ..............................................................................................................................................

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

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

D ..............................................................................................................................................

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

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

[Total : 8]

CH3 CH2CH2CH2CH2CH2OH

CH3 CH2CH2CH2CH2C

A

CH3 (CH2)7CCH2CH3

CH3 (CH2)4 (CH2)3 CH3

B

C D

O

H
C C

C
O

H
O

H
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4 Commercial paint and varnish removers contain a mixture of dichloromethane, CH2Cl2, and 
methanol, CH3OH.

 (a) What would be observed when the following reactions are carried out?
  In each case, give the name or formula of the reaction product which is responsible for 

the observation you have made.

  (i) CH2Cl2 is reacted with NaOH(aq) and AgNO3(aq) and the mixture left to stand.

observation  ...............................................................................................................

product responsible  ..................................................................................................

  (ii) CH3OH is mixed with PCl5.

observation  ...............................................................................................................

product responsible  ..................................................................................................

  (iii) CH3OH is reacted with sodium.

observation  ...............................................................................................................

product responsible  ..................................................................................................
 [6]

 (b) When CH2Cl2 is heated under reflux with an excess of NaOH(aq), a compound W is 
formed.

  W has the following composition by mass: C, 40.0%; H, 6.7%; O, 53.3%.

  Use this information and the Data Booklet to show that the empirical formula of W is 
CH2O.

 [2]
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 (c) Compounds with the empirical formula CH2O can have the molecular formula C2H4O2.

  Two possible structural formulae for compounds with molecular formula C2H4O2 are 
HCO2CH3 and H2C=C(OH)2.

  In the boxes below, draw displayed formulae for three further structural isomers with 
the molecular formula C2H4O2.

  Do not attempt to draw any structures containing rings or O–O bonds.

X

 

Y Z
 [3]

 (d) Identify which of your compounds, X, Y, or Z, will react with the following reagents.

  In each case, state what you would observe.

  (i) solid NaHCO3

compound ............

observation  ...............................................................................................................

  (ii) Tollens’ reagent

compound ............

observation  ...............................................................................................................
 [4]

 (e) One of the three compounds, X, Y, or Z, shows stereoisomerism.

  Draw displayed, labelled structures of the stereoisomers of this compound.

 [2]

 [Total: 17]
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5 Ethanoic acid, CH3CO2H, is formed as vinegar by the bacterial oxidation of ethanol present 
in wine and other solutions.

    CH3CH2OH  +  2[O]  →  CH3CO2H  +  H2O

 Ethanoic acid can also be formed in the laboratory by the oxidation of ethanol.

 (a) (i) What oxidising agent is used for this laboratory reaction?

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

  (ii) What colour change would be observed?

from ...................................................... to  ...............................................................
    [2]

 When ethanoic acid is prepared in this way in the laboratory, the reagents are heated under 
reflux for some time before the ethanoic acid is separated.

 (b) (i) Why is the reaction carried out by heating under reflux?

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

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

  (ii) What would be the main organic compound formed if, instead of heating under 
reflux, the reagents were heated together and the products immediately distilled 
off?

   ...........................................................  
    [2]

 (c) Ethanoic acid is manufactured from methanol, CH3OH, by reacting it with carbon 
monoxide in the presence of a catalyst containing rhodium metal and iodide ions.

CH3OH  +  CO  →  CH 3CO2H

  The reaction proceeds in a number of stages.

  (i) One stage in this process is the reaction of methanol with hydrogen iodide. 

   What organic compound is formed in this reaction?

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

  (ii) A later stage involves the conversion of an intermediate compound.

CH3C=O  →  CH3C=O
        
                I                    OH

   What type of reaction is this?

 ..................................................................................................................................
[2]
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 (d) Methanol can be converted into ethanoic acid in the laboratory in a three-stage 
process.

CH3OH
step I

CH3I
step II

CH3CN
step III

CH3CO2H

  What reagent(s) and conditions are used in each step of the conversion?

  step I

reagent(s)  .....................................................................

conditions ......................................................................

step II

reagent(s)  .....................................................................

conditions ......................................................................

step III

reagent(s)  .....................................................................

conditions ......................................................................
    [6]

[Total: 12]
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5 An organic ester, B, has the empirical formula C2H4O. An experiment by a student in a 
college gave a value of 87.5 for Mr of B.

 (a) What is the molecular formula of B?

  …………………………  [1]

 (b) In the boxes below, draw the structural formulae of four isomers of B that are esters.

