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3 Chemical Bonding 

This topic introduces the different ways by which chemical bonding occurs and the 

effect this can have on physical properties. 

3.1 Ionic Bonding 

3.4 Metallic Bonding

3.5 Bonding and physical properties
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3 Chemical bonding

This topic introduces the different ways by which chemical bonding occurs and the effect this can have 
on physical properties. 

Learning outcomes 
Candidates should be able to: 

3.1  Ionic bonding a) describe ionic bonding, as in sodium chloride, magnesium oxide and 
calcium fluoride, including the use of ‘dot-and-cross’ diagrams 

3.2  Covalent bonding 
and co-ordinate 
(dative covalent) 
bonding including 
shapes of simple 
molecules 

a) describe, including the use of ‘dot-and-cross’ diagrams:
(i)  covalent bonding, in molecules such as hydrogen, oxygen, chlorine, 

hydrogen chloride, carbon dioxide, methane, ethene
(ii)  co-ordinate (dative covalent) bonding, such as in the formation of the 

ammonium ion and in the Al 2Cl 6 molecule
b) describe covalent bonding in terms of orbital overlap, giving σ and π 

bonds, including the concept of hybridisation to form sp, sp2 and sp3 
orbitals (see also Section 14.3)

c) explain the shapes of, and bond angles in, molecules by using the 
qualitative model of electron-pair repulsion (including lone pairs), using 
as simple examples: BF3 (trigonal), CO2 (linear), CH4 (tetrahedral), NH3 
(pyramidal), H2O (non-linear), SF6 (octahedral), PF5 (trigonal bipyramidal)

d) predict the shapes of, and bond angles in, molecules and ions analogous 
to those specified in 3.2(b) (see also Section 14.3) 

3.3  Intermolecular 
forces, 
electronegativity 
and bond properties

a) describe hydrogen bonding, using ammonia and water as simple 
examples of molecules containing N–H and O–H groups

b) understand, in simple terms, the concept of electronegativity and apply 
it to explain the properties of molecules such as bond polarity (see 
also Section 3.3(c)), the dipole moments of molecules (3.3(d)) and the 
behaviour of oxides with water (9.2(c))  

c) explain the terms bond energy, bond length and bond polarity and use 
them to compare the reactivities of covalent bonds (see also Section 
5.1(b)(ii))

d) describe intermolecular forces (van der Waals’ forces), based on 
permanent and induced dipoles, as in, for example, CHCl 3(l); Br2(l) and 
the liquid Group 18 elements 

3.4  Metallic bonding a) describe metallic bonding in terms of a lattice of positive ions 
surrounded by delocalised electrons 

3.5  Bonding and 
physical properties

a) describe, interpret and predict the effect of different types of bonding 
(ionic bonding, covalent bonding, hydrogen bonding, other intermolecular 
interactions, metallic bonding) on the physical properties of substances

b) deduce the type of bonding present from given information
c) show understanding of chemical reactions in terms of energy transfers 

associated with the breaking and making of chemical bonds 

Syllabus content

Cambridge International AS and A Level Chemistry 9701 syllabus Syllabus content  

19Back to contents page www.cie.org.uk/alevel

3 Chemical bonding

This topic introduces the different ways by which chemical bonding occurs and the effect this can have 
on physical properties. 

Learning outcomes 
Candidates should be able to: 

3.1  Ionic bonding a) describe ionic bonding, as in sodium chloride, magnesium oxide and 
calcium fluoride, including the use of ‘dot-and-cross’ diagrams 

3.2  Covalent bonding 
and co-ordinate 
(dative covalent) 
bonding including 
shapes of simple 
molecules 

a) describe, including the use of ‘dot-and-cross’ diagrams:
(i)  covalent bonding, in molecules such as hydrogen, oxygen, chlorine, 

hydrogen chloride, carbon dioxide, methane, ethene
(ii)  co-ordinate (dative covalent) bonding, such as in the formation of the 

ammonium ion and in the Al 2Cl 6 molecule
b) describe covalent bonding in terms of orbital overlap, giving σ and π 

bonds, including the concept of hybridisation to form sp, sp2 and sp3 
orbitals (see also Section 14.3)

c) explain the shapes of, and bond angles in, molecules by using the 
qualitative model of electron-pair repulsion (including lone pairs), using 
as simple examples: BF3 (trigonal), CO2 (linear), CH4 (tetrahedral), NH3 
(pyramidal), H2O (non-linear), SF6 (octahedral), PF5 (trigonal bipyramidal)

d) predict the shapes of, and bond angles in, molecules and ions analogous 
to those specified in 3.2(b) (see also Section 14.3) 

3.3  Intermolecular 
forces, 
electronegativity 
and bond properties

a) describe hydrogen bonding, using ammonia and water as simple 
examples of molecules containing N–H and O–H groups

b) understand, in simple terms, the concept of electronegativity and apply 
it to explain the properties of molecules such as bond polarity (see 
also Section 3.3(c)), the dipole moments of molecules (3.3(d)) and the 
behaviour of oxides with water (9.2(c))  

c) explain the terms bond energy, bond length and bond polarity and use 
them to compare the reactivities of covalent bonds (see also Section 
5.1(b)(ii))

d) describe intermolecular forces (van der Waals’ forces), based on 
permanent and induced dipoles, as in, for example, CHCl 3(l); Br2(l) and 
the liquid Group 18 elements 

3.4  Metallic bonding a) describe metallic bonding in terms of a lattice of positive ions 
surrounded by delocalised electrons 

3.5  Bonding and 
physical properties

a) describe, interpret and predict the effect of different types of bonding 
(ionic bonding, covalent bonding, hydrogen bonding, other intermolecular 
interactions, metallic bonding) on the physical properties of substances

b) deduce the type of bonding present from given information
c) show understanding of chemical reactions in terms of energy transfers 

associated with the breaking and making of chemical bonds 

Syllabus content

CEDAR COLLEGE BONDING: OTHER



 11

�

IONIC BONDING

Ionic bonding involves a transfer of one or more electrons from one atom to 

another, leading to the formation of an ionic bond. 

The strong electrostatic attraction that prevails between the oppositely 
charged ions in a crystal lattice is referred to as ionic bonding. 

Positive ions, known as cations, are formed when electrons are removed from 

atoms. They are smaller than the original atom. The energy associated with the 

process is known as the ionisation energy 

Negative ions, known as anions, are larger than the original atom. Energy is 

released as the nucleus pulls in an electron. This energy is the electron affinity.

 1

‘DOT҆AND҆CROSS’ DIAGRAMS

 2

 NaCl

50 4  Chemical bonding

4.2 Ionic bonding
How are ions formed?
Ions are formed when atoms lose or gain electrons.
• Positive ions are formed when an atom loses one or 

more electrons. Metal atoms usually lose electrons and 
form positive ions.

• Negative ions are formed when an atom gains one or 
more electrons. Non-metal atoms usually gain electrons 
and form negative ions.

Th e charge on the ion depends on the number of 
electrons lost or gained (see page 29).

When metals combine with non-metals, the electrons 
in the outer shell of the metal atoms are transferred to 
the non-metal atoms. Each non-metal atom usually gains 
enough electrons to fi ll its outer shell. As a result of this, 
the metal and non-metal atoms usually end up with outer 
electron shells which are complete – they have an electron 
confi guration of a noble gas.

In Figure 4.2 we can see that:
• the sodium ion has the electronic structure [2,8]+, the 

same as that of neon
• the chloride ion has the electronic structure [2,8,8]−, the 

same as that of argon.

The idea that ions have a noble gas electron confi guration 
was fi rst put forward by the German physicist Walther Kossel 
in 1916. In the same year the American chemist Gilbert Lewis 
came up with the same idea independently.

Fact fi le

Th e strong force of attraction between the oppositely 
charged positive and negative ions results in an 
ionic bond. An ionic bond is sometimes called an 
electrovalent bond. In an ionic structure, the ions are 
arranged in a regular repeating pattern (see Chapter 5). 
As a result of this, the force between one ion and the ions 
of opposite charge which surround it is very great. In 
other words, ionic bonding is very strong.

Dot-and-cross diagrams
You will notice that in Figure 4.2, we used dots and 
crosses to show the electronic confi guration of the chloride 
and sodium ions. Th is helps us keep track of where the 
electrons have come from. It does not mean that the 
electron transferred is any diff erent from the others. 
Diagrams like this are called dot-and-cross diagrams.

When drawing a dot-and-cross diagram for an ionic 
compound it is usually acceptable to draw the outer 
electron shell of the metal ion without any electrons. Th is 
is because it has transferred these electrons to the negative 
ion. Figure 4.4 shows the outer shell dot-and-cross 
diagram for sodium chloride.

A dot-and-cross diagram shows:
• the outer electron shells only
• that the charge of the ion is spread evenly, by using 

square brackets
• the charge on each ion, written at the top right-hand 

corner of the square brackets.

Figure 4.2 The formation of a sodium ion and chloride ion by electron transfer.

Na NaCl

2,8,1 2,8,7 [2,8]+ [2,8,8]–

NaCl (Na+ Cl–)

+ –

Cl

514  Chemical bonding

Calcium chloride
Each calcium atom has two electrons in its outer shell and 
these can be transferred to two chlorine atoms. By losing 
two electrons, each calcium atom achieves the electron 
confi guration [2,8,8] (Figure 4.6). Th e two chlorine 
atoms each gain one electron to achieve the electron 
confi guration [2,8,8]. [2,8,8] is the electron confi guration 
of argon; it is a ‘noble-gas confi guration’.

Some examples of dot-and-cross diagrams
Magnesium oxide
When magnesium reacts with oxygen to form 
magnesium oxide the two electrons in the outer shell of 
each magnesium atom are transferred to the incompletely 
fi lled orbitals of an oxygen atom. By losing two electrons, 
each magnesium atom achieves the electron confi guration 
[2,8] (Figure 4.5). By gaining two electrons, each 
oxygen atom achieves the electron confi guration [2,8]. 
[2,8] is the electron confi guration of neon; it is a 
‘noble-gas confi guration’.

1 Draw dot-and-cross diagrams for the 
following ionic compounds. Show only the 
outer electron shells.
a Potassium chloride, KCl
b Sodium oxide, Na2O
c Calcium oxide, CaO
d Magnesium chloride, MgCl2

Check-up

Figure 4.5 Dot-and-cross diagram for magnesium oxide.

Figure 4.4 Dot-and-cross diagram for sodium chloride.
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Figure 4.6 Dot-and-cross diagram for calcium chloride.
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Figure 4.3 These crystals of salt are made up of millions of sodium ions 
and chloride ions.

MgO

514  Chemical bonding

Calcium chloride
Each calcium atom has two electrons in its outer shell and 
these can be transferred to two chlorine atoms. By losing 
two electrons, each calcium atom achieves the electron 
confi guration [2,8,8] (Figure 4.6). Th e two chlorine 
atoms each gain one electron to achieve the electron 
confi guration [2,8,8]. [2,8,8] is the electron confi guration 
of argon; it is a ‘noble-gas confi guration’.

Some examples of dot-and-cross diagrams
Magnesium oxide
When magnesium reacts with oxygen to form 
magnesium oxide the two electrons in the outer shell of 
each magnesium atom are transferred to the incompletely 
fi lled orbitals of an oxygen atom. By losing two electrons, 
each magnesium atom achieves the electron confi guration 
[2,8] (Figure 4.5). By gaining two electrons, each 
oxygen atom achieves the electron confi guration [2,8]. 
[2,8] is the electron confi guration of neon; it is a 
‘noble-gas confi guration’.

1 Draw dot-and-cross diagrams for the 
following ionic compounds. Show only the 
outer electron shells.
a Potassium chloride, KCl
b Sodium oxide, Na2O
c Calcium oxide, CaO
d Magnesium chloride, MgCl2

Check-up

Figure 4.5 Dot-and-cross diagram for magnesium oxide.

Figure 4.4 Dot-and-cross diagram for sodium chloride.

+

Na

–

Cl

2,8,2 2,6 [2,8]2+ [2,8]2–

2–2+

MgO

Mg OOMg

Figure 4.6 Dot-and-cross diagram for calcium chloride.

2,8,8,2

2,8,7

2,8,7

[2,8,8]2+

2+

–

–

CaCl2
[2,8,8]–

[2,8,8]–
Ca

Cl Cl

ClCl

Ca

Figure 4.3 These crystals of salt are made up of millions of sodium ions 
and chloride ions.

514  Chemical bonding

Calcium chloride
Each calcium atom has two electrons in its outer shell and 
these can be transferred to two chlorine atoms. By losing 
two electrons, each calcium atom achieves the electron 
confi guration [2,8,8] (Figure 4.6). Th e two chlorine 
atoms each gain one electron to achieve the electron 
confi guration [2,8,8]. [2,8,8] is the electron confi guration 
of argon; it is a ‘noble-gas confi guration’.

Some examples of dot-and-cross diagrams
Magnesium oxide
When magnesium reacts with oxygen to form 
magnesium oxide the two electrons in the outer shell of 
each magnesium atom are transferred to the incompletely 
fi lled orbitals of an oxygen atom. By losing two electrons, 
each magnesium atom achieves the electron confi guration 
[2,8] (Figure 4.5). By gaining two electrons, each 
oxygen atom achieves the electron confi guration [2,8]. 
[2,8] is the electron confi guration of neon; it is a 
‘noble-gas confi guration’.

1 Draw dot-and-cross diagrams for the 
following ionic compounds. Show only the 
outer electron shells.
a Potassium chloride, KCl
b Sodium oxide, Na2O
c Calcium oxide, CaO
d Magnesium chloride, MgCl2

Check-up

Figure 4.5 Dot-and-cross diagram for magnesium oxide.

Figure 4.4 Dot-and-cross diagram for sodium chloride.

+

Na

–

Cl

2,8,2 2,6 [2,8]2+ [2,8]2–

2–2+

MgO

Mg OOMg

Figure 4.6 Dot-and-cross diagram for calcium chloride.

2,8,8,2

2,8,7

2,8,7

[2,8,8]2+

2+

–

–

CaCl2
[2,8,8]–

[2,8,8]–
Ca

Cl Cl

ClCl

Ca

Figure 4.3 These crystals of salt are made up of millions of sodium ions 
and chloride ions.

CaCl2[  Na  ]+ [   Cl   ]–
xxx

xx
x
x x
x

CEDAR COLLEGE BONDING: OTHER



 12

�

SKILL CHECK

(a) Define ionic bonding.  

(b) Explain in terms of electrons, how an ionic bond forms between 
atoms of calcium and atoms of fluorine. 

(c) Draw electron configuration diagrams for a calcium ion and for a 
fluoride ion, showing their charges and outer electrons.  

 3

SKILL CHECK

Draw ‘dot-and-cross’ diagrams for:  

(a) lithium fluoride 

(b) magnesium chloride 

(c) lithium oxide 

(d) calcium oxide 

 4

CEDAR COLLEGE BONDING: OTHER
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SKILL CHECK

In a historically famous experiment Wohler heated “inorganic” ammonium 

cyanate in the absence of air. The only product of the reaction was 

“organic” urea, CO(NH2)2. No other products were formed in the reaction.  

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

A   CNO-          B   CNO2-          C   CO-          D  NO-

 5

IONIC COMPOUNDS

The compounds formed by ionic bonds do not contain individual 

molecules, but are formed of an infinite assembly of ions.  

The ions due to their mutual attraction arrange themselves in a regular 

pattern. Thus they are always crystalline solids at room temperature.  

The electrical force binding them being very strong, they are non–volatile 

with high melting and boiling points. Every bond in the lattice needs to be 

broken down to melt the ionic compound.

 6

CEDAR COLLEGE BONDING: OTHER
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IONIC COMPOUNDS

Because they comprised of ions they conduct electricity in the molten or 

aqueous state, once the ions are made mobile.  

In the solid state they do not conduct electricity. Generally ionic 

compounds are soluble in polar solvents like water. 

 7

IONIC LATTICE

Oppositely charged ions held in a regular 3-dimensional lattice by 

electrostatic attraction

 8

&+&)��I=:�E:G>D9>8�I67A:

)#*� EgdeZgi^Zh�d[�i]Z�X]adg^YZh�d[�eZg^dY�
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8]adg^YZh�d[�eZg^dY�(
Table 4.6 shows some data for some of the chlorides of period 3 elements.
Sodium and magnesium chloride are both high-melting-point ionic 
solids. They consist of a giant lattice of positive and negative ions (Figure 
4.21). The oppositely charged ions attract each with strong electrostatic 
forces, and therefore a lot of energy is required to separate the ions. The 
bonding in these compounds is considered on pages 84–90.

When NaCl or MgCl2 are melted, the ions become free to move 
around, and so the molten salts conduct electricity.
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The bonding in aluminium chloride is complicated, and it undergoes 
a change in structure and bonding as it changes state. For simplicity, we 
will assume that the bonding is covalent molecular in all states. The Lewis 
structure for AlCl3 shows that the Al only has six electrons in its outer shell. ;^\jgZ�)#'&� I]Z�^dc^X�aVii^XZ�^c�hdY^jb�

X]adg^YZ#

:miZch^dc

* Actually bonding in the solid state is more ionic with six coordinate Al 
present. Covalent molecular (Al2Cl6) is present in liquid and gaseous states.

** PCl5 exists as [PCl6]−[PCl4]+ in the solid state but is covalent 
molecular in the liquid state.
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In order to generate an octet, two AlCl3 molecules come together to 
form a dimer. A dative covalent bond is formed from a lone pair on a Cl 
atom on one AlCl3 unit to an Al on the other AlCl3 unit.

AZVgc^c\�dW_ZXi^kZh

r� Relate trends in the properties 
of the chlorides of period 3 
elements to their structure and 
bonding

r� Describe the reactions of period 
3 chlorides with water

CEDAR COLLEGE BONDING: OTHER
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IONIC LATTICE

 9

Each Na+ is surrounded by 6 Cl¯ Each Cl¯ is surrounded by 6 Na+

Cl҆   Chloride ionNa+  Sodium ion

BRITTLE IONIC LATTICES
Ionic compounds are hard. However they are brittle. With a slight 

deforming force it is possible to slightly displace one layer of ions relative 

to the next and thereby bring ions of similar charge next to each other. 

Similar ions repel each other forcing apart the two portions of the crystal. 

If you move a layer of ions, you get ions of the same charge next to each 

other. The laters repel each other and the crystal breaks up

 10

− −
− −

+
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+ − − ++

− −++
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SKILL CHECK

Magnesium oxide may be used for the lining of an electric furnace for 

making crockery. Which properties of magnesium oxide help to explain 

this use?  

 11

strong forces between 

particles
ionic bonding

electrical 

conductor

A yes yes no

B yes no yes

C no yes no

D no no yes

METALLIC BONDING
Involves a lattice of positive ions surrounded by delocalised electrons 

Metal atoms achieve stability by “off-loading” outer shell electrons to 

attain the electronic structure of the nearest noble gas.  These electrons 

join up to form a mobile cloud which prevents the newly-formed positive 

ions from flying apart due to repulsion between similar charges.

 12

Metals are excellent conductors of 

electricity because the ELECTRON CLOUD 

IS MOBILE, electrons are free to move 

throughout its structure. Electrons attracted 

to the positive end are replaced by those 

entering from the negative end.

CEDAR COLLEGE BONDING: OTHER
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The electrons are described as delocalised, because they do not belong 
to any one metal atom, but rather are able to move throughout the 
structure. The metallic bond is thus electrostatic in nature, resulting from 
the attraction between the positive metal ions and the negatively charged 
delocalised electrons. Each electron is attracted by all the positive ions in 
the structure; thus the whole lattice is held together.

The melting points of sodium and magnesium are compared below:

BZiVa hdY^jb bV\cZh^jb

BZai^c\�ed^ci�$��8 .- +).

There are several reasons why magnesium has a higher melting point than 
sodium. The fi rst of these is that magnesium forms a 2+ ion compared 
with sodium, which forms a 1+ ion. This means that the electrostatic 
attraction between the ions and the delocalised electrons is stronger in 
magnesium.

The second reason why magnesium has a higher melting point than 
sodium, is that there are two delocalised electrons per atom in magnesium; 
therefore there will be a greater number of electrostatic attractions 
between the ions and the delocalised electrons.

The third reason is that the Mg2+ ion (65 pm) is smaller than the Na+ 
ion (98 pm), and therefore the delocalised electrons are closer to the 
nucleus of the positive ion in magnesium and more strongly attracted.

Metals contain a regular lattice 
arrangement of positive 
ions surrounded by a ‘sea’ of 
delocalised electrons.

 

Ä

 

  

ZaZXigdhiVi^X�ViigVXi^dc

(#&%� BZiVaa^X�WdcY^c\
The structure of a metal is shown in Figure 3.111.

AZVgc^c\�dW_ZXi^kZh

r� Describe the structure of, and 
bonding in, metals

r� Explain some of the properties 
of metals in terms of structure 
and bonding

Describe the structure of, and Describe the structure of, and 

AZVgc^c\�dW_ZXi^kZhAZVgc^c\�dW_ZXi^kZh

Metallic elements have relatively 
low ionisation energies and so form 
positive ions more easily than do 
non-metals.

6c^bVi^dc�&6c^bVi^dc�&

Metallic bonding is the 
electrostatic attraction between 
the positive ions in the lattice and 
the delocalised electrons.

CV B\

     

     

     

     

     

' ' ' ' ' 

' ' ' ' ' 

' ' ' ' ' 

' ' ' ' ' 

' ' ' ' ' 

METALLIC BOND STRENGTH
The strength of the metallic bonding in sodium is relatively weak 

because each atom donates one electron to the cloud. The 

metallic bonding in potassium is weaker than in sodium because 

the resulting ion is larger and the electron cloud has a bigger 

volume to cover so is less effective at holding the ions together. 
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electrostatic attraction between 
the positive ions in the lattice and 
the delocalised electrons.
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The metallic bonding in magnesium is 

stronger than in sodium because each 

atom has donated two electrons to the 

cloud. The greater the electron density 

holds the ions together more strongly.

METALLIC BONDING 

When force is applied, layers can slide over one another, since attractive 

forces between metal ions and sea of electrons in every direction, new 

metallic bonds are easily re-formed, attaining a different shape. This 

makes metals malleable and ductile. 
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Metallic lattices
In Chapter 4, we learnt that a metallic lattice consists of 
ions surrounded by a sea of electrons. The ions are often 
packed in hexagonal layers or in a cubic arrangement. 
When a force is applied, the layers can slide over each 
other. But in a metallic bond, the attractive forces between 
the metal ions and the delocalised electrons act in all 
directions. So when the layers slide, new metallic bonds 
are easily re-formed between ions in new lattice positions 
and the delocalised electrons (Figure 5.8). The delocalised 
electrons continue to hold the ions in the lattice together. 
The metal now has a different shape. This explains why 
metals are malleable (they can be hammered into different 
shapes) and ductile (they can be drawn into wires). The 
high tensile strength and hardness of most metals is also 
due to the strong attractive forces between the metal ions 
and the delocalised electrons.

+ + + + + + + + + + + +
+ + + + + +

+ + + + + +
+ + + + +

+ + + + + +

+ + + + + +
+ + + + +

– – – 
– – – – – 

– – – 
– – – 

– 

– – – 

– – 
– – – – – – – 

– – – 

– – – – 
– 

force
applied

Figure 5.8 When a force is applied to a metallic structure, 
the layers slide over each other and re-form in new lattice 
positions.

Figure 5.9 You can clearly see the metal crystals or ‘grains’ in 
this metal plate.

Alloys and their properties
An alloy is a mixture of two or more metals or a metal 
with a non-metal. The metal added to create the alloy 
becomes part of the crystal lattice of the other metal.

Brass is an alloy of copper (70%) with zinc (30%). 
It is stronger than copper but still malleable. For these 
reasons it is used for musical instruments, ornaments and 
household items such as door handles.

But why is brass stronger than pure copper?
Zinc ions are larger than copper ions. The presence 

of different-sized metal ions makes the arrangement of 
the lattice less regular. This stops the layers of ions from 
sliding over each other so easily when a force is applied 
(Figure 5.10).

pure metal

force

force

alloy

layers slide

layers cannot slide
very easily

Figure 5.10 The layers of ions in an alloy slide less easily  
than in a pure metal because the structure of the lattice is  
less regular.

Pure aluminium is soft, ductile and has high electrical and 
thermal conductivity. Because of its low strength, pure 
aluminium is of little use in engineering. But its strength 
can be increased by addition of other elements such as 
copper, magnesium, silicon and manganese. Many alloys 
of aluminium are lightweight, strong and resistant to 
corrosion. These are used for the bodies of aircraft, for the 

Figure 5.7 Sapphires sparkle in the light when polished. They 
are cut by exerting a force on the cleavage planes between 
layers of ions in the crystal.
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SIMPLE MOLECULAR LATTICE

Iodine also forms crystals with 

weak van der Waals’ forces 

between molecules.  

This lattice is easily broken 

down when iodine is heated. 
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In addition, some elements that form polyatomic molecules, such as the non-metals 
in Groups 15, 16 and 17 (e.g. P 4, S8 and I2) exist as simple molecular lattices.

The lattice building blocks of solid compounds contain more than one element. 
There are three types:

● simple molecular lattices, such as in ice
● giant molecular lattices, such as in silicon(IV) oxide
● ionic lattices, such as in sodium chloride and calcium carbonate.

Each type of lattice confers different physical properties upon the substance that 
has it. We shall explore these properties in the sections that follow.

 4.4  Simple molecular lattices
In simple molecular lattices, including molecular atomic lattices, there is no chemical 
bonding between the particles, just dipole–dipole forces, instantaneous dipole forces 
or hydrogen bonding attractions, which are comparatively weak. Figure 4.4 shows 
examples of simple atomic and molecular lattices. The molecules or atoms are packed 
tightly, but only a small amount of thermal energy is required to overcome the 
intermolecular forces and break the lattice. Substances containing this type of lattice 
therefore have low melting points (and low boiling points). As we saw in section 3.17, 
boiling points depend on the strength of the intermolecular bonding. The same is true 
for melting points (see Table 4.2).

solid argon – weak
instantaneous
dipole forces

solid hydrogen chloride –
dipole–dipole forces

b–

b–

b–

b+

b+

b+

chlorine

hydrogen

b–
b+

b–
b+

b–
b–

b–
b+

b+

b+
solid iodine – strong
instantaneous
dipole forces

04_04 Cam/Chem AS&A2

Barking Dog Art

Substance Formula Main type of intermolecular 
attraction

Melting point/∞C

argon Ar weak instantaneous dipole −189

hydrogen chloride HCl dipole–dipole −115

water H2O hydrogen bonding   0

iodine I2 strong instantaneous dipole  114

sucrose C12H22O11 strong hydrogen bonding  185

The properties of water are in several ways rather different from those of other 
simple molecular substances. Unlike the molecules of other compounds capable of 
forming hydrogen bonds, water has two lone pairs of electrons together with two 
δ+ hydrogen atoms. This means that it can form two hydrogen bonds per molecule 
on average, whereas alcohols, ammonia and hydrogen fl uoride can only form one 

Table 4.2 Intermolecular forces and melting 
points for some substances

Figure 4.4 In solid argon, a simple atomic 
lattice, the only intermolecular forces are weak 
instantaneous dipole forces. In solid hydrogen 
chloride, a simple molecular lattice, there are 
dipole–dipole forces. Solid iodine has strong 
instantaneous dipole forces.

181333_04_AS_Chem_BP_069-096.indd   72 06/11/14   3:00 PM

GIANT (MACRO) MOLECULES

Many atoms joined together in a regular array by a large number of 

covalent bonds, e.g. diamond, graphite, silicon (iv) oxide.
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MELTING POINT ‣ Very high 
‣ structure is made up of a large number of covalent bonds, all of 

which need to be broken if atoms are to be separated

ELECTRICAL 
CONDUCTIVITY

‣ Don’t conduct electricity - have no mobile ions or electrons 
‣ but... Graphite conducts electricity

STRENGTH ‣ Hard - exists in a rigid tetrahedral structure, Diamond and silica 
(SiO2)...  

‣ but Graphite is soft

CEDAR COLLEGE BONDING: OTHER
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Substances with giant structures are 
sometimes called network solids.
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Diamond is the hardest naturally 
occurring substance. It also has 
the highest thermal conductivity 
of any substance – more than fi ve 
times that of copper. Both these 
properties make it suitable for use 
on drill bits. Diamond-encrusted 
drills can be used to drill through 
rock.

Diamond has a very high melting point and boiling point (about 
4000 °C) because covalent bonds must be broken when diamond is 
melted/boiled. Diamond is very hard for the same reason.

Diamond does not conduct electricity, because all the electrons are held 
strongly in covalent bonds and are therefore not free to move around in 
the structure.

Diamond is not soluble in water or organic solvents, as the forces 
between the atoms are too strong. The energy to break these covalent 
bonds would not be paid back when the C atoms were solvated.

<gVe]^iZ
Like diamond, graphite has a giant covalent structure. Unlike diamond, 
however, it has a layer structure (Figure 3.109). Each C is covalently 
bonded to three others in a trigonal planar array.
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DIAMOND
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MELTING POINT ‣ VERY HIGH 
‣ many covalent bonds must be broken to separate atoms

ELECTRICAL 
CONDUCTIVITY

‣ NON-CONDUCTOR 
‣ No free electrons - all 4 carbon electrons used for bonding

STRENGTH ‣ STRONG 
‣ each carbon is joined to four others in a rigid structure

SILICA
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MELTING POINT ‣ VERY HIGH 
‣ many covalent bonds must be broken 

to separate atoms

ELECTRICAL 
CONDUCTIVITY

‣ NON-CONDUCTOR 
‣ No free electrons

STRENGTH ‣ STRONG 
‣ each silicon atom is joined to four 

oxygens 
‣ each oxygen atom are joined to two 

silicons

CEDAR COLLEGE BONDING: OTHER
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GRAPHITE
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MELTING POINT ‣ VERY HIGH 
‣ many covalent bonds must be broken to separate atoms

ELECTRICAL 
CONDUCTIVITY

‣ CONDUCTOR 
‣ Only three carbon electrons are used for bonding which leaves the 

fourth to move freely along layers

STRENGTH ‣ SOFT 
‣ each carbon is joined to three others in a layered structure 
‣ layers are held by weak van der Waals’ forces 
‣ can slide over each other

Layers can slide over each other 
Used as a lubricant and in pencils 

GRAPHITE
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Substances with giant structures are 
sometimes called network solids.
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Diamond is the hardest naturally 
occurring substance. It also has 
the highest thermal conductivity 
of any substance – more than fi ve 
times that of copper. Both these 
properties make it suitable for use 
on drill bits. Diamond-encrusted 
drills can be used to drill through 
rock.

Diamond has a very high melting point and boiling point (about 
4000 °C) because covalent bonds must be broken when diamond is 
melted/boiled. Diamond is very hard for the same reason.

Diamond does not conduct electricity, because all the electrons are held 
strongly in covalent bonds and are therefore not free to move around in 
the structure.

Diamond is not soluble in water or organic solvents, as the forces 
between the atoms are too strong. The energy to break these covalent 
bonds would not be paid back when the C atoms were solvated.

<gVe]^iZ
Like diamond, graphite has a giant covalent structure. Unlike diamond, 
however, it has a layer structure (Figure 3.109). Each C is covalently 
bonded to three others in a trigonal planar array.
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There are covalent bonds between the C atoms within a layer but only 
van der Waals’ forces between the layers (some of these are shown in blue 
in Figure 3.109). The presence of weak forces between the layers is usually 
given as the explanation that graphite is a good lubricant (used in pencils, 
for example) – not much force is required to separate the layers. However, 
it has a very high melting/boiling point, because covalent bonds within 
the layers must be broken when it is melted/boiled.

Because of the strong covalent bonds between atoms, graphite is not 
soluble in water or non-polar solvents.

Graphite conducts electricity because each C atom forms only three 
covalent bonds, and the extra electrons not used in these bonds (carbon 
has four outer shell electrons) are able to move within the layers.

As only three covalent bonds are formed by each carbon atom in the 
layers, each C atom possesses one p orbital, containing one electron, 
perpendicular to the plane of the layers. These p orbitals can overlap 
side on to give a Q delocalised system extending over the whole layer. 
Movement of electrons within this system allows conduction of electricity 
within layers. Graphite is, however, an electrical insulator perpendicular to 
the plane of the layers.
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The lubricant properties of graphite 
are usually explained as being due 
to the weak forces between layers 
of carbon atoms. However, graphite 
is a poor lubricant in a vacuum and 
it is now believed that the lubricant 
properties come from adsorbed water 
molecules.

8+%�[jaaZgZcZ��WjX`b^chiZg[jaaZgZcZ�
The third allotrope of carbon that will be considered here is a molecular 
rather than a giant structure. It consists of individual C60 molecules, with 
covalent bonds within the molecule and van der Waals’ forces between the 
molecules (Figure 3.110).
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Diamond and graphite are giant 
structures but fullerene is a 
molecular structure. The melting 
points of diamond and graphite are 
therefore substantially higher than 
that of fullerene, as covalent bonds 
must be broken when diamond 
and graphite are melted but only 
intermolecular forces (van der 
Waals’ forces) when fullerene melts 
(it actually undergoes sublimation 
at about 530 °C).

CEDAR COLLEGE BONDING: OTHER
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CARBON NANOPARTICLES

Allotropes of carbon, known as fullerenes, have been recently 

discovered and possess unique and exciting properties. 

They are based on rings of carbon, in hexagonal arrangement, similar to 

the structure of graphite. 

They have dimensions between 0.1 to 100 nanometers.  

 21

FULLERENES 

The firsts fullerene discovered was the buckminsterfullerene, C60, which has the 

shape of a football.  
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colourless crystals with high melting and boiling points 
and it does not conduct electricity.

Sand is largely silicon(IV)oxide.

Carbon nanoparticles
Graphite and diamond are not the only allotropes of 
carbon. In recent years, substances called fullerenes have 
been made. The structure of many fullerenes is based 
on rings of carbon atoms, as is the structure of graphite. 
But many fullerenes exhibit properties unlike those of 
graphite. The individual particles in fullerenes may have 
one of their dimensions between 0.1 and 100 nanometres 
(1 nanometre = 10–9 m). Particles of this size are called 
nanoparticles. Another form of carbon, graphene, can be 
regarded as a single layer of graphite.

Fullerenes
Fullerenes are allotropes of carbon in the form of hollow 
spheres or tubes. They are similar in structure to graphite, 
in that each carbon atom is bonded to three other carbon 
atoms. They contain rings of carbon atoms arranged 
in hexagons and in addition many contain rings of 
carbon atoms arranged in pentagons. The first fullerene 
discovered was called buckminsterfullerene, C60 (Figure 
5.16). The C60 molecule has the shape of a football (soccer 
ball). The carbon atoms are arranged at the corners of 
20 hexagons and 12 pentagons. The bonds where two 
hexagons join are shorter than the bonds between the 
hexagons and the pentagons. As in graphite, some of the 
electrons in C60 are delocalised, but to a lesser extent than 
in graphite. Since the discovery of the C60 molecule, many 
types of buckminsterfullerene have been discovered. Some 
are ball-shaped molecules that are multiples of C60, e.g. 
C120. Other fullerene molecules include C20, C70 and C72.

a b

Figure 5.16 The shape of a buckminsterfullerene molecule, 
C60, a is similar to that of a football b.

The properties of buckminsterfullerene are significantly 
different from those of graphite and diamond.

 ■ It has a relatively low sublimation point: it turns directly 
from the solid to the vapour state when heated to about 
600 °C. (Graphite only turns from the solid to the vapour 
state at about 3700 °C). This is because there are weak  
van der Waal’s forces between each buckminsterfullerene 
molecule and no continuous layered giant structure as  
in graphite.

 ■ It is relatively soft because it does not require much energy 
to overcome the weak intermolecular forces.

 ■ It is a poor conductor of electricity compared with graphite 
because the extent of electron delocalisation is lower.

 ■ It is slightly soluble in solvents such as carbon disulphide 
and methylbenzene. Neither diamond nor graphite is 
soluble in common solvents.

 ■ It is more reactive compared with graphite or diamond. 
Buckminsterfullerene reacts with hydrogen, fluorine, 
chlorine, bromine and oxygen. This is due to the relatively 

11  Explain the following properties of silicon(IV) oxide by 
referring to its structure and bonding.

  a  It has a high melting point.
  b  It does not conduct electricity.
  c  It is a crystalline solid.
  d  It is hard.
12  Copy and complete the table below to compare 

the properties of giant ionic, giant molecular, giant 
metallic and simple molecular structures.

Giant 
ionic 

Giant 
molecular

Metallic Simple 
molecular

Two 
examples
Particles 
present
Forces 
keeping 
particles 
together
Physical 
state at room 
temperature
Melting 
points and 
boiling points
Hardness
Electrical 
conductivity
Solubility in 
water

QUESTIONS
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Buckminsterfullerene

Properties:  

Relatively low sublimation point (weak van der 

Waals between each molecule). 

Poor conductor of electricity (extent of electron 

delocalisation is lower).  

More reactive compared to graphite. Reacts with 

hydrogen, fluorine, chlorine, bromine and 

oxygen.  

CEDAR COLLEGE BONDING: OTHER
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NANOTUBES
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high electron density in certain parts of the molecule (see 
electrophilic addition on page 209).

A second type of fullerene is a class of molecules described 
as nanotubes. Nanotubes are fullerenes of hexagonally 
arranged carbon atoms like a single layer of graphite 
bent into the form of a cylinder (Figure 5.17). The first 
nanotubes to be made were one layer of carbon atoms in 
thickness. More recently nanotubes have behave been made 
with thicker walls with several tubes inside one another. 
Although the diameter of a nanotube is very small, it 
can be made relatively long. The length of the nanotube 
cylinder can be a million times greater than its diameter.

Figure 5.17 Part of the structure of a nanotube. The ends of 
the cylinder are often closed.

Nanotubes have characteristic properties:
 ■ They have high electrical conductivity along the long axis 

of the cylinder. This is because, like graphite, some of the 
electrons are delocalised and are able to move along the 
cylinder when a voltage is applied.

 ■ They have a very high tensile strength when a force is 
applied along the long axis of the cylinder. They can be up to 
100 times stronger than steel of the same thickness.

 ■ They have very high melting points (typically about 3500 °C). 
This is because there is strong covalent bonding throughout 
the structure.

Fullerenes have a large range of potential uses. 
Reactive groups can be attached to their surfaces and 
metal complexes (see page 371) can also be formed. 
Small molecules or atoms can be trapped in the cage 
of buckminsterfullerenes. Possible medical uses 
include delivering drugs to specific places in the body. 
Nanotubes are used in tiny electrical circuits as ‘wires’ 
and as electrodes in paper-thin batteries. They can be 
incorporated into clothing and sports equipment for added 
strength. They have also been used in the treatment of 
certain types of cancer.

Graphene
Graphene is a single isolated layer of graphite (Figure 5.18). 
The hexagonally arranged sheet of carbon atoms is not 
completely rigid and it can be distorted.

   
Figure 5.18 a Part of a graphene sheet. b ‘Waves’ in a sheet 
of graphene.

Graphene has some of the properties of graphite, but they 
are more exaggerated. For example:

 ■ Graphene is the most chemically reactive form of carbon. 
Single sheets of graphene burn at very low temperatures 
and are much more reactive than graphite.

 ■ Graphene is extremely strong for its mass.
 ■ For a given amount of material, graphene conducts 

electricity and heat much better than graphite.

It has been said that ‘a one square metre hammock made 
of graphene could support a 4 kg cat but would weigh 
only as much as the cat’s whisker’. Potential applications 
of graphene include use in tiny electrical circuits and for 
tiny transistors, touchscreens, solar cells and other energy 
storage devices.

Conserving materials
Why conserve materials?
There is only a limited supply of metal ores in the Earth. 
If we use them all up, they cannot be replaced. The things 
we make from metals and other materials from the 

a b

13  Suggest, using ideas of structure and bonding, why:
  a  buckminsterfullerene, C60, is converted from a 

solid to a gas at a relatively low temperature
  b  graphene is a good conductor of electricity
  c  nanotubes conduct electricity better along the 

long axis of the tube than across the tube
  d  buckminsterfullerene, C60, is relatively soft.

QUESTION
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Properties:  

High electrical conductivity along axis of cylinder. 

High tensile strength.  

Very high melting points ( 3500°C).  

Used in tiny electrical circuits as wires, as electrodes 

in paper thin batteries, treatment of certain types of 

cancer in drug delivery and to strengthen clothing.  

Nanotubes are fullerenes hexagonally arranged carbon atoms like a single 

layer of graphite bent into a cylinder. 

GRAPHENE

Single isolated layer of graphite. 

Not completely rigid and shape can be distorted.  

Most reactive form of carbon (low melting point). 

Extremely strong.  

Conducts electricity.  

 24
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TYPE
M.P. /  
B.P.

REASON

ionic lattice high A large amount of energy must be put in to overcome the strong 
electrostatic attractions and separate the giant lattice of ions

simple covalent 

molecules

low Van der Waal’s forces holding the simple molecules together are weak 
and can be overcome easily with low amounts of energy

macromolecules high Many covalent bonds must be broken to separate atoms

metallic lattice high A large amount of energy must be put in to overcome the strong 
electrostatic attractions between the lattice of cations and the 
delocalised electrons surrounding them

CEDAR COLLEGE BONDING: OTHER
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SECTION A

1

2

3

4
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9701/1/M/J/02 [Turn over

4 A slow stream of water from a tap can be deflected by an electrostatically charged plastic rod
because water is a polar molecule.

Why is a water molecule polar?

A Molecules are bonded together by hydrogen bonds.

B The oxygen and hydrogen atoms have different electronegativities.

C The oxygen atom has two lone pairs of electrons.

D Water is able to dissociate into ions.

5 Why does copper wire conduct electricity when a potential difference is applied?

A Bonding electrons in the crystal lattice move.

B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

6 Flask X contains 1 dm3 of helium at 2 kPa pressure and flask Y contains 2 dm3 of neon at 1 kPa
pressure.

If the flasks are connected at constant temperature, what is the final pressure?

A 1 !" kPa           B     1 !# kPa           C 1 $" kPa           D     2 kPa

liquid

burette

negatively charged rod

!  

3

9701/1/O/N/02 [Turn over

4 The African weaver ant defends its territory by spraying an intruder with a mixture of compounds.
The ease by which these compounds are detected by other ants depends upon the volatility,
which decreases as the strength of the intermolecular forces in the compound increases.

Which compound would be the most volatile?

A CH3 CH2CH2CH2CH2CH3

B CH3 CH2CH2CH2CH2CHO

C CH3 CH2CH2CH2CH2NH2

D CH3 CH2CH2CH2CH2OH

5 Which of the following molecules has no permanent dipole?

A CCl2F2 B CHCl3 C C2Cl4 D C2H5 Cl

6 Which is the most likely shape of a molecule of hydrazine, N2H4 ?

7 Which of the following exists in the solid state as a giant covalent lattice?

A ice

B iodine

C silicon(IV) oxide

D tin(IV) chloride

N

H

H

N

H

H

H

H

H

H

A

B

90°

H HN

H

N

H
90°

C N N

120°

H
H

H

HD N N

107°

!  

3
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5 Which of the following solids has a simple molecular lattice?

A magnesium oxide

B sodium

C silicon(IV) oxide

D sulphur

6 Measured values of the pressure, volume and temperature of a known mass of a gaseous
compound are to be substituted into the equation

pV = nRT

in order to calculate the relative molecular mass, Mr, of the compound.

Which conditions of pressure and temperature would give the most accurate value of Mr?

7 Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and
chlorine by heating. The table below gives the bond energies.

What is the enthalpy change in the decomposition of PCl5 to PCl3 and Cl2?

A –420 kJ mol–1 B –90 kJ mol–1 C +90 kJ mol–1 D +420 kJ mol–1

pressure temperature

A high high

B high low

C low high

D low low

bond bond energy / kJ mol–1

P-Cl (in both chlorides) 330

Cl-Cl 240

!

4

9701/1/M/J/02

7 When heated, solid iodine readily forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical states
of iodine?

solid vapour

A ionic atomic

B ionic molecular

C molecular atomic

D molecular molecular

8 Which statement about the standard enthalpy change of formation of carbon dioxide is correct?

A It is equal to the standard enthalpy change of combustion of carbon.

B It is equal to twice the bond energy of the C=O bond.

C It is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon.

D It is the same for carbon dioxide produced from graphite and from diamond.

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

Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the
American Gemini and Apollo spacecraft.  It has the following formula.

What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine?

A 550 kJ 

B 1720 kJ 

C 1970 kJ 

D 2554 kJ 

10 For which equilibrium does Kc have no units?

A C(s) + H2O(g)         CO(g) + H2(g)

B CH3OH(l) + CH3CO2H(l)         CH3CO2CH3(l) + H2O(l)

C Cu2+(aq) + 4NH3(aq)         Cu(NH3)4
2+(aq)

D N2O4(g)         2NO2(g)

N N

H

H

H

H
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8 A substance commonly found in the house or garden has the following properties.

• It is combustible.

• It is an electrical insulator.

• It melts over a range of temperature.

What could the substance be?

A brass

B paper

C poly(ethene)

D silicon(IV) oxide

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

In an experiment using a gas syringe, 0.10 g of a gas is found to occupy 83.1 cm3, measured at
standard pressure (1.0 × 105 Pa) and 27°C.

What is the relative molecular mass of the gas?

A

B

C

D 0.10 × 8.31 × 300
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 27
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 300
1.0 × 105 × 83.1

0.10 × 8.31 × 27
1.0 × 105 × 83.1

!

6
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12 Why does the exothermic reaction

C(diamond) ⎯⎯⎯→ C(graphite)               ∆H = –3 kJ mol–1

not occur spontaneously?

A A tetrahedral configuration is always more stable than a planar one. 

B Diamond has only strong covalent bonds whereas graphite has both covalent bonds and van
der Waals’ forces.

C The change from diamond to graphite has a high activation energy.

D The density of graphite is less than that of diamond.

13 The sketch below shows the variation of first ionisation energy with proton number for six
elements of consecutive proton numbers between 1 and 18 (H to Ar).

What is the identity of the element X?

A Mg B Al C Si D P

14 The metals of Group II react readily with oxygen to form compounds of general formula MO.

When each of these oxides is added to water, which forms the most alkaline solution?

A MgO B CaO C SrO D BaO

15 One mole of each of the following compounds is strongly heated and any gas produced is
collected at room temperature and pressure.

From which compound is 24dm3 of gas likely to be collected?
[One mole of any gas occupies 24dm3 at room temperature and pressure.]

A MgCl2 B MgCO3 C Mg(NO3)2 D Mg(OH)2

X

proton number

ionisation
energy

  
[W’15 2 Q1]

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct.  

 

 

1 Which type of bonding is never found in elements? 

A covalent 

B ionic 

C metallic 

D van der Waals’ forces 

 

 

2 Arsenic chloride, AsCl 3, reacts with sodium borohydride, NaBH4. 

 

pAsCl 3  +  qNaBH4  →  rAsH3  +  sNaCl  +  tBCl 3 
 

What are the numbers p, q, r, s and t when this equation is balanced correctly? 

 

 p q r s t 

A 2 3 2 3 1 

B 3 3 3 3 2 

C 4 3 4 3 3 

D 4 4 4 4 3 

 

 

3 Three substances have the physical properties shown in the table. 

 

substance
melting point 

/ °C 

boiling point 
/ °C 

conductivity 

(solid) 

conductivity 

(liquid) 

conductivity 

(aqueous) 

U 420 907 good good insoluble 

V 993 1695 poor good good 

W –70 58 poor poor hydrolyses, resulting 

solution conducts well 

 

What could be the identities of U, V and W? 

 

 U V W 

A Na KCl SiCl 4 

B Na NaF C2H5Br 

C Zn KCl HCl 

D Zn NaF SiCl 4 

!

3
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5 Which of the following particles would, on losing an electron, have a half-filled set of p orbitals?

A C – B N C N – D O
+

6 Magnesium oxide is used to line industrial furnaces because it has a very high melting point.

Which type of bond needs to be broken for magnesium oxide to melt?

A co-ordinate

B covalent

C ionic

D metallic

7 Which solid exhibits more than one kind of chemical bonding?

A brass

B copper

C diamond

D ice

8 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,

Al2O3(s), are  –266 kJ mol
–1

 and –1676 kJ mol
–1

 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) ! 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

9 Which substance, in 1 mol dm
–3

 aqueous solution, would have the same hydrogen ion

concentration as 1 mol dm
!3

 of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 

 

 

!  

3 
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5 The diagram shows the variation of the boiling points of the hydrogen halides. 

 

b.p.

HF HCl HBr HI
 

 

What explains the higher boiling point of hydrogen fluoride? 

A The bond energy of HF molecules is greater than in other hydrogen halides. 

B The effect of nuclear shielding is much reduced in fluorine which polarises the HF molecule. 

C The electronegativity of fluorine is much higher than for other elements in the group. 

D There is hydrogen bonding between HF molecules. 

 

 

6 Three substances, R, S, T, have physical properties as shown. 

 

electrical conductivity 

substance mp / oC bp / oC 

of solid of liquid 

R 801  1413 poor good 

S 2852  3600 poor good 

T 3550  4827 good not known 

 

What could be the identities of R, S and T ? 

 

 R S T 

A NaF KCl Cu 

B NaBr BaO SiO2 

C NaCl MgO C [graphite] 

D NaBr CaO C [diamond] 
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9 50 cm
3

 of 2.50 mol dm
–3

 hydrochloric acid was placed in a polystyrene beaker of negligible heat 

capacity. Its temperature was recorded and then 50 cm
3

 of 2.50 mol dm
–3

 NaOH at the same 

temperature was quickly added, with stirring. The temperature rose by 17 °C. 

 

The resulting solution may be considered to have a specific heat capacity of 4.2 J g–1 K–1

. 

 

What is an approximate value for the molar enthalpy change of neutralisation of hydrochloric acid 

and sodium hydroxide from this experiment? 

A 

)5.2x050.0(

)17x2.4x50(− 1

molJ
−

 

B 

)5.2x10.0(

)17x2.4x50(− 1

molJ
−  

C 

)5.2x050.0(

)17x2.4x100(− 1

molJ
−  

D 

)5.2x50(

)17x2.4x100(− 1

molJ
−

 

 

 

10 Three substances, R, S and T, have physical properties as shown. 

 

substance R S T 

mp / oC 801 2852 3550 

bp / oC 1413 3600 4827 

electrical conductivity of solid poor poor good 

 

What could be the identities of R, S and T ? 

 

 R S T 

A MgO NaCl C [graphite] 

B MgO NaCl SiO
2
 

C NaCl MgO C [graphite] 

D NaCl MgO SiO
2
 

 

 

11 In which change would only van der Waals’ forces have to be overcome? 

A evaporation of ethanol C
2
H

5
OH(l) → C

2
H

5
OH(g) 

B melting of ice H
2
O(s) → H

2
O(l) 

C melting of solid carbon dioxide CO
2
(s) → CO

2
(l) 

D solidification of butane C
4
H

10
(l) → C

4
H

10
(s) 

 

 

!  

4  
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4  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g) + 2H2(g) → CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E(C≡O) 1077 kJ mol
–1

 

E(C–O) 360 kJ mol
–1

 

E(C–H) 410 kJ mol
–1

 

E(H–H) 436 kJ mol
–1

 

E(O–H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

5  Which solid has a simple molecular lattice? 

A calcium fluoride 

B nickel 

C silicon(IV) oxide 

D sulfur 

 

 

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

transition state of a reaction. 

 

energy

E1

E2

E3

reactants

reaction coordinate

transition state

products

 

 

Which expression represents the activation energy of the forward reaction? 

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

 

 

!  

4 
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7  What are the lattice structures of solid diamond, iodine and silicon(IV) oxide? 

 

 giant molecular simple molecular 

A diamond, silicon(IV) oxide iodine 

B diamond, iodine silicon(IV) oxide 

C iodine diamond, silicon(IV) oxide 

D silicon(IV) oxide diamond, iodine 

 

 

8  Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 
1

2

Br2(l) → Br(g) 

D 
1

2

Br2(g) → Br(g) 

 

 

9  In an experiment, 50.0 cm
3 

of a 0.10 mol dm
–3

 solution of a metallic salt reacted exactly with     

25.0 cm
3

 of 0.10 mol dm
–3

 aqueous sodium sulphite. 

 

The half-equation for oxidation of sulphite ion is shown below. 

 

SO
−2

3
(aq) + H2O(I) → SO

−2

4
(aq) + 2H

+

(aq) + 2e
–

 

 

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation 

number of the metal? 

A +1 B +2 C +4 D +5 

 

 

10  Nitrogen dioxide decomposes on heating according to the following equation. 

 

2NO2(g)  2NO(g) + O2(g) 

 

When 4 mol of nitrogen dioxide were put into a 1 dm
3

 container and heated to a constant 

temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

 

What is the value of the equilibrium constant, K
c
, at the temperature of the experiment? 

A 
2

2

4

8.08.0 ×

 B 
2

4.2

8.06.1 ×

 C 
2

2

4

8.06.1 ×

 D 
2

2

4.2

8.06.1 ×
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5 The presence of dipoles helps to explain why the element Br2 and the compound CHCl 3  exist as 

liquids at room temperature. 

 

Which types of dipole are involved? 

 

 Br2 CHCl 3  

A 
induced dipoles and permanent 

dipoles 

induced dipoles and permanent 

dipoles 

B 
induced dipoles and permanent 

dipoles 
induced dipoles only 

C induced dipoles only 
induced dipoles and permanent 

dipoles 

D induced dipoles only induced dipoles only 

 

 

6 Three compounds have the physical properties shown in the table. 

 

compound P Q R 

melting point / °C 2852  993  –119 

boiling point / °C 3600  1695  39 

conductivity (solid) poor poor poor 

conductivity (liquid) good good poor 

conductivity (aqueous) insoluble good insoluble 

 

 

What might be the identities of P, Q and R? 

 

 P Q R 

A MgO KCl NH3  

B MgO NaF C2H5 Br 

C SiO2 KCl C2H5 Br 

D SiO2 NaF HCl 

 

 

7 For the equilibrium 2SO2(g) + O2(g)  2SO3 (g), what will change the value of Kp ? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

8 Which pollutant, present in the exhaust fumes of an internal combustion engine, has an element 

in the +2 oxidation state and an odd number of electrons in one molecule of the pollutant? 

A CO B H2S C NO D NO2 

!  

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Three elements, X, Y and Z, have the physical properties shown in the table. 

 

element 

melting point 
/ °C 

boiling point 
/ °C 

density 

/ g cm
-3

 

X –7 59 3.12 

Y 98 883 0.97 

Z 649 1107 1.74 

 

What could be the identities of X, Y and Z? 

 

 X Y Z 

A Br2 Al Si 

B Br2 Na Mg 

C I2 Mg Na 

D I2 Si K 

 

 

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

 

Lead(IV) chloride will oxidise bromide ions to bromine. The Pb
4+

 ions are reduced to Pb
2+

 ions in 

this reaction. 

 

If 6.980 g of lead(IV) chloride is added to an excess of sodium bromide solution, what mass of 

bromine would be produced? 

A 0.799 g B 1.598 g C 3.196 g D 6.392 g 

 

 

3 Which element has an equal number of electron pairs and of unpaired electrons within orbitals of 

principal quantum number 2? 

A beryllium 

B carbon 

C nitrogen 

D oxygen 
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3 What is the most likely shape of a molecule of hydrazine, N2H4? 

 

N N

H

H

H

H

N

H

H

N

H

H

90°
N

H

N HH

H
90° 120°

A B C

N N

H
H

H
H

107°

D

 

 

 

4 In which species does the underlined atom have an incomplete outer shell? 

A Al 2Cl 6 B CH3

+

 C Cl 2O D H2Cl C• 

 

 

5 Which solid contains more than one kind of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 

 

 

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

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7000 cm
3

 at a temperature of 30 °C. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P 

was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and 

R was established. 

At equilibrium x moles of R were present and the total number of moles present was (2 + 

2

x

). 

What is the equation for this equilibrium reaction? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 

 

 

!
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5 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A 

B 

C D 
 

 

 

6 Which pair of elements has chemical bonds of the same type between their atoms in the solid 

state? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 

 

 

7 Ethanol has a boiling point of 78 °C. At 101 kPa and 79 °C ethanol vapour does not perfectly obey 

the gas equation pV = nRT. 

 

What is the reason for this? 

A Ethanol vapour is in equilibrium with ethanol liquid at 79 °C. 

B There are intermolecular forces between the molecules of ethanol vapour. 

C The vapourisation of ethanol liquid is an endothermic process. 

D Vapours will not obey the gas equation perfectly at such a low pressure. 

 

 

!  
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8 Some car paints contain small flakes of silica, SiO2. 

 

In the structure of solid SiO2 

 

● each silicon atom is bonded to x oxygen atoms, 

● each oxygen atom is bonded to y silicon atoms, 

● each bond is a z type bond. 

 

What is the correct combination of x, y and z in this statement? 

 

 x y z 

A 2 1 covalent 

B 2 1 ionic 

C 4 2 covalent 

D 4 2 ionic 

 

 

9 John Dalton’s atomic theory, published in 1808, contained four predictions about atoms. 

 

Which of his predictions is still considered to be correct? 

A All atoms are very small in size. 

B All the atoms of a particular element have the same mass. 

C All the atoms of one element are different in mass from all the atoms of other elements. 

D No atom can be split into simpler parts. 

 

 

10 A student calculated the standard enthalpy change of formation of ethane, C2H6, using a method 

based on standard enthalpy changes of combustion. 

 

He used correct values for the standard enthalpy change of combustion of ethane  

(–1560 kJ mol
–1

) and hydrogen (–286 kJ mol
–1

) but he used an incorrect value for the standard 

enthalpy change of combustion of carbon. He then performed his calculation correctly. His final 

answer was –158 kJ mol
–1

. 

 

What did he use for the standard enthalpy change of combustion of carbon? 

A –1432 kJ mol
–1

 

B –860 kJ mol
–1

 

C –430 kJ mol
–1

 

D –272 kJ mol
–1
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5 Two conversions are outlined below. 

NH
4

+

 �  NH
3
 

C
2
H

4
 �  C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a � bond 

 

 

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

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 

 

!  

3

! UCLES 2004 9701/01/M/J/04 [Turn over

5 Which of the following particles would, on losing an electron, have a half-filled set of p orbitals?

A C – B N C N – D O
+

6 Magnesium oxide is used to line industrial furnaces because it has a very high melting point.

Which type of bond needs to be broken for magnesium oxide to melt?

A co-ordinate

B covalent

C ionic

D metallic

7 Which solid exhibits more than one kind of chemical bonding?

A brass

B copper

C diamond

D ice

8 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,

Al2O3(s), are  –266 kJ mol
–1

 and –1676 kJ mol
–1

 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) ! 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

9 Which substance, in 1 mol dm
–3

 aqueous solution, would have the same hydrogen ion

concentration as 1 mol dm
!3

 of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid
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3 The table gives the radii, in pm, of some ions. [1 pm = 10
–12 m] 

 

ion radii 

Na
+

 102 

Mg
2+

 72 

Cs
+

 167 

Cl – 181 

O
2–

 140 

 

Caesium chloride, CsCl, has a different lattice structure from both sodium chloride, NaCl, and 

magnesium oxide, MgO. 

 

CsCl lattice NaCl and MgO lattice
 

 

Which factor appears to determine the type of lattice for these three compounds? 

A the charge on the cation 

B the ratio of the ionic charges 

C the ratio of the ionic radii 

D the sum of the ionic charges 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The diagram shows a Boltzmann distribution of molecular energies for a gaseous mixture. The 

distribution has a peak, labelled P on the diagram. 

 

00

activation
energy

P

molecular energy

number of
molecules

 

 

What happens when the temperature of the mixture increases? 

A The height of the peak, P, decreases and the activation energy moves to the left. 

B The height of the peak, P, decreases and the activation energy moves to the right. 

C The height of the peak, P, decreases and the activation energy does not change. 

D The height of the peak, P, increases and the activation energy moves to the left. 

 

 

2 Substances X, Y and Z are all solids. Some of their physical properties are given in the table. 

 

substance X Y Z 

melting point / °C 772 114 1610 

boiling point / °C 1407 183 2205 

electrical conductivity 

of the liquid state

conducts does not conduct does not conduct 

 

What type of lattice could each substance have? 

 

 X Y Z 

A giant molecular simple molecular ionic 

B ionic giant molecular simple molecular 

C ionic simple molecular giant molecular 

D simple molecular ionic giant molecular 

 

 

!
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5 Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

C The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

D The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

6 Which stage in the free radical substitution of ethane by chlorine will have the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

7 Measured values of the pressure, volume and temperature of a known mass of a gaseous 

compound are to be substituted into the equation pV = nRT. 

 

The measurements are used to calculate the relative molecular mass, Mr, of a compound. 

 

Which conditions of pressure and temperature would give the most accurate value of Mr? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

8 Which solid contains more than one kind of bonding? 

A copper 

B diamond 

C ice 

D magnesium oxide 

 

 

!  
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6  Hydrazine, N2H4, is used as a rocket fuel because it reacts with oxygen as shown, producing 

‘environmentally friendly’ gases. 

 

 N2H4(l)  +  O2(g)  →  N2(g)  +  2H2O(g) ∆H = –534 kJ mol
–1

 

 

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. 

 

Which statement explains why hydrazine does not burn spontaneously? 

A Hydrazine is a liquid. 

B The activation energy is too high. 

C The N  N bond is very strong. 

D The reaction is exothermic. 

 

 

7 A 10.0 cm
3

 bubble of an ideal gas is formed on the sea bed where it is at a pressure of 2020 kPa. 

 

Just below the sea surface the pressure is 101 kPa and the temperature is the same as the sea 

bed. 

 

What is the volume of the bubble when it rises to just below the sea surface? 

A 10.0 cm
3

 B 20.2 cm
3

 C 200 cm
3

 D 2 020 000 cm
3

 

 

 

8  Four substances have the physical properties shown. 

 

Which substance is an ionic solid? 

 

 

melting point 

/ °C 

boiling point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of molten 

substance 

electrical 

conductivity 

of aqueous 

solution 

A –115 –85 poor poor good 

B 660 2470 good good insoluble 

C 993 1695 poor good good 

D 1610 2230 poor poor insoluble 

 

 

CEDAR COLLEGE                                                                                       OVERALL BONDING WS 1



 34

25

26

27

28

!

4  

© UCLES 2010 9701/12/O/N/10  

4  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g) + 2H2(g) → CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E(C≡O) 1077 kJ mol
–1

 

E(C–O) 360 kJ mol
–1

 

E(C–H) 410 kJ mol
–1

 

E(H–H) 436 kJ mol
–1

 

E(O–H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

5  Which solid has a simple molecular lattice? 

A calcium fluoride 

B nickel 

C silicon(IV) oxide 

D sulfur 

 

 

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

transition state of a reaction. 

 

energy

E1

E2

E3

reactants

reaction coordinate

transition state

products

 

 

Which expression represents the activation energy of the forward reaction? 

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

 

 

!

4 

© UCLES 2016 9701/12/F/M/16  

8 Solid carbon dioxide, CO2, is similar to solid iodine, I2, in its structure and properties. Carbon is in 
Group 14. Silica, SiO2, is a Group 14 compound. 

 
Which statement about solid CO2 and solid SiO2 is correct? 

A Both solids exist in a lattice structure. 

B Both solids have a simple molecular structure. 

C Both solids have atoms joined by single covalent bonds. 

D Both solids change spontaneously to gas at s.t.p. 
 
 
9 An article in a science magazine contains the following statement. 
 

‘It is lighter than a feather, stronger than steel, yet incredibly flexible and more conductive than 
copper.’ 

 
Which form of carbon is being described? 

A buckminsterfullerene 

B diamond 

C graphene 

D graphite 
 
 
10 Which equation has an enthalpy change of reaction which corresponds to the standard enthalpy 

change of atomisation of chlorine? 

A 
2
1 Cl 2(g)  →  Cl (g) 

B 
2
1 Cl 2(l)  →  Cl (g) 

C Cl 2(g)  →  2Cl (g) 

D Cl 2(l)  →  2Cl (g) 
 
 
11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed 

container and allowed to reach equilibrium at a fixed temperature. The container had a fixed 
volume of 1.00 dm3. At equilibrium, there were 2.40 mol of iodine present in the mixture. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the value of the equilibrium constant, Kc? 

A 0.107 B 0.357 C 0.429 D 2.33 
 
 

!
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11 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding water 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C using less manganese(IV) oxide 

D lowering the temperature 

 

 

12  Which chlorine compound has bonding that can be described as ionic with some covalent 

character? 

A NaCl B MgCl2 C AlCl3 D SiCl4 

 

 

13  Al Cl3  reacts with LiAl H4  and (CH3 )3 N to give (CH3 )3 NAl H3 . 

 

Which statement about (CH3 )3 NAl H3  is correct? 

A It contains hydrogen bonding. 

B It is dimeric. 

C The Al atom has an incomplete octet of electrons. 

D The bonds around the Al atom are tetrahedrally arranged. 

 

 

!
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5 Some car paints contain small flakes of silica, SiO2. 

 

In the structure of solid SiO2 

 

● each silicon atom is bonded to x oxygen atoms, 

● each oxygen atom is bonded to y silicon atoms, 

● each bond is a z type bond. 

 

What is the correct combination of x, y and z in these statements? 

 

 x y z 

A 2 1 covalent 

B 2 1 ionic 

C 4 2 covalent 

D 4 2 ionic 

 

 

6 Solid sulfur consists of molecules made up of eight atoms covalently bonded together. 

 

The bonding in sulfur dioxide is O=S=O. 

 

enthalpy change of combustion of S8,        S8(s)= –2376kJ mol
–1 

energy required to break 1 mole S8(s) into gaseous atoms = 2232 kJ mol
–1

 

O=O bond enthalpy = 496 kJ mol
–1

 

 

Using these data, what is the value of the S=O bond enthalpy? 

A 239 kJ mol
–1

 B 257 kJ mol
–1

 C 319 kJ mol
–1

 D 536 kJ mol
–1

 

 

 

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

 

In an experiment, the burning of 1.45 g (0.025 mol) of propanone was used to heat 100 g of water. 

The initial temperature of the water was 20.0 °C and the final temperature of the water was 

78.0 °C. 

 

Which experimental value for the enthalpy change of combustion for propanone can be 

calculated from these results? 

A –1304 kJ mol
–1

 

B –970 kJ mol
–1

 

C –352 kJ mol
–1

 

D –24.2 kJ mol
–1

 

 

 

CEDAR COLLEGE                                                                                       OVERALL BONDING WS 1



 35

29

30

31

32

!

2 

© UCLES 2015 9701/12/O/N/15  

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct.  

 

 

1 Which type of bonding is never found in elements? 

A covalent 

B ionic 

C metallic 

D van der Waals’ forces 

 

 

2 Arsenic chloride, AsCl 3, reacts with sodium borohydride, NaBH4. 

 

pAsCl 3  +  qNaBH4  →  rAsH3  +  sNaCl  +  tBCl 3 
 

What are the numbers p, q, r, s and t when this equation is balanced correctly? 

 

 p q r s t 

A 2 3 2 3 1 

B 3 3 3 3 2 

C 4 3 4 3 3 

D 4 4 4 4 3 

 

 

3 Three substances have the physical properties shown in the table. 

 

substance
melting point 

/ °C 

boiling point 
/ °C 

conductivity 

(solid) 

conductivity 

(liquid) 

conductivity 

(aqueous) 

U 420 907 good good insoluble 

V 993 1695 poor good good 

W –70 58 poor poor hydrolyses, resulting 

solution conducts well 

 

What could be the identities of U, V and W? 

 

 U V W 

A Na KCl SiCl 4 

B Na NaF C2H5Br 

C Zn KCl HCl 

D Zn NaF SiCl 4 

�
[M’16 Q8]
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8 Solid carbon dioxide, CO2, is similar to solid iodine, I2, in its structure and properties. Carbon is in 
Group 14. Silica, SiO2, is a Group 14 compound. 

 
Which statement about solid CO2 and solid SiO2 is correct? 

A Both solids exist in a lattice structure. 

B Both solids have a simple molecular structure. 

C Both solids have atoms joined by single covalent bonds. 

D Both solids change spontaneously to gas at s.t.p. 
 
 
9 An article in a science magazine contains the following statement. 
 

‘It is lighter than a feather, stronger than steel, yet incredibly flexible and more conductive than 
copper.’ 

 
Which form of carbon is being described? 

A buckminsterfullerene 

B diamond 

C graphene 

D graphite 
 
 
10 Which equation has an enthalpy change of reaction which corresponds to the standard enthalpy 

change of atomisation of chlorine? 

A 
2
1 Cl 2(g)  o  Cl (g) 

B 
2
1 Cl 2(l)  o  Cl (g) 

C Cl 2(g)  o  2Cl (g) 

D Cl 2(l)  o  2Cl (g) 
 
 
11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed 

container and allowed to reach equilibrium at a fixed temperature. The container had a fixed 
volume of 1.00 dm3. At equilibrium, there were 2.40 mol of iodine present in the mixture. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the value of the equilibrium constant, Kc? 

A 0.107 B 0.357 C 0.429 D 2.33 
 
 

�
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12  The graph below shows the variation of the first ionisation energy with proton number for some 

elements. The letters used are not the usual symbols for the elements. 

 

first ionisation
energy / kJ mol–1

proton number

P

Q

R

S

T

U
V

W

X

 

 

Which statement about the elements is correct? 

A P and X are in the same period in the Periodic Table. 

B The general increase from Q to X is due to increasing atomic radius. 

C The small decrease from R to S is due to decreased shielding. 

D The small decrease from U to V is due to repulsion between paired electrons. 

 

 

13  Which element shows the greatest tendency to form covalent compounds? 

A boron 

B magnesium 

C neon 

D potassium 

 

 

  
[S’18 1 Q6]
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5 Which molecule has no overall dipole? 

A CH3Cl B CH2Cl 2 C CHCl 3 D CCl 4 
 
 
6 Which solid contains more than one type of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 
 
 
7 Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 
 

4C(s)  +  5H2(g)  →  C4H10(g) 
 

By using the following standard enthalpy of combustion data, what is the value of the standard 
enthalpy change of formation,        , of butane? 

 
substance  

C(s) –394 

H2(g) –286 

C4H10(g) –2877 
 

A –5883 kJ mol–1 

B –129 kJ mol–1 

C +129 kJ mol–1 

D +2197 kJ mol–1 
 
 
8 Ethanedioate ions, C2O4

2–, react with a suitable reagent to form CO2. A half-equation for this 
reaction is shown. 

 
C2O4

2–  →  2CO2  +  2e– 
 

Which row is correct? 
 

 oxidation state of 
carbon in C2O4

2– type of reaction 

A +3 oxidation 

B +3 reduction 

C +5 oxidation 

D +5 reduction 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

 

The technetium–99 isotope (
99

Tc) is radioactive and has been found in lobsters and seaweed 

adjacent to nuclear fuel reprocessing plants. 

 

Which statements are correct about an atom of 
99

Tc? 

1 It has 13 more neutrons than protons. 

2 It has 43 protons. 

3 It has 99 nucleons. 

 

 

32 Which of the following solids contain more than one type of chemical bond? 

1 brass (an alloy of copper and zinc) 

2 graphite 

3 ice 

 

 

33 Many crude oils contain sulphur as H2S. During refining, by the Claus process, the H2S is 

converted into solid sulphur, which is then removed. 

 

reaction I 2H2S(g) + 3O2(g) → 2H2O(l) + 2SO2(g) 

reaction II 2H2S(g) + SO2(g) → 2H2O(l) + 3S(s) 

 

Which statements about the Claus process are correct? 

1 H2S is oxidised in reaction I. 

2 SO2 oxidises H2S in reaction II. 

3 SO2 behaves as a catalyst. 

 

�
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

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

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

�
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The responses A to D should be selected on the basis of

A B C D

1, 2 and 3

are

correct

1 and 2

only are

correct

2 and 3

only are

correct

1 only

is

correct

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

34 Which pairs of compounds contain one that is giant ionic and one that is simple molecular?

1 Al 2O3 and Al 2Cl 6

2 SiO2 and SiCl 4

3 P4O10 and PCl 3

35 When coal is burnt, gaseous oxides of carbon and sulphur are formed which pollute the

atmosphere. One method of preventing such pollution involves adding calcium carbonate to the

burning coal. The temperature of the process causes the decomposition of the calcium carbonate

into calcium oxide.

Which reactions will be important in helping to reduce atmospheric pollution?

1 Calcium oxide reacts with sulphur dioxide to form calcium sulphite.

2 Calcium oxide reacts with sulphur dioxide and more air to form calcium sulphate.

3 Calcium oxide reacts with carbon monoxide to form calcium carbonate.

36 When a hot glass rod is placed in a gas jar of hydrogen iodide, there is an immediate reaction as

the hydrogen iodide decomposes.

Which statements about this reaction are correct?

1 Hydrogen iodide is purple coloured.

2 The hot rod provides the activation energy.

3 One of the products is a solid.

�
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 The diagram illustrates the energy changes of a set of reactions. 

 

R
H = _134 kJ mol

S

T U
H = _75 kJ mol

H = +92 J mol
 1

 1
_

 1
_

 

 

Which of the following statements are correct? 

1 The enthalpy change for the transformation U ⎯→ R is + 42 kJ mol
–1 . 

2 The enthalpy change for the transformation T ⎯→ S is endothermic. 

3 The enthalpy change for the transformation R ⎯→ T is – 33 kJ mol
–1 . 

 

 

�
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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.

33 The conversion of graphite into diamond is an endothermic reaction (∆H = +3 kJ mol–1).

C(graphite)  → C(diamond)

Which statements are correct?

1 The enthalpy change of atomisation of diamond is smaller than that of graphite.

2 The bond energy of the C–C bonds in graphite is greater than that in diamond.

3 The enthalpy change of combustion of diamond is greater than that of graphite.

34 Which of the following statements are correct for the sequence of compounds below considered
from left to right?

NaF          MgO          AlN          SiC

1 The electronegativity difference between the elements in each compound increases.

2 The formula-units of these compounds are isoelectronic (have the same number of
electrons).

3 The bonding becomes increasingly covalent.

35 Which statements are reasons why sulphur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant.

2 It prevents alcohols forming sour-tasting acids.

3 It does not smell and therefore can be used in more than trace quantities.

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.

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

�
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

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

31 Silicon tetrachloride, SiCl4, is a liquid of low boiling point. In the presence of water it decomposes
to form silicon(IV) oxide and hydrogen chloride.

What types of bonding occur in SiCl4(I)?

1 co–ordinate bonding

2 covalent bonding

3 van der Waals forces

32 Long-chain alkanes are converted on an industrial scale into alkylsulphates for use as detergents,
e.g. sodium lauryl sulphate.

What deductions about the properties of this substance can be made from this structure?

1 Part of the structure is polar and is water–attracting.

2 The alkyl chain is soluble in oil droplets.

3 All the C-C-C bond angles are tetrahedral.

CH3(CH2)10CH2O S

O

O

ONa

sodium lauryl sulphate

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 The Group IV elements carbon, silicon and germanium all exist in a diamond structure. The bond 

lengths in these structures are given below. 

 

element X C Si Ge 

bond length X– X / nm 0.154 0.234 0.244 

 

Why does the bond length increase down the group? 

1 Orbital overlap decreases down the group. 

2 Atomic radius increases down the group. 

3 Nuclear charge increases down the group. 

 

 

32 Sodium ions can be formed from sodium atoms. 

 

Na(s) → Na
+

(g) 

 

Which quantities are required to calculate the enthalpy change of formation of gaseous sodium 

ions? 

1 enthalpy change of atomisation of sodium 

2 first ionisation energy of sodium 

3 enthalpy change of formation of sodium 

 

 

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

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

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

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

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

1 aluminium chloride 

2 ammonia 

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

0 °C. 
 

Which statements are correct? 

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

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

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

�
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 The relative molecular mass of a molecule of chlorine is 72.  

 

Which properties of the atoms in this molecule are the same? 

1 radius 

2 nucleon number 

3 relative isotopic mass 

 

 

32 Which molecules are planar? 

1 BCl3 

2 NH3 

3 PH3 

 

 

33 Boron is a non-metallic element which is placed above aluminium in Group III of the Periodic 

Table. It forms a compound with nitrogen known as boron nitride which has a graphite structure. 

 

Which of the following conclusions can be drawn from this information? 

1 The empirical formula of boron nitride is BN. 

2 The boron and nitride atoms are likely to be arranged alternately in a hexagonal pattern. 

3 Boron nitride has a layer structure with van der Waals’ forces between the layers. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 How may nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2  as part of a cation 

3 in an oxidation state of +5 

 

 

32  The phosphide ion P

31

15

3–

 and sulfide ion S
32

16

2–

 have the same number of which sub-atomic 

particles? 

1 neutrons 

2  electrons 

3 protons 

 

 

33 Which substances have a giant structure? 

1 calcium oxide 

2  calcium 

3 baked clay found in crockery 

 

 

�
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which diagrams represent part of a giant molecular structure? 

 

1 2 3
= C = C = Na

= Cl

 

 

 

32 Which reactions are redox reactions? 

1 CaBr2 + 2H2SO4 → CaSO4 + Br2 + SO2 + 2H2O 

2 CaBr2 + 2H3PO4 → Ca(H2PO4)2 + 2HBr 

3 CaBr2 + 2AgNO3 → Ca(NO3)2 + 2AgBr 

 

 

33 Sodium hydrogensulfide, NaSH, is used to remove hair from animal hides. 

 

Which statements about the SH
–

 ion are correct? 

1 It contains 18 electrons. 

2 Three lone pairs of electrons surround the sulfur atom. 

3 Sulfur has an oxidation state of +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. 

 

 

31 How may nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 having lost 3 electrons to form an anion 

 

 

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

 

The isotope 
99

Tc is radioactive and has been found in lobsters and seaweed adjacent to nuclear 

fuel reprocessing plants. 

 

Which statements are correct about an atom of 
99

Tc? 

1 It has 13 more neutrons than protons. 

2 It has 43 protons. 

3 It has 99 nucleons. 

 

 

33 Which of these substances have a giant structure? 

1 silicon(IV) oxide 

2 baked clay found in crockery 

3 phosphorus(V) oxide 

 

 

CEDAR COLLEGE                                                                                       OVERALL BONDING WS 1



 38

12

�

12 

© UCLES 2013 9701/12/M/J/13  

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 Which substances contain delocalised electrons? 

1 cyclohexene 

2 graphite 

3 sodium 

 

 

34  Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 Adding W to water has less effect on pH than adding Y. 

2 Adding Z to soil increases the pH of the soil. 

3 The metallic element in Y reacts with cold water more quickly than the metallic element in W. 

 

 

35  Which properties increase in the sequence hydrogen chloride, hydrogen bromide and hydrogen 

iodide? 

1 thermal stability 

2 bond length 

3 ease of oxidation 
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11 (a) Give the full electron configuration of the following.

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

(ii) Mg2+ .........................................................................................................................

(iii) O ..............................................................................................................................

(iv) O2– ...........................................................................................................................
[2]

(b) (i) Describe, with the aid of a diagram, the lattice structure of magnesium oxide.

(ii) Use your diagram to interpret and explain two physical properties of magnesium
oxide.

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

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

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

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

(iii) State two large scale uses of magnesium oxide.

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

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

2

8701/2/O/N/01
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9701/02/O/N/03

1 (a) Salt, sodium chloride, forms transparent colourless crystals. Describe the bonding in
sodium chloride crystals, give the formula of each particle and sketch part of the crystal
structure.

[3]

(b) Explain why crystals of sodium chloride do not conduct electricity, but molten sodium
chloride does.

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

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

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

(c) (i) With the aid of a diagram of the cell, outline the manufacture of chlorine from brine
(aqueous sodium chloride).

(ii) Write the electrode equations, including state symbols.

anode ........................................................................................................................

cathode .....................................................................................................................
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9701/02/O/N/04

2 The table below gives data on some oxides of elements in Period 3 of the Periodic Table.

(a) Write an equation for the reaction of aluminium with oxygen to form aluminium oxide.

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

(b) Drawing diagrams where appropriate, suggest in terms of structure and bonding,
explanations for the following.

(i) the high melting point and boiling point of Al2O3

(ii) the low boiling point of SO3

(iii) the melting point of SiO2 is much higher than that of P4O10

[7]
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Use

© UCLES 2004

oxide Na2O MgO Al2O3 SiO2 P4O10 SO3

melting point / K 1193 3125 2345 1883 853 290

boiling point / K 1548 3873 3253 2503 – 318
4

9701/02/O/N/04

2 The table below gives data on some oxides of elements in Period 3 of the Periodic Table.

(a) Write an equation for the reaction of aluminium with oxygen to form aluminium oxide.

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

(b) Drawing diagrams where appropriate, suggest in terms of structure and bonding,
explanations for the following.

(i) the high melting point and boiling point of Al2O3

(ii) the low boiling point of SO3

(iii) the melting point of SiO2 is much higher than that of P4O10

[7]
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oxide Na2O MgO Al2O3 SiO2 P4O10 SO3

melting point / K 1193 3125 2345 1883 853 290

boiling point / K 1548 3873 3253 2503 – 318
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9701/02/O/N/06

For
Examiner’s

Use

© UCLES 2006

2  Copper and iodine are both solids which have different physical and chemical properties. 
Each element has the same face-centred crystal structure which is shown below.

  The particles present in such a crystal may be atoms, molecules, anions or cations. In the 
diagram above, the particles present are represented by   .

 (a) Which type of particles are present in the iodine crystal? Give their formula.

  particle  ....................................

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

 (b) When separate samples of copper or iodine are heated to 50 °C, the copper remains as 
a solid while the iodine turns into a vapour.

  (i) Explain, in terms of the forces present in the solid structure, why copper remains a 
solid at 50 °C.

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

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

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

  (ii) Explain, in terms of the forces present in the solid structure, why iodine turns into a 
vapour when heated to 50°C.

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

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

 ..................................................................................................................................
[4]
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 (d) The bonding in ethene may be described as a mixture of σ and π bonding. 

  Each carbon atom in ethene forms three σ bonds as shown below.

C
H

H

H

H

C

  On the diagram, sketch the π bond that is also present in ethene. [1]

 (e) Carbon, hydrogen and ethene each burn exothermically in an excess of air.  
 
    C(s)  +  O2(g) →  CO2(g)   ∆H o c   =  –393.7 kJ mol–1

    H2(g)  +  ½O2(g) →  H2O(l)   ∆H o c   =  –285.9 kJ mol–1

    C2H4(g)  +  3O2(g) →  2CO2(g)  +  2H2O(l) ∆H o c   =  –1411.0 kJ mol–1

  Use the data to calculate the standard enthalpy change of formation, ∆H o f  , in kJ mol–1, 
of ethene at 298 K.

    2C(s)  +  2H2(g) →  C2H4(g)

∆H o f  = ................................. kJ mol–1

   [3]

   [Total: 13]

8

4

9701/02/O/N/07

For
Examiner’s

Use

© UCLES 2007

2 This question concerns the chlorides of the elements sodium to phosphorus of the third 
period of the Periodic Table.

 The melting points of these chlorides are given below.

compound sodium
chloride

magnesium
chloride

aluminium 
chloride

silicon
tetrachloride

phosphorus(V)
chloride

melting
point/K 1081 987 451* 203 435

 *sublimes at 451 K

 (a) Give the equation, with state symbols, for the reaction of phosphorus with chlorine to 
form phosphorus(V) chloride, PCl5.

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

 (b) Suggest, in terms of the structure and bonding, explanations for the following.
  You should draw diagrams where you think they will help your answer.

  (i) the high melting point of sodium chloride

  (ii) the low melting point of silicon tetrachloride

   [4]
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Answer all the questions in the spaces provided.

1 The elements carbon and silicon are both in Group IV of the Periodic Table.
 Carbon is the second most abundant element by mass in the human body and silicon is the 

second most common element in the Earth’s crust.

 Carbon and silicon each form an oxide of general formula XO2.
 At room temperature, CO2 is a gas while SiO2 is a solid with a high melting point.

 (a) Briefly explain, in terms of the chemical bonds and intermolecular forces present in each 
compound, why CO2 is a gas and SiO2 is a solid at room temperature.

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

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

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

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

 (b) Draw a simple diagram to show the structure of SiO2. Your diagram should contain at 
least two silicon atoms and show clearly how many bonds each atom forms.

[2]

2
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2 Copper, proton number 29, and argon, proton number 18, are elements which have different 
physical and chemical properties.

 In the solid state, each element has the same face-centred cubic crystal structure which is 
shown below.

 The particles present in such a crystal may be atoms, molecules, anions or cations. In the 
diagram above, the particles present are represented by .

 (a) Which types of particle are present in the copper and argon crystals?
  In each case, give their formula. 

element particle formula

copper

argon
 [2]

 At room temperature, copper is a solid while argon is a gas.

 (b) Explain these observations in terms of the forces present in each solid structure.

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

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

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

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

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

 ....................................................................................................................................  [4]
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 (c)  Cerium is a lanthanoid metal that shows similar chemical reactions to some elements in the 
third period. Most of cerium’s compounds contain Ce3+ or Ce4+ ions.

 (i)  Cerium shows the same structure and bonding as a typical metal.

  Draw a labelled diagram to show the structure and bonding in cerium.

[2]

 (ii)  Cerium(IV) oxide, CeO2, is a ceramic.

  Suggest two physical properties of cerium(IV) oxide.

 1.  .........................................................................................................................................

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

!

5

9701/22/M/J/10© UCLES 2010 [Turn over
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 Although copper is a relatively unreactive element, when it is heated to a high temperature in 
an excess of chlorine, copper(II) chloride is formed.

 When a mixture of argon and chlorine is heated to a high temperature, no reaction occurs.

 (c) (i) How does chlorine behave in its reaction with copper?

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

  (ii) Suggest a reason for the lack of a reaction between argon and chlorine.  

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

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

 The melting points of the noble gases neon to xenon are given below.

Ne Ar Kr Xe

melting point /K 25 84 116 161

 (d) Explain why there is an increase in melting point from neon to xenon.

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

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

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

 [Total: 10]

16

7

9701/22/M/J/10© UCLES 2010 [Turn over
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 (d) Separate samples of the oxides MgO and SiO2 are melted.
  Each molten sample is then tested to see whether or not it conducts electricity.

  Suggest what would be the results in each case. Explain your answers.

MgO  .................................................................................................................................

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

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

SiO2  .................................................................................................................................

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

 ..........................................................................................................................................
 [4]

 [Total: 12]
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9701/21/M/J/15© UCLES 2015

 (d)  Sodium and silicon also react directly with chlorine to produce the chlorides shown.

chloride melting
point / °C

difference between the 
electronegativities of the elements

NaCl 801 2.2

SiCl 4 –69 1.3

 (i)  Describe what you would see during the reaction between sodium and chlorine.

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

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

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

 (ii)  Explain the differences between the melting points of these two chlorides in terms of their 
structure and bonding. You should refer to the difference between the electronegativities 
of the elements in your answer.

 NaCl structure and bonding  ...............................................................................................

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

 SiCl 4 structure and bonding ................................................................................................

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

 explanation  .........................................................................................................................

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

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

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

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

  .......................................................................................................................................   [4]

[Total: 20]

PAGE 239

CEDAR COLLEGE                                                                                                         BONDING WS 1
CEDAR COLLEGE                                                                                      OVERALL BONDING WS 2



 48

11

!

4

9701/21/M/J/17© UCLES 2017

2	 	Structure	and	bonding	can	be	used	to	explain	many	of	the	properties	of	substances.

 (a)  Copper, ice, silicon(IV) oxide, iodine and sodium chloride are all crystalline solids.

  Complete the table with:
	 ●	 	the	name	of	a	type	of	bonding	found	in	each	crystalline	solid,
	 ●	 	the	type	of	lattice	structure	for	each	crystalline	solid.

crystalline solid type of bonding type of lattice structure

copper

ice

silicon(IV) oxide

iodine

sodium chloride

[5]

 (b) (i)  Name the strongest type of intermolecular force in ice.

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

 (ii)  Draw a fully labelled diagram of two water molecules in ice, showing the force in (i) and 
how it forms.

[3]
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5 Chemical energetics 

Enthalpy changes and entropy changes accompany chemical reactions. This topic 
demonstrates why some reactions and processes are spontaneous and others are 
not. 

5.1 Enthalpy change, ∆H 

5.2 Hess’ Law, including Born-Haber cycles 
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5 Chemical energetics

Enthalpy changes and entropy changes accompany chemical reactions. This topic demonstrates why 
some reactions and processes are spontaneous and others are not.

Learning outcomes
Candidates should be able to:

5.1  Enthalpy change, ΔH a) explain that chemical reactions are accompanied by energy changes, 
principally in the form of heat energy; the energy changes can be 
exothermic (ΔH is negative) or endothermic (ΔH is positive)

b) explain and use the terms:

(i)  enthalpy change of reaction and standard conditions, with 
particular reference to: formation, combustion, hydration, solution, 
neutralisation, atomisation

(ii) bond energy (ΔH positive, i.e. bond breaking)

(iii) lattice energy (ΔH negative, i.e. gaseous ions to solid lattice)

c) calculate enthalpy changes from appropriate experimental results, 
including the use of the relationship

 enthalpy change, ΔH = –mcΔT

d) explain, in qualitative terms, the effect of ionic charge and of ionic 
radius on the numerical magnitude of a lattice energy

5.2  Hess’ Law, including 
Born-Haber cycles

a) apply Hess’ Law to construct simple energy cycles, and carry out 
calculations involving such cycles and relevant energy terms, with 
particular reference to:

(i)  determining enthalpy changes that cannot be found by direct 
experiment, e.g. an enthalpy change of formation from enthalpy 
changes of combustion

(ii) average bond energies

(iii) the formation of a simple ionic solid and of its aqueous solution

(iv)  Born-Haber cycles (including ionisation energy and electron 
affinity)

b) construct and interpret a reaction pathway diagram, in terms of the 
enthalpy change of the reaction and of the activation energy

CEDAR COLLEGE ENERGETICS



 51

�

ENTHALPY CHANGES

Every chemical reaction involves the exchange of energy between (what we 

call) the system and its surroundings. For example, when magnesium and 

sulphuric acid react in a test-tube: 

1. The system consists of the chemical bonds and other forces of attraction 

and repulsion between the atoms of reactants and of the products formed. 

2. The surroundings include: 

a. The test tube. 

b. The air around the test tube. 

c. The thermometer dipped into the reacting mixture etc…

 1

ENTHALPY CHANGES

The total heat (energy) content of any substance at constant pressure is called 

its enthalpy. Because of how difficult it is to observe things at the atomic and sub-

atomic level, it is not possible to measure the total enthalpy of a substance.  

A good analogy for this is trying to measure the volume of the Pacific Ocean. The 

structure of the seabed is so diverse it is practically impossible to measure just 

how much volume the Pacific Ocean has. However, you can easily measure 

changes in the volume of the Ocean.  

Similarly, we can easily measure the enthalpy change that accompanies 

reactions. This is written as ∆H and pronounced ‘delta H.’ ∆H can either have a 

positive or a negative value, depending on the nature of energy exchange in the 

reaction. 

 2
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ENTHALPY CHANGES

When energy flows from the system to the surroundings, the temperature of the 

surroundings increases. This indicates that heat was given out as a result of the 

reaction, and so the products of the reaction are at a lower energy level than the 

reactants were. These types of reactions are called exothermic reactions. 

The value for ∆H is negative for exothermic reactions. 

When energy flows from the surroundings to the system, the temperature of the 

surroundings decreases. This indicates that heat was taken in as a result of the 

reaction, and so the products of the reaction are at a higher energy level than the 

reactants were. These types of reactions are called endothermic reactions. 

The value for ∆H is positive for endothermic reactions. 

 3

SKILL CHECK

Classify the following reactions as exothermic or endothermic: 

1. Burning magnesium in excess oxygen. 

2. Crystallisation of copper (II) sulphate from a saturated solution. 

3. The thermal decomposition of magnesium nitrate.  

4. Fermentation of glucose by yeast. 

5. Evaporation of sea water.

 4
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ENTHALPY CHANGES

To summarise: 

Enthalpy change (∆H) = Enthalpy of products – Enthalpy of reactants 

 5

E
n

th
a

lp
y 

Ea

∆H 

reactants

products

E
n

th
a

lp
y 

Ea

reactants

products

∆H 

Enthalpy of reactants > products, ∆H = —ve 
EXOTHERMIC: Heat given out 

Enthalpy of reactants < products, ∆H = +ve 

ENDOTHERMIC: Heat absorbed

ENTHALPY CHANGES

We can draw enthalpy profile diagrams (also known as reaction 

pathway diagrams) to show enthalpy changes, as shown on the previous 

slide.  

1. The enthalpy of the reactants and products is shown on the y-axis.  

2. The x-axis shows the reaction pathway, with reactants on the left and 

products on the right. 

 6
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SKILL CHECK

Draw enthalpy profile diagrams for: 

a. Combustion of sulphur to form sulphur dioxide.  

b. The neutralisation of potassium hydroxide by nitric acid.  

 7

STANDARD ENTHALPY CHANGES

The energy change that accompanies a reaction depends on: 

1. The amount of reactants. 

2. The physical state of the reactants and products. 

3. The temperature of the reactants and products. 

As reactants can exist at a variety of energy levels at different physical states, 

temperatures and pressures, there was a need to standardise conditions under which 

these values were measured. These are now known as standard conditions. They are 

a pressure of 105 Pa (100 KPa),  temperature of 298K (25 °C) and each substance 

involved in the reaction is in its normal state at these values of temperature and 

pressure.

 8
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STANDARD ENTHALPY CHANGES

Enthalpy change measured under standard conditions is known as standard 

enthalpy change. The     symbol indicates that the enthalpy change refers to 

a reaction carried out under standard conditions. The unit of measurement 

for standard enthalpy change is the kilojoule per mole, written as kJmol-1. 

The equation below shows us that when one mole of methane gas reacts 

with two moles of oxygen gas to form one mole of carbon dioxide gas and 

two moles of water in the liquid state the standard enthalpy change is               

–890.3 kJmol-1.

 9

Standard enthalpy changes
Standard conditions
To make any comparison of enthalpy changes a fair 
comparison, we must use the same conditions. These are 
called standard conditions:

 ■ a pressure of 105 Pa (105 Pa is 100 kPa, approximately normal 
atmospheric pressure)

 ■ a temperature of 298 K (25 °C) (add 273 to the Celsius 
temperature to convert a temperature into kelvin)

 ■ each substance involved in the reaction is in its normal 
physical state (solid, liquid or gas) at 105 Pa and 298 K.

The symbol O—    indicates that the enthalpy change refers to 
a reaction carried out under standard conditions.

The information in the equation:

CH4(g)  +  2O2(g)    CO2(g)  +  2H2O(l)
ΔH O—   = –890.3 kJ mol–1

shows us that when one mole of methane gas reacts with 
two moles of oxygen gas to form one mole of carbon 
dioxide gas and two moles of water in the liquid state the 
standard enthalpy change is –890.3 kJ mol–1.

A variety of enthalpy changes
We can describe enthalpy changes according to the type  
of chemical reaction taking place. For example:

 ■ enthalpy change of formation
 ■ enthalpy change of combustion
 ■ enthalpy change of neutralisation
 ■ enthalpy change of solution
 ■ enthalpy change of atomisation
 ■ enthalpy change of hydration.

In more general cases we can use the term:
 ■ enthalpy change of reaction.

Standard enthalpy change of  
reaction, ∆H O— r

The standard enthalpy change of reaction is the enthalpy 
change when the amounts of reactants shown in  
the equation react to give products under standard  
conditions. The reactants and products must be in their 
standard states.

The symbol for standard enthalpy change of reaction is  
ΔH O—  r .  Enthalpy changes of reaction can be exothermic  
or endothermic.

The equation that describes the reaction must be given.  
For example, the equation:

H2(g)  +    1 _ 2   O2(g)    H2O(l) ΔH O—  r  = –286 kJ mol–1

shows us the enthalpy change when one mole of water is 
formed from hydrogen and oxygen. In this case 286 kJ of 
energy are released.

However, if we write the equation as

2H2(g)  +  O2(g)    2H2O(l) ΔH O—  r  = –572 kJ mol–1

two moles of water are formed from hydrogen and oxygen. 
In this case 572 kJ of energy are released.

Standard enthalpy change of  
formation, ∆H O— f

The standard enthalpy change of formation is the 
enthalpy change when one mole of a compound is 
formed from its elements under standard conditions. The 
reactants and products must be in their standard states.

The symbol for standard enthalpy change of formation is 
ΔH O—  f . Enthalpy changes of formation can be exothermic 
or endothermic. We write the formula of the compound 
in square brackets after ΔH O—  f  to help us when we do 
calculations involving enthalpy changes. Examples are:

2Fe(s)  +  1  1 _ 2   O2(g)    Fe2O3(s)

ΔH O—  f  [Fe2O3(s)] = –824.2 kJ mol–1

C(graphite)  +  2S(s)    CS2(l)

ΔH O—  f  [CS2(l)] = +98.7 kJ mol–1

Note that the state symbol for carbon is shown as 
‘graphite’. This is because there are several forms of 
carbon but the most stable is graphite and we choose the 
most stable form when writing equations where enthalpy 
changes are shown.

By definition, the standard enthalpy change of 
formation of any element in its standard state is zero.

Standard enthalpy change of 
combustion, ∆H O— c

The standard enthalpy change of combustion is the 
enthalpy change when one mole of a substance is burnt in 
excess oxygen under standard conditions. The reactants 
and products must be in their standard states.
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Standard enthalpy changes
Standard conditions
To make any comparison of enthalpy changes a fair 
comparison, we must use the same conditions. These are 
called standard conditions:

 ■ a pressure of 105 Pa (105 Pa is 100 kPa, approximately normal 
atmospheric pressure)

 ■ a temperature of 298 K (25 °C) (add 273 to the Celsius 
temperature to convert a temperature into kelvin)

 ■ each substance involved in the reaction is in its normal 
physical state (solid, liquid or gas) at 105 Pa and 298 K.

The symbol O—    indicates that the enthalpy change refers to 
a reaction carried out under standard conditions.

The information in the equation:

CH4(g)  +  2O2(g)    CO2(g)  +  2H2O(l)
ΔH O—   = –890.3 kJ mol–1

shows us that when one mole of methane gas reacts with 
two moles of oxygen gas to form one mole of carbon 
dioxide gas and two moles of water in the liquid state the 
standard enthalpy change is –890.3 kJ mol–1.

A variety of enthalpy changes
We can describe enthalpy changes according to the type  
of chemical reaction taking place. For example:

 ■ enthalpy change of formation
 ■ enthalpy change of combustion
 ■ enthalpy change of neutralisation
 ■ enthalpy change of solution
 ■ enthalpy change of atomisation
 ■ enthalpy change of hydration.

In more general cases we can use the term:
 ■ enthalpy change of reaction.

Standard enthalpy change of  
reaction, ∆H O— r

The standard enthalpy change of reaction is the enthalpy 
change when the amounts of reactants shown in  
the equation react to give products under standard  
conditions. The reactants and products must be in their 
standard states.

The symbol for standard enthalpy change of reaction is  
ΔH O—  r .  Enthalpy changes of reaction can be exothermic  
or endothermic.

The equation that describes the reaction must be given.  
For example, the equation:

H2(g)  +    1 _ 2   O2(g)    H2O(l) ΔH O—  r  = –286 kJ mol–1

shows us the enthalpy change when one mole of water is 
formed from hydrogen and oxygen. In this case 286 kJ of 
energy are released.

However, if we write the equation as

2H2(g)  +  O2(g)    2H2O(l) ΔH O—  r  = –572 kJ mol–1

two moles of water are formed from hydrogen and oxygen. 
In this case 572 kJ of energy are released.

Standard enthalpy change of  
formation, ∆H O— f

The standard enthalpy change of formation is the 
enthalpy change when one mole of a compound is 
formed from its elements under standard conditions. The 
reactants and products must be in their standard states.

The symbol for standard enthalpy change of formation is 
ΔH O—  f . Enthalpy changes of formation can be exothermic 
or endothermic. We write the formula of the compound 
in square brackets after ΔH O—  f  to help us when we do 
calculations involving enthalpy changes. Examples are:

2Fe(s)  +  1  1 _ 2   O2(g)    Fe2O3(s)

ΔH O—  f  [Fe2O3(s)] = –824.2 kJ mol–1

C(graphite)  +  2S(s)    CS2(l)

ΔH O—  f  [CS2(l)] = +98.7 kJ mol–1

Note that the state symbol for carbon is shown as 
‘graphite’. This is because there are several forms of 
carbon but the most stable is graphite and we choose the 
most stable form when writing equations where enthalpy 
changes are shown.

By definition, the standard enthalpy change of 
formation of any element in its standard state is zero.

Standard enthalpy change of 
combustion, ∆H O— c

The standard enthalpy change of combustion is the 
enthalpy change when one mole of a substance is burnt in 
excess oxygen under standard conditions. The reactants 
and products must be in their standard states.
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Standard enthalpy changes
Standard conditions
To make any comparison of enthalpy changes a fair 
comparison, we must use the same conditions. These are 
called standard conditions:

 ■ a pressure of 105 Pa (105 Pa is 100 kPa, approximately normal 
atmospheric pressure)

 ■ a temperature of 298 K (25 °C) (add 273 to the Celsius 
temperature to convert a temperature into kelvin)

 ■ each substance involved in the reaction is in its normal 
physical state (solid, liquid or gas) at 105 Pa and 298 K.

The symbol O—    indicates that the enthalpy change refers to 
a reaction carried out under standard conditions.

The information in the equation:

CH4(g)  +  2O2(g)    CO2(g)  +  2H2O(l)
ΔH O—   = –890.3 kJ mol–1

shows us that when one mole of methane gas reacts with 
two moles of oxygen gas to form one mole of carbon 
dioxide gas and two moles of water in the liquid state the 
standard enthalpy change is –890.3 kJ mol–1.

A variety of enthalpy changes
We can describe enthalpy changes according to the type  
of chemical reaction taking place. For example:

 ■ enthalpy change of formation
 ■ enthalpy change of combustion
 ■ enthalpy change of neutralisation
 ■ enthalpy change of solution
 ■ enthalpy change of atomisation
 ■ enthalpy change of hydration.

In more general cases we can use the term:
 ■ enthalpy change of reaction.

Standard enthalpy change of  
reaction, ∆H O— r

The standard enthalpy change of reaction is the enthalpy 
change when the amounts of reactants shown in  
the equation react to give products under standard  
conditions. The reactants and products must be in their 
standard states.

The symbol for standard enthalpy change of reaction is  
ΔH O—  r .  Enthalpy changes of reaction can be exothermic  
or endothermic.

The equation that describes the reaction must be given.  
For example, the equation:

H2(g)  +    1 _ 2   O2(g)    H2O(l) ΔH O—  r  = –286 kJ mol–1

shows us the enthalpy change when one mole of water is 
formed from hydrogen and oxygen. In this case 286 kJ of 
energy are released.

However, if we write the equation as

2H2(g)  +  O2(g)    2H2O(l) ΔH O—  r  = –572 kJ mol–1

two moles of water are formed from hydrogen and oxygen. 
In this case 572 kJ of energy are released.

Standard enthalpy change of  
formation, ∆H O— f

The standard enthalpy change of formation is the 
enthalpy change when one mole of a compound is 
formed from its elements under standard conditions. The 
reactants and products must be in their standard states.

The symbol for standard enthalpy change of formation is 
ΔH O—  f . Enthalpy changes of formation can be exothermic 
or endothermic. We write the formula of the compound 
in square brackets after ΔH O—  f  to help us when we do 
calculations involving enthalpy changes. Examples are:

2Fe(s)  +  1  1 _ 2   O2(g)    Fe2O3(s)

ΔH O—  f  [Fe2O3(s)] = –824.2 kJ mol–1

C(graphite)  +  2S(s)    CS2(l)

ΔH O—  f  [CS2(l)] = +98.7 kJ mol–1

Note that the state symbol for carbon is shown as 
‘graphite’. This is because there are several forms of 
carbon but the most stable is graphite and we choose the 
most stable form when writing equations where enthalpy 
changes are shown.

By definition, the standard enthalpy change of 
formation of any element in its standard state is zero.

Standard enthalpy change of 
combustion, ∆H O— c

The standard enthalpy change of combustion is the 
enthalpy change when one mole of a substance is burnt in 
excess oxygen under standard conditions. The reactants 
and products must be in their standard states.
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STANDARD ENTHALPY CHANGES

Enthalpy changes are described depending on what type of reaction is taking place. 

The following are some of the most commonly used enthalpy changes: 

1. Standard enthalpy change of formation. 

2. Standard enthalpy change of neutralisation. 

3. Standard enthalpy change of combustion. 

4. Standard enthalpy change of atomisation. 

 

 10
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STANDARD ENTHALPY CHANGE OF FORMATION

 11

Definition The enthalpy change when one mole of a compound is formed in its 

standard state from its elements in their standard states under standard 

conditions.

Symbol ∆HOf

Values Usually, but not exclusively, exothermic.

Examples C(graphite)     +     O2(g)                                    CO2(g) 

H2(g)     +     ½O2(g)                                     H2O(l) 

2C(graphite)     +     ½O2(g)     +     3H2(g)                                    C2H5OH(l)

Notes There should be only one mole of product on the right side of the equation. 

Elements in their standard states have zero enthalpy of formation 

Carbon is usually taken as the graphite allotrope

STANDARD ENTHALPY CHANGE OF COMBUSTION

 12

Definition The enthalpy change when one mole of a substance undergoes complete combustion 
under standard conditions. All reactants and products are in their standard states.

Symbol ∆HOc

Values Always exothermic

Examples C(graphite)     +     O2(g)                                    CO2(g) 

H2(g)     +       ½O2(g)                                    H2O(l) 

C2H5OH(l)     +     3O2(g)                                   2CO2(g)     +     3H2O(l)

Notes There should only one mole of what is being combusted on the left side of the equation. 

To aid balancing the equation, remember that you get one carbon dioxide molecule for 
every carbon atom in the original and one water molecule for every two hydrogen 
atoms. When you have done this, go back and balance the oxygen.
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STANDARD ENTHALPY CHANGE OF NEUTRALISATION

 13

Definition The enthalpy change when an acid and a base react to form one mole of 
water under standard conditions.

Symbol ∆HOneutralisation

Values Exothermic

Example H+ (aq)     +     OH— (aq)                                  H2O(l) 

Notes A value of -57kJmol-1 is obtained when strong acids react with strong 
alkalis.

SKILL CHECK

Classify the following reactions as standard enthalpy changes of 

formation, combustion or neutralisation: 

1. MgCO3 (s)                                      MgO (s) + CO2 (g) 

2. C(graphite) + O2 (g)                                           CO2 (g) 

3. HCl (g) + NH3 (g)                                       NH4Cl (s) 

4. H2 (g) + ½O2 (g)                                       H2O (l)

 14
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MEASURING ENTHALPY CHANGES

Calorimetry is used to measure enthalpy changes. 

It usually involves heating (or cooling) known amounts of water. 

Many reactions take place in aqueous solution – reactants and/or products 

dissolved in water - so water is the natural choice to measure a variety of 

enthalpy changes. 

The enthalpy change of reaction causes the temperature of the water to change:  

Endothermic reactions take in energy, temperature of water falls.  

Exothermic reactions give energy out, temperature of water rises.

 15

SIMPLE CALORIMETERS

 16

 5 Energy changes in chemistry
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 5.2  Measuring enthalpy changes directly
Exothermic and endothermic reactions
The Law of Conservation of Energy states that energy cannot be created or destroyed; 
it can only be converted into another form of energy.

The enthalpy change of a reaction usually appears as heat, which means that there is 
a temperature change. If the products have less enthalpy than the reactants, there is 
an enthalpy decrease during the reaction (∆H is negative) and an equivalent amount 
of heat energy must be given out by the reaction; the reaction is said to be 
exothermic. The heat given out is passed to the surroundings – that is, the 
environment around the reaction – where it can be measured. Most chemical 
reactions are exothermic, but there are some in which the enthalpy increases (∆H is 
positive), and the reaction is then said to be endothermic. These reactions take in 
heat from the surroundings because the enthalpy of the products is more than the 
enthalpy of the reactants.

It is not surprising that most chemical reactions are exothermic. In everyday life, 
the changes we observe are usually those in which the potential energy decreases 
and the kinetic energy increases in the form of heat. If we push a book to the side 
of a desk, we expect to see it fall from the desk to the fl oor (its potential energy 
therefore decreases). We would be very surprised if it suddenly rose back up again 
(its potential energy would increase). Both processes are possible in theory, as they 
do not break the Law of Conservation of Energy.

The direction of a chemical change is determined by the relative energy levels 
of the reactants and products. If the enthalpy of the reactants is higher than that 
of the products (exothermic, ∆H negative), the reaction is thermodynamically 
possible. It might not, however, take place because the rate is too slow; it is then 
said to be kinetically controlled. These kinetic factors are considered in Topic 8).

Measuring temperature changes and 
calculating ∆H
If we measure the heat given out or taken in during a reaction, we can fi nd this 
enthalpy change. The simplest way of measuring it is to use the energy to heat (or 
cool) some water or a solution. We need to make the following measurements:

● the mass of the reactants
● the mass of water, m (or its volume, since its density is 1.00 g cm−3)
● the rise (or fall) in temperature of the water or solution, ∆T.

We also need to know the amount of energy needed to raise the temperature of 
water by one degree. This is known as the specifi c heat capacity of water and is 
given the symbol c. It has the value 4.18 J g−1 K−1. (Note that we can measure the 
temperature change using a thermometer marked in degrees Celsius, because a 
change in temperature is the same on either the Celsius or the kelvin scale.)

If we represent the heat change as q, we have the following equation:

q = mc∆T

If we are dealing with aqueous solutions rather than pure water, it is the mass of 
water in the solution that should be included as the ‘m’ in this equation. Since the 
solutions are often quite dilute, and since the volume and heat capacity of a dilute 
solution are about the same as those of the water it contains, we normally use the 
following equation:

q = 4.18 × v × ∆T, where v = volume of the solution in cm3

Figure 5.3 shows a simple apparatus that can be used measure the heat change. The 
expanded polystyrene cup has a lid to keep heat losses to a minimum. 

s� &OR�exothermic reactions, ∆H is 
negative. The temperature of the 
surroundings increases and the 
potential energy of the system (that 
is, the reacting chemicals) decreases.

s� &OR�endothermic reactions, ∆H is 
positive. The temperature of the 
surroundings decreases and the 
potential energy of the system (the 
reacting chemicals) increases.

The enthalpy change of a reaction, ∆H, 
is the change in enthalpy accompanying 
the complete conversion of one mole of 
reactants into products.

Figure 5.3 A basic calorimeter, used for 
simple heat experiments
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Experiment

To measure ∆H  1c
A simple apparatus
Figure 5.8 shows a simple apparatus to measure the enthalpy change of combustion 
for a fuel such as methanol. A known volume of water is placed in a copper 
calorimeter and its temperature is measured. The calorimeter is clamped so that its 
base is just a few centimetres above a spirit burner, which contains the fuel. The 
spirit burner is weighed, placed under the calorimeter and lit. The water in the 
calorimeter is stirred with the thermometer. When the temperature has risen about 
10 °C, the fl ame is put out, the temperature is noted and the spirit burner re-weighed.

Figure 5.8 A simple apparatus used to 
measure enthalpy changes of combustion
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Figure 5.7 In a bomb calorimeter, accurate 
values of the enthalpy change of combustion 
can be measured because heat losses to the air 
are minimised.
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MEASURING ENTHALPY CHANGES

The energy required to change the temperature of a substance can be calculated 

using: 

q = m x c x ∆T 

where q = heat energy, measured in Joules (J) 

m = mass, measured in grams (g) 

∆T = change in temperature, measured in Kelvin (K) or degree Celsius (°C) 

c = Specific Heat Capacity, measured in JK-1g-1 or J°C-1g-1

 17

MEASURING ENTHALPY CHANGES

We can measure the temperature change using a thermometer marked in 

degrees Celsius, because a change in temperature is the same on either the 

Celsius or the Kelvin scale. The value for the specific heat capacity of water is 4.18 

JK-1g-1 (or J°C-1g-1). 

If we are dealing with aqueous solutions rather than pure water, it is the mass of 

water in the solution that should be included as the ‘m’ in this equation. Since the 

solutions are often quite dilute, and since the volume and heat capacity of a 

dilute solution are about the same as those of the water it contains, we normally 

use the volume of the solution rather than its mass to give this equation: 

q = volume x c x ∆T

 18
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CALCULATING ENTHALPY CHANGES

 19

Step 1: work out the 
enthalpy change during the 

reaction 

Step 2: work out how 
many moles of water 
are made from the 

reaction

Step 3: work out how 
much energy is 

evolved per mole of 
water

CALCULATING ENTHALPY CHANGES
25cm³ of 1 moldm-3 HCl (aq) was neutralized by 25 cm³ of 1 moldm-3 NaOH (aq). The 

temperature was increased by 5°C. Calculate the enthalpy change of neutralisation. 

Enthalpy change q = mc ∆T where m = 50 g,    c = 4.2 J°C-1g-1, ∆T = 5.0°C 

So, enthalpy change = 50 x 4.2 x 5.0 = 1050 J 

HCl(aq)     +     NaOH(aq)                                 NaCl(aq)     +     H2O(l) 

                     1 mole               1 mole 

Number of moles of H2O = number of moles of HCl = 0.025 x 1.0 = 0.025.  

So, 0.025 moles of water are made.

 20
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CALCULATING ENTHALPY CHANGES

Number of moles of H2O = number of moles of HCl = 0.025 x 1.0 = 

0.025. So, 0.025 moles of water are made. 

Enthalpy change when 0.025 moles of water made = 1050J 

Enthalpy change when 1 mole of water made = 1050/0.025 = 42000 J 

Enthalpy change of neutralisation =  — 42 kJmol-1

 21

Heat energy gained by the 
water is lost by the reaction 

so change the sign!

CALCULATING ENTHALPY CHANGES

0.16g of methanol was burned in a spirit burner. 50g of water was 

heated from 19°C to 23°C.   

(a) Calculate the enthalpy change of combustion of methane. 

q = mc ∆T             m = 50g,   c = 4.2 JK—1g—¹,    ∆T = 4.0°C 

So, enthalpy change of water = 50 x 4.2 x 4.0 = 840 J 

moles of methanol burned = mass/mass of 1 mole = 0.16/32 = 0.005 

moles

 22
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CALCULATING ENTHALPY CHANGES

Enthalpy change of water for 1 mole of methane= 840/0.005 = 

168000J = 168kJ 

Enthalpy change of combustion = —168 kJ mol—¹ 

(b) Comment on why this experimental value is lower than the data 

booklet value. 

Energy is lost to the surroundings, so that the temperature increase of 

the water is lower than that under ideal conditions.

 23

CALCULATING ENTHALPY CHANGES

On complete combustion, 0.18g of hexane raised the temperature of 

100g water from 22°C to 47°C. Calculate its enthalpy of combustion. 

Heat absorbed by the water (q) = 100 x 4.18 x 25 = 10450 J = 10.45 kJ 

Moles of hexane burned = mass/Mr = 0.18/86 = 0.00209 

Enthalpy change = heat energy/moles = 10.45/0.00209 = 5000 kJ mol—¹

 24
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CALCULATING ENTHALPY CHANGES

25cm³ of 2.0M HCl was added to 25cm³ of 2.0M NaOH in an insulated beaker. 

The initial temperature of both solutions was 20°C. The highest temperature 

reached by the solution was 33°C. Calculate the Molar Enthalpy of Neutralisation. 

NaOH     +     HCl                            NaCl     +     H2O 

  

Temperature rise (∆T) = 306K — 293K = 13K 

Volume of resting solution  = 25 + 25 = 50cm³ = 0.05dm³ 

Equivalent mass of water = 50g  (density is 1 gcm-3)

 25

CALCULATING ENTHALPY CHANGES

Heat absorbed by the water (q) = m x c x ∆T = 500 x 4.18 x 13 = 2717 J = 2.717 kJ 

Moles of HCl reacting       = 2 x 25/1000 = 0.05 mol 

Moles of NaOH reacting    = 2 x 25/1000 = 0.05 mol 

Moles of water produced  = 0.05 mol 

Enthalpy change per mole (∆H) = heat energy/moles of water = 2.717/0.05 = 

54.34 kJmol—1

 26
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CALCULATING ENTHALPY CHANGES

25cm³ of 2.0M HCl was added to 25cm³ of 2.0M NaOH in an insulated beaker. 