W X

Y Z
[4]
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 The student hydrolysed his sample of B by heating with aqueous mineral acid and then 
separating the alcohol, C, that was formed. He heated the alcohol C under reflux with 
acidified dichromate(VI) ions and collected the product D.

 A sample of D gave an orange precipitate with 2,4-dinitrophenylhydrazine reagent. A second 
sample of D gave no reaction with Tollens’ reagent. 

 (c) (i) What group does the reaction with 2,4-dinitrophenylhydrazine reagent show to be 
present in D?

   ………………………………………

  (ii) What does the result of the test with Tollens’ reagent show about D?

   ………………………………………

  (iii) What is the structural formula of the alcohol C?

  (iv) Which of your esters, W, X, Y, or Z has the same structure as that of the ester B?

   ……………… [4]

 (d) Which, if any of your esters, W, X, Y, or Z is chiral? Explain your answer.

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

 ..................................................................................................................................... [1]

 [Total: 10]
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5 Propanone, CH3COCH3, an important industrial solvent, can be converted into another 
industrially important solvent, MIBK, by the following sequence.

2 CH3 C=O C6 H12O2

CH3
F

step I step II

step III

CH3 C=O

CH=C(CH3 )2

(C6 H10 O)

CH3 C=O

CH2CH(CH3 )2

G

MIBK

 (a) When F is formed in step I no other compound is produced.
  Suggest a structural formula for F, which contains one –OH group.

[1]
 (b) Compound G has two functional groups.

  Name one functional group present in G and show how you would identify it. Put your 
answers in the table.

functional group in G reagent used in test what would be seen

[3]

 (c) G is formed from F in step II.
  Use your answers to (a) and (b) to suggest

  (i) what type of reaction occurs in step II,

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

  (ii) a reagent for step II.  

   ............................................................      [2]
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 (d) The production of MIBK from G in step III involves the hydrogenation of the >C=C< 
group and is carried out catalytically. A mixture of compounds is formed because the 
>C=O group is also reduced.

  What reagent(s) and solvent are normally used in a laboratory to reduce a >C=O group 
without reducing a >C=C< group present in the same molecule?

reagent(s)  ........................................................................................................................

solvent ......................................................................................................................... [2]

 G has a number of structural isomers.

 (e) Draw the displayed formulae of a pair of structural isomers of G which contain the 
CH3CO– group and which exhibit cis-trans isomerism.

  Label each structure cis or trans and give your reasoning.

   

[3]

[Total: 11]
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5 Three organic compounds, G, H, and J, each have the empirical formula CH2O.
 The numbers of carbon atoms in their molecules are shown in the table.

compound number of C 
atoms

G 1

H 2

J 3

 In H and in J, the carbon atoms are bonded directly to one another.
 
 G gives a silver mirror when treated with Tollens’ reagent.
 
 H and J each give a brisk effervescence with Na2CO3(aq).

 (a) Identify G.      

  ……………………………………… [1]

 (b) (i) What functional group is common to both H and J?

   ………………………………………  

  (ii) Identify H.

   ……………………………………… 

  (iii) Identify J.

   ……………………………………… [3]

 (c)  When J is heated under reflux with acidified K2Cr2O7, the product, K, gives a red-orange 
precipitate with 2,4-dinitrophenylhydrazine reagent.

  Draw the structural formula of K, the compound formed from J.

[1]
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 (d) When J  is warmed with concentrated sulfuric acid, a cyclic compound, L, is formed. 
L has the molecular formula C6 H8 O4 . 

  (i) Suggest a displayed formula for L.

  

  (ii) What type of reaction occurs when L is formed from J ?

   ……………………………………… [2]

[Total: 7]
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5 Isomerism occurs in many organic compounds. The two main forms of isomerism are 
structural isomerism and stereoisomerism. Many organic compounds that occur naturally 
have molecules that can show stereoisomerism, that is cis-trans or optical isomerism.

 (a) (i) Explain what is meant by structural isomerism.

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

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

  (ii) State two different features of molecules that can give rise to stereoisomerism.

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

 ..................................................................................................................................
[3]

 Unripe fruit often contains polycarboxylic acids, that is acids with more than one carboxylic 
acid group in their molecule.

 One of these acids is commonly known as tartaric acid, HO2CCH(OH)CH(OH)CO2H.

 (b) Give the structural formula of the organic compound produced when tartaric acid is 
reacted with an excess of NaHCO3.