The initial temperature of both solutions was 20°C. The highest temperature 

reached by the solution was 33°C. Calculate the Molar Enthalpy of Neutralisation. 

NaOH     +     HCl                            NaCl     +     H2O 

  

Temperature rise (∆T) = 306K — 293K = 13K 

Volume of resting solution  = 25 + 25 = 50cm³ = 0.05dm³ 

Equivalent mass of water = 50g  (density is 1 gcm-3)

 27

CALCULATING ENTHALPY CHANGES

Heat absorbed by the water (q) = m x c x ∆T = 500 x 4.18 x 13 = 2717 J = 2.717 kJ 

Moles of HCl reacting       = 2 x 25/1000 = 0.05 mol 

Moles of NaOH reacting    = 2 x 25/1000 = 0.05 mol 

Moles of water produced  = 0.05 mol 

Enthalpy change per mole (∆H) = heat energy/moles of water = 2.717/0.05 = 

54.34 kJmol—1

 28
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SKILL CHECK

75cm3 of 2.0 moldm−3 ethanoic acid, CH3CO2H, were placed in a 

plastic cup. The temperature was 18.2°C. To this were added 75cm3 of 

2.0 moldm−3 ammonium hydroxide, NH4OH, whose temperature was 

18.6 °C. After mixing, the highest temperature was 31.0 °C.  

Calculate ∆H for the neutralisation.  

 29

SKILL CHECK

A burner containing hexanol, C6H13OH, had a mass of 325.68g. It was 

lit and placed under a copper calorimeter containing 250 cm3 of 

water. The temperature of the water rose from 19.2°C to 31.6°C. 

Afterwards the burner’s mass was 324.37 g. 

Calculate: 

A. The heat evolved. 

B. ∆Hc for hexanol. 

 30
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HESS’ LAW

There are very few reactions whose enthalpy change can be measured 

directly by measuring the change in temperature in a calorimeter. We can 

find enthalpy changes for other reactions indirectly. To do this we make 

use of Hess’ Law. 

Hess’ law is an application of the first law of thermodynamics, which in its 

simplest form is the law of conservation of energy. Since energy cannot 

be destroyed or created the energy change in a chemical process 

should be the same as long as the initial and final states are the same. 

 31

HESS’ LAW

Hess’ law states that ‘the total 

enthalpy change in a chemical 

reaction is independent of the 

route by which the chemical 

reaction takes place as long as 

the initial and final conditions are 

the same’. 

 32

Hess’s law
Conserving energy
The Law of Conservation of Energy states that ‘energy 
cannot be created or destroyed’. This is called the First Law 
of Thermodynamics.

This law also applies to chemical reactions. The total 
energy of the chemicals and their surroundings must 
remain constant. In 1840 Germain Hess applied the Law of 
Conservation of Energy to enthalpy changes.

Hess’s law states that ‘the total enthalpy change in a 
chemical reaction is independent of the route by which 
the chemical reaction takes place as long as the initial and 
final conditions are the same’.

Enthalpy cycles
We can illustrate Hess’s law by drawing enthalpy cycles 
(Hess cycles). In Figure 6.7, the reactants A and B combine 
directly to form C. This is the direct route.

Two indirect routes are also shown. One other way 
of changing A + B to C is to convert A + B into different 
substances F + G (intermediates), which then combine to 
form C.

F + G

direct route
A + B

X Y + Z

C

indirect route 2

indirect route 1

Figure 6.7 The enthalpy change is the same no matter which 
route is followed.

Hess’s law tells us that the enthalpy change of reaction 
for the direct route is the same as for the indirect route. It 
does not matter how many steps there are in the indirect 
route. We can still use Hess’s law.

We can use Hess’s law to calculate enthalpy  
changes that cannot be found by experiments using 
calorimetry. For example, the enthalpy change of 
formation of propane cannot be found by direct 
experiment because hydrogen does not react with  
carbon under standard conditions.

Enthalpy change of reaction 
from enthalpy changes of 
formation
We can calculate the enthalpy change of reaction by using 
the type of enthalpy cycle shown in Figure 6.8.

reactants
∆Hr

∆H2∆H1

products

elements

Figure 6.8 An enthalpy cycle for calculating an enthalpy 
change of reaction. The dashed line shows the indirect (two-
step) route.

We use the enthalpy changes of formation of the reactants 
and products to calculate the enthalpy change of the 
reaction. We take note of the directions of the arrows to 
find the one-stage (direct) and two-stage (indirect) routes. 
When we use Hess’s law we see that:

 ΔH2  = ΔH1   +  ΔHr
 direct route  indirect route

So ΔHr = ΔH2 – ΔH1
To calculate the enthalpy change of reaction using this 

type of enthalpy cycle we use the following procedure:
 ■ write the balanced equation at the top
 ■ draw the cycle with elements at the bottom
 ■ draw in all arrows, making sure they go in the  

correct directions
 ■ apply Hess’s law, taking into account the number of moles 

of each reactant and product.

If there are 3 moles of a product, e.g. 3CO2(g), we must 
multiply the enthalpy change of formation by 3. Also 
remember that the standard enthalpy change of formation 
of an element in its standard state is zero.

WORKED EXAMPLE

1 Calculate the standard enthalpy change for the 
reaction:

2NaHCO3(s)    Na2CO3(s)  +  CO2(g)  +  H2O(l)

 The relevant enthalpy changes of formation are:
 ∆H O—  f  [NaHCO3(s)] = –950.8 kJ mol–1

 ∆H O—  f  [Na2CO3(s)] = –1130.7  kJ mol–1

 ∆H O—  f  [CO2(g)] = –393.5 kJ mol–1

 ∆H O—  f  [H2O(l)] = –285.8 kJ mol–1
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Chapter 6: Enthalpy changes

∆H(direct) = ∆H(indirect 1) = ∆H(indirect 2)
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HESS’ LAW

Some enthalpy changes are easy to measure experimentally, e.g.:  

∆H°c, enthalpy change of combustion.  

Some values for ∆H°f, enthalpy change of formation. 

These can be used to calculate some enthalpy changes that are 

difficult to measure experimentally e.g. : 

Some values for ∆H°f, enthalpy change of formation. 

Some values for ∆H°r, enthalpy change of reaction.

 33

HESS’ LAW

This can be shown by making a Hess cycle as shown below: 

 34

A → B   =   A → C   +   C → B

∆H1   =   ∆H2   +   ∆H3 

A B

C

∆H1

∆H3
∆H2
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HESS’ LAW
1. Write out balanced equations for all energy changes mentioned in question. 

2. Choose the most complicated (or populated) equation. 

3. Fill the first two boxes with it. 

4. Put everything else in the third box. 

5. Balance each box to ensure the number of atoms in each box is the same. 

6. The box with which your cycle begins is the start box and the one where the 

cycle ends is the stop box. 

7. Construct an equation and solve. 

Note: The enthalpies given are per mole therefore as the number of moles change, 

the energies have to be multiplied by the same number.

 35

SUMMARY CYCLES

 36

∆H

∆Hf  p
roducts∆H

f reactants

reactants

Box A

products

Box B

elements

Box C: Elements

C  ➜  A   +   A  ➜ B   =   C  ➜  B

Start box: C           End box: B

FOR FORMATION REACTIONS

A  ➜  B   +   B  ➜ C   =   A  ➜  C

Start box: A           End box: C

FOR COMBUSTION REACTIONS ∆H

∆Hc  products∆H
c reactants

reactants

Box A

products

Box B

elements

Box C: Combustion Products
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EXAMPLE 1

Consider the following two reactions:  

C(graphite)     +     O2(g)                       CO2(g)           ∆H1   =  – 394 kJ mol–1 

CO(g)     +     ½O2(g)                       CO2(g)           ∆H2  =  – 283 kJ mol–1 

We can use Hess’s Law to find the value of the incomplete combustion of 

carbon to form CO. 

C(graphite)     +     ½ O2(g)                       CO(g)           ∆H3    =  ? 

 37

EXAMPLE 1

A → B   =   A → C   +   C → B 

∆H1   =   ∆H3   +   ∆H2  

– 394    =   ∆H3   +   (– 283) 

∆H3    =  ?

 38

C CO2

CO

∆H1   =  – 394 kJ mol–1

∆H2  =
  –

 283 kJ m
ol–1

∆H
3

Box A Box B

Box C

CEDAR COLLEGE ENERGETICS



 70

�

EXAMPLE 2

Calculate the standard enthalpy of formation of methane from the following data: 

∆H°c (C) = —393 kJ mol—1         

∆H°c (H2) = —286 kJ mol—¹           

∆H°c (CH4) = —890 kJ mol—¹

 39

Step 1: form the equation of the formation of methane from its 
elements in their standard state.

C(s)     +     2H2(g)                          CH4(g) 

EXAMPLE 2

 40

Step 2: enter the reactants 

(in Box A) and products (in 

Box B) of Step 1 into the 

Hess cycle

Step 3: enter the combustion 

products of the Box A and 

Box B into Box C

Step 4: work out ∆H1 from 

    ∆H1   =   ∆H2   +   ∆H3 

Box C : Combustion products

C(s)   +  2H2(g) 

CO2  +  2 H2O

∆H1   =  ?

∆H°c(
CH4) 

= —
890∆H°c(C) = —393

Box A

2 x ∆H°c(H
2) = 2(—286)

CH4(g) 

Box B

A  ➜ B   +      B  ➜  C      =      A  ➜  C

∆H1     +     ∆H°c(CH4)   =   ∆H°c(C)    +    2 x ∆H°c(H2) 

∆H1     +     (—890)        =   (—393)     +    2(—286) 

∆H1         =   ?
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SKILL CHECK

Calculate the standard enthalpy change for the following reaction, given 

that the standard enthalpies of formation of water, nitrogen dioxide and 

nitric acid are —286, +33 and —173 kJ mol—1 respectively. The value for 

oxygen is ZERO as it is an element (—252 kJ mol—1) 

2H2O(l)   +   4NO2(g)   +   O2(g)                             4HNO3(l)  

 41

SKILL CHECK
Calculate the standard enthalpy change of combustion of ethane from the 

following data: 

Standard enthalpy change of formation of carbon dioxide   =  – 394 kJ mol–1 

Standard enthalpy change of formation of water                  =  – 288 kJ mol–1 

Standard enthalpy change of formation of ethane                =  – 92 kJ mol–1

 42
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SKILL CHECK

Calculate the enthalpy change for the reaction: 

           4CH3NHNH2(l)   +   5N2O4(l)                              4CO2   +   12H2O   +   9N2 

 Given  the  following data: 

Standard enthalpy change of formation of carbon dioxide  = – 394 kJ mol–1 

Standard enthalpy change of formation of water                 = – 288 kJ mol–1 

Standard enthalpy change of formation of CH3NHNH2       =    +53 kJ mol–1 

Standard enthalpy change of formation of N2O4                  =  – 20 kJ mol–1

 43

BOND ENTHALPY

Bond Enthalpy is the energy required to break one mole of a particular 

type of bond in gaseous molecules under standard conditions. 

Bond enthalpy values are all positive, showing that bond enthalpies are 

endothermic (breaking bonds takes in energy). 

The values found in the data booklet are average values for each type of 

bond. The same bond may have very slightly different bond enthalpies in 

different compounds. 

The O—H bond has a slightly different enthalpy value in each compound.

 44
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BOND ENTHALPY

When a particular bond is broken, energy is taken in (endothermic):  

H—H(g)                               H(g)     +     H(g)          ∆H = +436 kJ mol—¹ 

When the same bond is made, energy is given out (exothermic): 

H(g)     +     H(g)                            H—H(g)             ∆H  = —436 kJ mol—¹ 

Note: The amount of energy needed to break or form the same type of 

bond is the same.

 45

EXAMPLE

Calculate the enthalpy change of reaction when 1 mole of methane, CH4 , 

burns completely to form carbon dioxide and water.  

 46

÷
=÷
t - O - H A

1

H - C - H
I

H ÷
=÷
t - O - H A

1

H - C - H
I

H

÷
=÷
t - O - H A

1

H - C - H
I

H

÷
=÷
t - O - H A

1

H - C - H
I

H

÷
=÷
t - O - H A

1

H - C - H
I

H

÷
=÷
t - O - H A

1

H - C - H
I

H

+ +

4 x C—H bonds 2 x O=O bonds 2 x C=O bonds 4 x O—H bonds

Reactant Bonds
Energy needed to  

break bonds /kJ mol—¹
Product bonds

Energy given out when 
bonds form /kJ mol—¹

4 x C—H 4 x +413 = +1652 2 x C=O 2 x —805 = —1610

2 x O=O 2 x +498 = +996 4 x O—H 4 x —464 = —1856

Total energy needed                = +2648 Total energy given out               = —3466

Enthalpy change of reaction =  +2648 + (—3466) = —818 kJ mol—¹
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EXAMPLE

 47

The information from the example before 

can be shown on an enthalpy level diagram.
Breaking all the 
bonds gives single 
gaseous atoms.

Progress of reaction (reactants to products)

E
n

e
rg

y 
/ 

kJ
m

o
l—

1

Bond breaking 
+2648 kJ

CH4(g) + 2O2(g)

C(g) + 4H(g) + 4O(g)

Bond forming 
—3466kJ

CO2(g) + H2O(l)∆H

STANDARD ENTHALPY OF ATOMISATION

Standard enthalpy of atomisation (∆Hatm) of an element is the enthalpy change when 

1 mole of gaseous atoms is formed from the elements in their standard states. 

½Cl2(g)                         Cl(g)     ∆H = +121 kJ mol—1 

For chlorine ∆Hatm  = ½ bond dissociation energy 

Na(s)                           Na(g)      ∆H = +108 kJ mol—1 

For sodium ∆Hatm = energy of sublimation

 48
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STANDARD ENTHALPY OF ATOMISATION

½I2(s)                        I(g)     ∆H = +107 kJ mol—1 

For iodine ∆Hatm  = ½(energy of sublimation  +   bond dissociation energy)                            

= ½(63 + 151) = ? 

½Br2(l)                          Br(g)     ∆H = +112 kJ mol—1 

For bromine ∆Hatm = ½(enthalpy of vaporisation + bond dissociation 

energy)

 49

SKILL CHECK

The equation for the combustion of ethanol is:  

C2H5OH(l) + 3O2(g)                             2CO2(g) + 3H2O(l)  

A. Rewrite this equation to show all the bonds in the reactants and products.  

B. Use  bond energies (in kJ mol–1) to calculate a value for the standard 

enthalpy change of this reaction. 

C. The standard enthalpy change of combustion of ethanol is –1367.3 kJ mol–1. 

Suggest why this value differs from the value obtained using bond energies.  

 50
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7  An exothermic chemical reaction proceeds by two stages. 

 

reactants intermediate products
stage 1 stage 2

 

 

The activation energy of stage 1 is 50 kJ mol
–1

. The overall enthalpy change of reaction is 

–100 kJ mol
–1

. 

 

Which diagram represents the reaction pathway for this reaction? 

 

A

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

B

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

C

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

D

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

 

 

 

8  Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the 

reaction below. 

 

4Fe(s) + 3O2 (g) → 2Fe2 O3 (s) ; ∆HO = –1648 kJ
 

 

What is the standard enthalpy change of formation of iron(III) oxide? 

A 0 kJ mol
–1

 

B –824 kJ mol
–1

 

C –1648 kJ mol
–1

 

D –3296 kJ mol
–1

 

 

 

9  Two equilibria are shown below. 

 

reaction I 2X2 (g) + Y2 (g)  2X2 Y(g) 

reaction II X2 Y(g)  X2 (g) + )g(
2

1

!
!  

 

The numerical value of K
c
 for reaction I is 2. 

 

Under the same conditions, what is the numerical value of K
c
 for reaction II? 

A 

2

1
 B 

2

1
 C 

4

1
 D –2 

 

 

!

6 
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7  Magnesium oxide may be used for the lining of an electric furnace for making crockery. 

 

Which properties of magnesium oxide help to explain this use? 

 

 
strong forces 

between particles 

ionic 

bonding 

electrical 

conductor 

A yes yes no 

B yes no yes 

C no yes no 

D no no yes 

 

 

8  For which equation is the enthalpy change correctly described as an enthalpy change of 

formation? 

A 2NO(g) → N2 (g) + O2 (g) 

B 2CO(g) + O2 (g) → 2CO2 (g) 

C H2 O(l) + NaCl(s) → NaCl(aq) 

D K(s) + Mn(s) + 2O2 (g) → KMnO4 (s) 

 

 

9  Given CO(g) + 
2

1

O2 (g) → CO2 (g) ∆H
o

 = –283 kJ mol
–1

 

H2 (g) + 
2

1

O2 (g) → H2 O(l) ∆H
o

 = –286 kJ mol
–1

 

H2 O(g) → H2 O(l) ∆H
o

 = –44 kJ mol
–1

 

 

what is the change in enthalpy, ∆H
o

, for the following reaction? 

 

CO2 (g) + H2 (g) → CO(g) + H2 O(g) 

A –525 kJ mol
–1 

B –41 kJ mol
–1 

C +41 kJ mol
–1 

D +525 kJ mol
–1

 

 

 

10  In some early paintings, lead(II) carbonate was used as a white pigment. In the 19
th

 century 

hydrogen sulphide from burning coal reacted with this pigment to form black lead(II) sulphide, 

PbS. The original colour of the painting may be restored by carefully treating the area with dilute 

hydrogen peroxide, producing lead(II) sulphate which is also white. 

 

What is the role of the hydrogen peroxide? 

A catalyst 

B oxidising agent 

C reducing agent 

D solvent 

 

 

!
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8  In the conversion of compound X into compound Z, it was found that the reaction proceeded by 

way of compound Y, which could be isolated. The following steps were involved. 

 

X → Y ; ∆H, positive 

Y → Z ; ∆H, negative 

 

Which reaction profile fits these data? 

 

e
n
e
rg

y

progress of
reaction

A

e
n
e
rg

y

progress of
reaction

B

e
n
e
rg

y

progress of
reaction

C

e
n
e
rg

y

progress of
reaction

D

X

Y

Z

X

Y

Z

Y

Z

X

X

Y Z

 

 

 

9  The nickel-cadmium rechargeable battery is based upon the following overall reaction. 

 

Cd + 2NiOOH + 4H2 O → Cd(OH)2  + 2Ni(OH)2 .H2 O 

 

What is the oxidation number of nickel at the beginning and at the end of the reaction? 

 

 beginning end 

A +1.5 +2 

B +2 +3 

C +3 +2 

D +3 +4 

 

 

10  At a total pressure of 1.0 atm, dinitrogen tetraoxide is 50 % dissociated at a temperature of 60 o C, 

according to the following equation. 

 

N2 O4   2NO2  

 

What is the value of the equilibrium constant, K
p
, for this reaction at 60 o C? 

A 
1

/3  atm B 
2

/3  atm C 
4

/3  atm D 2 atm 
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9  The diagram represents the reaction pathway for the following reaction. 

 

W(g) + X(g) → Y(g) + Z(g) 

 

energy

W + X

Y + Z

reaction pathway
 

 

What statement can be made about the reverse reaction, Y(g) + Z(g) → W(g) + X(g)? 

A It will have a larger activation energy and a positive ∆H. 

B It will have a larger activation energy and a negative ∆H. 

C It will have a smaller activation energy and a positive ∆H. 

D It will have a smaller activation energy and a negative ∆H. 

 

 

10  For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of K
p
? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

11 Dinitrogen tetroxide dissociates into nitrogen dioxide on heating. 

  

N2O4(g)  2NO2(g) 

 

In an experiment the partial pressures of the gases at equilibrium were found to be NO2, 0.33 atm; 

N2O4, 0.67 atm. 

 

What is the numerical value of K
p
 at the temperature of the experiment? 

A 0.16 B 0.49 C 0.65 D 2.03 

 

 

!

4  
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4  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g) + 2H2(g) → CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E(C≡O) 1077 kJ mol
–1

 

E(C–O) 360 kJ mol
–1

 

E(C–H) 410 kJ mol
–1

 

E(H–H) 436 kJ mol
–1

 

E(O–H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

5  Which solid has a simple molecular lattice? 

A calcium fluoride 

B nickel 

C silicon(IV) oxide 

D sulfur 

 

 

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

transition state of a reaction. 

 

energy

E1

E2

E3

reactants

reaction coordinate

transition state

products

 

 

Which expression represents the activation energy of the forward reaction? 

A E1 – E2 B E1 – E3 C E2 – E3 D (E1 – E2) – (E2 – E3) 
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

!

4
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7 When heated, solid iodine readily forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical states
of iodine?

solid vapour

A ionic atomic

B ionic molecular

C molecular atomic

D molecular molecular

8 Which statement about the standard enthalpy change of formation of carbon dioxide is correct?

A It is equal to the standard enthalpy change of combustion of carbon.

B It is equal to twice the bond energy of the C=O bond.

C It is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon.

D It is the same for carbon dioxide produced from graphite and from diamond.

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

Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the
American Gemini and Apollo spacecraft.  It has the following formula.

What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine?

A 550 kJ 

B 1720 kJ 

C 1970 kJ 

D 2554 kJ 

10 For which equilibrium does Kc have no units?

A C(s) + H2O(g)         CO(g) + H2(g)

B CH3OH(l) + CH3CO2H(l)         CH3CO2CH3(l) + H2O(l)

C Cu2+(aq) + 4NH3(aq)         Cu(NH3)4
2+(aq)

D N2O4(g)         2NO2(g)

N N

H

H

H

H
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9 50 cm
3

 of 2.50 mol dm
–3

 hydrochloric acid was placed in a polystyrene beaker of negligible heat 

capacity. Its temperature was recorded and then 50 cm
3

 of 2.50 mol dm
–3

 NaOH at the same 

temperature was quickly added, with stirring. The temperature rose by 17 °C. 

 

The resulting solution may be considered to have a specific heat capacity of 4.2 J g–1 K–1

. 

 

What is an approximate value for the molar enthalpy change of neutralisation of hydrochloric acid 

and sodium hydroxide from this experiment? 

A 

)5.2x050.0(

)17x2.4x50(− 1

molJ
−

 

B 

)5.2x10.0(

)17x2.4x50(− 1

molJ
−  

C 

)5.2x050.0(

)17x2.4x100(− 1

molJ
−  

D 

)5.2x50(

)17x2.4x100(− 1

molJ
−

 

 

 

10 Three substances, R, S and T, have physical properties as shown. 

 

substance R S T 

mp / oC 801 2852 3550 

bp / oC 1413 3600 4827 

electrical conductivity of solid poor poor good 

 

What could be the identities of R, S and T ? 

 

 R S T 

A MgO NaCl C [graphite] 

B MgO NaCl SiO
2
 

C NaCl MgO C [graphite] 

D NaCl MgO SiO
2
 

 

 

11 In which change would only van der Waals’ forces have to be overcome? 

A evaporation of ethanol C
2
H

5
OH(l) → C

2
H

5
OH(g) 

B melting of ice H
2
O(s) → H

2
O(l) 

C melting of solid carbon dioxide CO
2
(s) → CO

2
(l) 

D solidification of butane C
4
H

10
(l) → C

4
H

10
(s) 

 

 

!

4 
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6 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding some 0.1 mol dm
–3

 hydrogen peroxide 

B adding water 

C lowering the temperature 

D using less manganese(IV) oxide 

 

 

7 In the last century the Haber process was sometimes run at pressures of 1000 atm and higher. 

Now it is commonly run at pressures below 100 atm. 

 

What is the reason for this change? 

A An iron catalyst is used. 

B Maintaining the higher pressures is more expensive. 

C The equilibrium yield of ammonia is increased at lower pressures. 

D The rate of the reaction is increased at lower pressures. 

 

 

8 The equation below represents the combination of gaseous atoms of non-metal X and of 

hydrogen to form gaseous X
2
H

6 
 molecules. 

 

2X(g) + 6H(g) → X
2
H

6
(g) ∆H = –2775 kJ mol

–1

 

 

The bond energy of an X–H bond is 395 kJ mol
–1

. 

 

What is the bond energy of an X–X bond? 

A – 405.0 kJ mol
–1

 

B – 202.5 kJ mol
–1

 

C +202.5 kJ mol
–1

 

D +405.0 kJ mol
–1

 

!
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8  Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 

 

4C(s) + 5H2(g) → C4H10(g) 

 

By using the following standard enthalpy of combustion data, what is the value of the standard 

enthalpy change of formation,        , for this reaction? 

 

compound 
o

 

carbon –394 

hydrogen –286 

butane –2877 

 

A –5883 kJ mol
–1

 

B –129 kJ mol
–1

 

C +129 kJ mol
–1

 

D +2197 kJ mol
–1

 

 

 

9  In a calorimetric experiment 1.60 g of a fuel is burnt. 45 % of the energy released is absorbed by  

200 g of water whose temperature rises from 18 °C to 66 °C. The specific heat capacity of water is 

4.2 J g–1 K–1

. 

 

What is the total energy released per gram of fuel burnt? 

A 25 200 J B 56 000 J C 89 600 J D 143 360 J 

 

 

10  The value of the equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol 

and ethanoic acid is 4.0 at 60 °C. 

 

C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O 

 

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C, 

what is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

11 Which equation represents the change corresponding to the enthalpy change of atomisation of 

iodine? 

A 
2

1

I2(g) → I(g) 

B I2(g) → 2I(g) 

C 
2

1

I2(s) → I(g) 

D I2(s) → 2I(g) 
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4  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g) + 2H2(g) → CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E(C≡O) 1077 kJ mol
–1

 

E(C–O) 360 kJ mol
–1

 

E(C–H) 410 kJ mol
–1

 

E(H–H) 436 kJ mol
–1

 

E(O–H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

5  Which solid has a simple molecular lattice? 

A calcium fluoride 

B nickel 

C silicon(IV) oxide 

D sulfur 

 

 

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

transition state of a reaction. 

 

energy

E1

E2

E3

reactants

reaction coordinate

transition state

products

 

 

Which expression represents the activation energy of the forward reaction? 

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

 

 

!

4  
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8  Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 

 

4C(s) + 5H2(g) → C4H10(g) 

 

By using the following standard enthalpy of combustion data, what is the value of the standard 

enthalpy change of formation,        , for this reaction? 

 

compound 
o

 

carbon –394 

hydrogen –286 

butane –2877 

 

A –5883 kJ mol
–1

 

B –129 kJ mol
–1

 

C +129 kJ mol
–1

 

D +2197 kJ mol
–1

 

 

 

9  In a calorimetric experiment 1.60 g of a fuel is burnt. 45 % of the energy released is absorbed by  

200 g of water whose temperature rises from 18 °C to 66 °C. The specific heat capacity of water is 

4.2 J g–1 K–1

. 

 

What is the total energy released per gram of fuel burnt? 

A 25 200 J B 56 000 J C 89 600 J D 143 360 J 

 

 

10  The value of the equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol 

and ethanoic acid is 4.0 at 60 °C. 

 

C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O 

 

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C, 

what is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

11 Which equation represents the change corresponding to the enthalpy change of atomisation of 

iodine? 

A 
2

1

I2(g) → I(g) 

B I2(g) → 2I(g) 

C 
2

1

I2(s) → I(g) 

D I2(s) → 2I(g) 
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7  What are the lattice structures of solid diamond, iodine and silicon(IV) oxide? 

 

 giant molecular simple molecular 

A diamond, silicon(IV) oxide iodine 

B diamond, iodine silicon(IV) oxide 

C iodine diamond, silicon(IV) oxide 

D silicon(IV) oxide diamond, iodine 

 

 

8  Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 
1

2

Br2(l) → Br(g) 

D 
1

2

Br2(g) → Br(g) 

 

 

9  In an experiment, 50.0 cm
3 

of a 0.10 mol dm
–3

 solution of a metallic salt reacted exactly with     

25.0 cm
3

 of 0.10 mol dm
–3

 aqueous sodium sulphite. 

 

The half-equation for oxidation of sulphite ion is shown below. 

 

SO
−2

3
(aq) + H2O(I) → SO

−2

4
(aq) + 2H

+

(aq) + 2e
–

 

 

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation 

number of the metal? 

A +1 B +2 C +4 D +5 

 

 

10  Nitrogen dioxide decomposes on heating according to the following equation. 

 

2NO2(g)  2NO(g) + O2(g) 

 

When 4 mol of nitrogen dioxide were put into a 1 dm
3

 container and heated to a constant 

temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

 

What is the value of the equilibrium constant, K
c
, at the temperature of the experiment? 

A 
2

2

4

8.08.0 ×

 B 
2

4.2

8.06.1 ×

 C 
2

2

4

8.06.1 ×

 D 
2

2

4.2

8.06.1 ×

 

 

 

!
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4 Some bond energy values are listed below. 

 

bond bond energy / kJ mol
–1

 

C–H 410 

C–Cl 340 

Cl–Cl 244 

Br–Br 193 

 

These bond energy values relate to the following four reactions. 

 

P Br
2
 → 2Br 

Q 2Cl → Cl
2
 

R CH
3
 + Cl → CH

3
Cl 

S CH
4
 → CH

3
 + H 

 

What is the order of enthalpy changes of these reactions from most negative to most positive? 

A P → Q → R → S 

B Q → R → S → P 

C R → Q → P → S 

D S → P → Q → R 

 

 

5 Given the following enthalpy changes, 

 

 I
2
(g) + 3Cl

2
(g) → 2ICl

3
(s) ∆H

o

 = –214 kJ mol
–1

 

 I
2
(s) → I

2
(g) ∆H

o

 = +38 kJ mol
–1

 

 

What is the standard enthalpy change of formation of iodine trichloride, ICl
3
(s)? 

A +176 kJ mol
–1

 

B –88 kJ mol
–1

 

C –176 kJ mol
–1

 

D –214 kJ mol
–1

 

 

 

6 Ammonium nitrate, NH
4
NO

3
, can decompose explosively when heated. 

 

NH
4
NO

3
 → N

2
O + 2H

2
O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH
4
NO

3
 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

!

7 

 

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

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

 

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

A the high bond energy of the nitrogen molecule, N2 

B the high electron affinity of nitrogen atoms 

C the high electron affinity of oxygen atoms 

D the similarity of the electronegativities of oxygen and nitrogen 

 

 

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

ethanol. 

 

CH3CH2OH CH3CH(OH)OCH2CH3

CH3CO2CH2CH3

CH3CHO
Cu catalyst

– H2

Cu catalyst

– H2

Cu catalyst

+ CH3CH2OH

 

 

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

A disproportionation 

B electrophilic addition 

C nucleophilic addition 

D reduction 

 

 

21 Warfarin is used as a rat poison. 

 

C C
C

C

CH CH2 CH3

OOH

O O

warfarin
 

 

How many chiral centres are present in the warfarin molecule? 

A 0 B 1 C 2 D 3 
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7  An exothermic chemical reaction proceeds by two stages. 

 

reactants intermediate products
stage 1 stage 2

 

 

The activation energy of stage 1 is 50 kJ mol
–1

. The overall enthalpy change of reaction is 

–100 kJ mol
–1

. 

 

Which diagram represents the reaction pathway for this reaction? 

 

A

100
75
50
25
0

-25
-50
-75

-100

progress
of reaction

reactants

products

B

100
75
50
25
0

-25
-50
-75

-100

progress
of reaction

reactants

products

C

100
75
50
25
0

-25
-50
-75

-100

progress
of reaction

reactants

products

D

100
75
50
25
0

-25
-50
-75

-100

progress
of reaction

reactants

products

 

 

 

8  Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the 

reaction below. 

 

4Fe(s) + 3O2 (g) → 2Fe2 O3 (s) ; ∆HO = –1648 kJ
 

 

What is the standard enthalpy change of formation of iron(III) oxide? 

A 0 kJ mol
–1

 

B –824 kJ mol
–1

 

C –1648 kJ mol
–1

 

D –3296 kJ mol
–1

 

 

 

9  Two equilibria are shown below. 

 

reaction I 2X2 (g) + Y2 (g)  2X2 Y(g) 

reaction II X2 Y(g)  X2 (g) + )g(
2

1

!
!  

 

The numerical value of K
c
 for reaction I is 2. 

 

Under the same conditions, what is the numerical value of K
c
 for reaction II? 

A 

2

1
 B 

2

1
 C 

4

1
 D –2 

 

 

!

6  
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12  Hydrazine, N
2
H

4
, is widely used as a rocket fuel because it reacts with oxygen as shown, 

producing ‘environmentally friendly’ gases. 

 

N
2
H

4
(l) + O

2
(g) → N

2
(g) + 2H

2
O(g) ∆H = –534 kJ mol

–1

 

 

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. 

 

Which statement explains why hydrazine does not burn spontaneously? 

A Hydrazine is a liquid. 

B The activation energy is too high. 

C The N N bond is very strong. 

D The reaction is exothermic. 

 

 

13  0.02 mol of aluminium is burned in oxygen and the product is reacted with 2.00 mol dm
–3

 

hydrochloric acid. 

 

What minimum volume of acid will be required for complete reaction? 

A 15 cm
3

 B 20 cm
3

 C 30 cm
3

 D 60 cm
3

 

 

 

14  Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has an M
r
 of 

 
40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 

 

 

!

5
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10 At 600 °C oxides of nitrogen react with unburnt hydrocarbons in a catalytic converter in a car
exhaust. The equation using methane as representative of a hydrocarbon molecule would be as
follows.

4NO  +  CH4 → 2N2 +  CO2 +  2H2O

Which statement is likely to be true about the energy change of this reaction?

A It is endothermic as heat energy is converted into chemical energy.

B It is exothermic as a high temperature is required.

C It is exothermic as the triple bond N O is broken.  

D It is exothermic as the products have large negative enthalpy changes of formation.

11 In an experiment, b mol of hydrogen iodide were put into a sealed vessel under pressure p. At
equilibrium, x mol of the hydrogen iodide had dissociated, the reaction being represented by the
following equation.

2HI(g)       H2(g)  +  I2(g)

Which expression for Kp is correct?

A

B

C

D

12 A piece of zinc foil dissolved completely in 20 cm3 of a dilute sulphuric acid solution and the
volume of hydrogen evolved was noted at equal, short time intervals. Another piece of zinc foil of
the same surface area and mass was added to 40 cm3 of the same solution of dilute sulphuric
acid.

How will the initial rate of reaction and the total volume of hydrogen evolved in this second
experiment compare to the first experiment?

initial rate of reaction total volume of hydrogen evolved

A no change decrease

B no change no change

C increase no change

D increase increase

x 2______
4(b – x)2

x 2p2_______
4b(b – x)

x 2p2______
(b – x)2

x 2______
(b – x)2

____
←
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10 The value of pV is plotted against p for two gases, an ideal gas and a non-ideal gas, where p is the
pressure and V is the volume of the gas.

Which of the following gases shows the greatest deviation from ideality?

A ammonia

B ethene

C methane

D nitrogen

11 The ‘flash’ produced by nineteenth century photographers to take indoor photographs was
obtained from the following reaction.

3Mg + KClO3 ⎯⎯⎯→ 3MgO + KCl

The standard enthalpy changes of formation are given below.

What is the standard enthalpy change of the ‘flash’ reaction?

A –3(–602) + (–437) – (–391)

B (–602) + (–437) – (–391)

C 3(–602) + (–437) – (–391)

D (–602) + 3(–437) – 3(–391)

pV

0

non-ideal gas

0 p

ideal gas

∆H o_
f / kJmol–1

MgO –602

KCl –437

KClO3 –391

!

4
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7 When heated, solid iodine readily forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical states
of iodine?

solid vapour

A ionic atomic

B ionic molecular

C molecular atomic

D molecular molecular

8 Which statement about the standard enthalpy change of formation of carbon dioxide is correct?

A It is equal to the standard enthalpy change of combustion of carbon.

B It is equal to twice the bond energy of the C=O bond.

C It is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon.

D It is the same for carbon dioxide produced from graphite and from diamond.

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

Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the
American Gemini and Apollo spacecraft.  It has the following formula.

What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine?

A 550 kJ 

B 1720 kJ 

C 1970 kJ 

D 2554 kJ 

10 For which equilibrium does Kc have no units?

A C(s) + H2O(g)         CO(g) + H2(g)

B CH3OH(l) + CH3CO2H(l)         CH3CO2CH3(l) + H2O(l)

C Cu2+(aq) + 4NH3(aq)         Cu(NH3)4
2+(aq)

D N2O4(g)         2NO2(g)

N N

H

H

H

H

!

5 
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10 Titanium occurs naturally as the mineral rutile, TiO
2
. One possible method of extraction of 

titanium is to reduce the rutile by heating with carbon. 

 

TiO
2
(s) + 2C(s) → Ti(s) + 2CO(g) 

 

The standard enthalpy changes of formation of TiO
2
(s) and CO(g) are –940 kJ mol

–1

 and  

–110 kJ mol
–1

 respectively. 

 

What is the standard enthalpy change of this reaction? 

A –830 kJ mol
–1

 

B –720 kJ mol
–1

 

C +720 kJ mol
–1

 

D +830 kJ mol
–1

 

 

 

11 For the reaction 

 

W(aq) + 2X(aq)  2Y(aq) + 3Z(aq) 

 

what are the correct units for the equilibrium constant K
c
? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
–1 dm

3

 D mol
–2 dm

6
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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

!

4  
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5  Which molecule has the largest overall dipole? 

 

Cl Cl

Cl Cl

C C

A B

O C

C

O C

D

O C O

Cl

Cl

H

H
 

 

 

6  The first stage in the industrial production of nitric acid from ammonia can be represented by the 

following equation. 

 

4NH3(g) + 5O2(g)  4NO(g) + 6H2O(g) 

 

Using the following standard enthalpy change of formation data, what is the value of the standard 

enthalpy change, ∆H
o

, for this reaction? 

 

compound ∆Hf

o  / kJ mol
–1

 

NH3(g) –46.1 

NO(g) +90.3 

H2O(g) –241.8 

 

A +905.2 kJ mol
–1

 

B –105.4 kJ mol
–1

 

C –905.2 kJ mol
–1

 

D –1274.0 kJ mol
–1

 

 

 

7  Which conversion involves a reduction of chromium? 

A 
−2

4
CrO → CrO3 

B 
−2

4
CrO → 

−2

72
OCr  

C CrO2Cl2 → 
−2

4
CrO  

D CrO2Cl2 → Cr2O3 

 

 

!

4  
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6  In which reaction does the carbon-containing product have a smaller bond angle than the organic 

reactant? 

A bromoethane refluxed with ethanolic sodium hydroxide 

B complete combustion of methane in air 

C methane and an excess of chlorine under ultraviolet light 

D polymerisation of ethene 

 

 

7  A crystal of iodine produces a purple vapour when gently heated. 

 

Which pair of statements correctly describes this process? 

 

 type of bond broken formula of purple species 

A covalent I 

B covalent I2 

C induced dipole-dipole I2 

D permanent dipole-dipole I2 

 

 

8  Hydrogen peroxide slowly decomposes into water and oxygen. The enthalpy change of reaction 

can be calculated using standard enthalpies of formation. 

 

(hydrogen peroxide(l)) = –187.8 kJ mol
–1

 

(water(l)) = –285.8 kJ mol
–1

 

 

Using a Hess cycle, what is the enthalpy change of reaction for this decomposition? 

 

2H2O2(l) → 2H2O(l) + O2(g) 

 

A +98 kJ mol
–1

 

B −98 kJ mol
–1

 

C −196 kJ mol
–1

 

D −947.2 kJ mol
–1

 

 

 

!

3
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5 Which of the following particles would, on losing an electron, have a half-filled set of p orbitals?

A C – B N C N – D O
+

6 Magnesium oxide is used to line industrial furnaces because it has a very high melting point.

Which type of bond needs to be broken for magnesium oxide to melt?

A co-ordinate

B covalent

C ionic

D metallic

7 Which solid exhibits more than one kind of chemical bonding?

A brass

B copper

C diamond

D ice

8 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,

Al2O3(s), are  –266 kJ mol
–1

 and –1676 kJ mol
–1

 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) ! 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

9 Which substance, in 1 mol dm
–3

 aqueous solution, would have the same hydrogen ion

concentration as 1 mol dm
!3

 of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid
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12 Why does the exothermic reaction

C(diamond) ⎯⎯⎯→ C(graphite)               ∆H = –3 kJ mol–1

not occur spontaneously?

A A tetrahedral configuration is always more stable than a planar one. 

B Diamond has only strong covalent bonds whereas graphite has both covalent bonds and van
der Waals’ forces.

C The change from diamond to graphite has a high activation energy.

D The density of graphite is less than that of diamond.

13 The sketch below shows the variation of first ionisation energy with proton number for six
elements of consecutive proton numbers between 1 and 18 (H to Ar).

What is the identity of the element X?

A Mg B Al C Si D P

14 The metals of Group II react readily with oxygen to form compounds of general formula MO.

When each of these oxides is added to water, which forms the most alkaline solution?

A MgO B CaO C SrO D BaO

15 One mole of each of the following compounds is strongly heated and any gas produced is
collected at room temperature and pressure.

From which compound is 24dm3 of gas likely to be collected?
[One mole of any gas occupies 24dm3 at room temperature and pressure.]

A MgCl2 B MgCO3 C Mg(NO3)2 D Mg(OH)2

X

proton number

ionisation
energy

!

4 
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 

 3.0 dm
3

 at 273 oC? 

 A 
6

3

10 x 3.0

273 x 8.31x   x101.6

−

−

 Pa 

 B 
6

3

10 x 3.0

)273 273( x 8.31x 10 x 1.6  
−

−

+

 Pa 

 C 
3

 

3

10 x 3.0

273 x 8.31x 10 x 1.6

−

−

 Pa 

 D 
3

3

10 x 3.0

)273 273( 
 

 x8.31x 10 x 1.6

−

−

+

 Pa 

 

 

9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
 

1.0

1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
 

C 
1.0

1x0.80
 

1.0

1x0.20
 

1.0

1x0.10
 

D 
1.1

1x0.80
 

1.1

1x0.20
 

1.1

1x0.10
 

 

 

!
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8  Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 

 

4C(s) + 5H2(g) → C4H10(g) 

 

By using the following standard enthalpy of combustion data, what is the value of the standard 

enthalpy change of formation,        , for this reaction? 

 

compound 
o

 

carbon –394 

hydrogen –286 

butane –2877 

 

A –5883 kJ mol
–1

 

B –129 kJ mol
–1

 

C +129 kJ mol
–1

 

D +2197 kJ mol
–1

 

 

 

9  In a calorimetric experiment 1.60 g of a fuel is burnt. 45 % of the energy released is absorbed by  

200 g of water whose temperature rises from 18 °C to 66 °C. The specific heat capacity of water is 

4.2 J g–1 K–1

. 

 

What is the total energy released per gram of fuel burnt? 

A 25 200 J B 56 000 J C 89 600 J D 143 360 J 

 

 

10  The value of the equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol 

and ethanoic acid is 4.0 at 60 °C. 

 

C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O 

 

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C, 

what is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

11 Which equation represents the change corresponding to the enthalpy change of atomisation of 

iodine? 

A 
2

1

I2(g) → I(g) 

B I2(g) → 2I(g) 

C 
2

1

I2(s) → I(g) 

D I2(s) → 2I(g) 
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4 Some bond energy values are listed below. 

 

bond bond energy / kJ mol
–1

 

C–H 410 

C–Cl 340 

Cl–Cl 244 

Br–Br 193 

 

These bond energy values relate to the following four reactions. 

 

P Br
2
 → 2Br 

Q 2Cl → Cl
2
 

R CH
3
 + Cl → CH

3
Cl 

S CH
4
 → CH

3
 + H 

 

What is the order of enthalpy changes of these reactions from most negative to most positive? 

A P → Q → R → S 

B Q → R → S → P 

C R → Q → P → S 

D S → P → Q → R 

 

 

5 Given the following enthalpy changes, 

 

 I
2
(g) + 3Cl

2
(g) → 2ICl

3
(s) ∆H

o

 = –214 kJ mol
–1

 

 I
2
(s) → I

2
(g) ∆H

o

 = +38 kJ mol
–1

 

 

What is the standard enthalpy change of formation of iodine trichloride, ICl
3
(s)? 

A +176 kJ mol
–1

 

B –88 kJ mol
–1

 

C –176 kJ mol
–1

 

D –214 kJ mol
–1

 

 

 

6 Ammonium nitrate, NH
4
NO

3
, can decompose explosively when heated. 

 

NH
4
NO

3
 → N

2
O + 2H

2
O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH
4
NO

3
 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

!

5 
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

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

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

!
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7  Iodine trichloride, ICl3, is made by reacting iodine with chlorine. 

 

I2(s) + Cl2(g) → 2ICl(s)  ;  ∆H o = +14 kJ mol
–1

 

 

ICl(s) + Cl2(g) → ICl3(s)  ;  ∆H o = –88 kJ mol
–1

 

 

By using the data above, what is the enthalpy change of the formation for solid iodine trichloride? 

A –60 kJ mol
–1

 

B –74 kJ mol
–1

 

C –81 kJ mol
–1

 

D –162 kJ mol
–1

 

 

 

8  In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite provides the ions needed to carry the current 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

9  A cheap carbon monoxide detector for a gas heater consists of a patch containing palladium 

chloride crystals. When carbon monoxide is present, the crystals turn from orange to black as the 

following reaction takes place. 

 

CO(g) + PdCl2(s) + H2O(l) → CO2(g) + Pd(s) + 2HCl(aq) 

orange black 

 

Which is the element whose oxidation number decreases in this reaction? 

A carbon 

B chlorine 

C hydrogen 

D palladium 
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4 Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

In the methyl isocyanate molecule, the sequence of atoms is H3C — N  C  O. 

 

What is the approximate angle between the bonds formed by the N atom? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

5 At room temperature and pressure chlorine does not behave as an ideal gas. 

 

At which temperature and pressure would the behaviour of chlorine become more ideal? 

 

 
pressure  

/ kPa 

temperature 
/ K 

A   50 200 

B   50 400 

C 200 200 

D 200 400 

 

 

6 The standard enthalpy change for the reaction 

 

2NF3(g) → 2N(g) + 6F(g) is ∆H o = +1668  kJ 

 

What is the bond energy of the N–F bond? 

A –556 kJ mol
–1

 

B –278  kJ mol
–1

 

C +278  kJ mol
–1

 

D +556 kJ mol
–1

 

 

 

!
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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

!

3 

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

5 Which quantity would best indicate the relative strengths of the hydrogen bonds between the 

molecules in liquid hydrogen halides? 

A bond dissociation energies 

B enthalpy changes of solution 

C enthalpy changes of formation 

D enthalpy changes of vaporisation 

 

 

6 A substance commonly found in the house or garden has the following properties. 

 

• It is combustible. 

• It is an electrical insulator. 

• It melts over a range of temperature. 

 

What could the substance be? 

A brass 

B paper 

C poly(ethene) 

D silicon(IV) oxide 

 

 

7 Which of the following would behave most like an ideal gas at room temperature? 

A carbon dioxide 

B helium 

C hydrogen 

D nitrogen 

 

 

8 Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of combustion of lead and enthalpy change of formation of Pb3O4 

B enthalpy change of combustion of PbO and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 

 

 

!
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7  Magnesium oxide may be used for the lining of an electric furnace for making crockery. 

 

Which properties of magnesium oxide help to explain this use? 

 

 
strong forces 

between particles 

ionic 

bonding 

electrical 

conductor 

A yes yes no 

B yes no yes 

C no yes no 

D no no yes 

 

 

8  For which equation is the enthalpy change correctly described as an enthalpy change of 

formation? 

A 2NO(g) → N2 (g) + O2 (g) 

B 2CO(g) + O2 (g) → 2CO2 (g) 

C H2 O(l) + NaCl(s) → NaCl(aq) 

D K(s) + Mn(s) + 2O2 (g) → KMnO4 (s) 

 

 

9  Given CO(g) + 
2

1

O2 (g) → CO2 (g) ∆H
o

 = –283 kJ mol
–1

 

H2 (g) + 
2

1

O2 (g) → H2 O(l) ∆H
o

 = –286 kJ mol
–1

 

H2 O(g) → H2 O(l) ∆H
o

 = –44 kJ mol
–1

 

 

what is the change in enthalpy, ∆H
o

, for the following reaction? 

 

CO2 (g) + H2 (g) → CO(g) + H2 O(g) 

A –525 kJ mol
–1 

B –41 kJ mol
–1 

C +41 kJ mol
–1 

D +525 kJ mol
–1

 

 

 

10  In some early paintings, lead(II) carbonate was used as a white pigment. In the 19
th

 century 

hydrogen sulphide from burning coal reacted with this pigment to form black lead(II) sulphide, 

PbS. The original colour of the painting may be restored by carefully treating the area with dilute 

hydrogen peroxide, producing lead(II) sulphate which is also white. 

 

What is the role of the hydrogen peroxide? 

A catalyst 

B oxidising agent 

C reducing agent 

D solvent 
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16  Sodium iodide reacts with concentrated sulfuric acid. The equation which represents one of the 

reactions that takes place is shown. 

 

8NaI + 9H2SO4 → 8NaHSO4 + 4I2 + H2S + 4H2O 

 

Which species has been oxidised in this reaction? 

A H
+

 B I

–

 C Na
+

 D SO4

2–

 

 

 

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  Lime mortar is made from quicklime, water and sand. Over a period of time, lime mortar changes 

into a much harder form. Both fresh and old lime mortar react with aqueous hydrochloric acid but 

only the old lime mortar effervesces during the reaction. 

 

Which equation describes the change from fresh to old lime mortar? 

A CaO + CO2 → CaCO3 

B CaO + H2O → Ca(OH)2 

C Ca(OH)2 → CaO + H2O 

D Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

19  Ar, Ca
2+

 and K
+

, contain the same number of electrons. 

 

In which order do their radii increase? 

 

 smallest radius  largest radius 

A Ar K
+

 Ca
2+

 

B Ca
2+

 Ar K
+

 

C Ca
2+

 K
+

 Ar 

D K
+

 Ar Ca
2+

 

 

 

!
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9  The use of sucrose in food processing depends in part on osmotic pressure, symbol Π. 

 

In dilute solution, Π varies with concentration in a similar way to gas behaviour. 

The equation Π V = nRT can be used, where n is the number of moles of solute molecules 

contained in volume V at temperature T. The number of moles of solvent molecules should be 

ignored. 

 

Under aqueous acidic conditions sucrose is hydrolysed. 

 

C12H22O11  +  H2O  →  CH2OH(CHOH)4 CHO  +  CH2OH(CHOH)3 COCH2OH 

 sucrose glucose fructose 

 

What can be deduced from this hydrolysis equation? 

 

 the osmotic pressure glucose and fructose are 

A decreases optical isomers 

B decreases structural isomers 

C increases optical isomers 

D increases structural isomers 

 

 

10  Hess’s Law can be used to calculate the average C-H bond energy in methane. 

 

        = standard enthalpy change of atomisation 

        = standard enthalpy change of formation 

        = standard enthalpy change of combustion 

 

Which data values are needed in order to perform the calculation? 

A         (C),         (H),        (CH4 ) 

B         (C),         (H2),         (CH4 ) 

C         (C),         (H2),         (CH4 ) 

D         (CH4 ) only, as        (C), and         (H2), are defined as zero 

 

 

11 The amount of titanium dioxide in an ore can be determined by using the following reaction. 

 

3TiO2  +  4BrF3   →  3TiF4   +  2Br2  +  3O2 

 

Which element increases in oxidation number in this reaction? 

A bromine 

B fluorine 

C oxygen 

D titanium 

 

 

!
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17 Why do the halogens become less volatile as Group VII is descended? 

A The halogen-halogen bond energy decreases. 

B The halogen-halogen bond length increases. 

C The number of electrons in each molecule increases. 

D The van der Waals’ forces between molecules become weaker. 

 

 

18 Total removal of the pollutant sulfur dioxide, SO2, is difficult, both for economic and technical 

reasons. The quantities emitted from furnace chimneys can be lowered by using desulfurisation 

plants. The gases are scrubbed (washed) 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 reaction is endothermic? 

A 2HBr → H2 + Br2 

B N2 + 3H2 → 2NH3 

C 2SO2 + O2 → 2SO3 

D SO3 + H2O → H2SO4 

 

 

!
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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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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

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

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 

 

!
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In which species does the underlined atom have an incomplete outer shell? 

A BF
3
 B CH

3

–

 C F
2
O D H

3
O

+

 

 

 

2 Ammonia is manufactured by the Haber Process, in an exothermic reaction. 

 

Assuming that the amount of catalyst remains constant, which change will not bring about an 

increase in the rate of the forward reaction? 

A decreasing the size of the catalyst pieces 

B increasing the pressure 

C increasing the temperature 

D removing the ammonia as it is formed 

 

 

3 The equation for a reaction is shown. 

 

H
2
(g) + 

2

1

O
2
(g) → H

2
O(l) ; ∆H = x kJ mol

–1 

 

Which pair of descriptions is fully correct for this reaction? 

 

 type(s) of enthalpy change value of x 

A formation only positive 

B formation only negative 

C combustion, formation positive 

D combustion, formation negative 

 

 

4 The value of the second ionisation energy of calcium is 1150 kJ mol
–1

. 

 

Which equation correctly represents this statement? 

A Ca(g) → Ca
2+

(g) + 2e
− 

; ∆H o = +1150 kJ mol
–1

 

B Ca
+

(g) → Ca
2+

(g) + e
−

 ; ∆H o = +1150 kJ mol
–1

 

C Ca
+

(g) → Ca
2+

(g) + e
−

 ; ∆H o = –1150 kJ mol
–1

 

D Ca(g) → Ca
2+

(g) + 2e
−

 ; ∆H o = –1150 kJ mol
–1

 

 

 

!
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4 Use of the Data Booklet is relevant to this question. 

 

A reaction which causes the presence of oxides of nitrogen in car exhausts is the formation of 

NO. 

 

 N2 + O2 → 2NO ∆H = +180 kJ mol
–1

 

 

What is the bond energy in kJ mol
–1

 of the bond between the atoms in NO? 

A 655 B 835 C 1310 D 1670 

 

 

5 In the table below,  

 

• ‘+’ means that this type of standard enthalpy change can only have positive values, 

• ‘–’ means that this type of standard enthalpy change can only have negative values, 

• ‘+ / –’ means that either positive or negative values are possible. 

 

Which row is correct? 

 

 atomisation formation solution 

A + + + / – 

B + + / – + / – 

C – + / – – 

D – – + 

 

 

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

 

The volume of a sample of ammonia is measured at a temperature of 60 °C and a pressure of 

103 kPa. The volume measured is 5.37 × 10
–3 m3

. 

 

What is the mass of the sample of ammonia, given to two significant figures? 

A 0.00019  g B 0.0034  g C 0.19  g D 3.4  g 

 

 

7 Aluminium is extracted by the electrolysis of a molten mixture containing aluminium oxide. By a 

similar method, magnesium is extracted by the electrolysis of a molten mixture containing 

magnesium chloride. 

 

Which statement about the extraction of magnesium is correct? 

A Magnesium ions travel to the anode and are oxidised to magnesium metal. 

B Magnesium ions travel to the anode and are reduced to magnesium metal. 

C Magnesium ions travel to the cathode and are oxidised to magnesium metal. 

D Magnesium ions travel to the cathode and are reduced to magnesium metal. 

 

 

CEDAR COLLEGE                                                                                                   ENERGETICS WS 1



 91

43

44

45

46

!

5 

© UCLES 2012 9701/12/O/N/12 [Turn over 

11 Which process could be used to calculate the bond energy for the covalent bond X-Y by dividing 

its ∆H by n? 

A XYn(g) → X(g) + nY(g) 

B 2XYn (g) → 2XYn-1 (g) + Y2 (g) 

C Y(g) + XYn-1 (g) → XYn(g) 

D nXY(g) → nX(g) + 
2

n

Y2 (g) 

 

 

12 In which pair do the molecules have the same shape as each other? 

A H2 O and CO2  

B H2 O and SCl 2  

C NH3  and BH3  

D SCl 2  and BeCl 2  
 

 

13 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

14 What are the trends in the stated properties as Group II is descended from magnesium to 

barium? 

 

 

decomposition 

temperature of the 

carbonate 

first ionisation energy 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 

 

 

!
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8 Some car paints contain small flakes of silica, SiO2. 

 

In the structure of solid SiO2 

 

● each silicon atom is bonded to x oxygen atoms, 

● each oxygen atom is bonded to y silicon atoms, 

● each bond is a z type bond. 

 

What is the correct combination of x, y and z in this statement? 

 

 x y z 

A 2 1 covalent 

B 2 1 ionic 

C 4 2 covalent 

D 4 2 ionic 

 

 

9 John Dalton’s atomic theory, published in 1808, contained four predictions about atoms. 

 

Which of his predictions is still considered to be correct? 

A All atoms are very small in size. 

B All the atoms of a particular element have the same mass. 

C All the atoms of one element are different in mass from all the atoms of other elements. 

D No atom can be split into simpler parts. 

 

 

10 A student calculated the standard enthalpy change of formation of ethane, C2H6, using a method 

based on standard enthalpy changes of combustion. 

 

He used correct values for the standard enthalpy change of combustion of ethane  

(–1560 kJ mol
–1

) and hydrogen (–286 kJ mol
–1

) but he used an incorrect value for the standard 

enthalpy change of combustion of carbon. He then performed his calculation correctly. His final 

answer was –158 kJ mol
–1

. 

 

What did he use for the standard enthalpy change of combustion of carbon? 

A –1432 kJ mol
–1

 

B –860 kJ mol
–1

 

C –430 kJ mol
–1

 

D –272 kJ mol
–1

 

 

 

!
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4 Use of the Data Booklet is relevant to this question. 

 

A reaction which causes the presence of oxides of nitrogen in car exhausts is the formation of 

NO. 

 

 N2 + O2 → 2NO ∆H = +180 kJ mol
–1

 

 

What is the bond energy in kJ mol
–1

 of the bond between the atoms in NO? 

A 655 B 835 C 1310 D 1670 

 

 

5 In the table below,  

 

• ‘+’ means that this type of standard enthalpy change can only have positive values, 

• ‘–’ means that this type of standard enthalpy change can only have negative values, 

• ‘+ / –’ means that either positive or negative values are possible. 

 

Which row is correct? 

 

 atomisation formation solution 

A + + + / – 

B + + / – + / – 

C – + / – – 

D – – + 

 

 

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

 

The volume of a sample of ammonia is measured at a temperature of 60 °C and a pressure of 

103 kPa. The volume measured is 5.37 × 10
–3 m3

. 

 

What is the mass of the sample of ammonia, given to two significant figures? 

A 0.00019  g B 0.0034  g C 0.19  g D 3.4  g 

 

 

7 Aluminium is extracted by the electrolysis of a molten mixture containing aluminium oxide. By a 

similar method, magnesium is extracted by the electrolysis of a molten mixture containing 

magnesium chloride. 

 

Which statement about the extraction of magnesium is correct? 

A Magnesium ions travel to the anode and are oxidised to magnesium metal. 

B Magnesium ions travel to the anode and are reduced to magnesium metal. 

C Magnesium ions travel to the cathode and are oxidised to magnesium metal. 

D Magnesium ions travel to the cathode and are reduced to magnesium metal. 

 

 

!
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10 The enthalpy change of the neutralisation given below is –114 kJ mol
–1

. 

 

2NaOH(aq) + H
2
SO

4
(aq) → Na

2
SO

4
(aq) + 2H

2
O(l) 

 

By using this information, what is the most likely value for the enthalpy change of the following 

neutralisation? 

 

Ba(OH)
2
(aq) + 2HCl(aq) → BaCl

2
(aq) + 2H

2
O(l) 

A –57 kJ mol
–1

 B –76 kJ mol
–1

 C –114 kJ mol
–1

 D –228 kJ mol
–1

 

 

 

11 Which molecule is planar? 

A C
2
Cl 

4
 B C

3
H

6
 C C

3
H

8
 D NF

3
 

 

 

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

 Why is the ionic radius of a sulfide ion larger than the ionic radius of a potassium ion? 

A Ionic radius always decreases with increasing atomic number. 

B Positive ions have smaller radii than negative ions. 

C The potassium ion has more protons in its nucleus than the sulfide ion. 

D The sulfide ion is doubly charged; the potassium ion is singly charged. 

 

 

13 Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one 

of which is Fe
2+

 and one anion which is SO
4

2–

. 

 

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

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

solution.  

 

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

 

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

 

 gas residue 

A NH
3
 Fe(OH)

2
 

B NH
3
 Na

2
SO

4
 

C SO
2
 Fe(OH)

2
 

D SO
2
 Na

2
SO

4
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5 Ethyne, C
2
H

2
, completely combusts, as shown in the equation. 

 

H  C  C  H   +   2
2

1

O  O   →   H
2
O   +   2CO

2
 

 

Using the average bond enthalpies in the table, what is the enthalpy change of combustion of 

ethyne? 

 

bond 
average bond 

enthalpy / kJ mol
–1

 

C  H 410 

C  C 840 

O  O 496 

C  O 740 

O  H 460 

C  O 360 

 

A –980 kJ mol
–1

 B –540 kJ mol
–1

 C +540 kJ mol
–1

 D +980 kJ mol
–1

 

 

 

6 Which diagram represents the overlap of two orbitals which will form a π
 

bond? 

 

D

A

B

C

 

 

 !
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7  The reaction pathway for a reversible reaction is shown below. 

 

energy
/ kJ mol–1

extent of reaction

30

50

 

 

Which statement is correct? 

A The activation energy of the reverse reaction is +80 kJ mol
–1

. 

B The enthalpy change for the forward reaction is +30 kJ mol
–1

. 

C The enthalpy change for the forward reaction is +50 kJ mol
–1

. 

D The enthalpy change for the reverse reaction is +30 kJ mol
–1

. 

 

 

8  Why does the rate of a gaseous reaction increase when the pressure is increased at a constant 

temperature? 

A More particles have energy that exceeds the activation energy. 

B The particles have more space in which to move. 

C The particles move faster. 

D There are more frequent collisions between particles. 

 

 

9  Which would behave the least like an ideal gas at room temperature? 

A carbon dioxide 

B helium 

C hydrogen 

D nitrogen 

 

 

10  The general gas equation can be used to calculate the Mr value of a gas. 

 

For a sample of a gas of mass m g, which expression will give the value of Mr? 

A Mr = 

RT

mpV

 B Mr = 

m

pVRT

 C Mr = 

pV

mRT

 D Mr = 

mRT

pV
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11 A solution of Sn
2+

 ions will reduce an acidified solution of MnO4

–

 ions to Mn
2+

 ions. The Sn
2+

 ions 

are oxidised to Sn
4+

 ions in this reaction. 

 

How many moles of Mn
2+

 ions are formed when a solution containing 9.5 g of SnCl 2 (Mr: 190) is 

added to an excess of acidified KMnO4 solution? 

A 0.010 B 0.020 C 0.050 D 0.125 

 

 

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

 

This question should be answered using bond enthalpy data. The equation for the complete 

combustion of methane is given below. 

 

CH4  +  2O2  →  CO2  +  2H2O 

 

What is the enthalpy change of combustion of methane? 

A –1530 kJ mol
–1

 

B –1184  kJ mol
–1

 

C –770 kJ mol
–1

 

D –688 kJ mol
–1

 

 

 

13 In which row of the table are all statements comparing the compounds of magnesium and barium 

correct? 

 

 solubility of hydroxides solubility of sulfates 

 

solubility of 

magnesium 

hydroxide 

solubility of barium 

hydroxide 

solubility of 

magnesium sulfate 

solubility of barium 

sulfate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

14 What happens when iodine solution is added to a solution of sodium bromide? 

A A reaction occurs without changes in oxidation state. 

B Bromide ions are oxidised, iodine atoms are reduced. 

C Bromide ions are reduced, iodine atoms are oxidised. 

D No reaction occurs. 

 

 

!
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12 Propanone has molecular formula C3H6O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

 

The enthalpy change of formation of propanone is –254 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of combustion of propanone? 

A –2644 kJ mol
–1

 

B –2294 kJ mol
–1

 

C –1786 kJ mol
–1

 

D –426 kJ mol
–1

 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 

 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 

 

 

14 In which row of the table are all statements comparing the compounds of calcium and barium 

correct? 

 

 
solubility of 

calcium hydroxide 

solubility of 

barium hydroxide 

thermal stability of 

calcium carbonate 

thermal stability of 

barium carbonate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

15 Many modern cars are fitted with halogen lamps. When such lamps are first switched on, a 

distinct purple colour can be seen. 

 

Which species is responsible for this purple colour? 

A I2(s) B I2(l) C I2(g) D I(g) 
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8 The reaction between sulfur dioxide and oxygen is a dynamic equilibrium. 

 

2SO2(g)  +  O2(g)    2SO3(g) 

 

What happens when the pressure of the system is increased?  

A The rate of reaction will decrease and the position of the equilibrium will move to the left. 

B The rate of reaction will decrease and the position of the equilibrium will move to the right. 

C The rate of reaction will increase and the position of the equilibrium will move to the left. 

D The rate of reaction will increase and the position of the equilibrium will move to the right. 

 

 

9 Dicarbon monoxide, C2O, is found in dust clouds in space. Analysis of it shows that the sequence 

of atoms in this molecule is C – C – O. All bonds are double bonds and there are no unpaired 

electrons. 

 

How many lone pairs of electrons are present in a molecule of C2O? 

A 1 B 2 C 3 D 4 

 

 

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

 

A student mixed 25 cm
3

 of 0.10 mol dm
–3

 sodium hydroxide solution with 25 cm
3

 of 0.10 mol dm
–3

 

hydrochloric acid and noted a temperature rise of 2.5 °C. 

 

What is the enthalpy change of the reaction per mole of NaOH? 

A –209 kJ mol
–1

 

B –104.5 kJ mol
–1

 

C –209 J mol
–1

 

D –522.5 J mol
–1

 

 

 

11 Which energy change corresponds to the enthalpy change of atomisation of hydrogen at 298 K? 

A the bond energy of a H – H bond 

B half the bond energy of a H – H bond 

C minus half the bond energy of a H – H bond 

D minus the bond energy of a H – H bond 

 

 

!

4 

© UCLES 2013 9701/12/M/J/13  

8 The reaction between sulfur dioxide and oxygen is a dynamic equilibrium. 

 

2SO2(g)  +  O2(g)    2SO3(g) 

 

What happens when the pressure of the system is increased?  

A The rate of reaction will decrease and the position of the equilibrium will move to the left. 

B The rate of reaction will decrease and the position of the equilibrium will move to the right. 

C The rate of reaction will increase and the position of the equilibrium will move to the left. 

D The rate of reaction will increase and the position of the equilibrium will move to the right. 

 

 

9 Dicarbon monoxide, C2O, is found in dust clouds in space. Analysis of it shows that the sequence 

of atoms in this molecule is C – C – O. All bonds are double bonds and there are no unpaired 

electrons. 

 

How many lone pairs of electrons are present in a molecule of C2O? 

A 1 B 2 C 3 D 4 

 

 

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

 

A student mixed 25 cm
3

 of 0.10 mol dm
–3

 sodium hydroxide solution with 25 cm
3

 of 0.10 mol dm
–3

 

hydrochloric acid and noted a temperature rise of 2.5 °C. 

 

What is the enthalpy change of the reaction per mole of NaOH? 

A –209 kJ mol
–1

 

B –104.5 kJ mol
–1

 

C –209 J mol
–1

 

D –522.5 J mol
–1

 

 

 

11 Which energy change corresponds to the enthalpy change of atomisation of hydrogen at 298 K? 

A the bond energy of a H – H bond 

B half the bond energy of a H – H bond 

C minus half the bond energy of a H – H bond 

D minus the bond energy of a H – H bond 

 

 

CEDAR COLLEGE                                                                                                   ENERGETICS WS 1



 94

53

54

!

5 

© UCLES 2013 9701/13/M/J/13 [Turn over 

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

 

This question should be answered using bond enthalpy data. The equation for the complete 

combustion of methanal is given below. 

 

H2C=O  +  O2  →  CO2  +  H2O 

 

What is the enthalpy change of combustion of methanal? 

A +416 kJ mol
–1

 

B +396 kJ mol
–1

 

C –344 kJ mol
–1

 

D –690  kJ mol
–1

 

 

 

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

 

Anhydrous magnesium nitrate, Mg(NO3)2 , will decompose when heated, giving a white solid and 

a mixture of two gases X and Y. 

 

Y is oxygen. 

What is the ratio 

released  of mass

released  of mass

Y

X
? 

A 

174.0

1
 B 

267.0

1
 C 

348.0

1
 D 

43.3

1
 

 

 

13 In which row of the table are all statements comparing magnesium and barium correct? 

 

 

fourth ionisation 

energy of 

magnesium 

fourth ionisation 

energy of barium 

reaction of 

magnesium with 

cold water 

reaction of barium 

with cold water 

A higher lower faster slower 

B higher lower slower faster 

C lower higher faster slower 

D lower higher slower faster 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Every year millions of tonnes each of chlorine and sodium hydroxide are manufactured by the 

electrolysis of brine using a ‘diaphragm cell’. 

 

What is the purpose of the diaphragm in such a cell? 

A to prevent chlorine gas escaping into the factory 

B to prevent the build up of pressure in the electrolysis cell 

C to provide a large surface area of electrode 

D to stop the products of electrolysis from reacting together 

 

 

2 A simple ion X
+

 contains eight protons. 

 

What is the electronic configuration of X
+

? 

A 1s
2

 2s
1

 2p
6

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
5

 

D 1s
2

 2s
2

 2p
7

 

 

 

3 Equations involving four enthalpy changes are shown. 

 

Na(g) → Na
+

(g) + e
– 

∆H
 

= W 

Na(g) → Na
2+

(g) + 2e
– 

∆H
 

= X 

Na(s) → Na(g)  ∆H
 

= Y 

Na(s) → Na
2+

(g) + 2e
– 

∆H
 

= Z 

 

What is the second ionisation energy of sodium? 

A 2W B X – W C Y – W D Z – Y 

 

 

4 Sulfur dioxide, SO2, is added to wines to prevent oxidation of ethanol by air. To determine the 

amount of SO2, a sample of wine is titrated with iodine, I2. In this reaction, one mole of SO2 is 

oxidised by one mole of I2. 

 

What is the change in oxidation number of sulfur in this reaction? 

A +2 to +4 B +2 to +6 C +4 to +5 D +4 to +6 
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4 The table shows the physical properties of four substances. 

 

Which substance has a giant covalent structure? 

 

 

melting point 

/ °C 

boiling point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of liquid 

electrical 

conductivity 

of aqueous 

solution 

A –119 39 poor poor insoluble 

B –115 –85 poor poor good 

C 993 1695 poor good good 

D 1610 2230 poor poor insoluble 

 

 

5 A student mixed 25.0 cm
3

 of 0.350 mol dm
–3

 sodium hydroxide solution with 25.0 cm
3

 of 

0.350 mol dm
–3

 hydrochloric acid. The temperature rose by 2.50 °C. Assume that no heat was lost 

to the surroundings. 

 

The final mixture had a specific heat capacity of 4.20 J cm –3 K–1

. 

 

What is the molar enthalpy change for the reaction? 

A –150 kJ mol
–1

 

B –60.0 kJ mol
–1

 

C –30.0 kJ mol
–1

 

D –0.150 kJ mol
–1

 

 

 

6 Al Cl 
3
 vapour forms molecules with formula Al 

2
Cl 

6
 as it is cooled. 

 

What happens to the bond angles during the change from Al Cl 
3
 to Al 

2
Cl 

6
? 

A Some decrease, some remain the same. 

B Some increase, some remain the same. 

C They all decrease. 

D They all increase. 

 

 

!

5 

© UCLES 2013 9701/11/O/N/13 [Turn over 

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

 

Which sodium compound contains 74.2 % by mass of sodium? 

A sodium carbonate 

B sodium chloride 

C sodium hydroxide 

D sodium oxide 

 

 

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

 

A student carried out an experiment to determine the enthalpy change for the combustion of 

methanol. 

 

The following results were obtained by the student. 

 

 

 

start temperature of the water 20 °C 

final temperature of the water 53 °C 

mass of alcohol burner before burning 259.65 g 

mass of alcohol burner after burning 259.15 g 

mass of glass beaker plus water 150.00 g 

mass of glass beaker 50.00 g 

 

How much of the heat energy produced by the burning of methanol went into the water? 

A 209 J B 13 794 J C 20 691 J D 22 154 J 
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10 Shown on the graph are the relative values of the first ionisation energies of four elements that 

have consecutive atomic numbers. 

 

One of the elements reacts with hydrogen to form a covalent compound with formula HX. 

 

Which element could be X? 

 

first
ionisation
energy
/ kJ mol–1

atomic number

A

B

C
D

 

 

 

11 The diagram shows the skeletal formula of cyclopropane. 

 

 

 

The enthalpy change of formation of cyclopropane is +53.3 kJ mol
–1

 and the enthalpy change of 

atomisation of graphite is +717 kJ mol
–1

. 

 

The bond enthalpy of H –  H is 436 kJ mol
–1

 and of C –  H is 410 kJ mol
–1

. 

 

What value for the average bond enthalpy of the C –  C bond in cyclopropane can be calculated 

from this data? 

A 187 kJ mol
–1

 B 315 kJ mol
–1

 C 351 kJ mol
–1

 D 946 kJ mol
–1

 

 

 

12 When barium is burnt in oxygen, what colour is the flame? 

A green 

B orange 

C red 

D white 
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3 The enthalpy change of formation of carbon dioxide is –394 kJ mol
–1

. 

The enthalpy change of formation of water is –286 kJ mol
–1

. 

The enthalpy change of formation of methane is –74 kJ mol
–1

. 

 

What is the enthalpy change of combustion of methane? 

A –892 kJ mol
–1

 

B –606 kJ mol
–1

 

C +606 kJ mol
–1

 

D +892 kJ mol
–1

 

 

 

4 Hydrogen and carbon dioxide gases are mixed in equal molar amounts at 800 K. A reversible 

reaction takes place. 

 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 

 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 

 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 

 

 

5 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0 
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding more manganese(IV) oxide 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C adding water 

D raising the temperature 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

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

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

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

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 
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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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9 The enthalpy change of formation of Mn(NO3)2(s) is –696 kJ mol
–1

. 

The enthalpy change of formation of MnO2(s) is –520 kJ mol
–1

. 

The enthalpy change of formation of NO2(g) is +33 kJ mol
–1

. 

 

On heating, Mn(NO3)2 decomposes into MnO2 and NO2. 

 

Mn(NO3)2(s)  →  MnO2(s)  +  2NO2(g) 

 

What is the value of the standard enthalpy change of this reaction? 

A –242 kJ mol
–1

 

B –209 kJ mol
–1

 

C +209 kJ mol
–1

 

D +242 kJ mol
–1

 

 

 

10 X is an element in Period 2. 

In which fluoride is the F – X – F angle the largest? 

A BF3 B CF4 C NF3 D OF2 

 

 

11 Which reaction has an enthalpy change equal to the standard enthalpy change of formation of 

propane? 

A 3C(g)  +  4H2(g)  →  C3H8(g) 

B 3C(g)  +  8H(g)  →  C3H8(g) 

C 3C(s)  +  4H2(g)  →  C3H8(g) 

D 3C(s)  +  4H2(g)  →  C3H8(l) 

 

 

12 A student investigated the chloride of a Period 3 element. This is what he wrote down as his 

record of what he did and what he saw. 

 

The compound was a white crystalline solid. It dissolved easily in water to 

give a solution of pH 12. When placed in a test-tube and heated in a 

roaring Bunsen flame, the compound melted after several minutes heating. 

 

What can be deduced from this record? 

A At least one of the recorded observations is incorrect. 

B The compound was magnesium chloride, MgCl 2. 

C The compound was phosphorus pentachloride, PCl 5. 

D The compound was sodium chloride, NaCl. 
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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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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Which solid-line curve most accurately represents the distribution of molecular energies in a gas 

at 500 K if the dotted-line curve represents the corresponding distribution for the same gas at 

300 K? 

 

number of
molecules

molecular energy

A  

number of
molecules

molecular energy

B  

number of
molecules

molecular energy

C 

number of
molecules

molecular energy

D 

 

 

 

2 In which reaction does hydrogen behave as an oxidising agent? 

A H2  +  Cl 2  →  2HCl 

B C2H4  +  H2  →  C2H6 

C N2  +  3H2  →  2NH3 

D 2Na  +  H2  →  2NaH 

 

 

3 Ethanol is increasingly being used as a fuel for cars. 

 

The standard enthalpy change of formation of carbon dioxide is –393 kJ mol
–1

. 

The standard enthalpy change of formation of water is –286 kJ mol
–1

. 

The standard enthalpy change of formation of ethanol is –277 kJ mol
–1

. 

 

What is the standard enthalpy change of combustion of ethanol? 

A –1921 kJ mol
–1

 

B –1367 kJ mol
–1

 

C –956 kJ mol
–1

 

D – 402 kJ mol
–1
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10 Nitrogen monoxide is an atmospheric pollutant that is formed inside car engines by an 

endothermic reaction between nitrogen and oxygen. 

 

 N2(g)  +  O2(g)  →  2NO(g) ∆H = +66 kJ mol
–1

 

 

Which labelled diagram correctly represents the energy profile for this reaction? 

 

energy

extent of
reaction

00

A

Ea ∆H
Ea ∆Henergy

extent of
reaction

00

B

energy

extent of
reaction

00

C

Ea

∆H
Ea

∆H
energy

extent of
reaction

00

D

 

 

 

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

 

When 0.47 g of a hydrocarbon was completely burnt in air, the energy released heated 200 g of 

water from 23.7 °C to 41.0 °C. 

 

What was the amount of energy absorbed by the water? 

A 0.47  ×  4.18  ×  17.3 J 

B 0.47  ×  4.18  ×  (273  +  17.3) J 

C 200  ×  4.18  ×  17.3 J 

D 200  ×  4.18  ×  (273  +  17.3) J 
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4 Impure copper is purified by electrolysis. The electrolyte used in this process is aqueous 

copper(II) sulfate. 

 

Which reaction takes place at the anode? 

A Cu(s)  →  Cu
2+

(aq)  +  2e
–

 

B Cu
2+

(aq)  +  2e
–

  →  Cu(s) 

C 2OH
–

(aq)  →  (g)O
2

2

1

  +  H2O(l)  +  2e
–

 

D 2H2O(l)  +  2e
–

  →  H2(g)  +  2OH
–

(aq) 

 

 

5 Hydrogen sulfide, H2S, is released from volcanoes. It reacts with oxygen in the air to form sulfur 

dioxide. 

 

2H2S(g)  +  3O2(g)  →  2H2O(l)  +  2SO2(g) 

 

∆Hf

o

 [H2S(g)] = –21 kJ mol
–1

 

∆Hf

o

 [H2O(l)] = –286 kJ mol
–1

 

∆Hf

o

 [SO2(g)] = –297 kJ mol
–1

 

 

What is the standard enthalpy change of this reaction? 

A –1208 kJ mol
–1

 

B –1124 kJ mol
–1

 

C –562 kJ mol
–1

 

D –541 kJ mol
–1

 

 

 

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

 

In some countries, anhydrous calcium chloride is used as a drying agent to reduce dampness in 

houses. The anhydrous salt absorbs enough water to form the dihydrate CaCl 2.2H2O. 

 

What is the percentage increase in mass? 

A 14% B 24% C 32% D 36% 
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10 Which row correctly describes the electrodes used in the electrolysis cell for the production of 

aluminium? 

 

 anode cathode 

A carbon carbon 

B carbon steel 

C steel carbon 

D steel steel 

 

 

11 For which equation is the enthalpy change correctly described as an enthalpy change of 

formation? 

A C(g)  +  O2(g)  →  CO2(g) 

B C(s)  +  
2

1

O2(g)  →  CO(g) 

C 2N(g)  +  4O(g)  →  N2O4(g) 

D 2NO(g)  +  O2(g)  →  2NO2(g) 

 

 

12 Element X, in Period 3, has the following properties. 

 

● Its oxide has a giant structure. 

● It forms covalent bonds with chlorine. 

● Its oxide will neutralise HCl (aq). 

 

What is element X? 

A Mg B Al C Si D P 

 

 

13 Which property is not associated with the element sodium? 

A It can react with cold water to form hydrogen. 

B It forms a basic oxide. 

C It forms a neutral chloride. 

D It is an oxidising agent. 
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7  The standard enthalpy changes of combustion of glucose and ethanol are given as –2820 and  

–1368 kJ mol
–1

 respectively. 

 

Glucose, C6H12O6, can be converted into ethanol. 

 

C6H12O6(s)  →  2C2H5OH(l)  +  2CO2(g) 

 

 

What is the standard enthalpy change for this reaction? 

A –1452 kJ mol
–1

 

B –84 kJ mol
–1

 

C +84 kJ mol
–1

 

D +1452 kJ mol
–1

 

 

 

8 In which reaction is the underlined substance acting as a base? 

A HNO3  +  H2SO4  →  H2NO3

+

  +  HSO4

–

 

B HSiO3

–

  +  HCN  →  CN
–

  +  H2O  +  SiO2 

C HNO2  +   HCO3

–

  →  H2O  +  CO2  +  NO2

–

 

D C6H5O
–

  +  CH2Cl CO2H  →  C6H5OH  +  CH2Cl CO2

–

 

 

 

9 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

following equation. 

 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 

 

When the equilibrium concentration of O2 is 7.6 × 10
–6 mol dm

–3

, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 

 

What is the value of Kc  for this equilibrium? 

A 3.0 × 10
20

 B 1.3 × 10
5

 C 7.6 × 10
–6

 D 3.3 × 10
–21

 

 

 

10  The double bond between the two carbon atoms in an ethene molecule consists of one σ bond 

and one π bond. 

 

Which orbitals overlap to form each of these bonds? 

 

 σ bond π bond 

A sp
2

–sp
2

 p–p 

B sp
2

–sp
2

 sp
2

–sp
2

 

C sp
3

–sp
3

 p–p 

D sp
3

–sp
3

 sp
2

–sp
2
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10 Nitrogen monoxide is an atmospheric pollutant that is formed inside car engines by an 

endothermic reaction between nitrogen and oxygen. 

 

 N2(g)  +  O2(g)  →  2NO(g) ∆H = +66 kJ mol
–1

 

 

Which labelled diagram correctly represents the energy profile for this reaction? 

 

energy

extent of
reaction

00

A

Ea ∆H
Ea ∆Henergy

extent of
reaction

00

B

energy

extent of
reaction

00

C

Ea

∆H
Ea

∆H
energy

extent of
reaction

00

D

 

 

 

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

 

When 0.47 g of a hydrocarbon was completely burnt in air, the energy released heated 200 g of 

water from 23.7 °C to 41.0 °C. 

 

What was the amount of energy absorbed by the water? 

A 0.47  ×  4.18  ×  17.3 J 

B 0.47  ×  4.18  ×  (273  +  17.3) J 

C 200  ×  4.18  ×  17.3 J 

D 200  ×  4.18  ×  (273  +  17.3) J 
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11 The diagram shows a reaction pathway for an endothermic reaction. 

 

Which arrow represents the activation energy for the forward reaction? 

 

enthalpy
/ kJ mol–1

extent of reaction
0 0

B

C

DA

 

 

 

12 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 chloride 

C sodium hydroxide 

D water 

 

 

13 The three minerals below are obtained from mines around the world. Each one behaves as a 

mixture of two carbonate compounds. They can be used as fire retardants because they 

decompose in the heat, producing CO2. This gas smothers the fire. 

 

barytocite BaCa(CO3)2 

dolomite CaMg(CO3)2 

huntite Mg3Ca(CO3)4 

 

What is the order of effectiveness as fire retardant, from best to worst? 

 

 best  worst 

A dolomite barytocite huntite 

B dolomite huntite barytocite 

C huntite barytocite dolomite 

D huntite dolomite barytocite 
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3 A student performed an experiment to measure the enthalpy change of combustion of ethane. 

 

He used the following values for the standard enthalpy changes of combustion of carbon and 

hydrogen. 

 

 carbon = –394 kJ mol
–1

 

 hydrogen = –286 kJ mol
–1

 

 

He calculated the enthalpy change of formation of ethane to be –140 kJ mol
–1

. 

 

What was his experimental value for the standard enthalpy change of combustion of ethane? 

A –2364 kJ mol
–1

 

B –1506 kJ mol
–1

 

C –1112 kJ mol
–1

 

D –540 kJ mol
–1

 

 

 

4 Which pair has species with different shapes? 

A BeCl 2 and CO2 

B CH4 and NH4

+

 

C NH3 and BF3 

D SCl 2 and H2O 

 

 

5 In which reaction does an element have the largest change in oxidation number? 

A Cr2O7

2–

  +  6Fe
2+

  +  14H
+

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

B 3OCl –  →  Cl O3

–

  +  2Cl – 

C 5Fe
2+

  +  MnO4

–

  +  8H
+

  →  5Fe
3+

  +  Mn
2+

  +  4H2O 

D PbO2  +  Sn
2+

  +  4H
+

  →  Sn
4+

  +  Pb
2+

  +  2H2O 

 

 

6 Which statement can be explained by intermolecular hydrogen bonding? 

A Ethanol has a higher boiling point than propane. 

B Hydrogen chloride has a higher boiling point than silane, SiH4. 

C Hydrogen iodide forms an acidic solution when dissolved in water. 

D Propanone has a higher boiling point than propane. 
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5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

The volume of a sample of methane is measured at a temperature of 60 °C and a pressure of 

103 kPa. The volume measured is 5.37 × 10
–3 m3

. 

 

Assume the gas behaves as an ideal gas. 

 

What is the mass of the sample of methane, given to two significant figures? 

A 0.00018 g B 0.0032 g C 0.18 g D 3.2 g 

 

 

6 Metaldehyde, (CH3CHO)4, is used as a solid fuel for camping stoves. The equation for the 

complete combustion of metaldehyde is shown. 

 

(CH3CHO)4(s)  +  10 O2(g)  →  8CO2(g)  +  8H2O(l) 

 

 = standard enthalpy change of combustion. 

 

Which expression will give a correct value for the enthalpy change of formation of metaldehyde? 

A  metaldehyde  –  (8  carbon  +  8  hydrogen) 

B  metaldehyde  –  (8  carbon  +  16  hydrogen) 

C (8  carbon  +  8  hydrogen)  –   metaldehyde 

D (8  carbon  +  16  hydrogen)  –   metaldehyde 

 

 

7 In industry, copper metal is purified by electrolysis. 

 

Which changes occur to the masses of the electrodes and to the colour of the electrolyte during 

this process? 

 

 
mass of 

anode 

mass of 

cathode 

colour of 

electrolyte 

A decrease increase little or no change occurs 

B decrease increase pale blue to blue 

C increase decrease little or no change occurs 

D increase decrease blue to pale blue 
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7 Carbon monoxide and methanol can react together to form ethanoic acid. 

 

  

CO(g)  +  CH3OH(l)    CH3CO2H(l) 

 

Standard enthalpy changes of combustion are given in the table. 

 

compound 
standard enthalpy change 

of combustion,  

CO –283.0 kJ mol
–1

 

CH3OH –726.0 kJ mol
–1

 

CH3CO2H –874.1 kJ mol
–1

 

 

What is the value for  for the reaction between carbon monoxide and methanol? 

A –1883.1 kJ mol
–1

 

B –134.9 kJ mol
–1

 

C +134.9 kJ mol
–1

 

D +1883.1 kJ mol
–1
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5 Some car paints contain small flakes of silica, SiO2. 

 

In the structure of solid SiO2 

 

● each silicon atom is bonded to x oxygen atoms, 

● each oxygen atom is bonded to y silicon atoms, 

● each bond is a z type bond. 

 

What is the correct combination of x, y and z in these statements? 

 

 x y z 

A 2 1 covalent 

B 2 1 ionic 

C 4 2 covalent 

D 4 2 ionic 

 

 

6 Solid sulfur consists of molecules made up of eight atoms covalently bonded together. 

 

The bonding in sulfur dioxide is O=S=O. 

 

enthalpy change of combustion of S8,        S8(s)= –2376kJ mol
–1 

energy required to break 1 mole S8(s) into gaseous atoms = 2232 kJ mol
–1

 

O=O bond enthalpy = 496 kJ mol
–1

 

 

Using these data, what is the value of the S=O bond enthalpy? 

A 239 kJ mol
–1

 B 257 kJ mol
–1

 C 319 kJ mol
–1

 D 536 kJ mol
–1

 

 

 

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

 

In an experiment, the burning of 1.45 g (0.025 mol) of propanone was used to heat 100 g of water. 

The initial temperature of the water was 20.0 °C and the final temperature of the water was 

78.0 °C. 

 

Which experimental value for the enthalpy change of combustion for propanone can be 

calculated from these results? 

A –1304 kJ mol
–1

 

B –970 kJ mol
–1

 

C –352 kJ mol
–1

 

D –24.2 kJ mol
–1
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5 Some car paints contain small flakes of silica, SiO2. 

 

In the structure of solid SiO2 

 

● each silicon atom is bonded to x oxygen atoms, 

● each oxygen atom is bonded to y silicon atoms, 

● each bond is a z type bond. 

 

What is the correct combination of x, y and z in these statements? 

 

 x y z 

A 2 1 covalent 

B 2 1 ionic 

C 4 2 covalent 

D 4 2 ionic 

 

 

6 Solid sulfur consists of molecules made up of eight atoms covalently bonded together. 

 

The bonding in sulfur dioxide is O=S=O. 

 

enthalpy change of combustion of S8,        S8(s)= –2376kJ mol
–1 

energy required to break 1 mole S8(s) into gaseous atoms = 2232 kJ mol
–1

 

O=O bond enthalpy = 496 kJ mol
–1

 

 

Using these data, what is the value of the S=O bond enthalpy? 

A 239 kJ mol
–1

 B 257 kJ mol
–1

 C 319 kJ mol
–1

 D 536 kJ mol
–1

 

 

 

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

 

In an experiment, the burning of 1.45 g (0.025 mol) of propanone was used to heat 100 g of water. 

The initial temperature of the water was 20.0 °C and the final temperature of the water was 

78.0 °C. 

 

Which experimental value for the enthalpy change of combustion for propanone can be 

calculated from these results? 

A –1304 kJ mol
–1

 

B –970 kJ mol
–1

 

C –352 kJ mol
–1

 

D –24.2 kJ mol
–1
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4 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

5 Calcium forms an ionic compound with carbon, called calcium carbide. The oxidation number of 

carbon in calcium carbide is –1. 

 

Calcium carbide is readily hydrolysed by water giving two products only. 

 

What could be the formulae of calcium carbide and the two products of hydrolysis? 

 

 calcium carbide products 

A Ca2C CaO and C2H4 

B Ca2C Ca(OH)2 and C2H2 

C CaC2 CaO and C2H4 

D CaC2 Ca(OH)2 and C2H2 

 

 

6 Hess’ law may be used to determine enthalpy changes using average bond energies, as shown 

in the diagram. 

 

isolated gaseous atoms

reactants products

U V

W
 

 

U is the sum of the average bond energies of the reactants, and V is the sum of the average 

bond energies of the products. 

 

For the reaction shown below, which expression will give a value for W, the enthalpy change of 

combustion of methane? 

 

CH4  +  2O2  →  CO2  +  2H2O 

 

A U – V B U + V C 2(U – V) D V – U 
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10 The decomposition reaction  SF6(g)  →  SF4(g)  +  F2(g)  can be described by the reaction 

pathway diagram shown. 

 

extent of reaction

energy
SF4(g)  +  F2(g)

SF6(g)

X

Y

 

 

What are the values of ∆H o and Ea for this reaction? 

 

 ∆H o Ea 

A X X + Y 

B X Y 

C X – Y X 

D Y – X X 

 

 

11 Which row correctly describes what happens when the temperature of a chemical reaction is 

decreased? 

 

 
activation energy 

(Ea) 

number of 

successful collisions 

A decreases decreases 

B decreases increases 

C remains the same decreases 

D remains the same increases 

 

 

12 Which property decreases on descending Group II? 

A radius of the cation, M
2+

 

B reactivity of the element with water 

C shielding of outermost electrons 

D the ease of thermal decomposition of the carbonates, MCO3 
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5 Nitric oxide, NO, and bromine vapour react together according to the following equation. 

 

 2NO(g)  +  Br2(g)  →  2NOBr(g) ΔH 
o
= –23 kJ mol

–1
 

 

The reaction has an activation energy of +5.4 kJ mol
–1

. 

 

What is the correct reaction pathway diagram for this reaction? 

 

enthalpy
/ kJ mol–1

extent of reaction

A

∆H o
EA

EA

enthalpy
/ kJ mol–1

extent of reaction

B

∆H o

EA

enthalpy
/ kJ mol–1

extent of reaction

C

EA

∆H o
enthalpy
/ kJ mol–1

extent of reaction

D

∆H o

 
 

 

6 Which series shows molecules in order of increasing bond angle? 

A CH4 → BF3 → NH3 

B H2O → CO2 → BF3 

C NH3 → CH4 → CO2 

D NH3 → CH4 → H2O 

 

 

7 What is the volume of steam produced when 1.00 g of ice is heated to 323 °C at a pressure of 

101 kPa? 

 

A 0.27 dm
3
 B 1.3 dm

3
 C 2.7 dm

3
 D 48 dm

3
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10 The decomposition reaction  SF6(g)  →  SF4(g)  +  F2(g)  can be described by the reaction 

pathway diagram shown. 

 

extent of reaction

energy
SF4(g)  +  F2(g)

SF6(g)

X

Y

 

 

What are the values of ∆H o and Ea for this reaction? 

 

 ∆H o Ea 

A X X + Y 

B X Y 

C X – Y X 

D Y – X X 

 

 

11 Which row correctly describes what happens when the temperature of a chemical reaction is 

decreased? 

 

 
activation energy 

(Ea) 

number of 

successful collisions 

A decreases decreases 

B decreases increases 

C remains the same decreases 

D remains the same increases 

 

 

12 Which property decreases on descending Group II? 

A radius of the cation, M
2+

 

B reactivity of the element with water 

C shielding of outermost electrons 

D the ease of thermal decomposition of the carbonates, MCO3 
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7  At room temperature and pressure, H2O is a liquid and H2S is a gas. 

 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 

molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 

the instantaneous dipole-induced dipole forces between H2S molecules. 

 

 

8  Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 

 

bond bond energy / kJ mol
–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 

What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol
–1

 

B –88 kJ mol
–1

 

C +88 kJ mol
–1

 

D +418 kJ mol
–1

 

 

 

9  An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 

FeSO4 in 1.00 dm
3

 of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in 

the mixture. 

 

Ag
+

(aq)  +  Fe
2+

(aq)    Ag(s)  +  Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 

 

 

10 The equation for the reaction between carbon monoxide and hydrogen is shown. 

 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 

 

What are the units of Kp for this reaction?  

A kPa B kPa
–1

 C kPa
2

 D kPa
–2
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Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 Which equation shows the reaction that occurs during the standard enthalpy change of 

atomisation of bromine? 

A Br2(l)  →  2Br(g) 

B Br2(g)  →  2Br(g) 

C 
2

1

Br2(l)  →  Br(g) 

D 
2

1

Br2(g)  →  Br(g) 

 

 

2 What is the correct number of bonds of each type in the Al 2Cl 6 molecule? 

 

 covalent 
co-ordinate 

(dative covalent) 

A 6 1 

B 6 2 

C 7 0 

D 7 1 

 

 

3 Tetraethyl lead, Pb(C2H5)4, has been used as a petrol additive. 

 

What is the percentage by mass of carbon in tetraethyl lead? 

 

A 10.2 B 14.9 C 29.7 D 32.0 
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8 Solid carbon dioxide, CO2, is similar to solid iodine, I2, in its structure and properties. Carbon is in 
Group 14. Silica, SiO2, is a Group 14 compound. 

 
Which statement about solid CO2 and solid SiO2 is correct? 

A Both solids exist in a lattice structure. 

B Both solids have a simple molecular structure. 

C Both solids have atoms joined by single covalent bonds. 

D Both solids change spontaneously to gas at s.t.p. 
 
 
9 An article in a science magazine contains the following statement. 
 

‘It is lighter than a feather, stronger than steel, yet incredibly flexible and more conductive than 
copper.’ 

 
Which form of carbon is being described? 

A buckminsterfullerene 

B diamond 

C graphene 

D graphite 
 
 
10 Which equation has an enthalpy change of reaction which corresponds to the standard enthalpy 

change of atomisation of chlorine? 

A 
2
1 Cl 2(g)  →  Cl (g) 

B 
2
1 Cl 2(l)  →  Cl (g) 

C Cl 2(g)  →  2Cl (g) 

D Cl 2(l)  →  2Cl (g) 
 
 
11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed 

container and allowed to reach equilibrium at a fixed temperature. The container had a fixed 
volume of 1.00 dm3. At equilibrium, there were 2.40 mol of iodine present in the mixture. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the value of the equilibrium constant, Kc? 

A 0.107 B 0.357 C 0.429 D 2.33 
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Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 Enthalpy changes, ∆H, can be positive or negative. 

 

Which row is correct? 

 

 ∆H positive ∆H negative 

A atomisation bond breaking 

B bond breaking neutralisation 

C bond making combustion 

D combustion bond making 

 

 

2 What will make it more likely that a gas will approach ideal behaviour? 

A higher pressure 

B lower temperature 

C more polar molecules 

D weaker intermolecular forces 

 

 

3 Which mass of urea, CO(NH2)2, contains the same mass of nitrogen as 101.1 g of potassium 

nitrate? 

A 22 g B 30 g C 44 g D 60 g 
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7  0.10 g of the volatile liquid X formed 0.025 dm
3

 of vapour at 100 °C and atmospheric pressure. 

 

1 mol of vapour occupies 22.4 dm
3

 at 0 °C and atmospheric pressure. 

What is the relative molecular mass of X? 

A 

3730.10

22.4273  0.025

×

××

 

B 

27310.0

4.22373025.0

×

××

 

C 

373025.0

4.2227310.0

×

××

 

D 

273025.0

4.2237310.0

×

××

 

 

 

8  The equation for the complete combustion of propan-1-ol is shown. 

 

CH3CH2CH2OH(l)  +  4
2

1

O2(g)  →  3CO2(g)  +  4H2O(l) 

 

Standard enthalpy changes of formation are given. 

 

compound CH3CH2CH2OH(l) CO2(g) H2O(l) 

∆Hf

o 

–303 kJ mol
–1

 –394 kJ mol
–1

 –286 kJ mol
–1

 

 

What is the standard enthalpy change of combustion of propan-1-ol, in kJ mol
–1

? 

A –394  –  286  –  303 

B 303  –  (4  ×  286)  –  (3  ×  394) 

C 394  +  286  –  303 

D (3  ×  394)  +  (4  ×  286)  +  303 

 

 

9  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 

 

Cl 2(aq)  +  H2O(I)  →  H
+

(aq)  +  Cl –(aq)  +  HCl O(aq) 

 

The HCl O reacts further to give Cl O–

 ions. 

 

HCl O(aq)  +  H2O(I)    H3O
+

(aq)  +  Cl O–

(aq) 

 

Both HCl O and Cl O–

 kill bacteria by oxidation. 

 

What is the change in oxidation number of chlorine when forming the Cl O–

 ion from aqueous 

chlorine? 

A –1 B 0 C +1 D +2 
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7  Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

What is the approximate angle between the bonds formed by the N atom in a molecule of methyl 

isocyanate? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

8  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g)  +  2H2(g)  →  CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E (C ≡ O) 1077 kJ mol
–1

 

E (C – O) 360 kJ mol
–1

 

E (C – H) 410 kJ mol
–1

 

E (H – H) 436 kJ mol
–1

 

E (O – H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

9 The equilibrium constant, Kc, for the reaction shown is 2 mol
–2 dm

6

, at 600 K. 

 

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

 

What is the concentration of NH3 at equilibrium, at 600 K, when the equilibrium concentrations of 

N2 and H2 are both 2 mol dm
–3

? 

A 8 mol dm
–3

 B 16 mol dm
–3

 C 32 mol dm
–3

 D 32 mol dm
–3
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6  When solid aluminium chloride is heated, Al 2Cl 6 is formed. 

 

Which bonding is present in Al 2Cl 6? 

A covalent and co-ordinate (dative covalent) 

B covalent only 

C ionic and co-ordinate (dative covalent) 

D ionic only 

 

 

7  In which hydride is the H–X–H bond angle the smallest? 

A BH3 B CH4 C C2H6 D NH3 

 

 

8  In an experiment, a sample of a pure gas is put into a gas syringe at a temperature of 300 K and 

pressure of 16 kPa. The gas is compressed until the volume occupied by the gas is halved. 

 

After compression, the temperature of the gas in the syringe is 375 K and the pressure is 40 kPa. 

 

Which statement is correct? 

A Intermolecular forces between the gas molecules are significant. 

B It is possible to calculate the number of moles of gas present using these data alone. 

C The gas is behaving ideally. 

D The pressures used are too high for ideal gas behaviour. 

 

 

9  In a calorimetric experiment 1.60 g of a fuel are burnt. 45.0% of the energy released is absorbed 

by 200 g of water. The temperature of the water rises from 18.0 °C to 66.0 °C. 

 

What is the total energy released per gram of fuel burnt (to 3 significant figures)? 

A 25 100 J B 55 700 J C 89 200 J D 143 000 J 

 

 

�
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5 The gases X and Y react to form Z. 
 

X(g)  +  Y(g)    Z(g) 
 

An equilibrium mixture of these three gases is compressed at constant temperature. 
 

What will be the changes in the mole fraction of Z and in Kp? 
 

 mole fraction of Z Kp 

A increase increase 

B increase no change 

C no change increase 

D no change no change 

 
 
6 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 
 
 
7 The enthalpy change of reaction 1 is –114 kJ mol–1. 
 
 2NaOH(aq)  +  H2SO4(aq)  →  Na2SO4(aq)  +  2H2O(l) reaction 1 
 

By using this information, what is the most likely value for the enthalpy change of reaction 2? 
 
 Ba(OH)2(aq)  +  2HCl (aq)  →  BaCl 2(aq)  +  2H2O(l) reaction 2 
 

A –57 kJ mol–1 B –76 kJ mol–1 C –114 kJ mol–1 D –228 kJ mol–1 
 
 
8 Sulfur reacts with concentrated nitric acid in a redox reaction. 
 

S  +  4HNO3  →  SO2  +  4NO2  +  2H2O 
 

What are the changes in oxidation number of sulfur and of nitrogen in this reaction? 
 

 sulfur nitrogen 

A +2 –3 

B +2 –1 

C +4 –3 

D +4 –1 
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6 Which reaction involves a decrease in the bond angle at a carbon atom? 

A bromoethane refluxed with ethanolic sodium hydroxide 

B complete combustion of methane in air 

C ethanol heated with conc. H2SO4 

D polymerisation of ethene 

 

 

7 In the high temperatures of car engines, nitrogen reacts with oxygen to give nitrogen monoxide. 

 

 
2
1 N2(g)  +  

2
1 O2(g)  →  NO(g) ∆H 

o
 = +90 kJ mol

–1
 

 

This reaction has activation energy Ea. 

 

Which reaction pathway diagram could correctly represent this reaction? 

 

 
 

 

energy

extent of reaction

A

NO(g)

Ea

∆H o
energy

extent of reaction

B

NO(g)Ea

∆H o

energy

NO(g)

N2(g)  +    O2(g)1
2

1
2

N2(g)  +    O2(g)1
2

1
2

N2(g)  +    O2(g)1
2

1
2

N2(g)  +    O2(g)1
2

1
2

Ea
∆H o energy

NO(g)
Ea

∆H o

extent of reaction

D

extent of reaction

C
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6 Which reaction involves a decrease in the bond angle at a carbon atom? 

A bromoethane refluxed with ethanolic sodium hydroxide 

B complete combustion of methane in air 

C ethanol heated with conc. H2SO4 

D polymerisation of ethene 

 

 

7 In the high temperatures of car engines, nitrogen reacts with oxygen to give nitrogen monoxide. 

 

 
2
1 N2(g)  +  

2
1 O2(g)  →  NO(g) ∆H 

o
 = +90 kJ mol

–1
 

 

This reaction has activation energy Ea. 

 

Which reaction pathway diagram could correctly represent this reaction? 
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extent of reaction
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energy

extent of reaction
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∆H o

energy
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6 The complete combustion of 2 moles of a straight chain alkane produces 400 dm3 of 
carbon dioxide measured at 301 K and 1 × 105

 Pa. Carbon dioxide can be assumed to behave as 
an ideal gas under these conditions. 

 
What is the formula of the straight chain alkane? 

A C8H18 B C16H34 C C20H42 D C40H82 
 
 
7 Which expression gives the standard enthalpy change of combustion of methane? 

A        (CH4)  +         (CO2)  –  2       (H2O) 

B        (CO2)  +  2       (H2O)  +         (CH4) 

C        (CH4)  +  2       (H2O)  –         (CO2) 

D        (CO2)  +  2       (H2O)  –         (CH4) 
 
 
8 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 

solutions decompose on heating as shown. 
 

3Cl O–  →  Cl O3
–  +  2Cl – 

 
Which oxidation state is shown by chlorine in each of these three ions? 

 
 Cl O– Cl O3

– Cl – 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 
 
 
9 When K2MnO4 is dissolved in water, the following reaction occurs. 
 

a MnO4
2–(aq)  +  b H2O(l)  →  c MnO4

–(aq)  +  d MnO2(s)  +  e OH–(aq) 
 

What are the values of a and c in the balanced chemical equation? 
 

 a c 

A 2 1 

B 3 2 

C 4 3 

D 5 4 
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7 A student mixed 25.0 cm
3

 of 4.00 mol dm
–3

 hydrochloric acid with an equal volume of  

4.00 mol dm
–3

 sodium hydroxide. The initial temperature of both solutions was 15.0 °C. The 

maximum temperature recorded was 30.0 °C. 

 

Using these results, what is the enthalpy change of neutralisation of hydrochloric acid? 

A –62.7 kJ mol
–1

 

B –31.4 kJ mol
–1

 

C –15.7 kJ mol
–1

 

D –3.14 kJ mol
–1

 

 

 

8 HOCl (aq) is the molecule that kills bacteria when chlorine is added to water. 

 

The following reaction produces this molecule. 

 

Cl 2(g)  +  H2O(I)    HOCl (aq)  +  H
+

(aq)  +  Cl –(aq) 

 

Which statement about this reaction is correct? 

A Chlorine is both oxidised and reduced. 

B Chlorine is oxidised but not reduced. 

C Hydrogen is both oxidised and reduced. 

D Hydrogen is oxidised but not reduced. 

 

 

9 All the reactants and products of an exothermic reaction are gaseous. 

 

Which statement about this reaction is correct? 

A The total bond energy of the products is less than the total bond energy of the reactants, and 

∆H for the reaction is negative. 

B The total bond energy of the products is less than the total bond energy of the reactants, and 

∆H for the reaction is positive. 

C The total bond energy of the products is more than the total bond energy of the reactants, 

and ∆H for the reaction is negative. 

D The total bond energy of the products is more than the total bond energy of the reactants, 

and ∆H for the reaction is positive. 

 

 

!
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4 Two conversions are shown. 
 

NH4
+ → NH3 

C2H4 → C2H6 

 
Which similar feature do these two conversions have? 

A change in oxidation state of an element 

B decrease in bond angle 

C formation of a lone pair of electrons 

D loss of a π bond 
 
 
5 All gases listed are at the same pressure. 
 

Which gas will most closely approach ideal behaviour? 

A ammonia at 100 K 

B ammonia at 500 K 

C neon at 100 K 

D neon at 500 K 
 
 
6 The following data are needed for this question. 
 

       (CO(g)) = –111 kJ mol–1 

       (CO2(g)) = –394 kJ mol–1 

       (Fe2O3(s)) = –822 kJ mol–1 
 

Carbon monoxide reacts with iron(III) oxide. 
 

3CO(g)  +  Fe2O3(s)  →  3CO2(g)  +  2Fe(s) 
 

What is the enthalpy change when 55.8 g of iron are produced by this reaction? 

A –27.0 kJ B –13.5 kJ C +13.5 kJ D +27.0 kJ 
 
 
7 Vanadium reacts with dilute sulfuric acid to form V2(SO4)3 and hydrogen gas. 
 

What happens to vanadium atoms in this reaction? 

A They lose three electrons and are oxidised. 

B They lose three electrons and are reduced. 

C They lose two electrons and are oxidised. 

D They lose two electrons and are reduced. 
 
 

!  
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4 Ethane burns in oxygen to produce carbon dioxide and water vapour. 
 

Which bond angles are present in the molecules of ethane and its combustion products? 
 

 ethane combustion products

A 90° 104.5° and 180° 

B 90° 109.5° and 120° 

C 109.5° 104.5° and 180° 

D 109.5° 109.5° and 180° 
 
 
5 A sample of an ideal gas is contained at a constant temperature of 300 K in a gas syringe. 

The pressure is increased and a graph of 
RT

Vp  against pressure is plotted. 

Which graph correctly represents the results? 
 

A

B

C

D

pV
RT

p  
 
 
6 In calculating the enthalpy change, ∆H, of an experiment involving solutions, the mass of the 

solution, m, specific heat capacity of the solution, c, and the temperature change, ∆T, are 
needed. 

 
∆T = Tfinal – Tinitial 

 
Which expression for ∆H is correct? 

A ∆H = 
T

mc
∆

 B ∆H = 
T
mc
∆
�  C ∆H = mc∆T D ∆H = –mc∆T 
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7 The following data are needed for this question. 
 

 (P4O10(s)) = –3012 kJ mol–1 

 (H2O(l)) = –286 kJ mol–1 

 (H3PO4(s)) = –1279 kJ mol–1 
 

What is ∆H 
o for the reaction shown? 

 
P4O10(s)  +  6H2O(l)  →  4H3PO4(s) 

 
A –9844 kJ mol–1 

B –388 kJ mol–1 

C –97 kJ mol–1 

D +2019 kJ mol–1 
 
 
8 Which statement is always correct for an oxidation reaction? 

A It involves the gain of oxygen by an element. 

B For one reactant to be oxidised a different reactant must be reduced. 

C The element or ion being oxidised will gain electrons. 

D The oxidation number of the element being oxidised will increase. 
 
 
9 Nitrogen dioxide, NO2, is a brown gas. 
 

Dinitrogen tetroxide, N2O4, is a colourless gas. 
 
An equilibrium is established between NO2 and N2O4 in a closed vessel. 

 
 2NO2(g)    N2O4(g) ∆H = –57 kJ mol–1 
 brown colourless 
 

Which row describes the effects of changing conditions on the colour of an equilibrium mixture of 
NO2 and N2O4? 

 
 increasing the pressure increasing the temperature 

A colour becomes darker colour becomes darker 

B colour becomes darker colour becomes lighter 

C colour becomes lighter colour becomes darker 

D colour becomes lighter colour becomes lighter 
 
 

�
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6 Sodium hydroxide neutralises acid. 
 

H+  +  OH–  →  H2O 
 

In a 11 000 dm3 sample of an aqueous solution, the concentration of acid, [H+], is  
1.26 × 10– 3

 mol dm–3. 
 

Which mass of solid sodium hydroxide neutralises the acid? 

A 0.0214 g B 0.0504 g C 236 g D 554 g 
 
 
7 The gas laws can be summarised in the ideal gas equation. 
 

pV = nRT 
 

0.960 g of oxygen gas is contained in a vessel of volume 7.00 × 10–3
 m3 at a temperature of 30 °C. 

 
Assume that the gas behaves as an ideal gas. 

 
What is the pressure in the vessel? 

A 1.07 kPa B 2.14 kPa C 10.8 kPa D 21.6 kPa 
 
 
8 Which equation represents the standard enthalpy change of formation of water? 

A H2(g)  +  2
1 O2(g)  →  H2O(g) 

B H2(g)  +  2
1 O2(g)  →  H2O(l) 

C 2H2(g)  +  O2(g)  →  2H2O(g) 

D 2H2(g)  +  O2(g)  →  2H2O(l) 
 
 
9 Hess’ Law and bond energy data can be used to calculate the enthalpy change of a reaction. 
 

Bromoethane, CH3CH2Br, can be made by reacting ethene with hydrogen bromide. 
 

CH2=CH2  +  HBr  →  CH3CH2Br 
 

What is the enthalpy change for this reaction? 

A – 674 kJ mol–1 

B – 64 kJ mol–1 

C +186 kJ mol–1 

D +346 kJ mol–1 
 
 

�
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10 The diagram shows the distribution of molecular energies in a sample of gas at a temperature T1. 

The activation energy for an uncatalysed reaction of this gas, Ea(uncat), is shown. 

 

molecular energy E

T1

proportion
of molecules
with a given
energy

Ea(uncat)

0
0

 
 

Which diagram correctly shows the new distribution and new activation energy, Ea(cat), when the 

temperature is increased to T2, and a catalyst is used that increases the rate of the reaction? 

 

proportion
of molecules
with a given
energy

molecular energy E

A
T1

Ea(cat)

Ea(cat)

proportion
of molecules
with a given
energy

molecular energy E

B
T1

T2

T2 T2

T2

Ea(uncat)

Ea(uncat)

Ea(uncat)

Ea(uncat)

proportion
of molecules
with a given
energy

molecular energy E

C
T1

Ea(cat)

Ea(cat)

proportion
of molecules
with a given
energy

molecular energy E

D
T1

0
0

0
0

0
0

0
0

 
 

 

11 200 g of water are at 25 °C. 

 

The water is heated to 75 °C by burning 2 g of ethanol. 

 

What is the amount of energy transferred to the water? 

A 0.418 kJ B 10.4 kJ C 41.8 kJ D 62.7 kJ 
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7 Iodine and propanone react according to the following equation. 
 

I2(aq)  +  CH3COCH3(aq)  →  CH3COCH2I(aq)  +  HI(aq) 
 

If the concentration of propanone is increased, keeping the total reaction volume constant, the 
rate of the reaction also increases. 

 
What could be the reason for this? 

A A greater proportion of collisions is successful at the higher concentration. 

B The particles are further apart at the higher concentration. 

C The particles have more energy at the higher concentration. 

D There are more collisions between reactant particles per second at the higher concentration. 
 
 
8 Sulfur can be oxidised in two ways. 
 
 S(s)  +  O2(g)  →  SO2(g) 'H 

o = –296.5 kJ mol–1 

 2S(s)  +  3O2(g)  →  2SO3(g) 'H 
o = –791.4 kJ mol–1 

 
Sulfur trioxide can be made from sulfur dioxide and oxygen. 

 
2SO2(g)  +  O2(g)  →  2SO3(g) 

 
What is the standard enthalpy change for this reaction? 

A –1384.4 kJ mol–1 

B –989.8 kJ mol–1 

C –494.9 kJ mol–1 

D –198.4 kJ mol–1 
 
 
9 Hydrogen iodide dissociates into hydrogen and iodine. 
 

2HI(g)    H2(g)  +  I2(g) 
 

In an experiment, b mol of hydrogen iodide were put into a sealed vessel at pressure p. At 
equilibrium, x mol of the hydrogen iodide had dissociated. 

 
Which expression for Kp is correct? 

A 2

2

)( xb
x
�

 B 2

22

)(
p
x b

x
�

 C 
)(4

p22

x bb
x

�
 D 2

2

)4( xb
x
� 
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6 Sodium hydroxide neutralises acid. 
 

H+  +  OH–  →  H2O 
 

In a 11 000 dm3 sample of an aqueous solution, the concentration of acid, [H+], is  
1.26 × 10– 3

 mol dm–3. 
 

Which mass of solid sodium hydroxide neutralises the acid? 

A 0.0214 g B 0.0504 g C 236 g D 554 g 
 
 
7 The gas laws can be summarised in the ideal gas equation. 
 

pV = nRT 
 

0.960 g of oxygen gas is contained in a vessel of volume 7.00 × 10–3
 m3 at a temperature of 30 °C. 

 
Assume that the gas behaves as an ideal gas. 

 
What is the pressure in the vessel? 

A 1.07 kPa B 2.14 kPa C 10.8 kPa D 21.6 kPa 
 
 
8 Which equation represents the standard enthalpy change of formation of water? 

A H2(g)  +  2
1 O2(g)  →  H2O(g) 

B H2(g)  +  2
1 O2(g)  →  H2O(l) 

C 2H2(g)  +  O2(g)  →  2H2O(g) 

D 2H2(g)  +  O2(g)  →  2H2O(l) 
 
 
9 Hess’ Law and bond energy data can be used to calculate the enthalpy change of a reaction. 
 

Bromoethane, CH3CH2Br, can be made by reacting ethene with hydrogen bromide. 
 