[1]

 Another acid present in unripe fruit is citric acid,

HO2CCH2CCH2CO2H

CO2H

OH

 (c) Does citric acid show optical isomerism? Explain your answer.

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

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

 ....................................................................................................................................  [1]
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 A third polycarboxylic acid present in unripe fruit is a colourless crystalline solid, W, which 
has the following composition by mass: C, 35.8%; H, 4.5%; O, 59.7%.

 (d) (i) Show by calculation that the empirical formula of W is C4H6O5.

  (ii) The Mr of W is 134. Use this value to determine the molecular formula of W.

[3]

 A sample of W of mass 1.97 g was dissolved in water and the resulting solution titrated with 
1.00 mol dm–3 NaOH. 29.4 cm3 were required for complete neutralisation.

 (e) (i) Use these data to deduce the number of carboxylic acid groups present in one 
molecule of W.

  (ii) Suggest the displayed formula of W.

[5]

[Total: 13]

CEDAR COLLEGE OVERALL ORGANIC WS 4



 357

9

�

8

9701/22/M/J/10© UCLES 2010

For
Examiner’s

Use

4 An organic compound, E, has the following composition by mass: 
 C, 48.7%; H, 8.1%; O, 43.2%.

 (a) Calculate the empirical formula of E.

 [2]

 (b) When vaporised in a suitable apparatus, 0.130 g of E occupied a volume of 58.0 cm3 at 
127 °C and 1.00 × 105 N m–2.

  (i) Use the expression pV = mRT
Mr

 to calculate Mr of E, 

   where m is the mass of E.

  (ii) Hence calculate the molecular formula of E.

 [4]

 (c) Compound F, is an ester with the molecular formula C4H8O2.

  F is one of four isomers, S, T, U, and V, that are all esters.

  In the boxes below, the structural formula of S is given.

  Draw the structural formulae of the other three isomers of F that are esters.

HCO2CH(CH3)2

S T U V

 [3]
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4 An organic compound, E, has the following composition by mass: 
 C, 48.7%; H, 8.1%; O, 43.2%.

 (a) Calculate the empirical formula of E.

 [2]

 (b) When vaporised in a suitable apparatus, 0.130 g of E occupied a volume of 58.0 cm3 at 
127 °C and 1.00 × 105 N m–2.

  (i) Use the expression pV = mRT
Mr

 to calculate Mr of E, 

   where m is the mass of E.

  (ii) Hence calculate the molecular formula of E.

 [4]

 (c) Compound F, is an ester with the molecular formula C4H8O2.

  F is one of four isomers, S, T, U, and V, that are all esters.

  In the boxes below, the structural formula of S is given.

  Draw the structural formulae of the other three isomers of F that are esters.

HCO2CH(CH3)2

S T U V

 [3]
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 (d) When the ester F is hydrolysed, an alcohol G is produced.

  (i) What reagent can be used to hydrolyse an ester to an alcohol? 
 
   ...................................

  (ii) What other type of organic compound is produced at the same time?

   ...................................
 [2]

 (e) On mild oxidation, the alcohol G gives a compound H which forms a silver mirror with 
Tollens’ reagent. 

  (i) What functional group does the reaction with Tollens’ reagent show to be present in 
compound H? Give the name of this group.

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

  (ii) What type of alcohol is G?

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

  (iii) What could be the structural formula of the alcohol G?

 [3]

 (f) (i) Which of the four isomers, S, T, U, or V, could not be F?

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

  (ii) Explain your answer.

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

 ..................................................................................................................................
 [2]

 [Total: 16]
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 (d) When the ester F is hydrolysed, an alcohol G is produced.

  (i) What reagent can be used to hydrolyse an ester to an alcohol? 
 
   ...................................

  (ii) What other type of organic compound is produced at the same time?

   ...................................
 [2]

 (e) On mild oxidation, the alcohol G gives a compound H which forms a silver mirror with 
Tollens’ reagent. 

  (i) What functional group does the reaction with Tollens’ reagent show to be present in 
compound H? Give the name of this group.

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

  (ii) What type of alcohol is G?

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

  (iii) What could be the structural formula of the alcohol G?

 [3]

 (f) (i) Which of the four isomers, S, T, U, or V, could not be F?

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

  (ii) Explain your answer.

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

 ..................................................................................................................................
 [2]
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 (d) When the ester F is hydrolysed, an alcohol G is produced.

  (i) What reagent can be used to hydrolyse an ester to an alcohol? 
 