CH2=CH2  +  HBr  →  CH3CH2Br 
 

What is the enthalpy change for this reaction? 

A – 674 kJ mol–1 

B – 64 kJ mol–1 

C +186 kJ mol–1 

D +346 kJ mol–1 
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5 Which molecule has no overall dipole? 

A CH3Cl B CH2Cl 2 C CHCl 3 D CCl 4 
 
 
6 Which solid contains more than one type of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 
 
 
7 Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 
 

4C(s)  +  5H2(g)  →  C4H10(g) 
 

By using the following standard enthalpy of combustion data, what is the value of the standard 
enthalpy change of formation,        , of butane? 

 
substance  

C(s) –394 

H2(g) –286 

C4H10(g) –2877 
 

A –5883 kJ mol–1 

B –129 kJ mol–1 

C +129 kJ mol–1 

D +2197 kJ mol–1 
 
 
8 Ethanedioate ions, C2O4

2–, react with a suitable reagent to form CO2. A half-equation for this 
reaction is shown. 

 
C2O4

2–  →  2CO2  +  2e– 
 

Which row is correct? 
 

 oxidation state of 
carbon in C2O4

2– type of reaction 

A +3 oxidation 

B +3 reduction 

C +5 oxidation 

D +5 reduction 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

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

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 

 

 

!
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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.

33 The conversion of graphite into diamond is an endothermic reaction (∆H = +3 kJ mol–1).

C(graphite)  → C(diamond)

Which statements are correct?

1 The enthalpy change of atomisation of diamond is smaller than that of graphite.

2 The bond energy of the C–C bonds in graphite is greater than that in diamond.

3 The enthalpy change of combustion of diamond is greater than that of graphite.

34 Which of the following statements are correct for the sequence of compounds below considered
from left to right?

NaF          MgO          AlN          SiC

1 The electronegativity difference between the elements in each compound increases.

2 The formula-units of these compounds are isoelectronic (have the same number of
electrons).

3 The bonding becomes increasingly covalent.

35 Which statements are reasons why sulphur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant.

2 It prevents alcohols forming sour-tasting acids.

3 It does not smell and therefore can be used in more than trace quantities.

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.

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 The Group IV elements carbon, silicon and germanium all exist in a diamond structure. The bond 

lengths in these structures are given below. 

 

element X C Si Ge 

bond length X– X / nm 0.154 0.234 0.244 

 

Why does the bond length increase down the group? 

1 Orbital overlap decreases down the group. 

2 Atomic radius increases down the group. 

3 Nuclear charge increases down the group. 

 

 

32 Sodium ions can be formed from sodium atoms. 

 

Na(s) → Na
+

(g) 

 

Which quantities are required to calculate the enthalpy change of formation of gaseous sodium 

ions? 

1 enthalpy change of atomisation of sodium 

2 first ionisation energy of sodium 

3 enthalpy change of formation of sodium 
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may

be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against

the statements that you consider to be correct).

The responses A to D should be selected on the basis of

A B C D

1, 2 and 3

are

correct

1 and 2

only are

correct

2 and 3

only are

correct

1 only

is

correct

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

31 The isotope cobalt-60 ( Co

60

27
) is used to destroy cancer cells in the human body.

Which statements about an atom of cobalt-60 are correct?

1 It contains 33 neutrons.

2 Its nucleus has a relative charge of 27+.

3 It has a different number of neutrons from the atoms of other isotopes of cobalt.

32 The conversion of graphite has only a small positive value of !H.

C (graphite) " C (diamond) !H = +2.1 kJ mol 
–1

However, the production of synthetic diamonds using this reaction is very difficult.

Which statements help to explain this?

1 The activation energy of the reaction is large.

2 An equilibrium exists between diamond and graphite.

3 Only exothermic reactions can be made to occur readily.

33 Which statements about the properties of a catalyst are correct?

1 A catalyst increases the average kinetic energy of the reacting particles.

2 A catalyst increases the rate of the reverse reaction.

3 A catalyst has no effect on the enthalpy change !H o of the reaction.
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 The diagram illustrates the energy changes of a set of reactions. 

 

R
H = _134 kJ mol

S

T U
H = _75 kJ mol

H = +92 J mol
 1

 1
_

 1
_

 

 

Which of the following statements are correct? 

1 The enthalpy change for the transformation U ⎯→ R is + 42 kJ mol
–1 . 

2 The enthalpy change for the transformation T ⎯→ S is endothermic. 

3 The enthalpy change for the transformation R ⎯→ T is – 33 kJ mol
–1 . 

 

 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 Hydrazine, N2H4, is widely used as a rocket fuel because it reacts with oxygen as shown, 

producing ‘environmentally friendly’ gases. 

 

N2H4(l) + O2(g) → N2(g) + 2H2O(g)  ∆H = –534 kJ mol
–1

  
Despite its use as a rocket fuel, hydrazine does not spontaneously burn in oxygen. 

 

Why does hydrazine not burn spontaneously? 

 

1 The activation energy is too high. 

2 The N≡N bond is very strong. 

3 Hydrazine is a liquid. 

 

 

34 Compound X 

 

• does not conduct electricity when in a liquid state, 

 

• when added to water produces a solution that readily conducts electricity. 

 

What could X be? 

 

1 MgCl2 

 

2 SiCl4 

 

3 PCl3 

 

 

!
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34 Two bulbs R and S, connected by a mercury manometer, are held in a thermostat, as shown. The 

volume of R is twice that of S. R contains gas, X, at the same pressure as the nitrogen in S. 

 

nitrogenX

S
R

manometer

mercury

thermostat

 

 

When the temperature is increased, which gases in bulb R would cause the mercury level in the 

right-hand limb of the manometer to rise? 

1 an equilibrium mixture N2F4(g)  2NF2(g); ∆H positive 

2 an equilibrium mixture CH3NC(g)  CH3CN(g); ∆H negative 

3 nitrogen 

 

 

35 Which statements concerning the third period elements (sodium to argon) and their compounds 

are correct? 

1 The elements become more electronegative from sodium to chlorine. 

2 Aluminium oxide is the only oxide which is insoluble in water. 

3 The maximum oxidation state is shown by silicon. 

 

 

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

 

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. 

 

 

37 Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious 

pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room 

temperature. 

 

Which statements help to explain why nitrogen and oxygen do not react at room temperature? 

1 The reaction is endothermic. 

2 A high activation energy is required. 

3 Nitrogen has a high bond energy. 

 

!
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33 Which of the enthalpy changes of the following reactions can only be obtained by application of 

Hess’ Law? 

1 The hydration of anhydrous copper sulphate to form crystals of CuSO4.5H2O. 

2 The formation of methane from its elements. 

3 The combustion of glucose, C6H12O6. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g) + Q (g)  R (g) + S (g) 

 

Two experiments were carried out in which the production of R was measured against time. The 

results are shown in the diagram below. 

 

0
0

amount of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions from experiment 1 to experiment 2 might explain 

the results shown? 

1 Less of P was used. 

2 A different catalyst was used. 

3 Product S was continuously removed from the reaction vessel. 

 

 

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

 

Which properties would be expected from radium, 88Ra, or its compounds? 

1 Radium carbonate decomposes only at a very high temperature. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 On a scale in which the mass of a 
12

C atom is 12 the relative molecular mass of a particular 

sample of chlorine is 72. 

 

Which properties of the atoms in this sample are always the same? 

1 radius 

2 nucleon number 

3 isotopic mass 

 

 

32 An ideal gas obeys the gas laws under all conditions of temperature and pressure. 

 

Which of the following are true for an ideal gas? 

1 The molecules have negligible volume. 

2 There are no forces of attraction between molecules. 

3 The molecules have an average kinetic energy which is proportional to its absolute 

temperature. 

 

 

33 For which reactions does the value of ∆H
o

 represent both a standard enthalpy change of 

combustion and a standard enthalpy change of formation? 

1 C(s) + O2(g) → CO2(g) 

2 2C(s) + O2(g) → 2CO(g) 

3 CO(g) + 
2

1

O2(g) → CO2(g) 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

 

In which pairs do both species have the same number of unpaired p electrons? 

1 Al 2–

 and O
+

 

2 N and Cl 2+

 

3 C and Cl + 
 

 

32 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 enthalpy change for the backward reaction is +90 kJ mol
–1

. 

2 The forward reaction is exothermic. 

3 The enthalpy change for the forward reaction is –30 kJ mol
–1

. 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which statements about bond angles are correct? 

1 The bond angle in SO2 is smaller than the bond angle in CO2. 

2  The bond angle in H2O is smaller than the bond angle in CH4. 

3 The bond angle in NH3 is smaller than the bond angle in BF3. 

 

 

32  An energy profile diagram is shown. 

 

enthalpy, H

progress of reaction

reactants

products

Z X

W

Y

 

 

What do the labels on the diagram represent? 

1 W = ∆H of the forward reaction, Y = Ea of the backward reaction 

2  Z = ∆H of the backward reaction, Y = Ea of the backward reaction 

3 X = ∆H of the forward reaction, W = Ea of the forward 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. 

 

 

33 The reaction pathway for a reversible reaction is shown below. 

 

extent of reaction

energy
/ kJ mol–1

20

50

 

 

Which statements are correct? 

1 The enthalpy change for the backward reaction is –20 kJ mol
–1

. 

2 The forward reaction is endothermic. 

3 The activation energy for the forward reaction is +70 kJ mol
–1

. 

 

 

34  Which diagrams represent part of a giant molecular structure? 

 

1 2 3

= C = C = Na
= Cl

 

 

 

!
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 Which types of intermolecular forces can exist between adjacent urea molecules? 

 

H2 N
C 

O

NH2

urea
 

 

1 hydrogen bonding 

2 permanent dipole-dipole forces 

3 instantaneous dipole-induced dipole forces 

 

 

34  Which names can be applied to the enthalpy change of the reaction shown? 

 

H2(g)  +  (g)O
2

2

1

  →  H2O(l) 

 

1 enthalpy change of formation 

2 enthalpy change of combustion 

3 enthalpy change of hydration 

 

 

35  Compared with the HI molecule, the bond ……P…… of the HBr molecule is ……Q…… 

 

Which pairs of words correctly complete the above sentence? 

 

 P Q 

1 energy greater 

2 length less 

3 polarity greater 

 

 

!
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 Which types of intermolecular forces can exist between adjacent urea molecules? 

 

H2 N
C 

O

NH2

urea
 

 

1 hydrogen bonding 

2 permanent dipole-dipole forces 

3 instantaneous dipole-induced dipole forces 

 

 

34  Which names can be applied to the enthalpy change of the reaction shown? 

 

H2(g)  +  (g)O
2

2

1

  →  H2O(l) 

 

1 enthalpy change of formation 

2 enthalpy change of combustion 

3 enthalpy change of hydration 

 

 

35  Compared with the HI molecule, the bond ……P…… of the HBr molecule is ……Q…… 

 

Which pairs of words correctly complete the above sentence? 

 

 P Q 

1 energy greater 

2 length less 

3 polarity greater 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

 

Which ions contain one or more unpaired electrons? 

1 Cu
2+

 

2  Mn
3+

 

3 V
3+

 

 

 

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

 

The bond energy of the Br – O bond is 235 kJ mol
–1

. 

 

Which reactions are exothermic? 

1 OH•  +  HBr  →  H
2
  +  BrO• 

2  OH•  +  HBr  →  H
2
O  +  Br• 

3 H•  +  HBr  →  H
2
  +  Br• 

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2  The catalyst reduces the activation energy for both the forward and the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Which statements about reversible reactions are correct? 

1 An increase in concentration of a reactant always increases the concentration of the product. 

2 An increase in temperature always increases the rate at which the equilibrium is established. 

3 An increase in temperature always increases the concentration of the product at equilibrium. 
 
 
34 A chemist puts a sample of dilute aqueous hydrochloric acid into beaker 1. She adds a sample of 

zinc and measures the rate of production of hydrogen gas. 
 

She then puts a different sample of dilute aqueous hydrochloric acid into beaker 2. She adds a 
different sample of zinc and measures the rate of production of hydrogen gas. 

 
The rate of the reaction in beaker 2 is greater than the rate of the reaction in beaker 1. 

 
Which factors could help to explain this observation? 

1 The reaction in beaker 1 has a higher activation energy than the reaction in beaker 2. 

2 The zinc in beaker 1 is in larger pieces than the zinc in beaker 2. 

3 The acid in beaker 1 is at a lower concentration than the acid in beaker 2. 
 
 
35 In some rice-growing parts of the world, farmers use a combination of paddy fields and a fish 

farm. Rice paddy fields are flooded for much of the growing cycle and water running off the fields 
flows through pens where fish are raised. Nitrogen-based fertilisers are generally very soluble in 
water. 

 
Which problems could result from farmers applying excess nitrogen-based fertilisers to their 
paddy fields? 

1 decreased fish production in the fish pens 

2 decreased levels of oxygen in the water 

3 increased growth of algae in the fish pens 
 
 

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

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
31 Which molecules have an overall dipole moment? 

1 carbon monoxide, CO 

2 phosphine, PH3 

3 carbon dioxide, CO2 
 
 
32 The diagram illustrates the enthalpy changes of a set of reactions 
 

R ∆H = –134 kJ mol–1

∆H = –75 kJ mol–1

∆H = +92 kJ mol–1

S

T U  
 

Which statements are correct? 

1 The enthalpy change for the transformation U → R is + 42 kJ mol–1. 

2 The enthalpy change for the transformation T → S is endothermic. 

3 The enthalpy change for the transformation R → T is – 33 kJ mol–1. 
 
 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

 

Which statements about the phosphide ion, 
31

P
3–

, and the chloride ion, 
35

Cl –, are correct? 

 

1 They have the same number of electrons. 

2 They have the same number of neutrons. 

3 They have the same number of protons. 

 

 

32 Why does aluminium chloride, Al2Cl6, sublime at the relatively low temperature of 180 °C? 

1 The intermolecular forces between the Al 2Cl 6 molecules are weak. 

2 The co-ordinate bonds between aluminium and chlorine are weak. 

3 The covalent bonds between aluminium and chlorine are weak. 

 

 

33 Which statements are correct for all exothermic reactions? 

1 ∆H for the reaction is negative. 

2 On a reaction pathway diagram the products are shown lower than the reactants. 

3 The reaction will happen spontaneously. 
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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 For complete combustion, 1 mol of an organic compound X requires 2.5 mol of O2. 
 

Which compounds could be X? 

1 C2H5OH 

2 C2H2 

3 CH3CHO 
 
 
32 In which pairs do both species have the same number of electrons? 

1 35Cl and 37Cl 

2 35Cl – and 40Ar 

3 40Ar and 40K+ 
 
 
33 For which reactions does the value of ∆H 

o represent both a standard enthalpy change of 
combustion and a standard enthalpy change of formation? 

1 C(s)  +  O2(g)  →  CO2(g) 

2 2C(s)  +  O2(g)  →  2CO(g) 

3 CO(g)  +  (g)O22
1   →  CO2(g) 

 
 

�
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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 One mole of sulfuric acid is used to make an aqueous solution. The solution contains H2SO4 

molecules, H+ ions, SO4
2– ions and HSO4

– ions. 
 

Which statements are correct? 

1 The solution contains 6.02 × 1023 sulfur atoms. 

2 The solution contains an exactly equal number of H+ ions and HSO4
– ions. 

3 One mole of SO4
2– ions contains two moles of electrons. 

 
 
32 Which statements are correct? 

1 The hydrogen bonds in ice are more regularly arranged than in water. 

2 The solidification of water to form ice is exothermic. 

3 Pure water is less dense than ice. 
 
 
33 Calcium reacts with water to form calcium hydroxide and hydrogen. 
 

Ca(s)  +  2H2O(l)  →  Ca(OH)2(s)  +  H2(g) 
 

The standard enthalpy change for this reaction is – 414 kJ mol–1. 
 

What further information is needed in order to calculate the standard enthalpy change of 
formation of calcium hydroxide,        Ca(OH)2(s)? 

1         for H2O(l) 

2         for H2(g) 

3 first and second ionisation energies of Ca 
 

!
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33 In this question, all gases can be assumed to behave ideally. 

 

A chemist heats a mixture of nitrogen and oxygen gases in a sealed container at a constant 

temperature until the mixture reaches a dynamic equilibrium containing N2(g), O2(g) and NO(g). 

 

N2(g)  +  O2(g)    2NO(g) 

 

The chemist repeats the experiment at the same temperature using the same initial amounts of 

N2(g) and O2(g), but at a much higher pressure. 

 

Which statements about the second experiment at higher pressure are correct? 

1 At higher pressure, there are more particles per unit volume. 

2 The composition of the equilibrium mixture does not change. 

3 There are more collisions per second so equilibrium is reached faster. 

 

 

34 An ethanol burner can be used to heat water. If appropriate measurements are taken, a value for 

the enthalpy of combustion of ethanol can be calculated. The equation 

 

heat transferred = –mc∆T 

 

is used as part of the calculation. 

 

Which symbols are correctly described? 

1 ∆T is the change in temperature of the water. 

2 m is the mass of water used in the experiment. 

3 c is the specific heat capacity of ethanol. 
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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 
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  The unsaturated hydrocarbon Z is obtained by cracking hexane and is important in the 
chemical industry.

 The standard enthalpy change of combustion of Z is –2059 kJ mol–1.

 (d) Define the term standard enthalpy change of combustion.

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

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

  When 0.47 g of Z were completely burnt in air, the heat produced raised the temperature of 
200 g of water by 27.5 °C.

 (e)  (i) Calculate the amount of heat released in this experiment.

  (ii) Use the data above and your answer to (i) to calculate the relative molecular mass 
of Z.

[4]

 (f) Deduce the molecular formula of  Z.

[1]

 (g) The unsaturated hydrocarbon  Z can be polymerised.

  Draw the structure of the polymer of  Z showing two repeat units.

[1]

[Total: 15]
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1 Hydrogen iodide dissociates into its elements according to the equation below.

2HI(g) H2(g) + I2(g)

(a) Write the expression for the equilibrium constant, Kc.

[1]

(b) At 120 °C the equilibrium mixture contains 1.47 mol dm–3 of HI(g), 0.274 mol dm–3 each
of H2(g) and I2(g).

Calculate the value of Kc for the equilibrium at 120 °C.

[1]

(c) Suggest and explain why it would be more difficult to determine Kc for this equilibrium at
room temperature.

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

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

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

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

(d) (i) Explain how enthalpy changes, ∆H values, for covalent bonded molecules can be
calculated from bond energies.

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

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

For
Examiner’s

Use
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(ii) Use bond energies from the Data Booklet to calculate ∆H for the following
dissociation.

2HI(g) → H2(g) + I2(g)

[3]

(e) HI dissolved in water behaves as a strong acid.

(i) Explain what is meant by a strong acid.

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

(ii) Complete the equation.

HI + H2O → .......... + ..........

(iii) Identify the conjugate base of HI in this equation.

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

[Total : 10]
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 (d) The equation for the complete combustion of ethyne is given below.
  Use appropriate bond energy data from the Data Booklet to calculate a value for the 

enthalpy change of combustion of ethyne.

C2H2(g)  +  ⁵⁄₂O2(g)    2CO2(g)  +  H2O(g)

 [3]

 (e) The value for the standard enthalpy change of combustion of ethyne is –1300 kJ mol–1.

  (i) Define the term standard enthalpy change of combustion.

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

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

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

  (ii) Explain why your answer to (d) does not have the same value as the standard 
enthalpy change of combustion.

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

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

 [Total: 12]
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(d) Most of the ammonia produced which is not used as fertiliser, is oxidised to nitric acid,
HNO3.

Construct an equation for the oxidation of ammonia by atmospheric oxygen to form
nitric acid.

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

(e) Urea, CO(NH2)2, is a naturally occurring substance which can be hydrolysed with water
to form ammonia according to the following equation.

H2O(l)  +  CO(NH2)2(aq) → CO2(aq)  +  2NH3(aq)

The standard enthalpy changes of formation of water, urea, carbon dioxide and ammonia
(in aqueous solution) are given below.

Use these data to calculate the standard enthalpy change for the hydrolysis of urea.

[2]

[Total : 12]
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compound

H2O(l)

CO(NH2)2(aq)

CO2(aq)

NH3(aq)

∆H f /kJ mol–1

–287.0

–320.5

–414.5

–81.0

!
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3  Alkanes such as methane, CH4, undergo few chemical reactions. Methane will, however, 
react with chlorine but not with iodine.

 Relevant standard enthalpy changes of formation for the reaction of methane with chlorine 
to form chloromethane, CH3Cl, are given below. 

 

ΔH f 
 o /kJ mol–1

CH4 –75

CH3Cl –82

HCl –92

 (a) (i) Use the data to calculate ΔH  reaction for the formation of CH3Cl.

CH4    +    Cl2    →    CH3Cl    +    HCl

  (ii) The corresponding reaction with iodine does not take place. 

   Use bond energy data from the Data Booklet to calculate a ‘theoretical value’ for 
ΔHreaction for the following equation.

    CH4   +   I2   →   CH3I   +   HI

  

  (iii) Suggest why this reaction does not in fact occur.

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

 ..................................................................................................................................
[5]
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Answer all the questions in the spaces provided.

1 Hydrazine, N2H4, can be used as a rocket fuel and is stored as a liquid. It reacts exothermically 
with oxygen to give only gaseous products. 

 The enthalpy change of a reaction such as that between hydrazine and oxygen may be 
calculated by using standard enthalpy changes of formation.

 (a) Define the term standard enthalpy change of formation, ΔHf .

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

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

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

 (b) Hydrazine reacts with oxygen according to the following equation.

N2H4(l)  +  O2(g)    N2(g)  +  2H2O(g)

  (i) Use the data in the table to calculate the standard enthalpy change of this 
reaction.

compound ΔHf /kJ mol–1

N2H4(l)   50.6

H2O(g) –241.8

 ΔH  =  ........................................  kJ mol–1 

  (ii) Although the above reaction is highly exothermic, hydrazine does not burn 
spontaneously in oxygen.

   Suggest a reason for this.

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

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

2
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Answer all the questions in the spaces provided.

1 Hydrazine, N2H4, can be used as a rocket fuel and is stored as a liquid. It reacts exothermically 
with oxygen to give only gaseous products. 

 The enthalpy change of a reaction such as that between hydrazine and oxygen may be 
calculated by using standard enthalpy changes of formation.

 (a) Define the term standard enthalpy change of formation, ΔHf .

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

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

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

 (b) Hydrazine reacts with oxygen according to the following equation.

N2H4(l)  +  O2(g)    N2(g)  +  2H2O(g)

  (i) Use the data in the table to calculate the standard enthalpy change of this 
reaction.

compound ΔHf /kJ mol–1

N2H4(l)   50.6

H2O(g) –241.8

 ΔH  =  ........................................  kJ mol–1 

  (ii) Although the above reaction is highly exothermic, hydrazine does not burn 
spontaneously in oxygen.

   Suggest a reason for this.

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

 ..................................................................................................................................3
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  (iii) Suggest why using hydrazine as a rocket fuel could be regarded as being 
‘environmentally friendly’.

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

 ..................................................................................................................................
 [4]

 (c) The bonding in hydrazine is similar to that in ammonia.

  (i) Showing outer-shell electrons only, draw a ‘dot-and-cross’ diagram of an ammonia 
molecule.

  (ii) Draw a diagram to show the three-dimensional shape of an ammonia molecule.

  (iii) Draw a diagram to show the shape of a hydrazine molecule.
   Show clearly which atom is joined to which and show clearly the value of one bond 

angle.

 [4]

 (d) Deduce the oxidation state of nitrogen in hydrazine.

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

 [Total: 12]
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 (d) The standard enthalpy change of combustion of C2H2, ΔH  o––c, is –1300 kJ mol–1 at 298 K.

  Values of relevant standard enthalpy changes of formation, ΔH  o––f, measured at 298 K, 
are given in the table.

substance ΔH  o––f / kJ mol–1

CO2(g) –394

H2O(l) –286

  (i) Write balanced equations, with state symbols, that represent  

   the standard enthalpy change of combustion, ΔH  o––c, of C2H2, and

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

   the standard enthalpy change of formation, ΔH  o––f, of C2H2.

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

  (ii) Use the data above and your answer to (i) to calculate the standard enthalpy 
change of formation, ΔH  o––f, of C2H2.

   Show clearly whether the standard enthalpy change of formation of C2H2 has a 
positive or negative value.

 

 [6]

[Total: 16]
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2 Ethanol, C2H5OH, is a most important industrial chemical and is used as a solvent, a fuel
and an intermediate in large scale organic synthesis.

Ethanol is prepared industrially by the reaction of ethene and steam in the presence of a
catalyst.

C2H4(g)  +  H2O(g) → C2H5OH(g)

The standard enthalpy change of the reaction can be determined by using the standard
enthalpy changes of combustion, ∆Hc, at 298 K.

∆Hc / kJ mol–1

C2H4(g) –1411

C2H5OH(l) –1367

(a) Calculate the standard enthalpy change for the following reaction.

C2H4(g)  +  H2O(l) → C2H5OH(l)

[2]

(b) (i) Define the term standard enthalpy change of combustion.

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

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

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

(ii) Explain why the state symbols for water and ethanol given in the equation in (a)
have been changed from those quoted in the industrial process.

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

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

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

(iii) Write the equation for the complete combustion of ethanol.

...................................................................................................................................
[4]
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 (d) The bonding in ethene may be described as a mixture of σ and π bonding. 

  Each carbon atom in ethene forms three σ bonds as shown below.

C
H

H

H

H

C

  On the diagram, sketch the π bond that is also present in ethene. [1]

 (e) Carbon, hydrogen and ethene each burn exothermically in an excess of air.  
 
    C(s)  +  O2(g) →  CO2(g)   ∆H o c   =  –393.7 kJ mol–1

    H2(g)  +  ½O2(g) →  H2O(l)   ∆H o c   =  –285.9 kJ mol–1

    C2H4(g)  +  3O2(g) →  2CO2(g)  +  2H2O(l) ∆H o c   =  –1411.0 kJ mol–1

  Use the data to calculate the standard enthalpy change of formation, ∆H o f  , in kJ mol–1, 
of ethene at 298 K.

    2C(s)  +  2H2(g) →  C2H4(g)

∆H o f  = ................................. kJ mol–1

   [3]

   [Total: 13]
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 (c)  Calculate the standard enthalpy change of formation of CS
2
 from the following data.  

Include a sign in your answer.

 standard enthalpy change of combustion of CS
2
 = –1110 kJ mol–1

 standard enthalpy change of formation of CO
2
 = –395 kJ mol–1

 standard enthalpy change of formation of SO
2
 = –298 kJ mol–1

[3]

 (d) Carbon disulfi de reacts with nitrogen monoxide, NO, in a 1:2 molar ratio.

  A yellow solid and two colourless gases are produced.

 (i)  Construct a balanced equation for the reaction.

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

 (ii)  What is the change in the oxidation number of sulfur in this reaction?

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

[3]

[Total: 12]
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2 Ketene, C2H2O, is a member of a class of unsaturated organic compounds that is widely 
used in pharmaceutical research for the synthesis of organic compounds.

CH2=C=O 

ketene

 (a) (i) Suggest values for the H-C-H and C=C=O bond angles in ketene.

   H-C-H ……………………………………     C=C=O ……………………………………

  (ii) By considering the structure of the molecule, suggest why the name ketene is 
used.

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

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

 (b) Ketene burns completely in air to form carbon dioxide and water.

  (i) Write a balanced equation for this reaction.

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

  (ii) Use your equation to calculate the volume of CO2, in dm3, measured at room 
temperature and pressure, which will be formed when 3.5g of ketene are burned in 
an excess of air.

   Give your answer to two significant figures.

volume of CO2 = ................................. dm3  [4]

5
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 (c) (i)  Define the term standard enthalpy change of formation.    

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

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

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

  (ii) Use the data below to calculate the standard enthalpy change of formation of 
ketene.

∆H o/kJ mol–1

standard enthalpy change of 
formation of CO2

–395

standard enthalpy change of 
combustion of H2

–286

standard enthalpy change of 
combustion of CH2=C=O –1028

[6]

 (d) Ketene can be converted directly into ethanoic acid, CH3CO2H, by reaction with a 
compound A.

  Suggest the identity of A.

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

[Total: 14]
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3 (a) (i) What is meant by the standard enthalpy change of formation, !H f, of a compound?
Explain what is meant by the term standard.

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

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

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

(ii) Write an equation, with state symbols, for the !H f of water.

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

(iii) Explain why the !H f for water is identical to the standard enthalpy change of
combustion of hydrogen.

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

...............................................................................................................................[4]

(b) When calcium is placed in water, aqueous calcium hydroxide is formed and hydrogen is
given off.

(i) Write the equation for the reaction of calcium with water.

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

(ii) When 1.00 g of calcium is placed in 200 g of water, the temperature increases by
12.2 °C when the reaction is completed. The specific heat capacity of water, c, is
4.2 J g–1 K–1.

Calculate the heat released in the experiment.

For
Examiner’s

Use
o_

o_

o_
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(iii) Calculate the standard enthalpy change of reaction in k J mol–1 for your equation in
(b)(i).

[4]

(c) (i) State Hess’ Law.

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

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

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

(ii) Use Hess’ Law and your result in (b)(iii) to calculate the !H f of Ca(OH)2 (aq). You
also need the !H f of water which is –286 k J mol–1.

[4]

(d) Calculate the volume of hydrogen, measured at room temperature and pressure,
liberated in the experiment described in (b)(ii).

[2]

[Total : 14]
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3 For some chemical reactions, such as the thermal decomposition of potassium 
hydrogencarbonate, KHCO3, the enthalpy change of reaction cannot be measured directly.

 In such cases, the use of Hess’ Law enables the enthalpy change of reaction to be calculated 
from the enthalpy changes of other reactions.

 (a) State Hess’ Law.

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

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

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

 In order to determine the enthalpy change for the thermal decomposition of potassium 
hydrogencarbonate, two separate experiments were carried out.

 experiment 1

 30.0 cm3 of 2.00 mol dm–3 hydrochloric acid (an excess) was placed in a conical flask and the 
temperature recorded as 21.0 °C.

 When 0.0200 mol of potassium carbonate, K2CO3, was added to the acid and the mixture 
stirred with a thermometer, the maximum temperature recorded was 26.2 °C.

 (b) (i) Construct a balanced equation for this reaction.

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

  (ii) Calculate the quantity of heat produced in experiment 1, stating your units. 
   Use relevant data from the Data Booklet and assume that all solutions have the 

same specific heat capacity as water.

  (iii) Use your answer to (ii) to calculate the enthalpy change per mole of K2CO3.
    Give your answer in kJ mol–1 and include a sign in your answer.

  (iv) Explain why the hydrochloric acid must be in an excess.

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

 .............................................................................................................................  [4]
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 experiment 2

 The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, KHCO3. 
 All other conditions were the same.
 In the second experiment, the temperature fell from 21.0 °C to 17.3 °C.

 (c) (i) Construct a balanced equation for this reaction.

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

  (ii) Calculate the quantity of heat absorbed in experiment 2. 

  (iii) Use your answer to (ii) to calculate the enthalpy change per mole of KHCO3.
   Give your answer in kJ mol–1 and include a sign in your answer.

 [3]

 (d) When KHCO3 is heated, it decomposes into K2CO3, CO2 and H2O.

 2KHCO3  K2CO3 + CO2 + H2O

  Use Hess’ Law and your answers to (b)(iii) and (c)(iii) to calculate the enthalpy change 
for this reaction.

  Give your answer in kJ mol–1 and include a sign in your answer.

[2]

[Total: 11]
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3  Methanol, CH3OH, is considered to be a possible alternative to fossil fuels, particularly for use 
in vehicles.

  Methanol can be produced from fossil fuels and from agricultural waste. It can also be 
synthesised from carbon dioxide and hydrogen.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 
change of formation of carbon dioxide.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

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

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

 (b) Relevant         values for the reaction that synthesises methanol are given in the table.

compound

CO2(g) –394

CH3OH(g) –201

H2O(g) –242

 (i)  Use these values to calculate                for this synthesis of methanol.

  Include a sign in your answer.

CO2(g)  +  3H2(g)    CH3OH(g)  +  H2O(g)

�  = .........................kJ mol–1

 (ii)  Suggest one possible environmental advantage of this reaction. Explain your 
answer.

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

  ....................................................................................................................................
[5]
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2  Alcohols such as methanol, CH
3
OH, are considered to be possible replacements for fossil 

fuels because they can be used in car engines.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 

change of combustion,         , for methanol at 298 K.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

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

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

  Methanol may be synthesised from carbon monoxide and hydrogen. Relevant           values 

for this reaction are given in the table below.

compound

CO(g) –283

H
2
(g) –286

CH
3
OH(g) –726

 (b)  Use these values to calculate                  for the synthesis of methanol, using the following 

equation. Include a sign in your answer.

CO(g)  +  2H
2
(g)  o  CH

3
OH(g)

 = ................kJ mol–1

[3]
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3  With the prospect that fossil fuels will become increasingly scarce in the future, many 
compounds are being considered for use in internal combustion engines. One of these is 
DME or dimethyl ether, CH3OCH3. DME is a gas which can be synthesised from methanol. 
Methanol can be obtained from biomass, such as plant waste from agriculture.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 
change of combustion,        , for DME at 298 K.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

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

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

 (b)  DME may be synthesised from methanol. Relevant enthalpy changes of formation,          , 
for this reaction are given in the table below.

compound

CH3OH(l) –239

CH3OCH3(g) –184

H2O(l) –286

  Use these values to calculate           for the synthesis of DME, using the following 
equation. Include a sign in your answer.

2CH3OH(l)  o  CH3OCH3(g)  +  H2O(l)

 = ..................... kJ mol–1

[3]
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 (c)  The standard enthalpy changes of formation of NH3(g) and H2O(g) are as follows.

 NH3(g), ¨Hf   =  –46.0 kJ mol–1 H2O(g), ¨Hf   =  –242 kJ mol–1

  Use these data and the value of                given below to calculate the standard enthalpy 
change of formation of NO(g).

  Include a sign in your answer.

 4NH3(g)    +    5O2(g)        4NO(g)    +    6H2O(g) ¨H   =  –906 kJ mol–1

[4]

[Total: 10]
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 (c)  Defi ne the term standard enthalpy change of combustion.

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

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

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

 (d)  A 1.00 cm3 sample of C14H30 was completely burnt in air.
  The heat produced raised the temperature of 250 g of water by 34.6 qC.
  Assume no heat losses occurred during this experiment.
  The density of C14H30 is 0.763 g cm–3.

 (i)  Use relevant data from the Data Booklet to calculate the amount of heat released in 
this experiment.

 (ii)  Use the data above and your answer to (i) to calculate the energy produced by the 
combustion of 1 mol of C14H30.

[5]

[Total: 13]
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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]
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2  Chemical reactions are accompanied by enthalpy changes.

 (a)  Explain the meaning of the term standard enthalpy change of reaction.

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

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

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

 (b)  The enthalpy change of hydration of anhydrous magnesium sulfate, 'Hhyd MgSO4, can be 
calculated by carrying out two separate experiments.

  In the fi rst experiment 45.00 g of water was weighed into a polystyrene cup and 3.01 g of 
MgSO4 was added and stirred until it was completely dissolved. The temperature of the water 
rose from 23.4 qC to 34.7 qC.

 (i)  Calculate the amount of heat energy transferred to the water during this dissolving process.

  You can assume that the specifi c heat capacity of the solution is the same as that of water, 
4.18 J g–1 K–1.

heat energy = .......................... J  [1]

 (ii)  Calculate the amount, in moles, of MgSO4 dissolved.

amount = .......................... mol  [1]
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 (iii)  Calculate the enthalpy change of solution, ¨Hsoln, of MgSO4(s).

  You must include a sign with your answer.

¨Hsoln, of MgSO4(s) = .......................... kJ mol–1  [1]

  In the second experiment, the enthalpy change of solution for the hydrated salt, MgSO4.7H2O(s),  
was calculated and found to be +9.60 kJ mol–1.

 (iv)  Use the equation below for the hydration of anhydrous magnesium sulfate to construct a 
suitable, fully labelled energy cycle that will allow you to calculate the enthalpy change for 
this reaction, 'Hhyd MgSO4.

MgSO4(s)  +  7H2O(l)  o  MgSO4.7H2O(s)

[1]

 (v)  Calculate the enthalpy change for this reaction, 'Hhyd MgSO4. Include a sign in your 
answer.

'Hhyd MgSO4 = .......................... kJ mol–1  [1]

[Total: 7]
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 (c)  Defi ne the term standard enthalpy change of combustion.

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

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

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

 (d)  A 1.00 cm3 sample of C14H30 was completely burnt in air.
  The heat produced raised the temperature of 250 g of water by 34.6 qC.
  Assume no heat losses occurred during this experiment.
  The density of C14H30 is 0.763 g cm–3.

 (i)  Use relevant data from the Data Booklet to calculate the amount of heat released in 
this experiment.

 (ii)  Use the data above and your answer to (i) to calculate the energy produced by the 
combustion of 1 mol of C14H30.

[5]

[Total: 13]
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2  The elements in Group 17, the halogens, and their compounds, show many similarities and trends 
in	their	properties.	Some	data	are	given	for	the	elements	fluorine	to	iodine.

element bond energy
/ kJ mol–1

standard
enthalpy change 
of atomisation,

 / kJ mol–1

boiling point
of element

/ K

boiling point of
hydrogen halide

/ K

fluorine,	F–F 158 79 85 293

chlorine, Cl –Cl 242 121 238 188

bromine, Br–Br 193 112 332 206

iodine, I–I 151 107 457 238

 (a) (i)  Explain the meaning of the term standard enthalpy change of atomisation.

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

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

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

 (ii)	 	For	fluorine	and	chlorine,	the	enthalpy	changes	of	atomisation	are	half	 the	value	of	the	
bond energies. 

	 	For	bromine	and	iodine,	the	enthalpy	changes	of	atomisation	are	much	more	than	half	the	
value of the bond energies.

  Suggest a reason for this difference.

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

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

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

 (iii)  The standard enthalpy of formation of iodine monochloride, ICl, is –24.0 kJ mol–1.

  Use this information and the bond energies of iodine and chlorine to calculate the I–Cl 
bond energy.

I–Cl bond energy = ............................. kJ mol–1  [2]
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2  The elements in Group 17, the halogens, and their compounds, show many similarities and trends 
in	their	properties.	Some	data	are	given	for	the	elements	fluorine	to	iodine.

element bond energy
/ kJ mol–1

standard
enthalpy change 
of atomisation,

 / kJ mol–1

boiling point
of element

/ K

boiling point of
hydrogen halide

/ K

fluorine,	F–F 158 79 85 293

chlorine, Cl –Cl 242 121 238 188

bromine, Br–Br 193 112 332 206

iodine, I–I 151 107 457 238

 (a) (i)  Explain the meaning of the term standard enthalpy change of atomisation.

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

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

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

 (ii)	 	For	fluorine	and	chlorine,	the	enthalpy	changes	of	atomisation	are	half	 the	value	of	the	
bond energies. 

	 	For	bromine	and	iodine,	the	enthalpy	changes	of	atomisation	are	much	more	than	half	the	
value of the bond energies.

  Suggest a reason for this difference.

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

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

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

 (iii)  The standard enthalpy of formation of iodine monochloride, ICl, is –24.0 kJ mol–1.

  Use this information and the bond energies of iodine and chlorine to calculate the I–Cl 
bond energy.

I–Cl bond energy = ............................. kJ mol–1  [2]
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2  For many compounds the enthalpy change of formation cannot be calculated directly. An indirect 
method based on enthalpy changes of combustion can be used.

  The enthalpy change of combustion can be found by a calorimetry experiment in which the heat 
energy given off during combustion is used to heat a known mass of water and the temperature 
change recorded.

 (a) (i)  Explain the meaning of the term standard enthalpy change of combustion.

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

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

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

 (ii)  Write the equation for the complete combustion of ethanol, C2H5OH.

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

 (b)  In an experiment to determine the enthalpy change of combustion of ethanol, 0.23 g of ethanol 
was burned and the heat given off raised the temperature of 100 g of water by 16.3 °C.

 (i)  Calculate the heat energy change, q, during the combustion of 0.23 g of ethanol.

q = ............................ J  [1]

 (ii)  Calculate the enthalpy change on burning 1 mole of ethanol. Include a sign in your answer.

∆H = ............................ kJ mol–1  [1]

 (iii)  Suggest two reasons why the value for the enthalpy change of combustion of ethanol 
determined by a simple laboratory calorimetry experiment is likely to be lower than the true 
value.

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

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

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

  .......................................................................................................................................  [2]
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 (c)  The table gives some enthalpy change of combustion values.

substance enthalpy change of
combustion / kJ mol–1

C(s) –393.5

H2(g) –285.8

C3H7OH(l) –2021.0

 (i)  Construct a labelled energy cycle to show how these values could be used to calculate the 
enthalpy change of formation of C3H7OH(l), ∆Hf.

3C(s)  +  4H2(g)  +  12O2(g)  
∆Hf   C3H7OH(l)

[3]

 (ii)	 	Calculate	the	enthalpy	change	of	formation,	∆Hf, of C3H7OH(l).

∆Hf = ............................. kJ mol–1  [2]

[Total: 13]
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2  For many compounds the enthalpy change of formation cannot be calculated directly. An indirect 
method based on enthalpy changes of combustion can be used.

  The enthalpy change of combustion can be found by a calorimetry experiment in which the heat 
energy given off during combustion is used to heat a known mass of water and the temperature 
change recorded.

 (a) (i)  Explain the meaning of the term standard enthalpy change of combustion.

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

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

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

 (ii)  Write the equation for the complete combustion of ethanol, C2H5OH.

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

 (b)  In an experiment to determine the enthalpy change of combustion of ethanol, 0.23 g of ethanol 
was burned and the heat given off raised the temperature of 100 g of water by 16.3 °C.

 (i)  Calculate the heat energy change, q, during the combustion of 0.23 g of ethanol.

q = ............................ J  [1]

 (ii)  Calculate the enthalpy change on burning 1 mole of ethanol. Include a sign in your answer.

∆H = ............................ kJ mol–1  [1]

 (iii)  Suggest two reasons why the value for the enthalpy change of combustion of ethanol 
determined by a simple laboratory calorimetry experiment is likely to be lower than the true 
value.

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

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

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

  .......................................................................................................................................  [2]
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 (c)  The table gives some enthalpy change of combustion values.

substance enthalpy change of
combustion / kJ mol–1

C(s) –393.5

H2(g) –285.8

C3H7OH(l) –2021.0

 (i)  Construct a labelled energy cycle to show how these values could be used to calculate the 
enthalpy change of formation of C3H7OH(l), ∆Hf.

3C(s)  +  4H2(g)  +  12O2(g)  
∆Hf   C3H7OH(l)

[3]

 (ii)	 	Calculate	the	enthalpy	change	of	formation,	∆Hf, of C3H7OH(l).

∆Hf = ............................. kJ mol–1  [2]

[Total: 13]
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Redox

This topic illustrates the relationship between electricity and chemical changes. 
Chemical reactions can be investigated by looking at electrode potentials. 

a calculate oxidation numbers of elements in compounds and ions

b describe and explain redox processes in terms of electron transfer and changes in 
oxidation number

c use changes in oxidation numbers to help balance chemical equations
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6 Electrochemistry

This topic illustrates the relationship between electricity and chemical changes. Chemical reactions can 
be investigated by looking at electrode potentials.

Learning outcomes

Candidates should be able to:

6.1  Redox processes: 
electron transfer and 
changes in oxidation 
number (oxidation 
state)

a) calculate oxidation numbers of elements in compounds and ions 

b)  describe and explain redox processes in terms of electron transfer and 
changes in oxidation number 

c)  use changes in oxidation numbers to help balance chemical equations

6.2  Electrolysis a) state and apply the relationship F = Le between the Faraday 

constant, the Avogadro constant and the charge on the electron

b) predict the identity of the substance liberated during electrolysis 

from the state of electrolyte (molten or aqueous), position in the 

redox series (electrode potential) and concentration

c) calculate:

(i) the quantity of charge passed during electrolysis

(ii)  the mass and/or volume of substance liberated during 

electrolysis, including those in the electrolysis of H
2
SO

4
(aq) and 

of Na
2
SO

4
(aq)

d) describe the determination of a value of the Avogadro constant by 

an electrolytic method
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6 Electrochemistry

This topic illustrates the relationship between electricity and chemical changes. Chemical reactions can 
be investigated by looking at electrode potentials.

Learning outcomes

Candidates should be able to:

6.1  Redox processes: 
electron transfer and 
changes in oxidation 
number (oxidation 
state)

a) calculate oxidation numbers of elements in compounds and ions 

b)  describe and explain redox processes in terms of electron transfer and 
changes in oxidation number 

c)  use changes in oxidation numbers to help balance chemical equations

6.2  Electrolysis a) state and apply the relationship F = Le between the Faraday 

constant, the Avogadro constant and the charge on the electron

b) predict the identity of the substance liberated during electrolysis 

from the state of electrolyte (molten or aqueous), position in the 

redox series (electrode potential) and concentration

c) calculate:

(i) the quantity of charge passed during electrolysis

(ii)  the mass and/or volume of substance liberated during 

electrolysis, including those in the electrolysis of H
2
SO

4
(aq) and 

of Na
2
SO

4
(aq)

d) describe the determination of a value of the Avogadro constant by 

an electrolytic method
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WHAT YOU NEED TO KNOW

Calculate oxidation numbers of elements in compounds and ions 

Describe and explain redox processes in terms of electron transfer 

and changes in oxidation numbers 

Use changes in oxidation numbers to help balance chemical 

equations 

 1

REDOX

A redox reaction is a reaction in which electron transfer takes place.  

Redox reactions form one of the largest groups in which we classify 

chemical changes. 

In a redox reactions, oxidation and reduction will always occur 

together.  

 2
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REDOX DEFINITIONS

 3

OXIDATION IS: REDUCTION IS: 

gain of oxygen gain of hydrogen

loss of hydrogen loss of oxygen

loss of electrons gain of electrons

increase in oxidation state decrease in oxidation state

OXIDATION

1. Oxidation of an element:  

 S(s)  +  O2(g)              SO2(g)  

2. Oxidation of a compound:  

CH4(g)  +  2O2(g)                CO2(g)  +  2H2O(l)  

3. Oxidation using an indirect source of oxygen:  

8KClO3(s)  +  C12H22O11(s)                12CO2(g)  +  11H2O(l)  +  8KCl(s)

 4
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SKILL CHECK 

In each of the following equations, state which reactant has been 

oxidised: 

(a)  PbO  +  H2                 Pb  +  H2O  

(b)  CO  +  Ag2O                 2Ag  +  CO2 

(c)  2Mg  +  CO2                 2MgO  +  C 

 5

REDUCTION

1. Reduction to an element:  

2HgO(s)             2Hg(l)  +  O2(g) 

2. Reduction of one element by another:  

2CuO(s)  +  C(s)               2Cu(s)  +  CO2(g) 

 6
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SKILL CHECK

In each of the following equations, state which reactant has been 

reduced:  

(a)  5CO  +  I2O2              5CO2  +  I2  

(b)  2H2S  +  SO2             3S  +  2H2O  

(c) CH2=CH2  +  H2             CH3CH3

 7

REDOX

There are two ways of finding out whether a substance has been 

oxidised or reduced during a chemical reaction:  

1. electron transfer  

2. changes in oxidation state

 8
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HALF EQUATIONS

2Na(s)  +  Cl2(g)             2NaCl(s)  

This reaction can be divided into two separate equations, one showing 

oxidation and the other reduction. These are known as half equations.  

1. Na          Na+  +  e- 

Each sodium atom loses an electron from its outer shell. Sodium atoms have 

been oxidised.  

2. Cl2  +  2e-            2Cl- 

Each  chlorine atom gains an electron to complete its outer shell. The 

chlorine atoms have been reduced. 

 9

e- is lost

e- is gained

SKILL CHECK

Write two half-equations for the following reactions. For each half-equation state 

whether oxidation or reduction is occurring:  

(a)  Cl2  + 2I-             I2  +  2Cl-  

(b)  2Mg  +  O2             2MgO  

(c)  4Fe  +  3O2              2Fe2O3   

 10
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BALANCING HALF EQUATIONS

A balanced ionic equation can be constructed by balancing the number 

of electrons lost and gained and then adding the two half equations 

together.  

The electrons lost and gained in a redox reaction must be equal. 

 11

SKILL CHECK 

Zinc metal reacts with IO3- ions in acidic solution. Construct a balanced 

ionic equation for this reaction, using the two half-equations below:  

2IO3-  +  12H+  +  10e-             I2  +  6H2O  

Zn             Zn2+  +  2e-

 12
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OXIDATION NUMBERS

Oxidation number is the number of electrons that an individual atom within 

an ion or compound has either lost control of (+ve) or gained control of (-ve).  

In simple ionic compounds, the non-metal is assigned a negative oxidation 

number and the metal is assigned a positive value.  

In simple covalent compounds and complex ions, the most electronegative 

element is assigned a negative value and the least electronegative element 

is assigned a positive value.  

The oxidation number of an uncombined element is 0. e.g. Na, Mg, Cu, O2, 

N2. 

 13

OXIDATION NUMBERS

Certain elements (at least in our course) can usually be regarded as having a fixed 

value in all of their compounds. Examples of these follow.  

Group 1 elements are always +1.  

Group 2 elements are always +2.  

Group 3 elements are always +3.  

Fluorine is always -1.  

Oxygen is nearly always -2 unless it is combined with fluorine or when it is in 

the form of a peroxide or superoxide.  

The total oxidation numbers of all atoms in a neutral compound always add up to 0. 

 14
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OXIDATION NUMBERS

The oxidation number of an atom in the form of a simple ion is equal to the 

charge on the ion. e.g.  

The oxidation number of potassium in the ion K+ = +1  

The oxidation number of aluminium in the ion Al3+ = +3  

The oxidation number of nitrogen in the ion N3- = -3  

The oxidation number of oxygen in the ion O2- = -2  

The total oxidation numbers of all the atoms in a complex ion always add up 

to the charge on the ion. 

 15

SKILL CHECK

State the oxidation number of the bold atoms in these compounds or 

ions:  

(a) P2O5 

(b) SO42- 

(c) Al2Cl6 

(d) ClO2- 

(e) CaCO3

 16

CEDAR COLLEGE REDOX



 159

�

OXIDISING AGENT

Increases the oxidation number of another atom.  

An atom of the oxidising agent decreases in oxidation numbers. 

The oxidising agent gets reduced - it gains electrons. 

 17

SKILL CHECK

2I-  +  MnO2  +  6H+  +  2SO42-             I2  +  Mn2+  +  2HSO4-  +  2H2O 

Which substance is the oxidising agent? Explain your answer. 

 18
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REDUCING AGENT 

Decreases the oxidation number of another atom. 

An atom of the reducing agent increases in oxidation numbers.  

The reducing agent gets oxidized - it loses electrons. 

 19

SKILL CHECK

SO2  +  Br2  +  H2O            SO42-  +  Br-  +  H+  

Identify the reducing agent in this reaction. Explain your answer. 

 20
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SECTION A

1

2

3
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8 When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

9 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process
for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al2O3, and
cryolite, Na3AlF6.

What is the main purpose of the cryolite?

A Al2O3 is covalent, and AlF ions interact with it to produce Al3+ ions which can be 
discharged at the cathode.

B Cryolite is a base, forming NaAlO2 with bauxite, enabling aluminium to be discharged at the
anode.

C Cryolite reduces the melting point of the bauxite.

D Cryolite minimises the release of O2– ions at the graphite anodes, which are otherwise burnt
away to CO.

10 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to contain 0.26 mol of hydrogen iodide.

The equation for the reaction is as follows.

H2(g) + I2(g)         2HI(g)

What is the correct expression for the equilibrium constant Kc?

A

B

C

D (0.26)2
–––––––––
0.13 x 0.13

(0.26)2
–––––––––
0.07 x 0.02

(2 x 0.26)2
–––––––––
0.20 x 0.15

2 x 0.26–––––––––
0.20 x 0.15

3–
6

reaction

A 4NH3 + 5O2 → 4NO + 6H2O

B 3NO2 + H2O → 2HNO3 + NO

C 2NO + O2 → 2NO2

D 4NH3 + 6NO → 5N2 + 6H2O

 

8 

 

© UCLES 2004 9701/01/O/N/04 

15  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium
bromide

graphite anode

 

 

 Why is an atmosphere of argon used around the cathode? 

A The argon keeps the strontium molten. 

B The argon stops the molten strontium rising too high in the tube. 

C A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

 formed metal. 

D Without the argon strontium oxide would form in the air. 

 

 

16  A weedkiller can be prepared by heating a bleach solution. 

 

3NaCl O
heat

bleach weedkiller

NaCl O 3+2NaCl

 

 

What are the oxidation states of chlorine in these three compounds? 

A –1 –1 +5 

B +1 –1 +5 

C +1 –1 +7 

D +2 +1 +7 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2 H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2 H4  + x NO2  → 2CO2  + y H2 O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2 O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm
3

 B 30 cm
3

 C 50 cm
3

 D 70 cm
3
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7  What are the lattice structures of solid diamond, iodine and silicon(IV) oxide? 

 

 giant molecular simple molecular 

A diamond, silicon(IV) oxide iodine 

B diamond, iodine silicon(IV) oxide 

C iodine diamond, silicon(IV) oxide 

D silicon(IV) oxide diamond, iodine 

 

 

8  Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 
1

2

Br2(l) → Br(g) 

D 
1

2

Br2(g) → Br(g) 

 

 

9  In an experiment, 50.0 cm
3 

of a 0.10 mol dm
–3

 solution of a metallic salt reacted exactly with     

25.0 cm
3

 of 0.10 mol dm
–3

 aqueous sodium sulphite. 

 

The half-equation for oxidation of sulphite ion is shown below. 

 

SO
−2

3
(aq) + H2O(I) → SO

−2

4
(aq) + 2H

+

(aq) + 2e
–

 

 

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation 

number of the metal? 

A +1 B +2 C +4 D +5 

 

 

10  Nitrogen dioxide decomposes on heating according to the following equation. 

 

2NO2(g)  2NO(g) + O2(g) 

 

When 4 mol of nitrogen dioxide were put into a 1 dm
3

 container and heated to a constant 

temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

 

What is the value of the equilibrium constant, K
c
, at the temperature of the experiment? 

A 
2

2

4

8.08.0 ×

 B 
2

4.2

8.06.1 ×

 C 
2

2

4

8.06.1 ×

 D 
2

2

4.2

8.06.1 ×

 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

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

 

When a sports medal with a total surface area of 150 cm
2

 was evenly coated with silver, using 

electrolysis, its mass increased by 0.216 g. 

 

How many atoms of silver were deposited per cm
2

 on the surface of the medal? 

A 8.0 × 10
18

 

B 1.8 × 10
19

 

C 1.2 × 10
21

 

D 4.1 × 10
22

 

 

 

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

 

In forming ionic compounds, elements generally form an ion with the electronic structure of a 

noble gas. 

 

Which ion does not have a noble gas electronic structure? 

A I
–

 B Rb
+

 C Sn
2+

 D Sr
2+

 

 

 

3 The first stage in the manufacture of nitric acid is the oxidation of ammonia by oxygen. 

 

wNH3(g) + xO2(g) → yNO(g) + zH2O(g) 

 

Which values for w, x, y and z are needed to balance the equation? 

 

 w x y z 

A 4 5 4 6 

B 4 6 4 5 

C 5 6 5 4 

D 6 5 6 4 

 

 

 

4 
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8  In the conversion of compound X into compound Z, it was found that the reaction proceeded by 

way of compound Y, which could be isolated. The following steps were involved. 

 

X → Y ; ∆H, positive 

Y → Z ; ∆H, negative 

 

Which reaction profile fits these data? 

 

e
n

e
rg

y

progress of
reaction

A

e
n

e
rg

y

progress of
reaction

B

e
n

e
rg

y

progress of
reaction

C

e
n

e
rg

y

progress of
reaction

D

X

Y

Z

X

Y

Z

Y

Z

X

X

Y Z

 

 

 

9  The nickel-cadmium rechargeable battery is based upon the following overall reaction. 

 

Cd + 2NiOOH + 4H2 O → Cd(OH)2  + 2Ni(OH)2 .H2 O 

 

What is the oxidation number of nickel at the beginning and at the end of the reaction? 

 

 beginning end 

A +1.5 +2 

B +2 +3 

C +3 +2 

D +3 +4 

 

 

10  At a total pressure of 1.0 atm, dinitrogen tetraoxide is 50 % dissociated at a temperature of 60 o C, 

according to the following equation. 

 

N2 O4   2NO2  

 

What is the value of the equilibrium constant, K
p
, for this reaction at 60 o C? 

A 
1

/3  atm B 
2

/3  atm C 
4

/3  atm D 2 atm 

 

 

 

7 
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15 In black and white photographic film, light converts silver chloride into metallic silver. After the film 

has been developed, the unreacted silver chloride is removed by reaction with sodium thiosulfate 

to produce a ‘fixed’ negative. 

 

AgCl + 2Na2S2O3 → 4Na
+

 + Cl – + [Ag(S2O3)2]
3–

 

 

What is the function of the thiosulfate ion? 

A to make the silver ions soluble 

B to oxidise the silver ions 

C to oxidise the silver metal 

D to reduce the silver ions 

 

 

16 Which statement is most likely to be true for astatine, which is below iodine in Group VII of the 

Periodic Table? 

 A Astatine and aqueous potassium chloride react to form aqueous potassium astatide and 

chlorine. 

 B Potassium astatide and hot dilute sulfuric acid react to form white fumes of only hydrogen 

astatide. 

 C Silver astatide reacts with dilute aqueous ammonia in excess to form a solution of a soluble 

complex. 

 D Sodium astatide and hot concentrated sulfuric acid react to form astatine. 

 

 

17 Deposits of ammonium compounds have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO3 + H2O + 2NH3 → (NH4)2SO4 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Every year millions of tonnes each of chlorine and sodium hydroxide are manufactured by the 

electrolysis of brine using a ‘diaphragm cell’. 

 

What is the purpose of the diaphragm in such a cell? 