   ...................................

  (ii) What other type of organic compound is produced at the same time?

   ...................................
 [2]

 (e) On mild oxidation, the alcohol G gives a compound H which forms a silver mirror with 
Tollens’ reagent. 

  (i) What functional group does the reaction with Tollens’ reagent show to be present in 
compound H? Give the name of this group.

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

  (ii) What type of alcohol is G?

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

  (iii) What could be the structural formula of the alcohol G?

 [3]

 (f) (i) Which of the four isomers, S, T, U, or V, could not be F?

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

  (ii) Explain your answer.

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

 ..................................................................................................................................
 [2]

 [Total: 16]
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4 Organic reactions involve substances which may be

  atoms, molecules, ions or free radicals.

 We also apply the terms

  electrophilic, nucleophilic, addition, elimination and substitution

 to organic reactions. 

 Consider the following reactions.

  CH4  +  Cl 2    CH3Cl  +  HCl    reaction 1

  CH3CH2OH    CH2=CH2  +  H2O   reaction 2

  CH3I  +  OH–     CH3OH  +  I –     reaction 3

  CH3COCH3  +  HCN    CH3C(OH)(CN)CH3  reaction 4

 (a) Using the terms mentioned above, state as clearly as you can the nature of each of the 
following reactions.

  reaction 1 .......................................................................

  reaction 2 ....................................................................... [2]

 (b) By considering the four reactions above, suggest a formula for each of the following 
substances.

  In each case, state which reaction you are considering.

  (i) one substance that is an addition product

   reaction.......  addition product

  (ii) one substance that is a leaving group

   reaction.......  leaving group

  (iii) one substance that behaves as an electrophile

   reaction.......  electrophile

 [3]
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 (c) What is meant by the term nucleophile?

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

 ....................................................................................................................................  [1]

 (d) Reactions 3 and 4 involve nucleophiles.
  
  For each reaction, give the formula of the nucleophile.

  reaction 3

  reaction 4

 
 [2]
 
 (e) One characteristic reaction of ethene is its ability to decolourise bromine.

CH2=CH2  +  Br2    BrCH2CH2Br

  In this reaction, ethene behaves as a nucleophile.

  Suggest an explanation for how ethene can behave in this way.

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

 ....................................................................................................................................  [1]

 [Total: 9]
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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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 Vinyl alcohol cannot be polymerised in the same way as acrylonitrile because it will readily 
isomerise into another common organic compound, Z.

 (c) (i) Suggest the structural formula of the organic compound Z.

  (ii) Suggest the structural formula of another isomer of vinyl alcohol which has a cyclic 
(ring) structure.

 [2]

 Acrolein (2-propenal), CH2=CHCHO, has also been found in Space.

 (d) Give the structural formulae of the organic compounds formed when acrolein is reacted 
separately with each of the following reagents.

reagent product

Br2 in an inert solvent

NaCN + dilute H2SO4 

Tollens’ reagent

NaBH4

[4]

[Total: 13]
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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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4 The structural formulae of six different compounds, P – U, are given below.

 CH3CH=CHCH2CH3 CH3CH2COCH2CH3 CH2=CHCH2CH2CH3

 P Q R

 CH3CH2CH2CH2CH2OH HOCH2CH2CH(OH)CH3 CH3CH2CH2OCH2CH3

 S T U

 (a) (i) What is the empirical formula of compound T? 

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

  (ii) Draw the skeletal formula of compound S.

 [2]

 (b) (i) Compounds S and U are isomers.

   What type of isomerism do they show?

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

  (ii) Two of the six formulae P – U can each be drawn in two forms which are known as 
stereoisomers.

   Which two compounds have formulae that can be drawn in two forms?

   What type of stereoisomerism does each show?

   Identify each compound by its letter.

compound type of stereoisomerism

 

 
 [3]
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 (c)  Compound S can be converted into compound R.

  (i) What type of reaction is this?

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

  (ii) What reagent would you use for this reaction?

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

  (iii) Write the structural formula of the compound formed when T undergoes the same 
reaction using an excess of the reagent you have used in (c)(ii).

    ............................. ................................................................................................. [3]

 (d)  Compound P may be converted into compound Q in a two-step reaction.

    CH3CH=CHCH2CH3 step 1 intermediate step 2 CH3CH2COCH2CH3
        P         Q

  (i) What is the structural formula of the intermediate compound formed in this sequence?

  (ii) Outline how step 1 may be carried out to give this intermediate compound.

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

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

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

  (iii) What reagent would be used for step 2?

    .........................................  .................................................................................... [4]

 [Total: 12]
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5  Organic compounds which contain oxygen may contain alcohol, aldehyde, carboxylic acid, 

ester or ketone functional groups. The functional groups may be identifi ed by their reactions 

with specifi c reagents.

  Compound X has the empirical formula CH
2
O and M

r
 of 90.

 (a)  There is no reaction when X is treated with NaHCO
3
.

  What functional group does this test show to be not present in X?

 ................................... [1]

 (b)  When 0.600 g of X is reacted with an excess of Na, 160 cm3 of H
2
, measured at room 

temperature and pressure, is produced.

 (i)  What functional group does this reaction show to be present in X?

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

 (ii)  Use the data to calculate the amount, in moles, of hydrogen atoms produced from 

0.600 g of X.

 (iii)  Hence, show that each molecule of X contains two of the functional groups you 

have given in (i).

[4]
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 (c)  When X is warmed with Fehling’s reagent, a brick red precipitate is formed.
  Treatment of X with 2,4-dinitrophenylhydrazine reagent produces an orange solid.

 (i)  What functional group do these reactions show to be present in X?
  Draw the displayed formula of this functional group.

 (ii)  Use your answers to (b)(i), (b)(ii) and (c)(i) to deduce the structural formula of X.

 (iii)  What is the structural formula of the organic product of the reaction of X with Fehling’s 
reagent?

[3]

 (d)  Compound X can be both oxidised and reduced.

 (i)  Give the structural formula of the compound formed when X is reacted with NaBH4 
under suitable conditions.

 (ii)  Give the structural formula of the compound formed when X is heated under refl ux 
with acidifi ed K2Cr2O7.

[2]

[Total: 10]
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4  Oxygen-containing organic compounds may contain a number of different functional groups  

including alcohol, aldehyde, carboxylic acid, ester or ketone functional groups. These 

functional groups may be identifi ed by their reactions with specifi c reagents.

 (a)  On treating compounds containing each of these functional groups with the reagents 

below, only fi ve reactions occur. Complete the table by placing a tick (�) in each box 

where you believe a reaction will occur. You should place no more than fi ve ticks in the 

table.

reagent
alcohol

R
2
CHOH

aldehyde

RCHO

carboxylic 

acid RCO
2
H

ester

RCO
2
R'

ketone

RCOR’

NaHCO
3

Na

Cr
2
O

7
2–

 / H+

[5]

  Compound G has the empirical formula CH
2
O and M

r
 of 90.

  An aqueous solution of G is neutral. There is no reaction when G is treated with NaHCO
3
.

  When 0.30 g of pure G is reacted with an excess of Na, 80 cm3 of H
2
, measured at room 

temperature and pressure, is produced.

 (b) (i)  What functional group do these two reactions show to be present in G?

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

 (ii)  Use the data to calculate the amount, in moles, of hydrogen atoms produced from 

0.30 g of G.

 (iii)  Hence, show that each molecule of G contains two of the functional groups you 

have given in (i).

[4]
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 (c)  Treatment of G with 2,4-dinitrophenylhydrazine reagent produces an orange solid.

  When G is warmed with Fehling’s reagent, no reaction occurs.

 (i)  What functional group do these reactions show to be present in G?

  Draw the displayed formula of this functional group.

 (ii)  Use your answers to (b)(i) and (c)(i) to deduce the structural formula of G.

[2]

 (d)  Compound G can be both oxidised and reduced.

 (i)  When G is heated under refl ux with acidifi ed K
2
Cr

2
O

7
, compound H is formed.

 Give the structural formula of compound H.

 (ii)  When G is reacted with NaBH
4
 under suitable conditions, compound J is formed.

 Give the structural formula of compound J.

[2]

[Total: 13]
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5  Many naturally occurring organic compounds contain oxygen. Such compounds may contain 
alcohol, aldehyde, carboxylic acid, ester or ketone functional groups. These functional groups 
may be identifi ed by their reactions with specifi c reagents.

  Compound F is a white solid which has the molecular formula C3H6O3.

  Compound F is soluble in water. Addition of NaHCO3 to this solution produces a colourless 
gas, G, which turns lime water milky.

 (a) (i)  What is the identity of the gas G?

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

 (ii)  What functional group does this test show to be present in F?