A to prevent chlorine gas escaping into the factory 

B to prevent the build up of pressure in the electrolysis cell 

C to provide a large surface area of electrode 

D to stop the products of electrolysis from reacting together 

 

 

2 A simple ion X
+

 contains eight protons. 

 

What is the electronic configuration of X
+

? 

A 1s
2

 2s
1

 2p
6

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
5

 

D 1s
2

 2s
2

 2p
7

 

 

 

3 Equations involving four enthalpy changes are shown. 

 

Na(g) → Na
+

(g) + e
– 

∆H
 

= W 

Na(g) → Na
2+

(g) + 2e
– 

∆H
 

= X 

Na(s) → Na(g)  ∆H
 

= Y 

Na(s) → Na
2+

(g) + 2e
– 

∆H
 

= Z 

 

What is the second ionisation energy of sodium? 

A 2W B X – W C Y – W D Z – Y 

 

 

4 Sulfur dioxide, SO2, is added to wines to prevent oxidation of ethanol by air. To determine the 

amount of SO2, a sample of wine is titrated with iodine, I2. In this reaction, one mole of SO2 is 

oxidised by one mole of I2. 

 

What is the change in oxidation number of sulfur in this reaction? 

A +2 to +4 B +2 to +6 C +4 to +5 D +4 to +6 

 

 

 

3 

© UCLES 2010 9701/11/M/J/10 [Turn over 

4 Some bond energy values are listed below. 

 

bond bond energy / kJ mol
–1

 

C–H 410 

C–Cl 340 

Cl–Cl 244 

Br–Br 193 

 

These bond energy values relate to the following four reactions. 

 

P Br
2
 → 2Br 

Q 2Cl → Cl
2
 

R CH
3
 + Cl → CH

3
Cl 

S CH
4
 → CH

3
 + H 

 

What is the order of enthalpy changes of these reactions from most negative to most positive? 

A P → Q → R → S 

B Q → R → S → P 

C R → Q → P → S 

D S → P → Q → R 

 

 

5 Given the following enthalpy changes, 

 

 I
2
(g) + 3Cl

2
(g) → 2ICl

3
(s) ∆H

o

 = –214 kJ mol
–1

 

 I
2
(s) → I

2
(g) ∆H

o

 = +38 kJ mol
–1

 

 

What is the standard enthalpy change of formation of iodine trichloride, ICl
3
(s)? 

A +176 kJ mol
–1

 

B –88 kJ mol
–1

 

C –176 kJ mol
–1

 

D –214 kJ mol
–1

 

 

 

6 Ammonium nitrate, NH
4
NO

3
, can decompose explosively when heated. 

 

NH
4
NO

3
 → N

2
O + 2H

2
O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH
4
NO

3
 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 
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15 X, Y and Z represent different halogens. The table shows the results of nine experiments in which 

aqueous solutions of X
2
, Y

2
 and Z

2
 were separately added to separate aqueous solutions 

containing X –, Y – and Z – ions. 

 

 X –(aq) Y –(aq) Z –(aq) 

X
2
(aq) no reaction no reaction no reaction 

Y
2
(aq) X

2
 formed no reaction Z

2
 formed 

Z
2
(aq) X

2
 formed no reaction no reaction 

 

Which row in the following table contains the ions X 
–

, Y 
–

 and Z 
–

 in order of their decreasing 

strength as reducing agents? 

 

 strongest 
 

weakest 

A X – Y – Z – 

B X – Z – Y – 

C Y – Z – X – 

D Z – X – Y – 
 

 

16 A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulfuric acid and with concentrated phosphoric acid. The 

observations are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H
2
SO

4
 colourless acidic gas formed purple vapour formed 

conc. H
3
PO

4
 colourless acidic gas formed colourless acidic gas formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulfuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulfuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulfuric acid is a stronger oxidising agent than iodine. 

 

 

17 Ammonium nitrate, NH
4
NO

3
, is manufactured in large quantities for use in fertiliser. 

 

Which statement about ammonium nitrate fertiliser is not correct? 

A It can cause environmental problems. 

B It consists of 35 % nitrogen by mass. 

C It is insoluble in water. 

D Nitric acid is used in its manufacture. 
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12 Equimolar quantities of magnesium carbonate and strontium carbonate are separately heated  

to bring about complete thermal decomposition. The minimum temperature for this to occur is 

called Td . 

 

The cold residues are separately added to equal volumes of water and the change in pH is 

measured. The change in pH is called ∆pH. 

 

Which metal has the higher value of Td , and the greater value of ∆pH? 

 

 Td  ∆pH 

A Mg Mg 

B Mg Sr 

C Sr Mg 

D Sr Sr 

 

 

13 In aqueous solution, the acid HIO disproportionates according to the following equation where m, 

n, p and q are simple whole numbers in their lowest ratios. 

 

mHIO → nI2 + pHIO3  + qH2O 

 

This equation can be balanced using oxidation numbers. 

 

What are the values for n and p? 

 

 n p 

A 1 2 

B 2 1 

C 4 1 

D 4 2 

 

 

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

 

Which mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

15 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4

+

 ion is similar to that of Mg
2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions are isoelectronic (have the same number of electrons). 

D The NH4

+

 ion can donate a proton. 

BILAL HAMEED                                                                                                                                    REDOX WS 1



 164

12

13

14

15

16

 

2 

© UCLES 2011 9701/12/O/N/11  

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In the Haber process for the manufacture of ammonia, why is the heterogeneous catalyst iron in 

a finely divided state? 

A to increase its surface area 

B to produce the maximum reduction in the activation energy 

C to reduce its loss during the reaction 

D to reduce its surface area 

 

 

2 The following equations the letters W, X, Y and Z all represent whole numbers. 

 

When correctly balanced, which equation requires one of letters W, X, Y or Z to be 5? 

A WC3H7COOH + XO2 → YCO2 + ZH2O 

B WC4H8 + XO2 → YCO2 + ZH2O 

C WH3PO4 + XNaOH → YNa2HPO4 + ZH2O 

D WNH3 + XO2 → YN2 + ZH2O 

 

 

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

 

From which particle is the removal of an electron the most difficult? 

A Cl –(g) B F
–

(g) C K
+

(g) D Na
+

(g) 

 

 

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

 

560 kg of nitrogen and 120 kg of hydrogen are pressurised, heated and passed over an iron 

catalyst. When the mixture of gases reaches equilibrium, it contains 96 kg of hydrogen. 

 

Which mass of ammonia does it contain? 

A 24 kg B 68 kg C 136 kg D 680 kg 
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16  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 

 

Cl 
2
(aq) + H

2
O(I) → H

+

(aq) + Cl –(aq) + HCl O(aq) 

 

The HCl O reacts further to give Cl O–

 ions. 

 

HCl O(aq) + H
2
O(I) → H

3
O

+

(aq) + Cl O–

(aq) 

 

Both HCl O and Cl O–

 kill bacteria by oxidation. 

 

What is the overall change in oxidation number of chlorine when forming the Cl O–

 ion from the 

aqueous chlorine? 

A –1 B 0 C +1 D +2 

 

 

17  What trend is observed on descending Group VII? 

A The colours of the elements become lighter. 

B The elements become more volatile. 

C The hydrides of the elements become more thermally stable. 

D The reactions of the elements with hydrogen become less vigorous. 

 

 

18  The following two experiments are carried out with anhydrous potassium chloride and 

observations X and Y are made at the end of each experiment. 

 

Concentrated sulfuric acid is added to the potassium chloride and the fumes produced are 

bubbled into aqueous potassium iodide solution - observation X. 

 

The potassium chloride is dissolved in aqueous ammonia and this is then added to aqueous 

silver nitrate - observation Y. 

 

What are the observations X and Y? 

 

 X Y 

A brown solution colourless solution 

B brown solution white precipitate 

C colourless solution colourless solution 

D colourless solution white precipitate 
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7  When chlorine and aqueous sodium hydroxide are heated together the following overall reaction 

occurs. 

 

3Cl 2(aq) + 6NaOH(aq) → 5NaCl (aq) + NaCl O3(aq) + 3H2O(l) 

 

What are the oxidation numbers for chlorine in each of the following species? 

 

 Cl 2 NaCl NaCl O3 

A 0 +1 –5 

B +2 –1 +3 

C 0 –1 +5 

D –2 +1 –3 

 

 

8  Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe how sulfur dioxide dissolves. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

9  An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm
3

 

of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in the mixture. 

 

Ag
+

(aq) + Fe
2+

(aq)  Ag(s) + Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 
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9 Two moles of compound P were placed in a vessel. The compound P was partly decomposed by 

heating. A dynamic equilibrium between chemicals P, Q and R was established. 

 

At equilibrium, x mol of R were present and the total number of moles present was (2 + x). 

 

What is the equation for this equilibrium? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 

 

 

10  The oxide of titanium, TiO
2
, is used as a ‘whitener’ in toothpaste. It is obtained from the ore 

iron(II) titanate, FeTiO
3
. 

 

What is the change, if any, in the oxidation number (oxidation state) of titanium in the reaction 

FeTiO
3
 → TiO

2
? 

A It is oxidised from +3 to +4. 

B It is reduced from +3 to +2. 

C It is reduced from +6 to +4. 

D There is no change in the oxidation number. 

 

 

11 The diagram shows a cell for the manufacture of aluminium. 

 

graphite anodes 

mixture of Al 2O3 and molten cryolite

graphite lining acting as cathode 

molten aluminium  

 

Which statement is incorrect? 

A Aluminium ions are oxidised in this process. 

B Aluminium is liberated at the cathode by the reaction Al 3+

 + 3e
–

 → Al . 

C The cryolite acts as a solvent. 

D The graphite anode burns away. 
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16  Sodium iodide reacts with concentrated sulfuric acid. The equation which represents one of the 

reactions that takes place is shown. 

 

8NaI + 9H2SO4 → 8NaHSO4 + 4I2 + H2S + 4H2O 

 

Which species has been oxidised in this reaction? 

A H
+

 B I

–

 C Na
+

 D SO4

2–

 

 

 

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  Lime mortar is made from quicklime, water and sand. Over a period of time, lime mortar changes 

into a much harder form. Both fresh and old lime mortar react with aqueous hydrochloric acid but 

only the old lime mortar effervesces during the reaction. 

 

Which equation describes the change from fresh to old lime mortar? 

A CaO + CO2 → CaCO3 

B CaO + H2O → Ca(OH)2 

C Ca(OH)2 → CaO + H2O 

D Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

19  Ar, Ca
2+

 and K
+

, contain the same number of electrons. 

 

In which order do their radii increase? 

 

 smallest radius  largest radius 

A Ar K
+

 Ca
2+

 

B Ca
2+

 Ar K
+

 

C Ca
2+

 K
+

 Ar 

D K
+

 Ar Ca
2+
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In the redox reaction shown, how do the oxidation states of vanadium and sulfur change? 

 

VO2

+

  +  SO2  →  V
3+

  +  SO4

2–

 

 

vanadium sulfur 

 

from to from to 

A +1 +3 0 –2 

B +1 +3 +4 +6 

C +5 +3 0 –2 

D +5 +3 +4 +6 

 

 

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

 

 In which species are the numbers of protons, neutrons and electrons all different?  

A 
−

F

19

9
 B 

+

Na

23

11
 C P

31

15
 D 

−232

16
S  

 

 

3 The first six ionisation energies of four elements are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation energy / kJ mol
−1

  

1st 2nd 3rd 4th 5th 6th 

A 494 4 560 6 940 9 540 13 400 16 600 

B 736 1 450 7 740 10 500 13 600 18 000 

C 1 090 2 350 4 610 6 220 37 800 47 000 

D 1 400 2 860 4 590 7 480 9 400 53 200 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 

solutions decompose on heating as shown. 

 

3Cl O–

  →  Cl O3

–

  +  2Cl – 
 

Which oxidation state is shown by chlorine in each of these three ions? 

 

 Cl O–

 Cl O3

–

 Cl – 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 

 

 

2 A mixture of 10  cm
3

 of methane and 10  cm
3

 of ethane was sparked with an excess of oxygen. 

After cooling to room temperature, the residual gas was passed through aqueous potassium 

hydroxide. 

 

All gas volumes were measured at the same temperature and pressure. 

 

What volume of gas was absorbed by the alkali? 

A 15 cm
3

 B 20  cm
3

 C 30  cm
3

 D 40  cm
3

 

 

 

3 The diagram shows an electrolytic cell for the extraction of aluminium. 

 

graphite anode

Al 2O3 in molten cryolite

graphite lining acting as cathode 

molten aluminium  

 

Which statement is correct? 

A Aluminium ions are oxidised in this process. 

B Aluminium is liberated at the anode by the reaction Al 3+

  +  3e
–

  →  Al. 

C Cryolite is purified aluminium oxide. 

D The graphite anode burns away. 
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14  Use of the Data Booklet is relevant to this question. 

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

15  The reaction between KI and concentrated H
2
SO

4
 is a redox reaction. 

 

5H
2
SO

4
  +  8KI  →  4K

2
SO

4
  +  4I

2
  +  H

2
S  +  4H

2
O 

 

What is the change in oxidation state of the element that is reduced? 

A 1 B 4 C 6 D 8 

 

 

16  Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

17 In the Haber process, the reaction between the two gaseous reactants requires the use of a 

catalyst that contains a transition element. 

 

What is the metal and in what mole ratio do the gases react? 

 

 metal mole ratio 

A Fe 1 : 2 

B Fe 1 : 3 

C V 1 : 2 

D V 1 : 3 

 

 

18  Which oxide, when mixed with water, will produce the solution with the lowest pH? 

A CO
2
 B Na

2
O C P

4
O

10
 D SiO

2
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process 

for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al 2O3, and 

cryolite, Na3Al F6. 

 

What is the main purpose of the cryolite? 

A Al 2O3 is covalent, and Al F6

3–

 ions interact with it to produce Al 3+

 ions which can be 

discharged at the cathode. 

B Cryolite is a base, forming NaAl O2 with bauxite, enabling aluminium to be discharged at the 

anode. 

C Cryolite minimises the release of O
2–

 ions at the graphite anodes, which are otherwise burnt 

away to CO. 

D Cryolite reduces the melting point of the bauxite. 

 

 

2 In which reaction does a single nitrogen atom have the greatest change in oxidation number? 

A 4NH3  +  5O2  →  4NO  +  6H2O 

B 3NO2  +  H2O  →  2HNO3  +  NO 

C 2NO  +  O2  →  2NO2 

D 4NH3  +  6NO  →  5N2  +  6H2O 

 

 

3 The following half reactions occur when potassium iodate(V), KIO3, in hydrochloric acid solution 

oxidises iodine to ICl 2–

. 

 

IO3

–

  +  2Cl –  +  6H
+

  +  4e
–

  →  ICl 2–

  +  3H2O 

I2  +  4Cl –  →  2ICl 2–

  +  2e
–

 

 

What is the ratio of IO3

–

 to I2 in the balanced chemical equation for the overall reaction? 

A 1 : 1 B 1 : 2 C 1 : 4 D 2 : 1 

 

 

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

 

In which set do all species contain the same number of electrons? 

A Co
2+

, Co
3+

, Co
4+

 

B F
–

, Br –, Cl
 –

 

C Na
+

, Mg
2+

, Al 3+

 

D K2SO4, K2SeO4, K2TeO4 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In which reaction does an element undergo the largest change in oxidation state? 

A Cl 2 + 2OH
–

 → OCl –  + Cl –  + H2O 

B 3Cl 2 + 6OH
–

 → Cl O3

–

 + 5Cl –  + 3H2O 

C Cr2O7

2–

 + 6Fe
2+

 + 14H
+

 → 2Cr
3+

 + 6Fe
3+

 + 7H2O 

D 3MnO4

2–

 + 4H
+

 → MnO2 + 2MnO4

–

 + 2H2O 

 

 

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

 

The 
68

Ge isotope is medically useful because it undergoes a natural radioactive process to give a 

gallium isotope, 
68

Ga, which can be used to detect tumours. This transformation of 
68

Ge occurs 

when an electron enters the nucleus, changing a proton into a neutron. 

 

Which statement about the composition of an atom of the 
68

Ga isotope is correct? 

A It has 4 electrons in its outer p subshell. 

B It has 13 electrons in its outer shell. 

C It has 37 neutrons. 

D Its proton number is 32. 

 

 

3 Sodium borohydride, NaBH4, and boron trifluoride, BF3, are compounds of boron.  

 

What are the shapes around boron in the borohydride ion and in boron trifluoride? 

 

 borohydride ion boron trifluoride 

A square planar pyramidal 

B square planar trigonal planar 

C tetrahedral pyramidal 

D tetrahedral trigonal planar 
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15 Which row correctly identifies the uses of some of the compounds of Group II metals? 

 

 

used as a 

refractory lining 

in kilns 

used in agriculture 

to increase the pH 

of a soil 

A CaO Ca(OH)2 

B CaO Mg(OH)2 

C MgO Ca(OH)2 

D MgO Mg(OH)2 

 

 

16 Solid potassium halides react with concentrated sulfuric acid, according to the following 

equations. 

 

reaction 1 2KCl  +  H2SO4   →  K2SO4   +  2HCl 

reaction 2 2KBr  +  2H2SO4   →  K2SO4   +  SO2  +  Br2  +  2H2O 

reaction 3 8KI  +  5H2SO4   →  4K2SO4   +  H2S  +  4I2  +  4H2O 

 

What is the largest change in the oxidation number of sulfur in each of these reactions? 

 

 reaction 1 reaction 2 reaction 3 

A 0 0 4 

B 0 2 4 

C 0 2 8 

D 0 4 8 

 

 

17 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4

+

 ion is similar to that of Mg
2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions have the same number of electrons. 

D The NH4

+

 ion can donate a proton. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Which solid-line curve most accurately represents the distribution of molecular energies in a gas 

at 500 K if the dotted-line curve represents the corresponding distribution for the same gas at 

300 K? 

 

number of
molecules

molecular energy

A  

number of
molecules

molecular energy

B  

number of
molecules

molecular energy

C 

number of
molecules

molecular energy

D 

 

 

 

2 In which reaction does hydrogen behave as an oxidising agent? 

A H2  +  Cl 2  →  2HCl 

B C2H4  +  H2  →  C2H6 

C N2  +  3H2  →  2NH3 

D 2Na  +  H2  →  2NaH 

 

 

3 Ethanol is increasingly being used as a fuel for cars. 

 

The standard enthalpy change of formation of carbon dioxide is –393 kJ mol
–1

. 

The standard enthalpy change of formation of water is –286 kJ mol
–1

. 

The standard enthalpy change of formation of ethanol is –277 kJ mol
–1

. 

 

What is the standard enthalpy change of combustion of ethanol? 

A –1921 kJ mol
–1

 

B –1367 kJ mol
–1

 

C –956 kJ mol
–1

 

D – 402 kJ mol
–1
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process 

for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al 2O3, and 

cryolite, Na3Al F6. 

 

What is the main purpose of the cryolite? 

A Al 2O3 is covalent, and Al F6

3–

 ions interact with it to produce Al 3+

 ions which can be 

discharged at the cathode. 

B Cryolite is a base, forming NaAl O2 with bauxite, enabling aluminium to be discharged at the 

anode. 

C Cryolite minimises the release of O
2–

 ions at the graphite anodes, which are otherwise burnt 

away to CO. 

D Cryolite reduces the melting point of the bauxite. 

 

 

2 In which reaction does a single nitrogen atom have the greatest change in oxidation number? 

A 4NH3  +  5O2  →  4NO  +  6H2O 

B 3NO2  +  H2O  →  2HNO3  +  NO 

C 2NO  +  O2  →  2NO2 

D 4NH3  +  6NO  →  5N2  +  6H2O 

 

 

3 The following half reactions occur when potassium iodate(V), KIO3, in hydrochloric acid solution 

oxidises iodine to ICl 2–

. 

 

IO3

–

  +  2Cl –  +  6H
+

  +  4e
–

  →  ICl 2–

  +  3H2O 

I2  +  4Cl –  →  2ICl 2–

  +  2e
–

 

 

What is the ratio of IO3

–

 to I2 in the balanced chemical equation for the overall reaction? 

A 1 : 1 B 1 : 2 C 1 : 4 D 2 : 1 

 

 

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

 

In which set do all species contain the same number of electrons? 

A Co
2+

, Co
3+

, Co
4+

 

B F
–

, Br –, Cl
 –

 

C Na
+

, Mg
2+

, Al 3+

 

D K2SO4, K2SeO4, K2TeO4 
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

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

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Ammonium nitrate, NH4NO3, can decompose explosively when heated. 

 

NH4NO3  →  N2O  +  2H2O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH4NO3 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

2 In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite is a base; aluminium oxide is amphoteric 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

3 A 10 cm
3

 sample of 0.30 mol dm
–3

 Tl +NO3

–

 required 20 cm
3

 of 0.10 mol dm
–3

 acidified NH4VO3 to 

oxidise it to Tl 3+

 in solution. Vanadium is the only element reduced in this reaction. 

 

What is the oxidation number of the vanadium in the reduced form? 

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

 

 

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

 

Element X forms X
–

 ions that can be oxidised to element X by acidified potassium 

manganate(VII). 

 

What could be the values of the first four ionisation energies of X? 

 

 1st 2nd 3rd 4th 

A 418 3070 4600 5860 

B 577 1820 2740 11 600 

C 590 1150 4940 6480 

D 1010 1840 2040 4030 
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14  Use of the Data Booklet is relevant to this question. 

 

Sir Humphrey Davy discovered boron, calcium, magnesium and sodium. 

 

Which of these elements has the second smallest atomic radius in its group and the third lowest 

first ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 

 

 

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

 

A sample of potassium oxide, K2O, is dissolved in 250 cm
3

 of distilled water. 25.0 cm
3

 of this 

solution is titrated against sulfuric acid of concentration 2.00 mol dm
–3

. 15.0 cm
3

 of this sulfuric 

acid is needed for complete neutralisation. 

 

Which mass of potassium oxide was originally dissolved in 250 cm
3

 of distilled water? 

A 2.83 g B 28.3 g C 47.1 g D 56.6 g 

 

 

16  Chlorine gas reacts with cold aqueous sodium hydroxide. It can also react with hot aqueous 

sodium hydroxide. 

 

What are the oxidation numbers of chlorine in the products of these reactions? 

 

 
cold aqueous 

sodium hydroxide 

hot aqueous 

sodium hydroxide 

A –1, +1 –1, +5 

B –1, +1 +1, +6 

C –1, +2 –1, +5 

D –1, +2 +1, +6 

 

 

17  Under standard conditions, which statement is correct? 

A Cl –(aq) can oxidise Br2(aq). 

B Cl –(aq) can reduce Br2(aq). 

C Cl 2(aq) can oxidise Br –(aq). 

D Cl 2(aq) can reduce Br –(aq). 

 

 

 

3 
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3 A student performed an experiment to measure the enthalpy change of combustion of ethane. 

 

He used the following values for the standard enthalpy changes of combustion of carbon and 

hydrogen. 

 

 carbon = –394 kJ mol
–1

 

 hydrogen = –286 kJ mol
–1

 

 

He calculated the enthalpy change of formation of ethane to be –140 kJ mol
–1

. 

 

What was his experimental value for the standard enthalpy change of combustion of ethane? 

A –2364 kJ mol
–1

 

B –1506 kJ mol
–1

 

C –1112 kJ mol
–1

 

D –540 kJ mol
–1

 

 

 

4 Which pair has species with different shapes? 

A BeCl 2 and CO2 

B CH4 and NH4

+

 

C NH3 and BF3 

D SCl 2 and H2O 

 

 

5 In which reaction does an element have the largest change in oxidation number? 

A Cr2O7

2–

  +  6Fe
2+

  +  14H
+

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

B 3OCl –  →  Cl O3

–

  +  2Cl – 

C 5Fe
2+

  +  MnO4

–

  +  8H
+

  →  5Fe
3+

  +  Mn
2+

  +  4H2O 

D PbO2  +  Sn
2+

  +  4H
+

  →  Sn
4+

  +  Pb
2+

  +  2H2O 

 

 

6 Which statement can be explained by intermolecular hydrogen bonding? 

A Ethanol has a higher boiling point than propane. 

B Hydrogen chloride has a higher boiling point than silane, SiH4. 

C Hydrogen iodide forms an acidic solution when dissolved in water. 

D Propanone has a higher boiling point than propane. 
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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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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

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

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 
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2 In the ideal gas equation, pV = nRT, what are the units of n and T ? 
 

 n T 

A no units °C 

B no units K 

C mol °C 

D mol K 
 
 
3 The reaction between acidified dichromate(VI) ions, Cr2O7

2–, and aqueous Fe2+ ions results in the 
dichromate(VI) ions being reduced to Cr3+ ions. 

 
What is the correct equation for this reaction? 

A Cr2O7
2–  +  Fe2+  +  14H+  →  2Cr3+  +  Fe3+  +  7H2O 

B Cr2O7
2–  +  2Fe2+  +  14H+  →  2Cr3+  +  2Fe3+  +  7H2O 

C Cr2O7
2–  +  3Fe2+  +  14H+  →  2Cr3+  +  3Fe3+  +  7H2O 

D Cr2O7
2–  +  6Fe2+  +  14H+  →  2Cr3+  +  6Fe3+  +  7H2O 

 
 
4 Sodium azide, NaN3 is an explosive used to inflate airbags in cars when they crash. It consists of 

positive sodium ions and negative azide ions. 
 

What are the numbers of electrons in the sodium ion and the azide ion? 
 

 sodium ion azide ion 

A 10 20 

B 10 22 

C 12 20 

D 12 22 
 
 
5 The 68Ge isotope is medically useful because it undergoes a natural radioactive process to give 

an isotope of a different element, 68X, which can be used to detect tumours. This transformation 
of 68Ge occurs when an electron enters the nucleus and changes a proton into a neutron. 

 
Which statement about the composition of an atom of 68X is correct? 

A It has 4 electrons in its outer p orbitals. 

B It has 13 electrons in its outer shell. 

C It has 37 neutrons. 

D Its proton number is 32. 
 
 

 

4  
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7  0.10 g of the volatile liquid X formed 0.025 dm
3

 of vapour at 100 °C and atmospheric pressure. 

 

1 mol of vapour occupies 22.4 dm
3

 at 0 °C and atmospheric pressure. 

What is the relative molecular mass of X? 

A 

3730.10

22.4273  0.025

×

××

 

B 

27310.0

4.22373025.0

×

××

 

C 

373025.0

4.2227310.0

×

××

 

D 

273025.0

4.2237310.0

×

××

 

 

 

8  The equation for the complete combustion of propan-1-ol is shown. 

 

CH3CH2CH2OH(l)  +  4
2

1

O2(g)  →  3CO2(g)  +  4H2O(l) 

 

Standard enthalpy changes of formation are given. 

 

compound CH3CH2CH2OH(l) CO2(g) H2O(l) 

∆Hf

o 

–303 kJ mol
–1

 –394 kJ mol
–1

 –286 kJ mol
–1

 

 

What is the standard enthalpy change of combustion of propan-1-ol, in kJ mol
–1

? 

A –394  –  286  –  303 

B 303  –  (4  ×  286)  –  (3  ×  394) 

C 394  +  286  –  303 

D (3  ×  394)  +  (4  ×  286)  +  303 

 

 

9  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 

 

Cl 2(aq)  +  H2O(I)  →  H
+

(aq)  +  Cl –(aq)  +  HCl O(aq) 

 

The HCl O reacts further to give Cl O–

 ions. 

 

HCl O(aq)  +  H2O(I)    H3O
+

(aq)  +  Cl O–

(aq) 

 

Both HCl O and Cl O–

 kill bacteria by oxidation. 

 

What is the change in oxidation number of chlorine when forming the Cl O–

 ion from aqueous 

chlorine? 

A –1 B 0 C +1 D +2 
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Section A 
 
For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 Which compound contains two different elements with identical oxidation states? 

A HCl O B Mg(OH)2 C Na2SO4 D NH4Cl 
 
 
2 For the element sulfur, which pair of ionisation energies has the largest difference between them? 

A third and fourth ionisation energies 

B fourth and fifth ionisation energies 

C fifth and sixth ionisation energies 

D sixth and seventh ionisation energies 
 
 
3 Which ion has both more electrons than protons and more protons than neutrons? 

[H = 1
1H;  D = 2

1 H;  O = 16
8 O] 

A D– B H3O+ C OD– D OH– 
 
 
4 Which species contains the smallest number of electrons? 

A B3+ B Be2+ C H– D He+ 
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

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

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct.  

 

 

1 Which type of bonding is never found in elements? 

A covalent 

B ionic 

C metallic 

D van der Waals’ forces 

 

 

2 Arsenic chloride, AsCl 3, reacts with sodium borohydride, NaBH4. 

 

pAsCl 3  +  qNaBH4  →  rAsH3  +  sNaCl  +  tBCl 3 
 

What are the numbers p, q, r, s and t when this equation is balanced correctly? 

 

 p q r s t 

A 2 3 2 3 1 

B 3 3 3 3 2 

C 4 3 4 3 3 

D 4 4 4 4 3 

 

 

3 Three substances have the physical properties shown in the table. 

 

substance
melting point 

/ °C 

boiling point 
/ °C 

conductivity 

(solid) 

conductivity 

(liquid) 

conductivity 

(aqueous) 

U 420 907 good good insoluble 

V 993 1695 poor good good 

W –70 58 poor poor hydrolyses, resulting 

solution conducts well 

 

What could be the identities of U, V and W? 

 

 U V W 

A Na KCl SiCl 4 

B Na NaF C2H5Br 

C Zn KCl HCl 

D Zn NaF SiCl 4 
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6 The complete combustion of 2 moles of a straight chain alkane produces 400 dm3 of 
carbon dioxide measured at 301 K and 1 × 105

 Pa. Carbon dioxide can be assumed to behave as 
an ideal gas under these conditions. 

 
What is the formula of the straight chain alkane? 

A C8H18 B C16H34 C C20H42 D C40H82 
 
 
7 Which expression gives the standard enthalpy change of combustion of methane? 

A        (CH4)  +         (CO2)  –  2       (H2O) 

B        (CO2)  +  2       (H2O)  +         (CH4) 

C        (CH4)  +  2       (H2O)  –         (CO2) 

D        (CO2)  +  2       (H2O)  –         (CH4) 
 
 
8 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 

solutions decompose on heating as shown. 
 

3Cl O–  →  Cl O3
–  +  2Cl – 

 
Which oxidation state is shown by chlorine in each of these three ions? 

 
 Cl O– Cl O3

– Cl – 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 
 
 
9 When K2MnO4 is dissolved in water, the following reaction occurs. 
 

a MnO4
2–(aq)  +  b H2O(l)  →  c MnO4

–(aq)  +  d MnO2(s)  +  e OH–(aq) 
 

What are the values of a and c in the balanced chemical equation? 
 

 a c 

A 2 1 

B 3 2 

C 4 3 

D 5 4 
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2 The diagram shows the pathways of a reaction, with and without a catalyst. 

 

Which letter represents the overall energy change for the reaction? 

 

energy

extent of reaction

reactants

products

A
B

D

C

 

 

 

3 People are advised to eat less than 6.00 g of salt (sodium chloride) per day for health reasons. 

 

Which mass of sodium is present in 6.00 g of sodium chloride? 

A 0.261 g B 2.36 g C 3.64 g D 3.88 g 

 

 

4 When copper reacts with a 50% solution of nitric acid, nitrogen monoxide is evolved and a blue 

solution results. 

 

The balanced equation for this reaction is shown. 

 

p Cu  +  q HNO3  →  r Cu(NO3)2  +  s H2O  +  t NO 

 

What are the values of the integers p, q, r, s and t ? 

 

 p q r s t 

A 1 4 1 2 2 

B 2 6 2 3 2 

C 2 8 2 4 4 

D 3 8 3 4 2 

 

 

5 What is the electronic configuration of an isolated Ni
2+

 ion? 

 

A 1s
2

2s
2

2p
6

3s
2

3p
6

3d
6

4s
2 

B 1s
2

2s
2

2p
6

3s
2

3p
6

3d
8

4s
2

 

C 1s
2

2s
2

2p
6

3s
2

3p
6

3d
10

4s
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
6

3d
8
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Section A 
 
For each question there are four possible answers, A, B, C and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 In which species are the numbers of protons, neutrons and electrons all different? 
 

A −F19
9  B +Na23

11  C P31
15  D −232

16 S  
 
 
2 Which would contain 9.03 × 1023 oxygen atoms? 

A 0.25 mol aluminium oxide 

B 0.75 mol sulfur dioxide 

C 1.5 mol sulfur trioxide 

D 3.0 mol water 
 
 
3 In some fireworks there is a reaction between powdered aluminium and powdered barium nitrate. 

Heat is evolved, an unreactive gas is produced, and all nitrogen atoms are reduced. 
 

What is the equation for this reaction? 

A 2Al  +  Ba(NO3)2  →  Al 2O3  +  BaO  +  2NO 

B 4Al  +  4Ba(NO3)2  →  2Al 2O3  +  4Ba(NO2)2  +  O2 

C 10Al  +  3Ba(NO3)2  →  5Al 2O3  +  3BaO  +  3N2 

D 10Al  +  18Ba(NO3)2  →  10Al (NO3)3  +  18BaO  +  3N2 
 
 
4 Which organic compound has the highest boiling point? 

A C(CH3)4 

B CH3CH2CH2CH2CH3 

C CH3COCH2CH3 

D CH3CH(OH)CH2CH3 
 
 
5 At a temperature of 2500 K and a pressure of 1.00 × 10–4

 Pa a sample of 0.321 g of sulfur vapour 
has a volume of 2.08 × 106

 m3. 
 

What is the molecular formula of sulfur under these conditions? 

A S B S2 C S4 D S8 
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8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  →  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 ∆H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
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4 Two conversions are shown. 
 

NH4
+ → NH3 

C2H4 → C2H6 

 
Which similar feature do these two conversions have? 

A change in oxidation state of an element 

B decrease in bond angle 

C formation of a lone pair of electrons 

D loss of a π bond 
 
 
5 All gases listed are at the same pressure. 
 

Which gas will most closely approach ideal behaviour? 

A ammonia at 100 K 

B ammonia at 500 K 

C neon at 100 K 

D neon at 500 K 
 
 
6 The following data are needed for this question. 
 

       (CO(g)) = –111 kJ mol–1 

       (CO2(g)) = –394 kJ mol–1 

       (Fe2O3(s)) = –822 kJ mol–1 
 

Carbon monoxide reacts with iron(III) oxide. 
 

3CO(g)  +  Fe2O3(s)  →  3CO2(g)  +  2Fe(s) 
 

What is the enthalpy change when 55.8 g of iron are produced by this reaction? 

A –27.0 kJ B –13.5 kJ C +13.5 kJ D +27.0 kJ 
 
 
7 Vanadium reacts with dilute sulfuric acid to form V2(SO4)3 and hydrogen gas. 
 

What happens to vanadium atoms in this reaction? 

A They lose three electrons and are oxidised. 

B They lose three electrons and are reduced. 

C They lose two electrons and are oxidised. 

D They lose two electrons and are reduced. 
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8 A reaction sequence is shown. 
 
 1 2 3 4 

SO2    SO3    H2SO4    H2S    SO2 
 

In each stage of this sequence the sulfur is oxidised, reduced or neither oxidised nor reduced. 
 

Which row is correct? 
 

 1 2 3 4 

A neither oxidised reduced reduced 

B oxidised neither reduced reduced 

C oxidised neither reduced oxidised 

D oxidised oxidised reduced oxidised 
 
 
9 Hydrogen and carbon dioxide gases are mixed at 800 K. A reversible reaction takes place. 
 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 
 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 
 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 
 
 
10 A reaction involved in the Contact process is shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) ∆H 

o = –197 kJ mol–1 
 

The reaction is investigated at 200 kPa and 700 K and the value of the equilibrium constant, Kp, is 
found to be Y. The reaction is then investigated at 1000 kPa and 700 K and the value of Kp is 
found to be Z. 

 
Which statement comparing Y and Z is correct? 

A Y and Z are the same. 

B Y is greater than Z. 

C Z is 2.2 times greater than Y. 

D Z is 5.0 times greater than Y. 
 
 

  
[W’17 2 Q8]
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7 The following data are needed for this question. 
 

 (P4O10(s)) = –3012 kJ mol–1 

 (H2O(l)) = –286 kJ mol–1 

 (H3PO4(s)) = –1279 kJ mol–1 
 

What is ∆H 
o for the reaction shown? 

 
P4O10(s)  +  6H2O(l)  →  4H3PO4(s) 

 
A –9844 kJ mol–1 

B –388 kJ mol–1 

C –97 kJ mol–1 

D +2019 kJ mol–1 
 
 
8 Which statement is always correct for an oxidation reaction? 

A It involves the gain of oxygen by an element. 

B For one reactant to be oxidised a different reactant must be reduced. 

C The element or ion being oxidised will gain electrons. 

D The oxidation number of the element being oxidised will increase. 
 
 
9 Nitrogen dioxide, NO2, is a brown gas. 
 

Dinitrogen tetroxide, N2O4, is a colourless gas. 
 
An equilibrium is established between NO2 and N2O4 in a closed vessel. 

 
 2NO2(g)    N2O4(g) ∆H = –57 kJ mol–1 
 brown colourless 
 

Which row describes the effects of changing conditions on the colour of an equilibrium mixture of 
NO2 and N2O4? 

 
 increasing the pressure increasing the temperature 

A colour becomes darker colour becomes darker 

B colour becomes darker colour becomes lighter 

C colour becomes lighter colour becomes darker 

D colour becomes lighter colour becomes lighter 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 ∆H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

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

  
[W’17 3 Q6]

3 

© UCLES 2017 9701/13/O/N/17 [Turn over 

4 In the sodium chloride lattice the number of chloride ions that surround each sodium ion is called 
the co-ordination number of the sodium ions. 

 
What are the co-ordination numbers of the sodium ions and the chloride ions in the 
sodium chloride lattice? 

 
 sodium ions chloride ions 

A 4 6 

B 6 4 

C 6 6 

D 8 6 
 
 
5 A fluorescent light tube has an internal volume of 400 cm3 and an internal pressure of 200 kPa. 
 

It is filled with 0.03 moles of an ideal gas. 
 

What is the temperature of the gas inside the fluorescent light tube? 

A 3.21 × 10–1
 K 

B 3.21 × 102
 K 

C 3.21 × 105
 K 

D 3.21 × 108
 K 

 
 
6 One of the reactions in a lead / acid cell is shown. 
 

Pb(s)  +  PbO2(s)  +  4H+(aq)  +  2SO4
2–(aq)  →  2PbSO4(s)  +  2H2O(l) 

 
Which statement about this reaction is correct? 

A Lead is both oxidised and reduced. 

B Lead is neither oxidised nor reduced. 

C Lead is oxidised only. 

D Lead is reduced only. 
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5 Which molecule has no overall dipole? 

A CH3Cl B CH2Cl 2 C CHCl 3 D CCl 4 
 
 
6 Which solid contains more than one type of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 
 
 
7 Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 
 

4C(s)  +  5H2(g)  →  C4H10(g) 
 

By using the following standard enthalpy of combustion data, what is the value of the standard 
enthalpy change of formation,        , of butane? 

 
substance  

C(s) –394 

H2(g) –286 

C4H10(g) –2877 
 

A –5883 kJ mol–1 

B –129 kJ mol–1 

C +129 kJ mol–1 

D +2197 kJ mol–1 
 
 
8 Ethanedioate ions, C2O4

2–, react with a suitable reagent to form CO2. A half-equation for this 
reaction is shown. 

 
C2O4

2–  →  2CO2  +  2e– 
 

Which row is correct? 
 

 oxidation state of 
carbon in C2O4

2– type of reaction 

A +3 oxidation 

B +3 reduction 

C +5 oxidation 

D +5 reduction 
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18 When burned, sulfur forms a gaseous product X which can be oxidised to produce a gas Y. 
 

Gas Y reacts with water to produce a product Z. 
 

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

 X Y Z 

A –2 +4 +4 

B –2 +4 +6 

C +4 +6 +4 

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

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

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

 
What could be the identities of X and Y? 

 
 X Y 

A ethanoic acid carbon monoxide 

B ethanoic acid hydrogen cyanide 

C ethanol carbon monoxide 

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

A both cis-trans isomerism and optical isomerism 

B cis-trans isomerism only 

C neither cis-trans isomerism nor optical isomerism 

D optical isomerism only 
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7 Anhydrous copper(II) chloride, CuCl 2, combines with water to form CuCl 2.2H2O. The standard 
enthalpy changes of formation for this reaction are shown in the table. 

 
  

H2O –286 

CuCl 2 –206 

CuCl 2.2H2O –808 
 

What is the standard enthalpy change of the reaction shown? 
 

CuCl 2  +  2H2O  →  CuCl 2.2H2O 
 

A –1586 kJ mol–1 

B –316 kJ  mol–1 

C –110 kJ  mol–1 

D –30 kJ  mol–1 
 
 
8 Xenon hexafluoride, XeF6, reacts with water. 
 

XeF6  +  3H2O  →  XeO3  +  6HF 
 

Which statement is correct? 

A Hydrogen is reduced in this reaction. 

B Hydrogen is the only element oxidised in this reaction. 

C The only element oxidised in this reaction is xenon. 

D This is not a redox reaction. 
 
 
9 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ∆H 

o = +205 kJ mol–1 
 

Which conditions would most favour the formation of hydrogen? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
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5 The gases X and Y react to form Z. 
 

X(g)  +  Y(g)    Z(g) 
 

An equilibrium mixture of these three gases is compressed at constant temperature. 
 

What will be the changes in the mole fraction of Z and in Kp? 
 

 mole fraction of Z Kp 

A increase increase 

B increase no change 

C no change increase 

D no change no change 

 
 
6 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 
 
 
7 The enthalpy change of reaction 1 is –114 kJ mol–1. 
 
 2NaOH(aq)  +  H2SO4(aq)  →  Na2SO4(aq)  +  2H2O(l) reaction 1 
 

By using this information, what is the most likely value for the enthalpy change of reaction 2? 
 
 Ba(OH)2(aq)  +  2HCl (aq)  →  BaCl 2(aq)  +  2H2O(l) reaction 2 
 

A –57 kJ mol–1 B –76 kJ mol–1 C –114 kJ mol–1 D –228 kJ mol–1 
 
 
8 Sulfur reacts with concentrated nitric acid in a redox reaction. 
 

S  +  4HNO3  →  SO2  +  4NO2  +  2H2O 
 

What are the changes in oxidation number of sulfur and of nitrogen in this reaction? 
 

 sulfur nitrogen 

A +2 –3 

B +2 –1 

C +4 –3 

D +4 –1 
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9 Oxidation numbers should be used to answer this question. 
 

A redox reaction takes place between hydroxylammonium ions, [NH3OH]+, and acidified iron(III) 
ions, Fe3+. The products are iron(II) ions, Fe2+, H+ ions, water and a compound of nitrogen. 

 
The mole ratio of reacting hydroxylammonium ions to reacting iron(III) ions is 1 : 2. 

 
Which nitrogen-containing compound could be formed in the reaction? 

A NH3 B N2O C NO D NO2 
 
 
10 Element X has a higher first ionisation energy than element Y. 
 

Two students state what they believe is one factor that helps to explain this. 
 

student 1 “X has a higher first ionisation energy than Y because an atom of X has more 
protons in its nucleus than an atom of Y.” 

 
student 2 “X has a higher first ionisation energy than Y because X has a smaller atomic 

radius than Y.” 
 

Only one of the two students is correct. 
 

What could X and Y be? 
 

 X Y 

A carbon boron 

B magnesium aluminium 

C oxygen nitrogen 

D oxygen sulfur 
 
 
11 Hydrogen ions catalyse the hydrolysis of esters. 
 

Which statement is correct? 

A The hydrogen ions act as a heterogeneous catalyst. 

B The hydrogen ions are in the same phase as the reactants. 

C The hydrogen ions are used up in the reaction. 

D The hydrogen ions have no effect on the activation energy of the reaction. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

34 Hydroxyapatite, Ca5(PO4)3OH, is the main constituent of tooth enamel. In the presence of saliva, 

the following equilibria exist. 

 

Ca5(PO4)3OH(s)  5Ca
2+

(aq) + 3PO   (aq) + OH
–

(aq) 

 

HPO   (aq)  H
+

(aq) + PO   (aq) 

 

Which of the following statements help to explain why tooth enamel is dissolved more readily 

when saliva is acidic? 

1 The hydroxide ions are neutralised by the acid. 

2 The phosphate ion PO   (aq) accepts H
+

(aq) 

3 Calcium ions react with acids. 

 

 

35 What properties enable magnesium oxide to be used as a refractory lining in a furnace? 

1 It has a high melting point. 

2 It has a low thermal conductivity. 

3 It does not react with basic slags. 

 

 

36 Chlorine reacts with hot concentrated aqueous sodium hydroxide according to the equation 

below. 

 

3Cl2(g) + 6NaOH(aq) → NaCl O3(aq) + 5NaCl (aq) + 3H2O(l) 

 

Which conclusions can be drawn from this information? 

1 The oxidation state of the chlorine in one of the products is +5. 

2 The chlorine undergoes disproportionation. 

3 The sodium hydroxide acts as a reducing agent. 

 

 

−3

4

−2

4

−3

4

−3

4
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which statements about orbitals in a krypton atom are correct? 

1 The 1s and 2s orbitals have the same energy as each other but different sizes. 

2  The third energy level (n=3) has three subshells and nine orbitals. 

3 The 3d subshell has five orbitals that have the same energy as each other in an isolated 

atom. 

 

 

32  The Group IV elements carbon, silicon and germanium can all exist in the giant molecular 

structure which is also found in diamond. The bond lengths in these structures are given below. 

 

element X C Si Ge 

bond length X–X / nm 0.154 0.234 0.244 

 

Why does the bond length increase down the group? 

1 Orbital overlap decreases down the group. 

2  Atomic radius increases down the group. 

3 Nuclear charge increases down the group. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 When ammonia, NH3, is produced in a school or college laboratory, it is usually dried before 

being collected. 

 

Which drying agents may be used to dry ammonia? 

1 calcium oxide, CaO 

2  phosphorus(V) oxide, P4O10 

3 concentrated sulfuric acid, H2SO4 

 

 

32  Zirconium, Zr, proton number 40, is a metal which is used in corrosion-resistant alloys. 

 

Zirconium metal is extracted from the oxide ZrO2 by the following sequence of reactions. 

 

reaction 1 ZrO2 + 2Cl 2 + 2C → ZrCl 4 + 2CO 

reaction 2 ZrCl 4 + 2Mg → Zr + 2MgCl 2 
 

Which statements about this extraction process are correct? 

1 Carbon in reaction 1 behaves as a reducing agent. 

2  Magnesium in reaction 2 behaves as a reducing agent. 

3 Chlorine in reaction 1 behaves as a reducing agent. 

 

 

33 Which statements about covalent bonds are correct? 

1 A triple bond consists of one π bond and two σ bonds. 

2  The electron density in a σ bond is highest along the axis between the two bonded atoms. 

3 A π bond restricts rotation about the σ bond axis. 
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34 Samples of calcium and barium are separately added to beakers of cold water containing a few 

drops of litmus solution. 

 

Which observations will be made with only the calcium and not with the barium? 

1 A white suspension appears in the water. 

2 The solution turns blue. 

3 A gas is evolved. 

 

 

35 Disproportionation is the term used to describe a reaction in which a reactant is simultaneously 

both oxidised and reduced. 

 

To which incomplete equations does the term disproportionation apply? 

1 Cl2(g) + 2OH
–

(aq) → H2O(l) + Cl –(aq) + …… 

2 3Cl2(g) + 6OH
–

(aq) → 3H2O(l) + ClO3

–

(aq) + …… 

3 2NO2(g) + H2O(l) → HNO3(aq) + …… 

 

 

36 Element X is a solid. It occurs as a contaminant of carbonaceous fuels. 

 

Its oxide Y is formed in car engines. 

 

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. 
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33 Many crude oils contain H2S. During refining, by the Claus process, the H2S is converted into 

solid sulfur, which is then removed. 

 

reaction I 2H2S(g)  +  3O2(g)  →  2H2O(l)  +  2SO2(g) 

reaction II 2H2S(g)  +  SO2(g)  →  2H2O(l)  +  3S(s) 

 

Which statements about the Claus process are correct? 

1 H2S is oxidised in reaction I. 

2 SO2 oxidises H2S in reaction II. 

3 Hydrogen is oxidised in reaction II. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g)  +  Q (g)    R (g)  +  S (l) 
 

Two experiments were carried out in which the rate of production of R was measured. The results 

are shown in the diagram below. 

 

00

amount
of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions might explain the results shown? 

1 A lower pressure was used in experiment 2. 

2 A different catalyst was used in experiment 2. 

3 Product S was continuously removed from the reaction vessel in experiment 2. 

 

 

35 Which statements explain why sulfur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant. 

2 It prevents alcohols in foods forming sour-tasting acids. 

3 It does not smell and therefore can be used in large quantities. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 A space shuttle’s upward thrust came from the following reaction between aluminium and 

ammonium perchlorate. 

 

10Al  +  6NH4Cl O4  →  4Al 2O3  +  2Al Cl 3  +  12H2O  +  3N2 

 

Which statements about this reaction are correct? 

1 Aluminium is oxidised. 

2  Chlorine is reduced. 

3 Nitrogen is oxidised. 

 

 

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

 Which statements are correct when referring to the atoms 
23

Na and 
24

Mg? 

1 They have the same number of full electron orbitals. 

2  They have the same number of neutrons. 

3 They are both reducing agents. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

34 Which of these reactions are redox reactions? 

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

2 2SO2(g)  +  O2(g)  →  2SO3(g) 

3 SO3(g)  +  H2O(g)  →  H2SO4(g) 

 

 

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

1 SiO2 

2 CaO 

3 SO2 

 

 

36  Halogenated hydrocarbons have many uses. 

 

What have halogenated hydrocarbons been used for? 

1 solvents 

2 refrigerants 

3 monomers in polymer manufacture 

 

 

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

 

C

1

C
C

C

2

C

C

C
C

3

C

C

CC
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 In a solution that contains both Br2  and Cl 2 , a process takes place that produces BrO3

–

 ions. 

 

The process is represented by the following equations. 

 

equation 1 Br2   +  H2 O  →  HBr  +  HBrO 

equation 2 3HBrO  +  Cl 2   →  2Cl –   +  BrO3

–

  +  Br2   +  3H
+ 

 

Which statements about these reactions are correct? 

1 Chlorine is reduced in equation 2. 

2  Bromine is oxidised in both equation 1 and equation 2. 

3 Bromine is reduced in both equation 1 and equation 2. 

 

 

32  Which statements are correct when referring to the isotopes of a single element? 

1 The isotopes have different masses. 

2  The isotopes have different numbers of nucleons. 

3 The isotopes have different chemical reactions. 

 

 

BILAL HAMEED                                                                                                                                    REDOX WS 1



 175

8

9

10

11

�

12  

© UCLES 2015 9701/11/O/N/15  

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 The salt NaCl O3 is used as a non-selective weedkiller. 

 

On careful heating, this reaction occurs: 4NaCl O3  →  NaCl  +  3NaCl O4. 

 

On strong heating this reaction occurs: NaCl O4  →  NaCl + 2O2. 

 

The overall reaction is 2NaCl O3  →  2NaCl  +  3O2. 

 

What do these equations show? 

1 NaCl O3 can behave as an oxidising agent. 

2  NaCl O3 can behave as a reducing agent. 

3 The oxidation numbers of chlorine in the three compounds shown are +6, +8 and –1. 

 

 

34 Which statements correctly describe an effect of a rise in temperature on a gas-phase reaction? 

1 More particles now have energies greater than the activation energy. 

2  The energy distribution profile changes with more particles having the most probable energy. 

3 The activation energy of the reaction is decreased. 

 

 

35  Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2  The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

36 Sulfur dioxide is used as a food preservative. 

 

Which statements about sulfur dioxide, SO2, are correct? 

1 SO2 behaves as an antioxidant. 

2  Aqueous SO2 contains SO3

2–

 ions. 

3 SO2 inhibits the growth of mould and yeasts. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Hydrogen sulfide can be oxidised to form sulfur dioxide. 
 

2H2S  +  3O2  →  2SO2  +  2H2O 
 

Which statements are correct? 

1 The oxidation number of sulfur increases by 6. 

2 The oxidation number of oxygen increases by 2. 

3 The oxidation number of hydrogen decreases. 
 
 
34 Methanoic acid, HCO2H, and hydrocyanic acid, HCN, can both behave as acids. 
 

A solution of methanoic acid has a lower pH than a solution of hydrocyanic acid of the same 
concentration. 

 
Which statements explain this? 

1 HCO2H molecules dissociate more fully than HCN molecules do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCN molecule only has one. 

3 Methanoic acid is a weaker acid than hydrocyanic acid. 
 
 
35 Which statements correctly describe a trend on going down Group 2? 

1 Reactivity of the elements increases. 

2 First ionisation energy of the elements decreases. 

3 The hydroxides become more soluble in water. 
 
 
36 Modern cars are fitted with catalytic converters to reduce atmospheric pollution caused by 

unwanted reactions during the combustion of the fuel. 
 

Which statements are correct? 

1 Carbon monoxide is oxidised to carbon dioxide in a catalytic converter. 

2 Catalytic converters have a very large surface area. 

3 Nitrogen dioxide is reduced to nitrogen monoxide in a catalytic converter. 
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33 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two 

temperatures, T1  and T2. 

 

proportion of
molecules
with a
given energy

molecular energy

E1

T1

E2

T2

 

 

Which statements are correct? 

1 The shaded area represents the proportion of molecules with energies between E 1  and E 2 at 

temperature T2. 

2 No particles have zero energy at either temperature. 

3 T2 is a lower temperature than T1 . 

 

 

34 When KCl O3  is heated, the following reaction occurs. 

 

4KCl O3   →  3KCl O4   +  KCl 

 

Which statements are correct? 

1 The oxidation state of Cl in KCl O3  is +5. 

2 The oxidation state of some Cl atoms decreases by 6. 

3 The reaction involves disproportionation. 

 

 

35 Why is the first ionisation energy of aluminium less than that of magnesium? 

1 The outer electron in the aluminium atom is more shielded from the nuclear charge. 

2 The outer electron in the aluminium atom is in a higher energy orbital. 

3 The outer electron in the aluminium atom is further from the nucleus. 

 

 

36 Ammonia is a colourless gas that is produced by the Haber process. 

 

Which statements about ammonia are correct? 

1 An ammonia molecule has three bond pairs and one lone pair of electrons. 

2 If ammonia is bubbled into water the pH of the solution will increase. 

3 Ammonia gas can be made by warming ammonium sulfate with aqueous hydrochloric acid. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 X is a particle with 18 electrons and 20 neutrons. 

 

What could be the symbol of X? 

1 Ar
38

18
 

2 
+240

20
Ca  

3 
+

K
39

19
 

 

 

32 What are basic assumptions of the kinetic theory as applied to an ideal gas? 

1 Gas particles are in continuous random motion. 

2 Gas particles experience no intermolecular forces. 

3 The volume of each gas particle is zero. 

 

 

33 Bromine reacts with water. 

 

Br2  +  H2O    HOBr  +  HBr 

 

Which oxidation states of bromine are present in the equilibrium mixture? 

1 +3 

2 0 

3 –1 
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33 One way of recovering tin from old printed circuit boards is to dissolve it in a mixture of 
concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves because it reacts 
with the mixture of these concentrated acids. 

 
Sn  +  4HCl  +  2HNO3  →  SnCl 4  +  NO2  +  NO  +  3H2O 

 
Which statements about this reaction are correct? 

1 Nitrogen is present in three different oxidation states in the reactants and products. 

2 The oxidation state of tin increases from 0 to +4. 

3 The oxidation state of chlorine remains the same. 
 
 
34 The following reaction takes place in a suitable solvent. 
 

Na+NH2
–  +  NH4

+Cl –  →  Na+Cl –  +  2NH3 
 

Which statements explain why this reaction should be classified as a Brønsted-Lowry acid-base 
reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na+Cl – is a salt. 

3 Ammonia is a nucleophile. 
 
 
35 Which statements about the elements barium and calcium and their compounds are correct? 

1 Barium nitrate decomposes at a higher temperature than calcium nitrate. 

2 Barium hydroxide is more soluble in water than is calcium hydroxide. 

3 Calcium is more reactive with water than is barium. 
 
 
36 Which statements explain why nitrogen gas is unreactive? 

1 Nitrogen atoms are highly electronegative. 

2 Nitrogen molecules are non-polar. 

3 The triple bond between nitrogen atoms is very strong. 
 
 
37 In which molecules do all the carbon atoms lie in the same plane? 

1 2,3-dimethylbut-2-ene 

2 propane 

3 cyclohexane 
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4 Biological fixation of nitrogen from the air can occur in three stages in soil, producing nitrate
ions, NO3

–. Protein is synthesised by the plant from nitrate ions.

Stage 1

At the root nodules of plants, nitrogen is converted into ammonium ions.

N2(g) + 8H+(aq) + 6e– → 2NH4
+(aq)

Stage 2

The action of aerobic bacteria oxidises ammonium ions to nitrite ions.

2NH4
+(aq) + 3O2(g) → 2NO2

–(aq) + 4H+(aq) + 2H2O(l)

Stage 3

The action of other bacteria oxidises nitrite to nitrate ions.

2NO2
–(aq) + O2(g) → 2NO3

–(aq)

(a) State the oxidation states of nitrogen in the four nitrogen containing species in this
sequence.

N2 .................................................. NO2
– ..............................................

NH4
+ .............................................. NO3

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

(b) (i) Comment on why Stage 1 should be energetically difficult.

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

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

(ii) Explain why the use of artificial fertilisers such as ammonium sulphate leads to
the rapid growth of vegetables.

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

..................................................................................................................................
[2]
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(c) Write equations for the reaction of

(i) aluminium oxide and dilute hydrochloric acid,

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

(ii) sulphur dioxide and aqueous sodium hydroxide.

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

(d) Antimony, Sb, has been known for about 6000 years. It is present in many ancient forms
of bronze, but now its main use is to strengthen lead alloys.

Antimony is produced in a two-stage process from stibnite, a sulphide ore, Sb2S3.

The ore is first roasted in oxygen to form the oxide.

2Sb2S3 +  ..............  O2 → Sb4O6 +  ..............SO2

(i) Balance the above equation.

The oxide is then reduced with carbon.

Sb4O6 +  3C → 4Sb  +  3CO2

(ii) What is the oxidation number of antimony in Sb4O6?

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

(iii) Calculate the volume of carbon dioxide, measured at room temperature and
pressure, that would be produced by the processing of 10 moles of Sb2S3.

[4]

[Total : 12]
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2 Compounds of phosphorus have many uses in everyday life, e.g. fertilisers, matches and in water
softeners.

(a) State the full electronic configuration of phosphorus.

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

(b) Phosphoric acid, H3PO4, is used in the manufacture of phosphate fertilisers.

Deduce the oxidation number of phosphorus in H3PO4.

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

(c) The salt sodium phosphate, Na3PO4, is a water-softening agent.

(i) Write the equation for the complete neutralisation of phosphoric acid with aqueous
sodium hydroxide.

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

Sodium phosphate was prepared from 50.0 cm3 of 0.500 mol dm–3 H3PO4 and an excess of
aqueous sodium hydroxide.

(ii) How many moles of H3PO4 were used?

(iii) Use your equation in (c)(i) to calculate how many moles of sodium hydroxide are
required.

[3]

(d) Phosphorus sulphide, P4S3, is used in small amounts in the tip of a match. On striking a
match, this compound burns.

(i) Construct an equation for this reaction.

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

(ii) Both oxides formed in (i) dissolve in water to give acidic solutions. Construct an equation
for the reaction of each oxide with water.

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

........................................................................................................................................[4]

[Total : 9]

�
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(iii) Calculate the volume of 0.50 mol dm–3 sulphuric acid that is required to neutralise
the 200 cm3 of aqueous ammonia.

[3]

(d) In the boxes below, draw diagrams to show the shapes of an ammonia molecule and an
ammonium ion. Clearly show the bond angles on your diagrams.

[4]

(e) Ammonia does not burn in air but will burn in pure oxygen.

(i) Balance the equation for this reaction:

…… NH3(g) + …… O2(g) ⎯→ …… N2(g) + …… H2O(g)

(ii) Use oxidation numbers to explain why this is a redox reaction.

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

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

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

[Total : 16]
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  (iv) Draw a ‘dot-and-cross’ diagram for sodium hydride. Show outer electrons only.

  (v) The metals magnesium and aluminium form hydrides with formulae MgH2 and 
Al H3. The non-metals phosphorus and sulfur form hydrides with formulae PH3 and 
H2S.

   By considering their positions in the Periodic Table, suggest oxidation numbers for 
these four elements in their hydrides.

compound MgH2 Al H3 PH3 H2S

oxidation number of element in 
the hydride

[8]

 At room temperature, the chlorides of sodium, magnesium and aluminium are all solids which 
dissolve in water.

 The hydrides of sodium, magnesium and aluminium are also solids which react with water 
with the rapid evolution of the same colourless gas G in each case.

 (c) (i) What is the pH of the solutions formed when separate samples of sodium chloride, 
magnesium chloride, and aluminium chloride are dissolved in water?

chloride sodium magnesium aluminium

pH

  (ii) Suggest an equation for the reaction between sodium hydride and water.

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

  (iii) Suggest a value for the pH of the solution formed in (ii).

 .......................
[4]

 At room temperature, the chlorides of silicon, phosphorus and sulfur are all low melting point 
solids or low boiling point liquids that can be seen to react with water.

 (d) (i) Suggest what type of bonding is present in sulfur dichloride, SCl 2.

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

  (ii) Write a balanced equation for the reaction between the chloride of silicon, SiCl 4, 
and water.

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

[Total: 19]
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 (d)  0oKr
s salt, �1+4)2Fe(SO4)2�[+22, is tKe K\drated IorP oI aPPoniuP iron�II� sulIate.

  [ represents tKe nuPEer oI Poles oI Zater in � Pole oI tKe salt.

  $ student Zanted to deterPine tKe Yalue oI [. �.��� g oI tKe K\drated salt Zas dissolYed in 
Zater and tKis solution Zas acidi¿ed.

  $ll oI tKe solution Zas titrated ZitK �.���� Pol dP–3 potassium manganate(VII�. ��.� cP3 oI tKis 
potassium manganate(VII� solution Zas reTuired Ior coPplete reaction ZitK tKe )e2+ ions.

 (i)  8se cKanges in o[idation nuPEers to Ealance tKe eTuation Ior tKe reaction taNing place.

0n24
–(aq)  +  .....Fe2+�aT�  �  .....++(aq)    .....0n2+(aq)  +  .....Fe3+�aT�  �  .....+22�l�

 [1]

 (ii)  6tate tKe role oI tKe )e2+ ions in this reaction.

  ([plain \our ansZer.

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

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

 (iii)  &alculate tKe aPount, in Poles, oI Panganate�VII) ions that reacted.

 aPount   .............................. Pol  >�@

 (iv)  &alculate tKe aPount, in Poles, oI )e2+ ions in tKe saPple oI tKe salt.

 aPount   .............................. Pol  >�@

I

EE

I

I

5
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 (v)  &alculate tKe relatiYe IorPula Pass oI �1+4)2Fe(SO4)2�[+2O.

 relatiYe IorPula Pass   ..............................  >�@

 (vi)  &alculate tKe Yalue oI [.

 [   ..............................  >�@

 >7otal� ��@

1
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Group 2

The physical and chemical properties of the elements of Group 2 (the alkaline Earth 

metals) are introduced in this topic. 

10.1 Similarities and trends in the properties of the Group 2 metals, magnesium to barium, 

and their compounds 

10.2 Some uses of Group 2 compounds
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10 Group 2

The physical and chemical properties of the elements of Group 2 (the alkaline Earth metals) are 
introduced in this topic.  

Learning outcomes 
Candidates should be able to: 

10.1  Similarities and 
trends in the 
properties of the 
Group 2 metals, 
magnesium to 
barium, and their 
compounds

a) describe the reactions of the elements with oxygen, water and dilute 
acids

b) describe the behaviour of the oxides, hydroxides and carbonates with 
water and dilute acids

c) describe the thermal decomposition of the nitrates and carbonates
d) interpret, and make predictions from, the trends in physical and chemical 

properties of the elements and their compounds
e) state the variation in the solubilities of the hydroxides and sulfates
f) interpret and explain qualitatively the trend in the thermal stability 

of the nitrates and carbonates in terms of the charge density of the 
cation and the polarisability of the large anion

g) interpret and explain qualitatively the variation in solubility of the 
hydroxides and sulfates in terms of relative magnitudes of the 
enthalpy change of hydration and the corresponding lattice energy 

10.2  Some uses 
of Group 2 
compounds 

a) describe and explain the use of calcium hydroxide and calcium carbonate 
(powdered limestone) in agriculture  

Syllabus content
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INTRODUCTION

The Group II metals (also known as earth metals) are all elements with similar properties. 

Earth Metals comprise of Beryllium (Be), Magnesium (Mg), Calcium (Ca), Strontium (Sr), 

Barium (Ba) and Radium (Ra). 

They are generally shiny, silvery-white metals with relatively low densities and melting 

points.

 1

Beryllium (Be) 1s2 2s2

Magnesium (Mg) 1s2 2s2 2p6 3s2

Calcium (Ca) 1s2 2s2 2p6 3s2 3p6 4s2

Strontium (Sr)    1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 5s2 

Barium (Ba)  1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6 6s2  

PHYSICAL PROPERTIES

Group 2 metals are reducing agents. They readily give up their two s electrons to 

form M2+ ions (where M represents Mg, Ca, Sr or Ba).  

The elements get more reactive as we go down the group as it takes less energy 

to remove the pair of outer electrons going down Group 2. 
 2

193

 10 Periodicity

Sodium oxide (electronegativity 0.7) easily dissolves in water to give an alkaline solution:

Na2O(s) + H2O(l) → 2Na+OH−(aq)

Magnesium oxide (electronegativity 1.2) dissolves slightly in water to give a solution 
that is just alkaline:

MgO(s) + H2O(l) → Mg2+(OH−)2(aq)

Aluminium oxide does not dissolve in water, but its hydroxide (electronegativity 1.5) 
is amphoteric: it dissolves in both acids and alkalis.

Al(OH)3(s) + 3H+(aq) → Al3+(aq) + 3H2O(l)
Al(OH)3(s) + OH−(aq) → Al(OH)4

−(aq)

SiO2 is a weakly acidic oxide. It is the starting material for glasses and ceramics 
because, when molten, it reacts with bases such as sodium carbonate and calcium 
carbonate.

P4O10 and SO2 (electronegativities 2.1 and 2.5) react with water to form the weak 
acids, H3PO4 and H2SO3, while SO3 forms the strong acid, H2SO4:

P4O10(s) + 6H2O(l) → 4H3PO4(aq)

SO2(g) + H2O(l) → H2SO3(aq)
SO3(g) + H2O(l) → H2SO4(aq)

 10.4 Group 2
Properties of the elements and general trends
The elements of Group 2 show typical metallic behaviour. They form compounds 
containing M2+ ions, and the reactivity of the metals increases down the group.

Mg Ca Sr Ba

Melting point/°C 649 839 769 729

Boiling point/°C 1090 1484 1384 1637

First ionisation energy/kJ mol−1 736 590 548 502

Second ionisation energy/kJ mol−1 1450 1150 1060 966

Ionic radius of M2+ ion/nm 0.065 0.099 0.113 0.135

On going from calcium to barium, the fi rst and second ionisation energies decrease. 
This is because the outer electrons become further away from the nucleus and are 
less fi rmly attracted to it. Thus the reactivity of the metals increases from calcium to 
barium, as shown by their reactions with oxygen and water.

Reactions with oxygen
When heated, the Group 2 metals catch fi re and form white oxides. For example, 
magnesium gives MgO:

2Mg(l) + O2(g) → 2MgO(s)

Of all the metals, magnesium catches fi re the most easily as it has the lowest 
melting point. It burns with a brilliant white light. Calcium burns with a brick-red 
fl ame, strontium burns with a crimson fl ame and barium with a green fl ame (see 
section 19.6).

Reactions with water
As mentioned above, magnesium reacts very slowly with water in the cold to give the 
oxide and hydrogen. In steam at red heat, the reaction is rapid:

Mg(s) + H2O(g) → MgO(s) + H2(g)

Table 10.2 Some physical properties of the 
elements in Group 2 

181333_10_AS_Chem_BP_186-201.indd   193 18/09/14   1:49 PM
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Table 8.1 !
Shortened forms of the electron configurations of Group 2 metals (Section 5.4).

The atoms change in two ways down the group: the charge on the nucleus
increases and the number of filled inner shells also increases as a result. The
increasing number of filled inner shells means that atomic and ionic radii
increase down the group. For each element, the 2+ ion is smaller than the
atom because of the loss of the outer shell of electrons.

The first and second ionisation energies decrease down the group. The
shielding effect of the inner electrons means that the effective nuclear charge
that attracts the outer electron is 2+. Down the group, the outer s electrons
get further and further away from the same effective nuclear charge and are
held less strongly, so the ionisation energies decrease. This trend helps to
account for the increasing reactivity of the elements down the group.

The removal of a third electron to form a 3+ ion takes much more energy,
because that third electron has to be removed against the attraction of a much
larger effective nuclear charge. This means that it is never energetically
favourable for the metals to form M3+ ions.

Oxidation states
All the Group 2 metals have similar chemical properties because they have
similar electron structures with two electrons in an outer s orbital. When the
metal atoms react to form ions, they lose the two outer electrons to give ions
with a 2+ charge: Mg2+, Ca2+, Sr2+ and Ba2+. These elements therefore exist in
the +2 oxidation state in all their compounds.

8.2 Reactions of the Group 2 elements
Group 2 metals are reducing agents. They readily give up their two s electrons
to form M2+ ions (where M represents Mg, Ca, Sr or Ba).

M → M2+ +2e−

Reactions with oxygen
Apart from beryllium, the Group 2 metals burn brightly on heating in oxygen
to form white ionic oxides, M2+O2−.

Magnesium burns very brightly in air, with an intense white flame, to form
the white solid magnesium oxide, MgO. For this reason, magnesium powder is
an ingredient of fireworks and flares.

Calcium also burns brightly in air, but with a red flame, to form the white
solid calcium oxide, CaO. Strontium reacts in a similar way.

Barium burns in excess air or oxygen, with a green flame, to form a
peroxide, BaO2, that contains the peroxide ion, O2

2− .

Elements

103

Figure 8.5 !
Relative sizes of the atoms and ions of
Group 2 elements.
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Figure 8.6 !
Graph to show the trend in the sum of
the first two ionisation energies of Group
2 metals: M(g) → M2+(g) + 2e−.
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Figure 8.7 !
Calcium burning in air.

Metal Electron configuration

Beryllium, Be [He]2s2

Magnesium, Mg [Ne]3s2

Calcium, Ca [Ar]4s2

Strontium, Sr [Kr]5s2

Barium, Ba [Xe]6s2

1 Write the full electron configurations of the atoms and ions of Mg, Ca and Sr
showing the numbers of s, p and d electrons (Section 5.4).

2 Explain why Group 2 ions in any period are smaller than the Group 1 ion in that
period.

Test yourself

PHYSICAL PROPERTIES

 3

Table 8.1 !
Shortened forms of the electron configurations of Group 2 metals (Section 5.4).

The atoms change in two ways down the group: the charge on the nucleus
increases and the number of filled inner shells also increases as a result. The
increasing number of filled inner shells means that atomic and ionic radii
increase down the group. For each element, the 2+ ion is smaller than the
atom because of the loss of the outer shell of electrons.

The first and second ionisation energies decrease down the group. The
shielding effect of the inner electrons means that the effective nuclear charge
that attracts the outer electron is 2+. Down the group, the outer s electrons
get further and further away from the same effective nuclear charge and are
held less strongly, so the ionisation energies decrease. This trend helps to
account for the increasing reactivity of the elements down the group.

The removal of a third electron to form a 3+ ion takes much more energy,
because that third electron has to be removed against the attraction of a much
larger effective nuclear charge. This means that it is never energetically
favourable for the metals to form M3+ ions.

Oxidation states
All the Group 2 metals have similar chemical properties because they have
similar electron structures with two electrons in an outer s orbital. When the
metal atoms react to form ions, they lose the two outer electrons to give ions
with a 2+ charge: Mg2+, Ca2+, Sr2+ and Ba2+. These elements therefore exist in
the +2 oxidation state in all their compounds.

8.2 Reactions of the Group 2 elements
Group 2 metals are reducing agents. They readily give up their two s electrons
to form M2+ ions (where M represents Mg, Ca, Sr or Ba).

M → M2+ +2e−

Reactions with oxygen
Apart from beryllium, the Group 2 metals burn brightly on heating in oxygen
to form white ionic oxides, M2+O2−.

Magnesium burns very brightly in air, with an intense white flame, to form
the white solid magnesium oxide, MgO. For this reason, magnesium powder is
an ingredient of fireworks and flares.

Calcium also burns brightly in air, but with a red flame, to form the white
solid calcium oxide, CaO. Strontium reacts in a similar way.

Barium burns in excess air or oxygen, with a green flame, to form a
peroxide, BaO2, that contains the peroxide ion, O2

2− .
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Calcium burning in air.

Metal Electron configuration

Beryllium, Be [He]2s2

Magnesium, Mg [Ne]3s2

Calcium, Ca [Ar]4s2

Strontium, Sr [Kr]5s2

Barium, Ba [Xe]6s2

1 Write the full electron configurations of the atoms and ions of Mg, Ca and Sr
showing the numbers of s, p and d electrons (Section 5.4).

2 Explain why Group 2 ions in any period are smaller than the Group 1 ion in that
period.

Test yourself

Graph to show the trend in the sum of the first two 

ionisation energies of Group 2 metals:  

X(g)   ⟶   X2+(g)   +   2e— 

Relative sizes of the 

atoms and ions of 

Group 2 elements. 

REACTIONS WITH WATER AND STEAM

The metals Mg to Ba in Group 2 react with water. The reactions are not as vigorous as 

the reactions of the Group 1 metals, but, as in Group 1, the rate of reaction increases 

down the group.  

Magnesium reacts very slowly with cold water but much more rapidly on heating in 

steam. It does not give the hydroxide, as magnesium oxide is almost insoluble in water.  

Mg (s)   +   H2O (g)    ⟶   MgO (s)   +   H2 (g) 

Calcium reacts with cold water to produce hydrogen and calcium hydroxide.  

Ca (s)   +   H2O (l)    ⟶   Ca(OH)2 (s)/(aq)   +   H2 (g) 

 
Barium reacts even faster with cold water, but its hydroxide is more soluble. 

 4
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REACTIONS WITH WATER AND STEAM

General Reaction:    X   +   2 H2O   ⟶   X(OH)2   +   H2

 5

Element Water Steam

Magnesium

Slow reaction.  

Bubble of hydrogen form. 

Produces a hydroxide and hydrogen.

Burns in steam rapidly. 

Produces white an oxide and hydrogen.

Calcium,  
Strontium &  

Barium

Rapid reactions. 

Vigor increases down the group. 

Alkaline solution obtained. 

Produces a hydroxide and hydrogen.

Explosive reaction. 

Produces white oxide and hydrogen.

SKILL CHECK

Write balanced equations, including state symbols, for the reaction of:  

(a) strontium with water  

(b) barium with water 

 6
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REACTIONS WITH OXYGEN

Apart from beryllium, the Group 2 metals burn brightly on heating in oxygen to form 

white ionic oxides, M2+O2−.  

Magnesium burns very brightly in air, with an intense white flame, to form the white 

solid magnesium oxide, MgO. For this reason, magnesium powder is an ingredient of 

fireworks and flares.  

Mg (s)   +   ½O2 (g)    ⟶   MgO (s) 

Calcium also burns brightly in air, but with a red flame, to form the white solid calcium 

oxide, CaO.  

Strontium burns with a crimson flame and barium with a green flame. 

 7

REACTIONS WITH ACIDS

General Reaction:   metal   +   acid   ⟶   hydrogen   +   salt 

All Group 2 Metals react with acids to liberate Hydrogen gas. The silver 

metal is seen dissolving in the metal. 

Reactivity increases down the group. 

A soluble salt is produced, except in sulfuric acid. 

This is due to sulfates being increasingly insoluble down the group.

 8
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GROUP 2 OXIDES

Earth Metals form basic oxides. They have high melting points and are 

used industrially. 

They are normally prepared by heating the hydroxide or carbonate to 

release water or carbon dioxide gas. 

Mg(OH)2   ⟶   MgO   +   H2O 

MgCO3   ⟶   MgO   +   CO2

 9

GENERAL PROPERTIES OF COMPOUNDS

Group II Hydroxides and Oxides are increasingly soluble down the group, 

making alkaline solutions. 

Group II Sulfates are decreasingly soluble down the group. 

Group II Carbonates are all insoluble in water, and react with acids to 

liberate carbon dioxide. 

MgCO3   +   2HCl   ⟶   MgCl2   +   CO2   +   H2O

 10
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SKILL CHECK

Write a balanced equation, including state symbols, for the reaction of 

barium carbonate with dilute nitric acid. 

 11

THERMAL DECOMPOSITION OF CARBONATES

All Carbonates undergo thermal decomposition to give metal oxide and 

carbon dioxide gas. 

MgCO3   ⟶   MgO   +   CO2 

Down the group, the carbonates need to be heated strongly to 

decompose.  

Thermal stability of group 2 carbonates increases down the group.

 12
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THERMAL DECOMPOSITION OF NITRATES

All Nitrates undergo thermal decomposition to give metal oxide, nitrogen 

dioxide (brown gas) and oxygen gas. 

Mg(NO3)2   ⟶   MgO   +   2 NO2   +   ½O2 

Down the group, nitrates also become increasingly stable to heat. 

Thermal stability of group 2 nitrates increases down the group.

 13

SKILL CHECK 

Which of the three compounds listed will decompose at the lowest 

temperature?  

(a) calcium carbonate, strontium carbonate, barium carbonate 

Q. Write a balanced chemical equation, including state symbols, for the 

thermal decomposition of:  

(a) strontium carbonate

 14
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SKILL CHECK

Which of the three compounds listed will decompose at the lowest 

temperature?  

(a) barium nitrate, calcium nitrate, magnesium nitrate 

Write a balanced chemical equation, including state symbols, for the 

thermal decomposition of:  

(a) barium nitrate

 15

INDUSTRIAL USES

Magnesium Oxide is used to line blast furnaces. It is highly heat resistant 

and can be used in furnaces where acid isn't present. 

Lime (powdered Calcium Carbonate), Quicklime (Calcium Oxide) and 

Slaked Lime (Calcium Hydroxide) are used to raise the pH of acidic soils 

by neutralising the acids.

 16
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SECTION A

1

2

3

4

5

6

!

7 
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11 The equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol and ethanoic 

acid, C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O, at 60 oC is 4.00. 

 

When 1.00 mol each of ethanol and ethanoic acid are allowed to reach equilibrium at 60 oC, what 

is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

12 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A

B

C D
 

 

 

13 Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has a high melting point. 

B It is a basic oxide. 

C It is a white solid. 

D It is very soluble in water. 

 

 

14 A 5.00 g sample of an anhydrous Group II metal nitrate loses 3.29 g in mass on strong heating. 

 

Which metal is present? 

A magnesium 

B calcium 

C strontium 

D barium 

 

!
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13 The chloride of element Q is hydrolysed by water to form an acidic solution and its oxide reacts
with acid to form a salt.

What could be the element Q?

A magnesium

B aluminium

C silicon

D phosphorus

14 Which diagram represents the change in ionic radius of the elements across the third period
(Na to Cl)?

15 The propellant used in the solid rocket booster of a space shuttle is a mixture of aluminium and
compound X. Compound X contains chlorine in an oxidation state of +7.

Which of the following could be compound X?

A NH4Cl B NH4ClO3 C NH4ClO4 D N2H5Cl

16 River water in a chalky agricultural area may contain Ca2+, Mg2+, CO2–
3 , HCO–

3, Cl–, and NO–
3

ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide.

What will be precipitated following the addition of calcium hydroxide?

A CaCl2

B CaCO3 

C MgCO3

D Mg(NO3)2

Na Cl

A

Na Cl

B

Na Cl

C

Na Cl

D

!

6

9701/1/O/N/03

12 Why does the exothermic reaction

C(diamond) ⎯⎯⎯→ C(graphite)               ∆H = –3 kJ mol–1

not occur spontaneously?

A A tetrahedral configuration is always more stable than a planar one. 

B Diamond has only strong covalent bonds whereas graphite has both covalent bonds and van
der Waals’ forces.

C The change from diamond to graphite has a high activation energy.

D The density of graphite is less than that of diamond.

13 The sketch below shows the variation of first ionisation energy with proton number for six
elements of consecutive proton numbers between 1 and 18 (H to Ar).

What is the identity of the element X?

A Mg B Al C Si D P

14 The metals of Group II react readily with oxygen to form compounds of general formula MO.

When each of these oxides is added to water, which forms the most alkaline solution?

A MgO B CaO C SrO D BaO

15 One mole of each of the following compounds is strongly heated and any gas produced is
collected at room temperature and pressure.

From which compound is 24dm3 of gas likely to be collected?
[One mole of any gas occupies 24dm3 at room temperature and pressure.]

A MgCl2 B MgCO3 C Mg(NO3)2 D Mg(OH)2

X

proton number

ionisation
energy

!
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11 Which curve is obtained if the rate of reaction is plotted against time for an autocatalytic reaction
(i.e. a reaction in which one of the products catalyses the reaction)?

12 Which species represented by the following formulae has the largest radius?

A P3– B Cl– C Ar D K+

13 Which of the following oxides is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B MgO C SO2 D SiO2

14 An element of the third period (Na to S) is heated in chlorine.  The product is purified and then
added to water.  The resulting solution is found to be neutral.

What is the element?

A sodium

B aluminium

C silicon

D phosphorus

15 Which equation represents the reaction that occurs when calcium nitrate is heated strongly? 

A Ca(NO3)2 → Ca(NO2)2 + O2

B Ca(NO3)2 → CaO + N2O + 2O2

C Ca(NO3)2 → CaO2 + 2NO2

D 2Ca(NO3)2 → 2CaO + 4NO2 + O2

0
0

rate

time 0
0

rate

time 0
0

rate

time 0
0

rate

time

A B C D

!
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12 Why does the exothermic reaction

C(diamond) ⎯⎯⎯→ C(graphite)               ∆H = –3 kJ mol–1

not occur spontaneously?

A A tetrahedral configuration is always more stable than a planar one. 

B Diamond has only strong covalent bonds whereas graphite has both covalent bonds and van
der Waals’ forces.

C The change from diamond to graphite has a high activation energy.

D The density of graphite is less than that of diamond.

13 The sketch below shows the variation of first ionisation energy with proton number for six
elements of consecutive proton numbers between 1 and 18 (H to Ar).

What is the identity of the element X?

A Mg B Al C Si D P

14 The metals of Group II react readily with oxygen to form compounds of general formula MO.

When each of these oxides is added to water, which forms the most alkaline solution?

A MgO B CaO C SrO D BaO

15 One mole of each of the following compounds is strongly heated and any gas produced is
collected at room temperature and pressure.

From which compound is 24dm3 of gas likely to be collected?
[One mole of any gas occupies 24dm3 at room temperature and pressure.]

A MgCl2 B MgCO3 C Mg(NO3)2 D Mg(OH)2

X

proton number

ionisation
energy

!
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15 What are the products of the thermal decomposition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen

C magnesium oxide, nitrogen and oxygen

D magnesium oxide, nitrogen dioxide and oxygen

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

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

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

B concentrated H2 SO4 at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

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

A ammonia

B hydrogen chloride

C hydrogen iodide

D steam

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

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)

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

A C B C8 H18 C CO D NO

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

A 3 B 5 C 6 D 7
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12 Equimolar quantities of magnesium carbonate and strontium carbonate are separately heated  

to bring about complete thermal decomposition. The minimum temperature for this to occur is 

called Td . 

 

The cold residues are separately added to equal volumes of water and the change in pH is 

measured. The change in pH is called ∆pH. 

 

Which metal has the higher value of Td , and the greater value of ∆pH? 

 

 Td  ∆pH 

A Mg Mg 

B Mg Sr 

C Sr Mg 

D Sr Sr 

 

 

13 In aqueous solution, the acid HIO disproportionates according to the following equation where m, 

n, p and q are simple whole numbers in their lowest ratios. 

 

mHIO → nI2 + pHIO3  + qH2O 

 

This equation can be balanced using oxidation numbers. 

 

What are the values for n and p? 

 

 n p 

A 1 2 

B 2 1 

C 4 1 

D 4 2 

 

 

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

 

Which mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

15 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4

+

 ion is similar to that of Mg
2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions are isoelectronic (have the same number of electrons). 

D The NH4

+

 ion can donate a proton. 

!
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14 Slaked lime, Ca(OH)2, may be made from limestone, CaCO3. 

 

On heating in a lime kiln at 1000 °C, limestone decomposes as follows. 

 

reaction 1 CaCO3(s) → CaO(s) + CO2(g) 

 

Water is then reacted with calcium oxide, CaO, as follows. 

 

reaction 2 CaO(s) + H2O(l) → Ca(OH)2(s) 

 

What are the enthalpy changes of these reactions? 

 

 reaction 1 reaction 2 

A endothermic endothermic 

B endothermic exothermic 

C exothermic endothermic 

D exothermic exothermic 

 

 

15 In the treatment of domestic water supplies, chlorine is added to the water to form chloric(I) acid, 

HClO. 

 

Cl2(aq) + H2O(I) → H
+

(aq) + Cl –(aq) + HClO(aq) 

 

This reacts further to give the chlorate(I) ion. 

 

HClO(aq) + H2O(I) → H3O
+

(aq) + ClO
–

(aq) 

 

Both HClO and ClO
–

 kill bacteria by oxidation. 

 

What is the change in oxidation number of chlorine in forming the chlorate(I) ion from the 

aqueous chlorine? 

A –1 B 0 C +1 D +2 

 

 

16 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. 

 

 

!
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11 The equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol and ethanoic 

acid, C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O, at 60 oC is 4.00. 

 

When 1.00 mol each of ethanol and ethanoic acid are allowed to reach equilibrium at 60 oC, what 

is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

12 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A

B

C D
 

 

 

13 Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has a high melting point. 

B It is a basic oxide. 

C It is a white solid. 

D It is very soluble in water. 

 

 

14 A 5.00 g sample of an anhydrous Group II metal nitrate loses 3.29 g in mass on strong heating. 

 

Which metal is present? 

A magnesium 

B calcium 

C strontium 

D barium 
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12 Equimolar quantities of magnesium carbonate and strontium carbonate are separately heated  

to bring about complete thermal decomposition. The minimum temperature for this to occur is 

called Td . 

 

The cold residues are separately added to equal volumes of water and the change in pH is 

measured. The change in pH is called ∆pH. 

 

Which metal has the higher value of Td , and the greater value of ∆pH? 

 

 Td  ∆pH 

A Mg Mg 

B Mg Sr 

C Sr Mg 

D Sr Sr 

 

 

13 In aqueous solution, the acid HIO disproportionates according to the following equation where m, 

n, p and q are simple whole numbers in their lowest ratios. 

 

mHIO → nI2 + pHIO3  + qH2O 

 

This equation can be balanced using oxidation numbers. 

 

What are the values for n and p? 

 

 n p 

A 1 2 

B 2 1 

C 4 1 

D 4 2 

 

 

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

 

Which mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

15 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4

+

 ion is similar to that of Mg
2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions are isoelectronic (have the same number of electrons). 

D The NH4

+

 ion can donate a proton. 
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17  Which statement describes the halogens chlorine, bromine and iodine? 

A Their bond energies decrease with increasing proton number. 

B Their first ionisation energies increase with increasing proton number. 

C They are all coloured gases at room temperature. 

D They are all good reducing agents. 

 

 

18  Sulfur dioxide is used to bleach wood pulp in the production of paper. It is also used as an 

additive in the production of jam and marmalade, often in the form of sulfite compounds. When it 

is present in quantities greater than 10  mg / kg it is required to be listed as an ingredient of the 

jam. 

 

Why is sulfur dioxide added to jam? 

A It is a bleaching agent and removes the undesirable colours from the fruit used in the jam. 

B It is a preservative that destroys unwanted bacteria and enzymes. 

C It is a reducing agent and removes the acids that give the jam a sharp taste. 

D It is an acidic gas and maintains the pH of the jam at a suitable value to give it a sharp taste. 

 

 

19   Which property of beryllium and its compounds is typical of the elements below it in Group II? 

 

A Be does not react with hot water. 

B BeCl2 is covalent. 

C Be(NO3)2 produces BeO on thermal decomposition. 

D BeO dissolves in alkalis. 

 

 

20  One of the characteristics of addition polymerisation is that the empirical formulae of the polymer 

and of its monomer are the same. The absorbent material in babies’ disposable nappies is made 

from the addition polymer shown. 

 

CH2

CO2 H

CH 

CH2

CH 

CH2

CH 

CO2 H CO2 H
 

 

From which monomer could this addition polymer be obtained? 

A CH3CH(OH)CO2H 

B HOCH2CH2CO2H 

C H2C=CHCO2H 

D HO2CCH=CHCO2H 

 

 

!
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12 Camphor is a white solid which was used to make the early plastic celluloid. Camphor contains 

the same percentage by mass of hydrogen and oxygen. 

 

What is the molecular formula of camphor? 

A C10 H6O6 B C10 H8 O C C10 H16O D C10 H10 O2  

 

 

13 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon? 

A A phosphorus atom has one more proton in its nucleus. 

B The atomic radius of a phosphorus atom is greater. 

C The outer electron in a phosphorus atom is more shielded. 

D The outer electron in a phosphorus atom is paired. 

 

 

14 When magnesium nitrate, Mg(NO3 )2 .7H2 O, is heated, which three gases are given off? 

A dinitrogen oxide, oxygen, water vapour 

B hydrogen, nitrogen, oxygen 

C hydrogen, nitrogen dioxide, oxygen 

D nitrogen dioxide, oxygen, water vapour 

 

 

15 Ammonium sulfate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing 

sulfuric acid, nitric acid and water. 

 

How many moles of oxygen gas are needed to oxidise completely one mole of ammonium 

sulfate? 

A 1 B 2 C 3 D 4 

 

 

16 Chile saltpetre, NaNO3 , contains sodium iodide as an impurity. 

 

Aqueous silver nitrate is added to an aqueous solution of Chile saltpetre. Concentrated aqueous 

ammonia is then added. 

 

Which observations are made? 

 

 
with acidified silver 

nitrate 

with concentrated 

aqueous ammonia 

A no precipitate no further reaction 

B no precipitate precipitate forms 

C precipitate forms precipitate dissolves 

D precipitate forms precipitate remains 

 

 

!
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11 In some fireworks there is a reaction between powdered aluminium and powdered barium nitrate 

in which heat is evolved and an unreactive gas is produced. 

 

What is the equation for this reaction? 

A 2Al + Ba(NO3)2 → Al2O3 + BaO + 2NO 

B 4Al + 4Ba(NO3)2 → 2Al2O3 + 4Ba(NO2)2 + O2 

C 10Al + 3Ba(NO3)2 → 5Al2O3 + 3BaO + 3N2 

D 10Al + 18Ba(NO3)2 → 10Al(NO3)3 + 18BaO + 3N2 

 

 

12  Which group of particles is in order of increasing size? 

A N O F  

B N
3–

 O
2–

 F
–

 

C Na
+

 Mg
2+

 Al 3+

 

D Na
+

 Ne F
–

 

 

 

13  River water in a chalky agricultural area may contain Ca
2+

, Mg
2+

,
−2

3
CO ,

−

3
HCO , Cl − and 

−

3
NO  

ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide. 

 

What will be precipitated following the addition of calcium hydroxide? 

A CaCl2 

B CaCO3 

C Ca(NO3) 2 

D Mg(NO3)2 

 

 

14  Over half a million tonnes of bromine are manufactured annually and are mainly used for making 

other compounds. One important use is for agricultural chemicals. 

 

What is another important use for bromine? 

A antiseptic agents 

B bleaches for textiles and the paper industry 

C flame-retardants and fire extinguishers 

D water purification 

 

 

!
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12  Hydrazine, N
2
H

4
, is widely used as a rocket fuel because it reacts with oxygen as shown, 

producing ‘environmentally friendly’ gases. 

 

N
2
H

4
(l) + O

2
(g) → N

2
(g) + 2H

2
O(g) ∆H = –534 kJ mol

–1

 

 

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. 

 

Which statement explains why hydrazine does not burn spontaneously? 

A Hydrazine is a liquid. 

B The activation energy is too high. 

C The N N bond is very strong. 

D The reaction is exothermic. 

 

 

13  0.02 mol of aluminium is burned in oxygen and the product is reacted with 2.00 mol dm
–3

 

hydrochloric acid. 

 

What minimum volume of acid will be required for complete reaction? 

A 15 cm
3

 B 20 cm
3

 C 30 cm
3

 D 60 cm
3

 

 

 

14  Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has an M
r
 of 

 
40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 

 

 

!
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

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

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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14  The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What is element X? 

A sodium 

B magnesium 

C aluminium 

D phosphorus 

 

 

15  Aluminium chloride sublimes at 178 oC. 

 

Which structure best represents the species in the vapour at this temperature? 

 

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Al   + 3Cl Al 
3+(Cl 

–)3

A B C D

 

 

 

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

 

What mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

17  What happens when chlorine is bubbled through aqueous potassium iodide? 

A Chlorine is oxidised to chloride ions. 

B Hydrochloric acid is formed. 

C Iodide ions are oxidised to iodine. 

D Potassium iodide is reduced to iodine. 

 

 

18  The emissions from a power station contain about 14 tonnes of SO2 per hour from the oxidation 

of FeS2 contained in the coal. 

 

What is the most practical way of preventing the SO2 from being released into the atmosphere? 

A Cool the gases and the SO2 will liquefy and can be removed. 

B Dissolve the ionic FeS2 in hexane. 

C Pass the emissions through a bed of calcium oxide. 

D Pass the gases through concentrated sulphuric acid to dissolve the SO2. 

 

!
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12 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D When Pd
2+

(aq) is used, the reaction proceeds by a different route. 

 

 

13 Which oxide, when mixed with water, will produce the most acidic solution? 

A CO B CO2 C SiO2 D P2O5 

 

 

14 Which salt is produced by adding aqueous ammonia to aqueous sulphur dioxide until just 

alkaline? 

A NH4SO3 B NH4SO4 C (NH4)2SO3 D (NH4)2SO4 

 

 

15 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with 

chloroalkanes as shown. 

 

RCl + Al Cl3 → R
+

 + 
−

4
CA ll  

 

Which property makes this reaction possible? 

A AlCl3 exists as the dimer Al2Cl6 in the vapour. 

B AlCl3 is a covalent molecule. 

C The aluminium atom in Al Cl3 has an incomplete octet of electrons. 

D The chlorine atom in RCl has a vacant p orbital. 

 

 

16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 

 

Which statement concerning the reactions of lithium and its compounds is correct? 

A Lithium carbonate decomposes on heating at a relatively low temperature, forming lithium 

oxide and carbon dioxide. 

B Lithium nitrate decomposes on heating, forming lithium nitrite and oxygen. 

C Lithium burns only slowly in oxygen. 

D Lithium reacts violently with cold water, liberating hydrogen. 

 

 

!
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14 Which element is expected to show the greatest tendency to form some covalent compounds? 

A aluminium  

B calcium 

C magnesium 

D sodium 

 

 

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

 

The combustion of fossil fuels is a major source of increasing atmospheric carbon dioxide, with a 

consequential rise in global warming. Another significant contribution to carbon dioxide levels 

comes from the thermal decomposition of limestone, in the manufacture of cement and of lime for 

agricultural purposes. 

 

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is 

roasted in kilns to make lime. 

 

What is the total annual mass output of carbon dioxide (in million tonnes) from these two 

processes? 

A 440 B 527 C 660 D 880 

 

 

16 Properties of chlorine, iodine and their compounds are compared. 

 

Property Q for chlorine is smaller than for iodine. 

 

What is property Q? 

A oxidising ability of the element 

B solubility of the silver halide in NH
3
(aq) 

C strength of van der Waals’ forces between the molecules of the element 

D thermal stability of the hydrogen halide 

 

 

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

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D acidified potassium dichromate(VI) 
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18 The diagram represents the Haber process for the manufacture of ammonia from nitrogen and 

hydrogen. 

 

heat exchanger

condenser

catalytic
converter

N2 + H2

NH3
 

 

What is the purpose of the heat exchanger? 

A to cool the incoming gas mixture to avoid overheating the catalyst  

B to cool the reaction products and separate the NH
3
 from unused N

2
 and H

2
 

C to warm the incoming gas mixture and shift the equilibrium to give more NH
3
 

D to warm the incoming gas mixture and speed up the reaction 

 

 

19  Total elimination of the pollutant sulphur dioxide, SO
2
, is difficult, both for economic and technical 

reasons. Its emission can be reduced in furnace chimneys using desulphurisation plants, where 

the gases are scrubbed (washed) with calcium hydroxide to remove the SO
2
. 

 

What is the main product formed initially? 

A CaO B Ca(OH)
2
 C CaSO

3
 D CaSO

4
 

 

 

20  Which pair of reaction types is illustrated by the reaction sequence below? 

 

NaOH(aq)HI in CH3CO2HCH3CH=CHCH3 CH3CH2CHICH3 CH3CH2CH(OH)CH3
 

 

A electrophilic addition and electrophilic substitution 

B electrophilic addition and nucleophilic substitution 

C nucleophilic addition and electrophilic substitution 

D nucleophilic addition and nucleophilic substitution 
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15  Use of the Data Booklet is relevant to this question. 

 

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

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

A 150 cm
3

 B 300 cm
3

 C 600 cm
3

 D 1200 cm
3

 

 

 

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

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

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO3 

B artinite, MgCO3.Mg(OH)2.3H2O 

C barytocalcite, BaCO3.CaCO3 

D dolomite, CaCO3.MgCO3 

 

 

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

A as a base 

B as a ligand with the Ag
+

 ion 

C as a ligand with the Cl –  ion 

D as a reducing agent 

 

 

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

fertiliser. 

 

Why cannot they be used in a mixed form? 

A The dry mixture is explosive. 

B CaSO4, formed on mixing, causes hard water. 

C When dampened, ammonia is given off. 

D Sulphuric acid will form. 

 

 

19  The diagram shows the structure of vitamin C. 

 

HO OH

C

C CH CH

OH

CH2OH

C

O
O

 

 

How many chiral centres are there in one molecule? 

A 1 B 2 C 3 D 4 

!

7 

© UCLES 2010 9701/11/M/J/10 [Turn over 

15 The percentage of ammonia obtainable, if equilibrium were established during the Haber process, 

is plotted against the operating pressure for two temperatures, 400 °C and 500 °C. 

 

Which diagram correctly represents the two graphs? 

 

A 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

400 °C

500 °C% NH3  at 
equilibrium 

B 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

500 °C

400 °C% NH3  at 
equilibrium 

C 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa

400 °C

500 °C

% NH3  at 
equilibrium 

D 
40 

20 

10 20
0 
0 

pressure / 103
 kPa 

% NH3  at 
equilibrium 

500 °C

400 °C

 

 

 

16 Consecutive elements X, Y, Z are in the third period of the Periodic Table. Element Y has the 

highest first ionisation energy and the lowest melting point. 

 

What could be the identities of X, Y and Z? 

A aluminium, silicon, phosphorus  

B magnesium, aluminium, silicon 

C silicon, phosphorus, sulfur 

D sodium, magnesium, aluminium 

 

 

17 Which property of Group II elements (beryllium to barium) decreases with increasing atomic 

number? 

A reactivity with water 

B second ionisation energy 

C solubility of hydroxides 

D stability of the carbonates 
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15  The chemical properties of an element at the top of a group in the Periodic Table are often 

different from those of the rest of the elements in the group. 

 

Of the following properties of beryllium and its compounds, which property is typical of the 

elements below it in Group II? 

A Be does not react with hot water. 

B BeCl2 is covalent. 

C Be(NO3)2 produces BeO on thermal decomposition. 

D BeO dissolves in alkalis. 

 

 

16 Compound X on refluxing with aqueous sodium hydroxide gave mixture Y which on distillation 

with acidified potassium dichromate(VI) produced propanone. Mixing Y with dilute nitric acid and 

aqueous silver nitrate gave a cream precipitate. 

 

What could compound X be? 

A CH3CHBrCH3 

B CH3CHICH3 

C CH3CH2CH2Br 

D CH3CH2CH2I 

 

 

17  There are three stages in the Contact process for the production of sulphuric acid. 

 

1 S + O2 → SO2 

2 SO2 + 
1

2

O2 → SO3 

3 SO3 + H2O → H2SO4 

 

Which statement about this process is correct? 

A In the first stage a large excess of air under high pressure is used to improve the yield. 

B Two of the three stages are equilibria. 

C All three stages are exothermic. 

D In the final stage SO3 is absorbed by water droplets. 

 

 

18  Gaseous nitrogen is less reactive than gaseous fluorine. 

 

What is the reason for this difference in reactivity? 

A The boiling point of nitrogen is lower than that of fluorine. 

B The relative molecular mass of nitrogen is lower than that of fluorine. 

C The atomic radius of nitrogen is greater than that of fluorine. 

D The bond strength in the molecule is greater in nitrogen than in fluorine. 

!
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15  Use of the Data Booklet is relevant to this question. 

 

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

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

A 150 cm
3

 B 300 cm
3

 C 600 cm
3

 D 1200 cm
3

 

 

 

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

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

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO3 

B artinite, MgCO3.Mg(OH)2.3H2O 

C barytocalcite, BaCO3.CaCO3 

D dolomite, CaCO3.MgCO3 

 

 

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

A as a base 

B as a ligand with the Ag
+

 ion 

C as a ligand with the Cl –  ion 

D as a reducing agent 

 

 

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

fertiliser. 

 

Why cannot they be used in a mixed form? 

A The dry mixture is explosive. 

B CaSO4, formed on mixing, causes hard water. 

C When dampened, ammonia is given off. 

D Sulphuric acid will form. 

 

 

19  The diagram shows the structure of vitamin C. 

 

HO OH

C

C CH CH

OH

CH2OH

C

O
O

 

 

How many chiral centres are there in one molecule? 

A 1 B 2 C 3 D 4 
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16 Which graph correctly describes a trend found in the halogen group? 

 

bond
length

in X2

Cl2 Br2 I2

A

strength of
van der Waals'

forces

Cl2 Br2 I2

B

boiling
point
of X2

Cl2 Br2 I2

C

bond
energy

of HX

H-Cl H-Br H-I

D

 

 

 

17 Limestone, CaCO3 , has been used as a building material for thousands of years, and was used 

on the Pyramids in Egypt. In the past hundred years many limestone buildings have begun to 

suffer damage. 

 

What is the cause of this damage? 

A hydrocarbon emissions from motor vehicles 

B increased temperature due to global warming 

C increased ultraviolet radiation as the ozone layer is destroyed 

D sulphur dioxide from fossil fuels forming ‘acid rain’ 

 

 

18 In an historically famous experiment Wöhler heated “inorganic” ammonium cyanate in the 

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

were formed in the reaction. 

 

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

A CNO
– 

B CNO
2– 

C CO
– 

D NO
–
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15  Use of the Data Booklet is relevant to this question. 

 

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

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

A 150 cm
3

 B 300 cm
3

 C 600 cm
3

 D 1200 cm
3

 

 

 

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

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

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO3 

B artinite, MgCO3.Mg(OH)2.3H2O 

C barytocalcite, BaCO3.CaCO3 

D dolomite, CaCO3.MgCO3 

 

 

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

A as a base 

B as a ligand with the Ag
+

 ion 

C as a ligand with the Cl –  ion 

D as a reducing agent 

 

 

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

fertiliser. 

 

Why cannot they be used in a mixed form? 

A The dry mixture is explosive. 

B CaSO4, formed on mixing, causes hard water. 

C When dampened, ammonia is given off. 

D Sulphuric acid will form. 

 

 

19  The diagram shows the structure of vitamin C. 

 

HO OH

C

C CH CH

OH

CH2OH

C

O
O

 

 

How many chiral centres are there in one molecule? 

A 1 B 2 C 3 D 4 

!

7 

 

© UCLES 2008 9701/01/M/J/08 [Turn over 

14 Which element is expected to show the greatest tendency to form some covalent compounds? 

A aluminium  

B calcium 

C magnesium 

D sodium 

 

 

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

 

The combustion of fossil fuels is a major source of increasing atmospheric carbon dioxide, with a 

consequential rise in global warming. Another significant contribution to carbon dioxide levels 

comes from the thermal decomposition of limestone, in the manufacture of cement and of lime for 

agricultural purposes. 

 

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is 

roasted in kilns to make lime. 

 

What is the total annual mass output of carbon dioxide (in million tonnes) from these two 

processes? 

A 440 B 527 C 660 D 880 

 

 

16 Properties of chlorine, iodine and their compounds are compared. 

 

Property Q for chlorine is smaller than for iodine. 

 

What is property Q? 

A oxidising ability of the element 

B solubility of the silver halide in NH
3
(aq) 

C strength of van der Waals’ forces between the molecules of the element 

D thermal stability of the hydrogen halide 

 

 

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

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D acidified potassium dichromate(VI) 
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12  The following species contain the same number of electrons. 

 

In which order do their radii increase? 

 

 smallest radius  largest radius 

A Ar K
+

 Ca
2+

 

B Ca
2+

 Ar K
+

 

C Ca
2+

 K
+

 Ar 

D K
+

 Ar Ca
2+

 

 

 

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

 

Which element is likely to have an electronegativity similar to that of aluminium? 

A barium 

B beryllium 

C magnesium 

D strontium 

 

 

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

 

Which is true for calcium or its compounds compared with the corresponding statements for 

magnesium? 

A Calcium has a smaller atomic radius. 

B Calcium oxide reacts less vigorously with water. 

C Calcium reacts more vigorously with water. 

D The sum of the first two ionisation energies of calcium is greater. 

 

 

15  Concentrated sulphuric acid is added to separate solid samples of sodium chloride, sodium 

bromide or sodium iodide. 

 

With which sample(s) does sulphuric acid act as an oxidising agent? 

A sodium chloride only 

B sodium chloride and sodium bromide 

C sodium bromide and sodium iodide 

D sodium iodide only 

 

 

!
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16  Sodium iodide reacts with concentrated sulfuric acid. The equation which represents one of the 

reactions that takes place is shown. 

 

8NaI + 9H2SO4 → 8NaHSO4 + 4I2 + H2S + 4H2O 

 

Which species has been oxidised in this reaction? 

A H
+

 B I

–

 C Na
+

 D SO4

2–

 

 

 

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  Lime mortar is made from quicklime, water and sand. Over a period of time, lime mortar changes 

into a much harder form. Both fresh and old lime mortar react with aqueous hydrochloric acid but 

only the old lime mortar effervesces during the reaction. 

 

Which equation describes the change from fresh to old lime mortar? 

A CaO + CO2 → CaCO3 

B CaO + H2O → Ca(OH)2 

C Ca(OH)2 → CaO + H2O 

D Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

19  Ar, Ca
2+

 and K
+

, contain the same number of electrons. 

 

In which order do their radii increase? 

 

 smallest radius  largest radius 

A Ar K
+

 Ca
2+

 

B Ca
2+

 Ar K
+

 

C Ca
2+

 K
+

 Ar 

D K
+

 Ar Ca
2+

 

 

 

!
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15 Which element has the same oxidation number in all of its known compounds?

A beryllium

B chlorine

C nitrogen

D sulphur

16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding

compounds are very similar.

Which statement concerning the reactions of lithium and its compounds is correct?

A Lithium carbonate decomposes on heating at a relatively low temperature, forming lithium

oxide and carbon dioxide.

B Lithium nitrate decomposes on heating, forming lithium nitrite and oxygen.

C Lithium only burns slowly in oxygen.

D Lithium reacts violently with cold water, liberating hydrogen.

17 Which statement is most likely to be true for astatine, which is below iodine in Group VII of the

Periodic Table?

A Astatine and aqueous potassium chloride react to form aqueous potassium astatide and

chlorine.

B Potassium astatide and hot dilute sulphuric acid react to form white fumes of only hydrogen

astatide.

C Silver astatide reacts with dilute aqueous ammonia in excess to form a solution of a soluble

complex.

D Sodium astatide and hot concentrated sulphuric acid react to form astatine.

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

In the commercial electrolysis of brine, the products are chlorine, hydrogen and sodium

hydroxide.

What is the maximum yield of each of these products when 58.5 kg of sodium chloride are

electrolysed as brine?

yield of

chlorine / kg

yield of

hydrogen / kg

yield of

sodium hydroxide / kg

A 35.5 1 40

B 35.5 2 40

C 71 1 40

D 71 2 80

!
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12 Aluminium chloride catalyses certain reactions by forming carbocations with chloroalkanes as 

shown. 

 

RCl + Al Cl 
3
 → R

+

 + Al Cl 
4

–

 

 

Which property makes this reaction possible? 

A Al Cl 
3
 exists as the dimer Al 

2
Cl 

6
 in the vapour. 

B Al Cl 
3
 is a covalent molecule. 

C The aluminium atom in Al Cl 
3
 has an incomplete octet of electrons. 

D The chlorine atom in RCl has a vacant p orbital. 

 

 

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

 

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

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

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO
3
 

B artinite, MgCO
3
.Mg(OH)

2
.3H

2
O 

C barytocalcite, BaCO
3
.CaCO

3
 

D dolomite, CaCO
3
.MgCO

3
 

 

 

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

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 

anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm
3

 B 72.0 cm
3

 C 93.6 cm
3

 D 144 cm
3

 

 

 

15 The oxides BaO, CaO, MgO and SrO all produce alkaline solutions when added to water. 

 

Which oxide produces the saturated solution with the highest pH? 

A BaO(aq) B CaO(aq) C MgO(aq) D SrO(aq) 
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12  The following species contain the same number of electrons. 

 

In which order do their radii increase? 

 

 smallest radius  largest radius 

A Ar K
+

 Ca
2+

 

B Ca
2+

 Ar K
+

 

C Ca
2+

 K
+

 Ar 

D K
+

 Ar Ca
2+

 

 

 

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

 

Which element is likely to have an electronegativity similar to that of aluminium? 

A barium 

B beryllium 

C magnesium 

D strontium 

 

 

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

 

Which is true for calcium or its compounds compared with the corresponding statements for 

magnesium? 

A Calcium has a smaller atomic radius. 

B Calcium oxide reacts less vigorously with water. 

C Calcium reacts more vigorously with water. 

D The sum of the first two ionisation energies of calcium is greater. 

 

 

15  Concentrated sulphuric acid is added to separate solid samples of sodium chloride, sodium 

bromide or sodium iodide. 

 

With which sample(s) does sulphuric acid act as an oxidising agent? 

A sodium chloride only 

B sodium chloride and sodium bromide 

C sodium bromide and sodium iodide 

D sodium iodide only 
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12 Aluminium chloride catalyses certain reactions by forming carbocations with chloroalkanes as 

shown. 

 

RCl + Al Cl 
3
 → R

+

 + Al Cl 
4

–

 

 

Which property makes this reaction possible? 

A Al Cl 
3
 exists as the dimer Al 

2
Cl 

6
 in the vapour. 

B Al Cl 
3
 is a covalent molecule. 

C The aluminium atom in Al Cl 
3
 has an incomplete octet of electrons. 

D The chlorine atom in RCl has a vacant p orbital. 

 

 

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

 

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

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

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO
3
 

B artinite, MgCO
3
.Mg(OH)

2
.3H

2
O 

C barytocalcite, BaCO
3
.CaCO

3
 

D dolomite, CaCO
3
.MgCO

3
 

 

 

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

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 

anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm
3

 B 72.0 cm
3

 C 93.6 cm
3

 D 144 cm
3

 

 

 

15 The oxides BaO, CaO, MgO and SrO all produce alkaline solutions when added to water. 

 

Which oxide produces the saturated solution with the highest pH? 

A BaO(aq) B CaO(aq) C MgO(aq) D SrO(aq) 
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11 Which process could be used to calculate the bond energy for the covalent bond X-Y by dividing 

its ∆H by n? 

A XYn(g) → X(g) + nY(g) 

B 2XYn (g) → 2XYn-1 (g) + Y2 (g) 

C Y(g) + XYn-1 (g) → XYn(g) 

D nXY(g) → nX(g) + 
2

n

Y2 (g) 

 

 

12 In which pair do the molecules have the same shape as each other? 

A H2 O and CO2  

B H2 O and SCl 2  

C NH3  and BH3  

D SCl 2  and BeCl 2  
 

 

13 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

14 What are the trends in the stated properties as Group II is descended from magnesium to 

barium? 

 

 

decomposition 

temperature of the 

carbonate 

first ionisation energy 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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16  Chlorine shows oxidation states ranging from –1 to +7 in its compounds. 

 

What are the reagent(s) and conditions necessary for the oxidation of elemental chlorine into a 

compound containing chlorine in the +5 oxidation state? 

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

B concentrated H2SO4 at room temperature 

C cold dilute NaOH(aq) 

D hot concentrated NaOH(aq) 

 

 

17  What can be seen when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

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

 

Sodium and sulfur react together to form sodium sulfide, Na2S. 

 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 

 

 atomic radius ionic radius 

A sodium > sulfur sodium > sulfur 

B sodium > sulfur sodium < sulfur 

C sodium < sulfur sodium > sulfur 

D sodium < sulfur sodium < sulfur 

 

 

19  Which substance does not produce a poisonous gas, when burnt in a limited amount of air? 

A hydrogen 

B methane 

C propene 

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

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

15  The reaction between KI and concentrated H
2
SO

4
 is a redox reaction. 

 

5H
2
SO

4
  +  8KI  →  4K

2
SO

4
  +  4I

2
  +  H

2
S  +  4H

2
O 

 

What is the change in oxidation state of the element that is reduced? 

A 1 B 4 C 6 D 8 

 

 

16  Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

17 In the Haber process, the reaction between the two gaseous reactants requires the use of a 

catalyst that contains a transition element. 

 

What is the metal and in what mole ratio do the gases react? 

 

 metal mole ratio 

A Fe 1 : 2 

B Fe 1 : 3 

C V 1 : 2 

D V 1 : 3 

 

 

18  Which oxide, when mixed with water, will produce the solution with the lowest pH? 

A CO
2
 B Na

2
O C P

4
O

10
 D SiO

2
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15  Use of the Data Booklet is relevant to this question. 

 

The nitrates of beryllium, calcium, magnesium, and strontium all decompose in the same way 

when heated. When 2.00 g of one of these anhydrous nitrates is decomposed, 1.32 g of gas is 

produced. 

 

What is the nitrate? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

16  In a car engine, non-metallic element X forms a pollutant oxide Y. Y can be further oxidised to Z. 

Two students made the following statements. 

 

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

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

 

X could be carbon or nitrogen or sulfur. 

 

Which student could be correct if X were any of these elements? 

A P only 

B Q only 

C both P and Q 

D neither P nor Q 

 

 

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

 

1.15 g of a metallic element reacts with 300 cm
3

 of oxygen at 298 K and 1 atm pressure, to form 

an oxide which contains O
2–

 ions. 

 

What could be the identity of the metal? 

A calcium 

B magnesium 

C potassium 

D sodium 
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12 Propanone has molecular formula C3H6O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

 

The enthalpy change of formation of propanone is –254 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of combustion of propanone? 

A –2644 kJ mol
–1

 

B –2294 kJ mol
–1

 

C –1786 kJ mol
–1

 

D –426 kJ mol
–1

 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 

 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 

 

 

14 In which row of the table are all statements comparing the compounds of calcium and barium 

correct? 

 

 
solubility of 

calcium hydroxide 

solubility of 

barium hydroxide 

thermal stability of 

calcium carbonate 

thermal stability of 

barium carbonate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

15 Many modern cars are fitted with halogen lamps. When such lamps are first switched on, a 

distinct purple colour can be seen. 

 

Which species is responsible for this purple colour? 

A I2(s) B I2(l) C I2(g) D I(g) 
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14  Use of the Data Booklet is relevant to this question. 

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

15  The reaction between KI and concentrated H
2
SO

4
 is a redox reaction. 

 

5H
2
SO

4
  +  8KI  →  4K

2
SO

4
  +  4I

2
  +  H

2
S  +  4H

2
O 

 

What is the change in oxidation state of the element that is reduced? 