 ...................................................
[2]

 (b)  When F is heated with concentrated sulfuric acid, a colourless liquid H is produced.
  When cold dilute acidifi ed KMnO4 is shaken with H, the solution becomes colourless.

 (i)  What type of reaction occurs when H is formed from F?

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

 (ii)  Use your answers to (a)(ii) and (b)(i) to deduce the structural formula of the colourless 
liquid H.

[4]
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 (c)  Compound F will react with sodium.

  Calculate the volume of H2, measured at room temperature and pressure, which will be 
produced when 0.600 g of F is reacted with an excess of Na.

[4]

 (d)  There are two structural isomers of F that give the reactions described in (a) and (b).

 (i)  Suggest two structural formulae for these isomers.

J K

 (ii)  Isomers J and K can both be oxidised.
  What will be produced when each of the isomers J and K is heated under refl ux with 

acidifi ed K2Cr2O7?

product from J product from K
[2]

[Total: 12]
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4  Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and 
esters, contain oxygen.

 (a)  The table below lists some oxygen-containing organic compounds and some common 
laboratory reagents.

 (i)  Complete the table as fully as you can.
  If you think no reaction occurs, write ‘no reaction’ in the box for the structural 

formula(e).

reaction organic
compound reagent structural formula(e) of 

organic product(s)

A CH3CH(OH)CH3 NaBH4

B CH3COCH3
Tollens’ reagent

warm

C CH3CO2CH(CH3)2
KOH(aq)

warm

D (CH3)3COH Cr2O7
2–

 / H+

heat under refl ux

E CH3COCH3 NaBH4

F (CH3)3COH PCl 5

G CH3CH  CHCH2OH MnO4
–

 / H+

heat under refl ux
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 (ii)  During some of the reactions in (i) a colour change occurs.
  Complete the table below for any such reactions, stating the letter of the reaction 

and what the colour change is.

reaction colour at the beginning
of the reaction

colour at the end
of the reaction

[12]

[Total: 12]
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4  Organic chemistry is the chemistry of carbon compounds. The types of organic reactions that 
you have studied are listed below.

 addition elimination hydrolysis

 oxidation reduction substitution

  Addition and substitution reactions are further described as follows.

 electrophilic nucleophilic free radical

  Complete the table below.
  Fill in the central column by using only the types of reaction given in the lists above.
 Use both lists when appropriate.
  In the right hand column give the formula(e) of the reagent(s) you would use to carry out the 

reaction given.

organic reaction type of reaction reagent(s)

CH3CH2CH2CH2Br  o

CH3CH2CH2CH2NH2

CH3CH2CH2CH2OH  o

BrCH2CH2CH2CH2OH

CH3COCH3  o

CH3C(OH)(CN)CH3

CH3CH(OH)CH2CH3  o

CH3CH=CHCH3

[Total: 11]
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4  Crotyl alcohol, CH3CH=CHCH2OH, is a colourless liquid which is used as a solvent.

 (a)  In the boxes below, write the structural formula of the organic compound formed when 
crotyl alcohol is reacted separately with each reagent under suitable conditions.

  If you think no reaction occurs, write 'NO REACTION' in the box.

A Br2 in an inert organic
solvent

B PCl 5

C H2 and Ni catalyst

D NaBH4

E K2Cr2O7 / H+

heat under refl ux

[5]

 (b)  Draw the displayed formula of the organic compound formed when crotyl alcohol is 
reacted with cold, dilute acidifi ed potassium manganate(VII).

[1]

 (c)  Draw the skeletal formula of the compound formed in reaction E.

[2]
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 (d)  Crotyl alcohol is obtained from crotonaldehyde, CH3CH=CHCHO.

 (i)  Describe one test that would confi rm the presence of a small amount of unreacted 
crotonaldehyde in the crotyl alcohol.

  Give the name of the reagent used and state what you would see.

 reagent  ......................................................................................................................

 observation  ................................................................................................................

 (ii)  What type of reaction is the conversion of crotonaldehyde into crotyl alcohol?

  ....................................................................................................................................
[3]

 (e)  Compound P, another unsaturated compound, is found in some blue cheeses.
  The percentage composition by mass of compound P is C: 73.7%; H: 12.3%; O: 14.0%.

  Calculate the empirical formula of compound P.

[2]

[Total: 13]
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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.
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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

CEDAR COLLEGE DATA BOOKET



 392

  

Cambridge International AS and A Level Chemistry 9701 syllabus General syllabus requirements and information 

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

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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