A 1 B 4 C 6 D 8 

 

 

16  Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

17 In the Haber process, the reaction between the two gaseous reactants requires the use of a 

catalyst that contains a transition element. 

 

What is the metal and in what mole ratio do the gases react? 

 

 metal mole ratio 

A Fe 1 : 2 

B Fe 1 : 3 

C V 1 : 2 

D V 1 : 3 

 

 

18  Which oxide, when mixed with water, will produce the solution with the lowest pH? 

A CO
2
 B Na

2
O C P

4
O

10
 D SiO

2
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12 Propanone has molecular formula C3H6O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

 

The enthalpy change of formation of propanone is –254 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of combustion of propanone? 

A –2644 kJ mol
–1

 

B –2294 kJ mol
–1

 

C –1786 kJ mol
–1

 

D –426 kJ mol
–1

 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 

 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 

 

 

14 In which row of the table are all statements comparing the compounds of calcium and barium 

correct? 

 

 
solubility of 

calcium hydroxide 

solubility of 

barium hydroxide 

thermal stability of 

calcium carbonate 

thermal stability of 

barium carbonate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

15 Many modern cars are fitted with halogen lamps. When such lamps are first switched on, a 

distinct purple colour can be seen. 

 

Which species is responsible for this purple colour? 

A I2(s) B I2(l) C I2(g) D I(g) 
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15  Element 85, astatine, is in Group VII. Concentrated sulfuric acid is added to sodium astatide. The 

mixture of products includes astatine, hydrogen astatide, hydrogen sulfide, and sodium sulfate. 

 

Which product is formed by the oxidation of one of the constituents of sodium astatide? 

A astatine 

B hydrogen astatide 

C hydrogen sulfide 

D sodium sulfate 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is an oxide of nitrogen, X. 

 

7.4 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of X is produced? 

A 1.5 g B 2.3 g C 3.0 g D 4.6 g 

 

 

17 Y is a salt of one of the halogens chlorine, bromine, iodine, or astatine (element 85). 

 

The reaction scheme shows a series of reactions using a solution of Y as the starting reagent. 

 

Y(aq) a precipitate a colourless
solution

a precipitate

HNO3(aq)
AgNO3(aq)

an excess of
dilute NH3(aq)

an excess of
HNO3(aq)

 

 

What could Y be? 

A sodium chloride 

B sodium bromide 

C potassium iodide 

D potassium astatide 
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11 A solution of Sn
2+

 ions will reduce an acidified solution of MnO4

–

 ions to Mn
2+

 ions. The Sn
2+

 ions 

are oxidised to Sn
4+

 ions in this reaction. 

 

How many moles of Mn
2+

 ions are formed when a solution containing 9.5 g of SnCl 2 (Mr: 190) is 

added to an excess of acidified KMnO4 solution? 

A 0.010 B 0.020 C 0.050 D 0.125 

 

 

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

 

This question should be answered using bond enthalpy data. The equation for the complete 

combustion of methane is given below. 

 

CH4  +  2O2  →  CO2  +  2H2O 

 

What is the enthalpy change of combustion of methane? 

A –1530 kJ mol
–1

 

B –1184  kJ mol
–1

 

C –770 kJ mol
–1

 

D –688 kJ mol
–1

 

 

 

13 In which row of the table are all statements comparing the compounds of magnesium and barium 

correct? 

 

 solubility of hydroxides solubility of sulfates 

 

solubility of 

magnesium 

hydroxide 

solubility of barium 

hydroxide 

solubility of 

magnesium sulfate 

solubility of barium 

sulfate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

14 What happens when iodine solution is added to a solution of sodium bromide? 

A A reaction occurs without changes in oxidation state. 

B Bromide ions are oxidised, iodine atoms are reduced. 

C Bromide ions are reduced, iodine atoms are oxidised. 

D No reaction occurs. 
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12  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium bromide

graphite anode

 

 

Why is an atmosphere of argon used around the cathode? 

A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

13  A metal, X, reacts with water to produce a colourless solution which gives a white precipitate 

when mixed with aqueous sulfuric acid. 

 

What is metal X? 

A barium 

B magnesium 

C potassium 

D sodium 

 

 

14  Which property increases in value going down Group II? 

A electronegativity 

B ionic radius 

C maximum oxidation number 

D second ionisation energy 
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11 Use of the Data Booklet is relevant to this question. 

 

This question should be answered using bond enthalpy data. The equation for the complete 

combustion of methanal is given below. 

 

H2C=O  +  O2  →  CO2  +  H2O 

 

What is the enthalpy change of combustion of methanal? 

A +416 kJ mol
–1

 

B +396 kJ mol
–1

 

C –344 kJ mol
–1

 

D –690  kJ mol
–1

 

 

 

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

 

Anhydrous magnesium nitrate, Mg(NO3)2 , will decompose when heated, giving a white solid and 

a mixture of two gases X and Y. 

 

Y is oxygen. 

What is the ratio 

released  of mass

released  of mass

Y

X
? 

A 

174.0

1
 B 

267.0

1
 C 

348.0

1
 D 

43.3

1
 

 

 

13 In which row of the table are all statements comparing magnesium and barium correct? 

 

 

fourth ionisation 

energy of 

magnesium 

fourth ionisation 

energy of barium 

reaction of 

magnesium with 

cold water 

reaction of barium 

with cold water 

A higher lower faster slower 

B higher lower slower faster 

C lower higher faster slower 

D lower higher slower faster 
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9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated fluorescent light tube of volume 300 cm
3

 is filled with a gas at 300 K and 

101 kPa, the mass of the tube increases by 1.02 g. The gas obeys the ideal gas equation 

pV = nRT. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D nitrogen 

 

 

10  Nitrogen reacts with hydrogen to produce ammonia. 

 

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

 

A mixture of 1.00 mol of nitrogen, 3.00 mol of hydrogen and 1.98 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64 mol of 

nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)92.4)(64.1(

)70.0(

 

B 
3

2

)64.3)(64.1(

)34.1(

 

C 
2

3

)70.0(

)92.4)(64.1(

 

D 
2

3

)34.1(

)64.3)(64.1(

 

 

 

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

 

Which calcium compound contains 54.1 % by mass of calcium? 

A calcium hydroxide 

B calcium nitrate 

C calcium oxide 

D calcium sulfate 
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11 Use of the Data Booklet is relevant to this question. 

 

This question should be answered using bond enthalpy data. The equation for the complete 

combustion of methanal is given below. 

 

H2C=O  +  O2  →  CO2  +  H2O 

 

What is the enthalpy change of combustion of methanal? 

A +416 kJ mol
–1

 

B +396 kJ mol
–1

 

C –344 kJ mol
–1

 

D –690  kJ mol
–1

 

 

 

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

 

Anhydrous magnesium nitrate, Mg(NO3)2 , will decompose when heated, giving a white solid and 

a mixture of two gases X and Y. 

 

Y is oxygen. 

What is the ratio 

released  of mass

released  of mass

Y

X
? 

A 

174.0

1
 B 

267.0

1
 C 

348.0

1
 D 

43.3

1
 

 

 

13 In which row of the table are all statements comparing magnesium and barium correct? 

 

 

fourth ionisation 

energy of 

magnesium 

fourth ionisation 

energy of barium 

reaction of 

magnesium with 

cold water 

reaction of barium 

with cold water 

A higher lower faster slower 

B higher lower slower faster 

C lower higher faster slower 

D lower higher slower faster 
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12  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium bromide

graphite anode

 

 

Why is an atmosphere of argon used around the cathode? 

A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

13  A metal, X, reacts with water to produce a colourless solution which gives a white precipitate 

when mixed with aqueous sulfuric acid. 

 

What is metal X? 

A barium 

B magnesium 

C potassium 

D sodium 

 

 

14  Which property increases in value going down Group II? 

A electronegativity 

B ionic radius 

C maximum oxidation number 

D second ionisation energy 
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12 Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The reaction produces the metal oxides and nitrogen. 

 

10Al  +  3Ba(NO3)2  →  5Al 2O3  +  3BaO  +  3N2 

 

Which mass of barium oxide is produced when 5.40 g of aluminium powder reacts with an excess 

of anhydrous barium nitrate? 

A 1.62 g B 3.06 g C 9.18  g D 10.2 g 

 

 

13 The diagram shows some applications of compounds of Group II elements. 

 

calcium
carbonate

magnesium
oxide

used as a refractory lining
in furnaces or kilns

used as a
building material

used to manufacture an
agricultural chemical to

adjust soil pH

1

2

3

4

5

6

 

 

Which numbered links are correct? 

 

 calcium carbonate magnesium oxide 

A 1, 2 and 3 4 and 5 only 

B 1, 2 and 3 5 and 6 only 

C 2 and 3 only 4 only 

D 2 and 3 only 6 only 

 

 

14 River water in a chalky agricultural area may contain Ca
2+

, Mg
2+

, CO3

2–

, HCO3

–

, Cl − and NO3

–

 

ions. In a water treatment plant, such water is treated by adding a calculated quantity of calcium 

hydroxide. 

 

What will be precipitated from the river water following the addition of calcium hydroxide? 

A CaCl 2 B CaCO3 C Ca(NO3)2 D Mg(NO3)2 
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12 Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The reaction produces the metal oxides and nitrogen. 

 

10Al  +  3Ba(NO3)2  →  5Al 2O3  +  3BaO  +  3N2 

 

Which mass of barium oxide is produced when 5.40 g of aluminium powder reacts with an excess 

of anhydrous barium nitrate? 

A 1.62 g B 3.06 g C 9.18  g D 10.2 g 

 

 

13 The diagram shows some applications of compounds of Group II elements. 

 

calcium
carbonate

magnesium
oxide

used as a refractory lining
in furnaces or kilns

used as a
building material

used to manufacture an
agricultural chemical to

adjust soil pH

1

2

3

4

5

6

 

 

Which numbered links are correct? 

 

 calcium carbonate magnesium oxide 

A 1, 2 and 3 4 and 5 only 

B 1, 2 and 3 5 and 6 only 

C 2 and 3 only 4 only 

D 2 and 3 only 6 only 

 

 

14 River water in a chalky agricultural area may contain Ca
2+

, Mg
2+

, CO3

2–

, HCO3

–

, Cl − and NO3

–

 

ions. In a water treatment plant, such water is treated by adding a calculated quantity of calcium 

hydroxide. 

 

What will be precipitated from the river water following the addition of calcium hydroxide? 

A CaCl 2 B CaCO3 C Ca(NO3)2 D Mg(NO3)2 
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13 When equal volumes of saturated solutions of barium hydroxide and calcium hydroxide are 

mixed, a white precipitate, Y, forms. The mixture is filtered and carbon dioxide is bubbled through 

the filtrate, producing a second white precipitate, Z. 

 

What are Y and Z? 

 

 Y Z 

A Ba(OH)
2
 Ca(OH)

2
 

B Ba(OH)
2
 CaCO

3
 

C Ca(OH)
2
 BaCO

3
 

D Ca(OH)
2
 Ba(OH)

2
 

 

 

14 What is the order of increasing melting point of the four chlorides shown? 

 

CCl 
4
          HCl          MgCl 

2
          PCl 

5
 

 

 
lowest 

melting point 
 

highest 

melting point 

A CCl 
4
 HCl PCl 

5
 MgCl 

2
 

B HCl CCl 
4
 PCl 

5
 MgCl 

2
 

C HCl PCl 
5
 CCl 

4
 MgCl 

2
 

D MgCl 
2
 PCl 

5
 CCl 

4
 HCl 

 

 

15 When calcium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 

 

 

16 Which description of the bonding and acid / base nature of aluminium oxide is correct? 

 

 bonding acid / base nature 

A covalent amphoteric 

B covalent basic 

C ionic amphoteric 

D ionic basic 

 

 

!

6 

© UCLES 2014 9701/11/M/J/14  

13 When equal volumes of saturated solutions of barium hydroxide and calcium hydroxide are 

mixed, a white precipitate, Y, forms. The mixture is filtered and carbon dioxide is bubbled through 

the filtrate, producing a second white precipitate, Z. 

 

What are Y and Z? 

 

 Y Z 

A Ba(OH)
2
 Ca(OH)

2
 

B Ba(OH)
2
 CaCO

3
 

C Ca(OH)
2
 BaCO

3
 

D Ca(OH)
2
 Ba(OH)

2
 

 

 

14 What is the order of increasing melting point of the four chlorides shown? 

 

CCl 
4
          HCl          MgCl 

2
          PCl 

5
 

 

 
lowest 

melting point 
 

highest 

melting point 

A CCl 
4
 HCl PCl 

5
 MgCl 

2
 

B HCl CCl 
4
 PCl 

5
 MgCl 

2
 

C HCl PCl 
5
 CCl 

4
 MgCl 

2
 

D MgCl 
2
 PCl 

5
 CCl 

4
 HCl 

 

 

15 When calcium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 

 

 

16 Which description of the bonding and acid / base nature of aluminium oxide is correct? 

 

 bonding acid / base nature 

A covalent amphoteric 

B covalent basic 

C ionic amphoteric 

D ionic basic 
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15 Which substance will not be a product of the thermal decomposition of hydrated magnesium 

nitrate? 

A dinitrogen monoxide 

B magnesium oxide 

C oxygen 

D steam 

 

 

16 The species Ne, Na
+

 and Mg
2+

 are isoelectronic. This means that they have the same number of 

electrons. 

 

In which order do their radii increase? 

 

 smallest 
 

largest 

A Ne Na
+

 Mg
2+

 

B Ne Mg
2+

 Na
+

 

C Mg
2+

 Ne Na
+

 

D Mg
2+

 Na
+

 Ne 

 

 

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

 

In an experiment, 0.6 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous sodium 

hydroxide. One of the products is a compound of sodium, oxygen and chlorine. 

 

Which mass of this product is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 

 

 

18 Which properties do compounds of aluminium and silicon have in common? 

A Aqueous solutions of their chlorides contain aluminium or silicon cations. 

B Their chlorides have co-ordinate bonding. 

C Their oxides are amphoteric. 

D Their oxides are insoluble in water. 

 

 

19 When strontium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 
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17 Group II nitrates undergo thermal decomposition according to the following equation. 

 

X(NO
3
)
2
  →  XO  +  2NO

2
  +  

2

1

O
2
 

 

Which Group II nitrate requires the highest temperature to bring about its thermal decomposition? 

A barium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

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

 

A chemist took 2.00 dm
3

 of nitrogen gas, measured under room conditions, and reacted it with a 

large volume of hydrogen gas, in order to produce ammonia. Only 15.0% of the nitrogen gas 

reacted to produce ammonia. 

 

What mass of ammonia was formed? 

A 0.213  g B 0.425 g C 1.42 g D 2.83  g 
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13  Use of the Data Booklet is relevant to this question. 

 

X is an s-block element. X forms an insoluble carbonate with the formula XCO3. X forms a 

hydroxide that is more soluble than strontium hydroxide. 

 

What could be the identity of X? 

A barium 

B calcium 

C cobalt 

D rubidium 

 

 

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

 

Which graph correctly shows the melting points of the elements Mg, Al, Si and P plotted against 

their first ionisation energies? 

 

melting point

first ionisation energy

A

Si

AlMg

P

melting point

first ionisation energy

B

Si
Al

Mg

P

melting point

first ionisation energy

C

Si

Al Mg

P

melting point

first ionisation energy

D

Si

Al
Mg

P
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13  X and Y are oxides of different Period 3 elements. 

 

If one mole of Y is added to water, the solution formed is neutralised by exactly one mole of X. 

 

What could be the identities of X and Y? 

 

 X Y 

A Al 2O3 P4O10 

B Al 2O3 SO3 

C Na2O P4O10 

D Na2O SO3 

 

 

14  Ammonium sulfate in the soil is slowly oxidised by air, producing sulfuric acid, nitric acid and 

water as the only products. 

 

How many moles of oxygen gas are needed for the complete oxidation of one mole of ammonium 

sulfate? 

A 1 B 2 C 3 D 4 

 

 

15  Which statement about the oxides and hydroxides of the Group II elements Mg, Ca, Sr and Ba is 

correct? 

A Each of the oxides reacts readily with water to form a solution of pH 12 or above. 

B Magnesium oxide is used as a furnace lining because it has a giant molecular structure and 

hence a high melting point. 

C The hydroxides are produced directly by the thermal decomposition of the corresponding 

nitrates. 

D The solubility of the hydroxides increases from Mg(OH)2 to Ba(OH)2. 
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10 Shown on the graph are the relative values of the first ionisation energies of four elements that 

have consecutive atomic numbers. 

 

One of the elements reacts with hydrogen to form a covalent compound with formula HX. 

 

Which element could be X? 

 

first
ionisation
energy
/ kJ mol–1

atomic number

A

B

C
D

 

 

 

11 The diagram shows the skeletal formula of cyclopropane. 

 

 

 

The enthalpy change of formation of cyclopropane is +53.3 kJ mol
–1

 and the enthalpy change of 

atomisation of graphite is +717 kJ mol
–1

. 

 

The bond enthalpy of H –  H is 436 kJ mol
–1

 and of C –  H is 410 kJ mol
–1

. 

 

What value for the average bond enthalpy of the C –  C bond in cyclopropane can be calculated 

from this data? 

A 187 kJ mol
–1

 B 315 kJ mol
–1

 C 351 kJ mol
–1

 D 946 kJ mol
–1

 

 

 

12 When barium is burnt in oxygen, what colour is the flame? 

A green 

B orange 

C red 

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

 

Sir Humphrey Davy discovered boron, calcium, magnesium and sodium. 

 

Which of these elements has the second smallest atomic radius in its group and the third lowest 

first ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 

 

 

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

 

A sample of potassium oxide, K2O, is dissolved in 250 cm
3

 of distilled water. 25.0 cm
3

 of this 

solution is titrated against sulfuric acid of concentration 2.00 mol dm
–3

. 15.0 cm
3

 of this sulfuric 

acid is needed for complete neutralisation. 

 

Which mass of potassium oxide was originally dissolved in 250 cm
3

 of distilled water? 

A 2.83 g B 28.3 g C 47.1 g D 56.6 g 

 

 

16  Chlorine gas reacts with cold aqueous sodium hydroxide. It can also react with hot aqueous 

sodium hydroxide. 

 

What are the oxidation numbers of chlorine in the products of these reactions? 

 

 
cold aqueous 

sodium hydroxide 

hot aqueous 

sodium hydroxide 

A –1, +1 –1, +5 

B –1, +1 +1, +6 

C –1, +2 –1, +5 

D –1, +2 +1, +6 

 

 

17  Under standard conditions, which statement is correct? 

A Cl –(aq) can oxidise Br2(aq). 

B Cl –(aq) can reduce Br2(aq). 

C Cl 2(aq) can oxidise Br –(aq). 

D Cl 2(aq) can reduce Br –(aq). 
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14  Use of the Data Booklet is relevant to this question. 

 

Sir Humphrey Davy discovered boron, calcium, magnesium and sodium. 

 

Which of these elements has the second smallest atomic radius in its group and the third lowest 

first ionisation energy in its period? 
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15 Use of the Data Booklet is relevant to this question. 

 

A sample of potassium oxide, K2O, is dissolved in 250 cm
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 of distilled water. 25.0 cm
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 of this 

solution is titrated against sulfuric acid of concentration 2.00 mol dm
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. 15.0 cm
3

 of this sulfuric 

acid is needed for complete neutralisation. 

 

Which mass of potassium oxide was originally dissolved in 250 cm
3

 of distilled water? 

A 2.83 g B 28.3 g C 47.1 g D 56.6 g 

 

 

16  Chlorine gas reacts with cold aqueous sodium hydroxide. It can also react with hot aqueous 

sodium hydroxide. 

 

What are the oxidation numbers of chlorine in the products of these reactions? 

 

 
cold aqueous 

sodium hydroxide 

hot aqueous 

sodium hydroxide 

A –1, +1 –1, +5 

B –1, +1 +1, +6 

C –1, +2 –1, +5 

D –1, +2 +1, +6 

 

 

17  Under standard conditions, which statement is correct? 

A Cl –(aq) can oxidise Br2(aq). 

B Cl –(aq) can reduce Br2(aq). 

C Cl 2(aq) can oxidise Br –(aq). 

D Cl 2(aq) can reduce Br –(aq). 
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15 A powder is known to be either a single sodium halide or a mixture of two sodium halides. A 

sample of the powder was dissolved in water. Aqueous silver nitrate was added, and a pale 

yellow precipitate was formed. When concentrated aqueous ammonia was added, the precipitate 

partly dissolved leaving a darker yellow precipitate. 

 

What might the powder have consisted of? 

A sodium bromide only 

B sodium iodide only 

C a mixture of sodium chloride and sodium bromide 

D a mixture of sodium chloride and sodium iodide 

 

 

16 X is a mixture of two compounds of Group II elements. 

 

X can undergo thermal decomposition to produce a white solid and only two gaseous products. 

One of the gaseous products relights a glowing splint. 

 

What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

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

D MgO and CaSO4 

 

 

17 An element Y reacts according to the following sequence. 

 

Y white solid solution solutionwhite precipitate

burns
in O2 HCl (aq) NaOH(aq)

an excess of
NaOH(aq)

 

 

What could be element Y? 

A Al B Ca C Mg D P 

 

 

18 One molecule of the oxide of element Z reacts with six molecules of water to produce an acidic 

compound. 

 

What is element Z? 

A aluminium 

B phosphorus 

C sodium 

D sulfur 

 

 

!

7 

© UCLES 2014 9701/13/M/J/14 [Turn over 

15 Which substance will not be a product of the thermal decomposition of hydrated magnesium 

nitrate? 

A dinitrogen monoxide 

B magnesium oxide 

C oxygen 

D steam 

 

 

16 The species Ne, Na
+

 and Mg
2+

 are isoelectronic. This means that they have the same number of 

electrons. 

 

In which order do their radii increase? 

 

 smallest 
 

largest 

A Ne Na
+

 Mg
2+

 

B Ne Mg
2+

 Na
+

 

C Mg
2+

 Ne Na
+

 

D Mg
2+

 Na
+

 Ne 

 

 

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

 

In an experiment, 0.6 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous sodium 

hydroxide. One of the products is a compound of sodium, oxygen and chlorine. 

 

Which mass of this product is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 

 

 

18 Which properties do compounds of aluminium and silicon have in common? 

A Aqueous solutions of their chlorides contain aluminium or silicon cations. 

B Their chlorides have co-ordinate bonding. 

C Their oxides are amphoteric. 

D Their oxides are insoluble in water. 

 

 

19 When strontium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 
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12 What is the ionic equation for the reaction between aqueous sodium carbonate and dilute nitric 

acid? 

A 2HNO3(aq)  +  CO3

2–

(aq)  →  H2O(l)  +  CO2(g)  +  2NO3

–

(aq) 

B 2H
+

(aq)  +  CO3

2–

(aq)  →  CO2(g)  +  H2O(l) 

C 2HNO3(aq)  +  Na2CO3(aq)  →  2NaNO3(aq)  +  CO2(g)  +  H2O(l) 

D 2HNO2(aq)  +  CO3

2–

(aq)  →  H2O(l)  +  CO2(g)  +  2NO2

–

(aq) 

 

 

13 Pieces of calcium and magnesium are reacted separately with cold water. 

 

Pieces of calcium and magnesium are also burned separately with oxygen. 

 

Which row correctly describes the observations from these reactions? 

 

 
calcium 

with cold water 

magnesium 

with cold water 

calcium 

with oxygen 

magnesium 

with oxygen 

A rapid bubbling slow bubbling red flame white flame 

B rapid bubbling slow bubbling white flame red flame 

C slow bubbling rapid bubbling red flame white flame 

D slow bubbling rapid bubbling white flame red flame 

 

 

14 X, Y and Z are compounds of three elements in Period 3. Their electrical conductivities are 

shown in the table. 

 

 X Y Z 

conductivity of the compound 

in the molten state 
good 

does not 

conduct 

does not 

conduct 

conductivity of the mixture obtained 

by adding the compound to water 
good good 

does not 

conduct 

 

What could be compounds X, Y and Z? 

 

 X Y Z 

A Al 2O3 SiCl 4 NaF 

B NaF Al 2O3 SiCl 4 

C NaF SiCl 4 SiO2 

D SiCl 4 Al 2O3 SiO2 
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16 Chlorine is widely used in water treatment plants. 

 

Which reaction takes place when chlorine dissolves in water? 

A Cl 2  +  H2O  →  HCl  +  HCl O 

B 2Cl 2  +  2H2O  →  3HCl  +  HCl O2 

C 3Cl 2  +  3H2O  →  5HCl  +  HCl O3 

D 4Cl 2  +  4H2O  →  7HCl  +  HCl O4 

 

 

17 Astatine, At, is below iodine in Group VII of the Periodic Table. 

 

Which statement is most likely to be correct? 

A AgAt(s) reacts with excess dilute aqueous ammonia to form a solution of a soluble complex. 

B Astatine and KCl (aq) react to form KAt(aq) and chlorine. 

C KAt(aq) and dilute sulfuric acid react to form white fumes of HAt(g). 

D NaAt(s) and concentrated sulfuric acid react to form astatine. 

 

 

18 Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one 

of which is Fe
2+

, and one anion which is SO4

2–

. 

 

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

hydroxide. A colourless gas was evolved which readily dissolved in water giving an alkaline 

solution.  

 

A green precipitate was also formed. 

 

What are the identities of the gas and the precipitate? 

 

 gas precipitate 

A NH3 Fe(OH)2 

B NH3 Na2SO4 

C SO2 Fe(OH)2 

D SO2 Na2SO4 

 

 

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

 

Which mass of solid residue will be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 
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11 The Boltzmann distribution below shows the distribution of molecular energies in a sample of a 

gas at a given temperature. 

 

00 molecular energy

number of
molecules

 

 

Which statement correctly describes the change in such a distribution if the temperature is 

increased? 

A Fewer molecules possess the most probable energy value and this value shifts to the left. 

B Fewer molecules possess the most probable energy value and this value shifts to the right. 

C More molecules possess the most probable energy value and this value shifts to the left. 

D The area under the curve of the distribution increases. 

 

 

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

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

13 What happens when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

14 Compound X releases carbon dioxide gas and forms a white solid, Y, when it is heated. Neither X 

nor Y are soluble in water. Compound Y is used as a refractory kiln lining. 

 

What is compound X? 

A CaCO3 B CaO C MgCO3 D MgO 
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11 The diagram shows a reaction pathway for an endothermic reaction. 

 

Which arrow represents the activation energy for the forward reaction? 

 

enthalpy
/ kJ mol–1

extent of reaction
0 0

B

C

DA

 

 

 

12 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 chloride 

C sodium hydroxide 

D water 

 

 

13 The three minerals below are obtained from mines around the world. Each one behaves as a 

mixture of two carbonate compounds. They can be used as fire retardants because they 

decompose in the heat, producing CO2. This gas smothers the fire. 

 

barytocite BaCa(CO3)2 

dolomite CaMg(CO3)2 

huntite Mg3Ca(CO3)4 

 

What is the order of effectiveness as fire retardant, from best to worst? 

 

 best  worst 

A dolomite barytocite huntite 

B dolomite huntite barytocite 

C huntite barytocite dolomite 

D huntite dolomite barytocite 
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11 The Boltzmann distribution below shows the distribution of molecular energies in a sample of a 

gas at a given temperature. 

 

00 molecular energy

number of
molecules

 

 

Which statement correctly describes the change in such a distribution if the temperature is 

increased? 

A Fewer molecules possess the most probable energy value and this value shifts to the left. 

B Fewer molecules possess the most probable energy value and this value shifts to the right. 

C More molecules possess the most probable energy value and this value shifts to the left. 

D The area under the curve of the distribution increases. 

 

 

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

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

13 What happens when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

14 Compound X releases carbon dioxide gas and forms a white solid, Y, when it is heated. Neither X 

nor Y are soluble in water. Compound Y is used as a refractory kiln lining. 

 

What is compound X? 

A CaCO3 B CaO C MgCO3 D MgO 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

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

 

In which option do all three particles have the same electronic configuration and the same 

number of neutrons? 

A 
15

N
3–

 
16

O
2–

 
19

F
–

 

B 
18

O
2–

 
19

F
–

 
20

Ne 

C 
19

F
–

 
20

Ne 
23

Na
+

 

D 
22

Ne 
23

Na 
24

Mg
2+

 

 

 

2 The shell of a chicken’s egg makes up 5% of the mass of an average egg. An average egg has a 

mass of 50  g. 

 

Assume the egg shell is pure calcium carbonate. 

 

How many complete chicken’s egg shells would be needed to neutralise 50  cm
3

 of 2.0  mol dm
–3

 

ethanoic acid? 

A 1 B 2 C 3 D 4 

 

 

3 Phosphorus forms a compound with hydrogen called phosphine, PH3. This compound can react 

with a hydrogen ion, H
+

. 

 

Which type of interaction occurs between PH3 and H
+

? 

A dative covalent bond 

B dipole-dipole forces 

C hydrogen bond 

D ionic bond 

 

 

4 Which solid has a simple molecular lattice? 

A calcium fluoride 

B nickel 

C silicon(IV) oxide 

D sulfur 
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11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

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

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 

!
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18  Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 

 

Which statement about the reactions of lithium or its compounds can be predicted from this 

statement? 

A Lithium burns very slowly in oxygen. 

B Lithium carbonate decomposes on heating in a blue Bunsen burner flame, forming lithium 

oxide and carbon dioxide. 

C Lithium nitrate decomposes on heating, forming lithium nitrite, LiNO2, and oxygen. 

D Lithium reacts very violently with cold water, liberating hydrogen. 

 

 

19  Two separate tests were carried out on an aqueous solution of a salt which contains only two 

ions. 

 

In each test, the resulting mixtures were filtered and the filtrate solution was collected. 

 

 
reagent result filtrate collected 

test 1 aqueous silver nitrate 

acidified with dilute nitric acid 

yellow precipitate forms solution P 

test 2 dilute sulfuric acid white precipitate forms solution Q 

 

Which ions are present in the filtrates? 

 

 solution P solution Q 

A Ba
2+

(aq) Cl –(aq) 

B Ba
2+

(aq) I
–

(aq) 

C Mg
2+

(aq) Cl –(aq) 

D Mg
2+

(aq) I
–

(aq) 

 

 

20  An organic compound Z 

 

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

● reacts with sodium to give hydrogen. 

 

What could be compound Z? 

A (CH3)3COH 

B CH3CH2CH2CHO 

C CH3CH2CH(OH)CH3 

D CH3CH2COCH3 
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10  Use of the Data Booklet is relevant to this question. 

 

1.00 g of a metallic element reacts completely with 300 cm
3

 of oxygen at 298 K and 1 atm 

pressure to form an oxide which contains O
2–

 ions. 

 

The volume of one mole of gas at this temperature and pressure is 24.0 dm
3

. 

 

What could be the identity of the metal? 

A calcium 

B magnesium 

C potassium 

D sodium 

 

 

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

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

When an evacuated tube of volume 400 cm
3

 is filled with gas at 300 K and 101 kPa, the mass of 

the tube increases by 0.65 g. 

 

Assume the gas behaves as an ideal gas. 

 

What could be the identity of the gas? 

A argon 

B helium 

C krypton 

D neon 

 

 

12  Which oxide will produce the solution with the highest pH when it is mixed with water? 

A Al 2O3 B CO2 C Na2O D SO2 

 

 

13  Barium is a more reactive metal than aluminium. 

 

Which method could be suitable for the extraction of barium? 

A electrolysing aqueous barium chloride 

B electrolysing molten barium chloride 

C reducing barium oxide with aluminium 

D reducing barium oxide with carbon 
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11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

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

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 
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11 The Boltzmann distribution below shows the distribution of molecular energies in a sample of a 

gas at a given temperature. 

 

00 molecular energy

number of
molecules

 

 

Which statement correctly describes the change in such a distribution if the temperature is 

increased? 

A Fewer molecules possess the most probable energy value and this value shifts to the left. 

B Fewer molecules possess the most probable energy value and this value shifts to the right. 

C More molecules possess the most probable energy value and this value shifts to the left. 

D The area under the curve of the distribution increases. 

 

 

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

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

13 What happens when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

14 Compound X releases carbon dioxide gas and forms a white solid, Y, when it is heated. Neither X 

nor Y are soluble in water. Compound Y is used as a refractory kiln lining. 

 

What is compound X? 

A CaCO3 B CaO C MgCO3 D MgO 
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10 The decomposition reaction  SF6(g)  →  SF4(g)  +  F2(g)  can be described by the reaction 

pathway diagram shown. 

 

extent of reaction

energy
SF4(g)  +  F2(g)

SF6(g)

X

Y

 

 

What are the values of ∆H o and Ea for this reaction? 

 

 ∆H o Ea 

A X X + Y 

B X Y 

C X – Y X 

D Y – X X 

 

 

11 Which row correctly describes what happens when the temperature of a chemical reaction is 

decreased? 

 

 
activation energy 

(Ea) 

number of 

successful collisions 

A decreases decreases 

B decreases increases 

C remains the same decreases 

D remains the same increases 

 

 

12 Which property decreases on descending Group II? 

A radius of the cation, M
2+

 

B reactivity of the element with water 

C shielding of outermost electrons 

D the ease of thermal decomposition of the carbonates, MCO3 
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16 Hydrogen chloride gas and hydrogen iodide gas have different thermal stabilities. The difference 
is due to a difference in the energies of some of the covalent bonds that are involved in the 
decomposition. 

 
Which row identifies the more stable of the two compounds, and gives the correct explanation? 

 

 identity of the more 
thermally stable compound 

explanation for the 
difference in stability 

A hydrogen chloride the Cl–Cl bond is stronger than the I–I bond 

B hydrogen chloride the H–Cl bond is stronger than the H–I bond 

C hydrogen iodide the Cl –Cl bond is stronger than the I–I bond 

D hydrogen iodide the H–Cl bond is stronger than the H–I bond 
 
 
17 Ammonium sulfate, (NH4)2SO4, and ammonium nitrate, NH4NO3, are used as fertilisers. 
 

These salts have different percentages by mass of nitrogen. They have the same effect as each 
other on the pH of neutral soil. 

 
Which row is correct? 

 

 higher percentage 
of nitrogen by mass effect on pH of soil 

A ammonium nitrate decrease 

B ammonium nitrate increase 

C ammonium sulfate decrease 

D ammonium sulfate increase 
 
 
18 River water in a chalky agricultural area contains Ca2+, Mg2+, CO3

2–, HCO3
–, Cl 

− and NO3
– ions. In 

a water treatment plant, such water is treated by adding a calculated quantity of calcium 
hydroxide. 

 
What will be precipitated from the river water following the addition of calcium hydroxide? 

A CaCl 2 B CaCO3 C Ca(NO3)2 D Mg(NO3)2 
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4 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

5 Calcium forms an ionic compound with carbon, called calcium carbide. The oxidation number of 

carbon in calcium carbide is –1. 

 

Calcium carbide is readily hydrolysed by water giving two products only. 

 

What could be the formulae of calcium carbide and the two products of hydrolysis? 

 

 calcium carbide products 

A Ca2C CaO and C2H4 

B Ca2C Ca(OH)2 and C2H2 

C CaC2 CaO and C2H4 

D CaC2 Ca(OH)2 and C2H2 

 

 

6 Hess’ law may be used to determine enthalpy changes using average bond energies, as shown 

in the diagram. 

 

isolated gaseous atoms

reactants products

U V

W
 

 

U is the sum of the average bond energies of the reactants, and V is the sum of the average 

bond energies of the products. 

 

For the reaction shown below, which expression will give a value for W, the enthalpy change of 

combustion of methane? 

 

CH4  +  2O2  →  CO2  +  2H2O 

 

A U – V B U + V C 2(U – V) D V – U 
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15 Which row correctly identifies the uses of some of the compounds of Group II metals? 

 

 

used as a 

refractory lining 

in kilns 

used in agriculture 

to increase the pH 

of a soil 

A CaO Ca(OH)2 

B CaO Mg(OH)2 

C MgO Ca(OH)2 

D MgO Mg(OH)2 

 

 

16 Solid potassium halides react with concentrated sulfuric acid, according to the following 

equations. 

 

reaction 1 2KCl  +  H2SO4   →  K2SO4   +  2HCl 

reaction 2 2KBr  +  2H2SO4   →  K2SO4   +  SO2  +  Br2  +  2H2O 

reaction 3 8KI  +  5H2SO4   →  4K2SO4   +  H2S  +  4I2  +  4H2O 

 

What is the largest change in the oxidation number of sulfur in each of these reactions? 

 

 reaction 1 reaction 2 reaction 3 

A 0 0 4 

B 0 2 4 

C 0 2 8 

D 0 4 8 

 

 

17 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4

+

 ion is similar to that of Mg
2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions have the same number of electrons. 

D The NH4

+

 ion can donate a proton. 
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13  Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 

anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm
3

 B 72.0 cm
3

 C 93.6 cm
3

 D 144 cm
3

 

 

 

14 Which chloride of a Period 3 element dissolves in water to form a solution with a pH of 7? 

A aluminium chloride 

B phosphorus(V) chloride 

C silicon(IV) chloride 

D sodium chloride 

 

 

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

 

Which row correctly compares the electrical conductivity and first ionisation energy of magnesium 

and aluminium? 

 

 
higher electrical 

conductivity 

higher first 

ionisation energy 

A aluminium aluminium 

B aluminium  magnesium 

C magnesium aluminium 

D magnesium magnesium 
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11 Enzymes are biological catalysts. Many enzymes show specificity. An example of an enzyme 

which shows specificity is glucokinase. Glucokinase is involved in the metabolism of glucose. 

 

What does specificity mean in this context? 

A Glucokinase is most effective as a catalyst over a narrow pH range. 

B Glucokinase is most effective as a catalyst over a narrow range of temperatures. 

C Glucokinase only operates on a narrow range of substrate molecules. 

D Glucokinase provides an alternative route for the reactions it catalyses. 

 

 

12 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

13 Elements D and E are both in Period 3. Element D has the smallest atomic radius in Period 3. 

There are only two elements in Period 3 which have a lower melting point than element E. 

Elements D and E react together to form compound L. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

14 X and Y are both Group 2 metals. 

 

X and Y both form hydroxide compounds, but X(OH)2 is more soluble in water than Y(OH)2. 

 

If a piece of metal Y is put into cold water a very slow reaction occurs, and only a very few, small 

hydrogen bubbles can be seen. 

 

What could be the identities of X and Y? 

 

 X Y 

A barium magnesium 

B barium strontium 

C calcium strontium 

D magnesium calcium 
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14 A 0.005 mol sample of anhydrous calcium carbonate was completely thermally decomposed to 

give 100 cm
3

 of gas measured at a certain temperature and pressure. 

 

In a separate experiment carried out at the same temperature and pressure, a 0.005 mol sample 

of anhydrous calcium nitrate was completely thermally decomposed. The volume of gaseous 

products was measured. 

 

What total volume of gaseous products was produced from the calcium nitrate? 

A 50 cm
3

 B 100 cm
3

 C 200 cm
3

 D 250 cm
3

 

 

 

15 Ammonia gas, NH3, and hydrogen sulfide gas, H2 S, react together to form the salt ammonium 

sulfide, (NH4)2 S. Ammonium sulfide dissolves in water to produce an orange alkaline solution. 

 

(NH4)2 S(aq)    NH3(aq)  +  NH4SH(aq) 

 

The addition of NaOH(aq) to this solution produces a gas, X. 

The addition of HCl (aq) to a separate portion of this solution produces a gas, Y. 

 

What are the identities of X and Y? 

 

 X Y 

A H2 S H2 S 

B H2 S NH3 

C NH3 H2 S 

D NH3 NH3 

 

 

16 A solid, T, was placed in an excess of the liquid U. 

 

A colourless gas was given off and a white precipitate was seen. The precipitate was not T. 

 

What could be the identities of T and U? 

 

 T U 

A BaCO3 H2 O 

B Ca dilute H2 SO4 

C Mg dilute H2 SO4 

D SrCO3 dilute HCl 
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15 The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room 

temperature.  

 

With NaCl , the products are NaHSO4 and HCl . 
With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S. 

 

What is the best explanation for this difference in products? 

A Chloride ions will displace iodine from solution. 

B Hydrogen chloride is more volatile than hydrogen iodide. 

C Iodide ions are better reducing agents than chloride ions. 

D Sulfuric acid is able to act as a dehydrating agent with NaI. 

 

 

16 In some areas lime, Ca(OH)2, is added to soil to improve crop growth. 

 

Which statement correctly describes a reason why lime improves crop growth? 

A Lime acts as a catalyst which speeds up the release of nitrates into the soil. 

B Lime is an effective pesticide and protects the plants from damage. 

C Lime is used to reduce the acidity of the soil. 

D Lime lowers the pH of the soil. 

 

 

17  A piece of rock has a mass of 2.00 g. It contains calcium carbonate, but no other basic 

substances. It neutralises exactly 36.0 cm
3

 of 0.500 mol dm
–3

 hydrochloric acid. 

 

What is the percentage of calcium carbonate in the 2.00 g piece of rock? 

A 22.5% B 45.0% C 72.0% D 90.1% 

 

 

18 Which statement about the ammonia molecule and/or the ammonium ion is correct? 

A Ammonia molecules are basic because they can donate H
+

 ions. 

B Ammonium ions are basic because they can accept H
+

 ions. 

C If ammonium ions are heated with NaOH(aq), ammonia molecules are formed. 

D The bond angle in NH4

+

 is 2.5° less than the bond angle in NH3. 

 

 

19  Which reaction does not contribute to the problem of acid rain? 

A the combustion of fossil fuels 

B the oxidation of sulfur dioxide to sulfur trioxide catalysed by nitrogen dioxide 

C the reaction between nitrogen monoxide and carbon monoxide in a catalytic converter 

D the reaction of sulfur trioxide with water 
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14 Solutions of Mg(NO3 )2 and Ba(NO3 )2 separately undergo a series of reactions. 

 

Mg(NO3 )2 (aq) M

sodium
carbonate
solution

excess
HCl (aq)

N P
excess

NaOH(aq)

Ba(NO3 )2 (aq) Q

sodium
carbonate
solution

excess
HCl (aq)

R S
excess

NaOH(aq)
 

 

M, N and P are magnesium compounds. 

 

Q, R and S are barium compounds. 

 

How many of M, N, P, Q, R and S are white precipitates? 

A 2 B 3 C 4 D 5 

 

 

15  Anhydrous magnesium nitrate, Mg(NO3 )2 , will decompose when heated, giving a white solid and 

a mixture of two gases X and Y. 

 

Y is oxygen. 

What is the ratio 

released Y of mass

released X of mass
? 

A 

174.0

1
 B 

267.0

1
 C 

348.0

1
 D 

43.3

1
 

 

 

16  Steam is passed over heated magnesium to give compound J and hydrogen. 

 

What is not a property of compound J? 

A It has an Mr of  40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 

 

 

!
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13 Which graph correctly shows the relative melting points of the elements Mg, Al, Si and P plotted 
against their relative first ionisation energies? 

 

melting point

first ionisation energy

A

Si

AlMg

P

melting point

first ionisation energy

B

Si
Al

Mg

P

melting point

first ionisation energy

C

Si

Al Mg

P

melting point

first ionisation energy

D

Si

Al
Mg

P

 
 
 
14 The table gives information about calcium carbonate and calcium hydroxide. 
 

Which row is correct? 
 

 
calcium carbonate 

is more soluble than 
calcium hydroxide 

calcium hydroxide  
can be manufactured 

using calcium 
carbonate as a 
starting material 

A no no 

B no yes 

C yes no 

D yes yes 
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14 Solutions of Mg(NO3 )2 and Ba(NO3 )2 separately undergo a series of reactions. 

 

Mg(NO3 )2 (aq) M

sodium
carbonate
solution

excess
HCl (aq)

N P
excess

NaOH(aq)

Ba(NO3 )2 (aq) Q

sodium
carbonate
solution

excess
HCl (aq)

R S
excess

NaOH(aq)
 

 

M, N and P are magnesium compounds. 

 

Q, R and S are barium compounds. 

 

How many of M, N, P, Q, R and S are white precipitates? 

A 2 B 3 C 4 D 5 

 

 

15  Anhydrous magnesium nitrate, Mg(NO3 )2 , will decompose when heated, giving a white solid and 

a mixture of two gases X and Y. 

 

Y is oxygen. 

What is the ratio 

released Y of mass

released X of mass
? 

A 

174.0

1
 B 

267.0

1
 C 

348.0

1
 D 

43.3

1
 

 

 

16  Steam is passed over heated magnesium to give compound J and hydrogen. 

 

What is not a property of compound J? 

A It has an Mr of  40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 
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18 Which row of the table gives correct comparisons between the solubilities of calcium and barium 
hydroxide and the thermal stabilities of calcium and barium carbonate? 

 

 
solubility thermal stability 

calcium hydroxide barium hydroxide calcium carbonate barium carbonate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 
 
 
19 X, Y and Z represent different halogens. The table shows the results of nine experiments in which 

aqueous solutions of X2, Y2 and Z2 were separately added to separate aqueous solutions 
containing X 

–, Y 
– and Z 

– ions. 
 

 X 
–(aq) Y 

–(aq) Z 
–(aq) 

X2(aq) no reaction no reaction no reaction 

Y2(aq) X2 formed no reaction Z2 formed 

Z2(aq) X2 formed no reaction no reaction 
 

Which row of the following table contains the ions X 

–, Y 

– and Z 

– in order of their decreasing 
strength as reducing agents? 

 
 strongest  weakest 

A X 
– Y 

– Z 
– 

B X 
– Z 

– Y 
– 

C Y 
– Z 

– X 
– 

D Z 
– X 

– Y 
– 

 
 

!
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3 Use of the Data Booklet is relevant to this question. 

 

 The graph represents the variation of a property of the Group II elements. 

 

Be Mg Ca Sr Ba

property

 

 

What is this property? 

A ionic radius 

B ionisation energy 

C neutron / proton ratio 

D rate of reaction with water 

 

 

4 The antidote molecule shown can help to prevent liver damage if someone takes too many 

paracetamol tablets. 

 

H S C

H H H

H H H

C N

x y

z

represents a
lone pair

 

 

What is the order of decreasing size of the bond angles x, y and z? 

 

 largest  smallest 

A x y z 

B x z y 

C y z x 

D z y x 
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17 When heated, magnesium nitrate decomposes. 

 

Which equation for the thermal decomposition of magnesium nitrate is correct? 

A Mg(NO3 )2  →  MgO  +  NO2  +  NO  +  O2 

B 2Mg(NO3 )2  →  2MgO  +  4NO  +  3O2 

C 2Mg(NO3 )2  →  2MgO  +  4NO2  +  O2 

D 3Mg(NO3 )2  →  Mg2N3   +  MgO  +  3NO  +  7O2 

 

 

18 Chlorine and bromine have different volatilities. 

 

Which row identifies the more volatile of the two elements, and gives the correct explanation? 

 

 
identity of the 

more volatile element 

explanation for the 

difference in volatility 

A 

 

bromine 

 

instantaneous dipole-induced dipole forces 

are greater in bromine than they are in chlorine 

B 

 

bromine 

 

instantaneous dipole-induced dipole forces 

are greater in chlorine than they are in bromine 

C 

 

chlorine 

 

instantaneous dipole-induced dipole forces 

are greater in bromine than they are in chlorine 

D 

 

chlorine 

 

instantaneous dipole-induced dipole forces 

are greater in chlorine than they are in bromine 

 

 

19 Water and ammonia take part in a reaction that produces the ammonium ion. 

 

Which statement about this reaction is correct? 

A Neither the ammonia molecule nor the ammonium ion has a dipole moment. 

B The bond angle changes from 109.5 ° in the ammonia molecule to 107° in the ammonium ion. 

C The reaction is a redox reaction. 

D The water is acting as an acid. 
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12  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium bromide

graphite anode

 

 

Why is an atmosphere of argon used around the cathode? 

A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

13  A metal, X, reacts with water to produce a colourless solution which gives a white precipitate 

when mixed with aqueous sulfuric acid. 

 

What is metal X? 

A barium 

B magnesium 

C potassium 

D sodium 

 

 

14  Which property increases in value going down Group II? 

A electronegativity 

B ionic radius 

C maximum oxidation number 

D second ionisation energy 
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12 The elements Cl , Mg, Si and S are all in Period 3. 
 

What is the correct sequence of the melting points of these elements, from lowest to highest? 
 

 lowest 
melting point 

highest 
melting point 

A Cl S Mg Si 

B Cl S Si Mg 

C Mg Si S Cl 

D Si Mg S Cl 
 
 
13 An element Y reacts according to the following sequence. 
 

Y white solid solution solutionwhite precipitate

burns
in O2 HCl (aq) NaOH(aq)

an excess of
NaOH(aq)

 
 

What could be element Y? 

A Al B Ca C Mg D P 
 
 
14 Which compound would most usually be added to soil to reduce its acidity? 

A aluminium hydroxide 

B calcium hydroxide 

C magnesium hydroxide 

D sodium hydroxide 
 
 
15 The mineral dolomite is a mixture of magnesium carbonate and calcium carbonate. 
 

An aqueous reagent, X, was added to a small sample of dolomite. Effervescence was seen and a 
white solid, Y, was formed. 

 
What could be the correct identity of reagent X and solid Y? 

 

 reagent X solid Y 

A hydrochloric acid calcium chloride 

B hydrochloric acid magnesium chloride 

C sulfuric acid  calcium sulfate 

D sulfuric acid magnesium sulfate 
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12  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium bromide

graphite anode

 

 

Why is an atmosphere of argon used around the cathode? 

A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

13  A metal, X, reacts with water to produce a colourless solution which gives a white precipitate 

when mixed with aqueous sulfuric acid. 

 

What is metal X? 

A barium 

B magnesium 

C potassium 

D sodium 

 

 

14  Which property increases in value going down Group II? 

A electronegativity 

B ionic radius 

C maximum oxidation number 

D second ionisation energy 
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13 Element Z has a giant structure. 
 

The chloride of Z reacts with water to give a solution with a pH less than 5. 
 

Which row shows two elements which could be Z? 

A aluminium, magnesium 

B aluminium, silicon 

C phosphorus, magnesium 

D phosphorus, silicon 
 
 
14 Radium is an element below barium in Group 2 of the Periodic Table. 
 

Which equation shows what happens when solid radium nitrate, Ra(NO3)2, is heated strongly? 

A Ra(NO3)2(s)  →  RaO(s)  +  N2O(g)  +  2O2(g) 

B 2Ra(NO3)2(s)  →  2RaO(s)  +  2N2(g)  +  5O2(g) 

C 2Ra(NO3)2(s)  →  2RaO(s)  +  4NO2(g)  +  O2(g) 

D 4Ra(NO3)2(s)  →  2Ra2O(s)  +  8NO2(g)  +  3O2(g) 
 
 
15 Exactly 3.705 kg of substance Y are needed to neutralise 100 moles of HCl (aq). 
 

What could be substance Y? 

A Ca B CaO C Ca(OH)2 D CaCO3 
 
 
16 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 
 
 
17 Sodium bromide reacts with concentrated sulfuric acid. 

Which observation will be made? 

A A coloured vapour is produced. 

B A purple solid is formed. 

C A strong smell of H2S is detected. 

D Yellow sulfur is formed. 
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13 Element Z has a giant structure. 
 

The chloride of Z reacts with water to give a solution with a pH less than 5. 
 

Which row shows two elements which could be Z? 

A aluminium, magnesium 

B aluminium, silicon 

C phosphorus, magnesium 

D phosphorus, silicon 
 
 
14 Radium is an element below barium in Group 2 of the Periodic Table. 
 

Which equation shows what happens when solid radium nitrate, Ra(NO3)2, is heated strongly? 

A Ra(NO3)2(s)  →  RaO(s)  +  N2O(g)  +  2O2(g) 

B 2Ra(NO3)2(s)  →  2RaO(s)  +  2N2(g)  +  5O2(g) 

C 2Ra(NO3)2(s)  →  2RaO(s)  +  4NO2(g)  +  O2(g) 

D 4Ra(NO3)2(s)  →  2Ra2O(s)  +  8NO2(g)  +  3O2(g) 
 
 
15 Exactly 3.705 kg of substance Y are needed to neutralise 100 moles of HCl (aq). 
 

What could be substance Y? 

A Ca B CaO C Ca(OH)2 D CaCO3 
 
 
16 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 
 
 
17 Sodium bromide reacts with concentrated sulfuric acid. 

Which observation will be made? 

A A coloured vapour is produced. 

B A purple solid is formed. 

C A strong smell of H2S is detected. 

D Yellow sulfur is formed. 
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Section A 
 
For each question there are four possible answers, A, B, C and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 What are the shapes of the molecules of water and boron trifluoride? 
 

 H2O BF3 

A linear pyramidal 

B linear trigonal 

C non-linear pyramidal 

D non-linear trigonal 
 
 
2 The electronic configuration of the two outermost shells of an atom is 3s23p63d54s2. 
 

What is this atom? 

A manganese 

B phosphorus 

C strontium 

D vanadium 
 
 
3 Drinking water may contain dissolved calcium hydrogencarbonate, Ca(HCO3)2. 
 

How many electrons are present in a hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
 
 
4 Which molecule contains a nitrogen atom with sp hybridised orbitals? 

A CH3CH2NH2 B HNO3 C HCN D NH3 
 
 
5 Which mass of solid residue is obtained from the thermal decomposition of 4.10 g of anhydrous 

calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 
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16 Aqueous silver nitrate is added to a solution of potassium iodide. 
 

Aqueous ammonia is then added. 
 

What would be observed? 

A a cream precipitate that dissolves on addition of aqueous ammonia 

B a cream precipitate that does not dissolve on addition of aqueous ammonia 

C a yellow precipitate that dissolves on addition of aqueous ammonia 

D a yellow precipitate that does not dissolve on addition of aqueous ammonia 
 
 
17 Oxides of nitrogen are present in the environment due to natural and man-made sources. 
 

Which row is correct? 
 

 natural source of nitrogen oxides man-made source of nitrogen oxides 

A electrical discharges in the atmosphere internal combustion engines 

B electrical discharges in the atmosphere as a by-product of the Haber process 

C decomposition of dead plants in rivers internal combustion engines 

D decomposition of dead plants in rivers as a by-product of the Haber process 
 
 
18 When 3.00 g of an anhydrous nitrate of a Group 2 metal is decomposed, 1.53 g of gas is 

produced. 
 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 
 
 
19 Which row correctly describes one property of barium and one property of barium oxide? 
 

 
observation when 
barium metal is 
added to water 

pH of solution obtained when 
a spatula measure of BaO is 

added to 100 cm3 of water 

A 
 

a few gas bubbles 
form on the metal surface 

8 
 

B 
 

a few gas bubbles 
form on the metal surface 

13 
 

C rapid effervescence is seen 8 

D rapid effervescence is seen 13 
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18 When burned, sulfur forms a gaseous product X which can be oxidised to produce a gas Y. 
 

Gas Y reacts with water to produce a product Z. 
 

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

 X Y Z 

A –2 +4 +4 

B –2 +4 +6 

C +4 +6 +4 

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

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

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

 
What could be the identities of X and Y? 

 
 X Y 

A ethanoic acid carbon monoxide 

B ethanoic acid hydrogen cyanide 

C ethanol carbon monoxide 

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

A both cis-trans isomerism and optical isomerism 

B cis-trans isomerism only 

C neither cis-trans isomerism nor optical isomerism 

D optical isomerism only 
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18 When burned, sulfur forms a gaseous product X which can be oxidised to produce a gas Y. 
 

Gas Y reacts with water to produce a product Z. 
 

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

 X Y Z 

A –2 +4 +4 

B –2 +4 +6 

C +4 +6 +4 

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

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

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

 
What could be the identities of X and Y? 

 
 X Y 

A ethanoic acid carbon monoxide 

B ethanoic acid hydrogen cyanide 

C ethanol carbon monoxide 

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

A both cis-trans isomerism and optical isomerism 

B cis-trans isomerism only 

C neither cis-trans isomerism nor optical isomerism 

D optical isomerism only 
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16 In Group 2 of the Periodic Table, the properties of the elements and their compounds show 
regular change down the group. 

 
Which property shows a decrease from magnesium to barium? 

A the decomposition temperature of the carbonates  

B the decomposition temperature of the nitrates  

C the solubility of the hydroxides 

D the solubility of the sulfates 
 
 
17 When concentrated sulfuric acid is added to solid sodium bromide, bromine gas is produced, 

along with a number of other products. However when concentrated sulfuric acid is added to solid 
sodium chloride only hydrogen chloride and sodium hydrogensulfate are produced. 

 
What is the reason for this difference? 

A Bromine is less volatile than chlorine. 

B Hydrochloric acid is a weak acid. 

C Sulfuric acid is not an oxidising agent. 

D The bromide ion is a stronger reducing agent than the chloride ion. 
 
 
18 The dative covalent bond can be represented by an arrow, . The arrow points towards the 

atom receiving the lone pair. 
 

Which diagram of an ammonium ion is correct? 
 

A

H

H

N HH

B

H

H

N HH

C

H

H

N HH

D

H+ – + –

H

N HH

 
 
 
19 Sulfur dioxide can be catalytically oxidised by an oxide of nitrogen in the atmosphere. 
 

Which reaction shows the regeneration of the catalyst? 

A N2  +  2O2    2NO2 

B 4NH3  +  5O2  →  4NO  +  6H2O 

C N2  +  O2  →  2NO 

D NO  +  2O2
1   →  NO2 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2 The catalyst reduces the energy of activation (the energy barrier) for both the forward and 

the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 

 

 

34 Which magnesium compounds lose mass when heated by a Bunsen flame? 

1 magnesium carbonate 

2 magnesium nitrate 

3 magnesium oxide 

 

 

35 What happens when chlorine is bubbled through aqueous sodium hydroxide solution? 

1 In cold solution, ClO
–

(aq) ions are formed. 

2 In hot solution, ClO3

–

(aq) ions are formed. 

3 Disproportionation of chlorine occurs in both cold and hot aqueous solutions. 

 

 

36 Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and 

algae with the result that fish in the river die? 

1 K2 SO4  

2 NH4 NO3 

3 NaNO3 

 

 

!
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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.

33 The diagram represents the Boltzmann distribution of molecular energies at a given temperature.

As temperature increases, which statements are correct?

1 The maximum of the curve is displaced to the right.

2 The proportion of molecules with energies aboveany given value increases.

3 The proportion of molecules with any given energy increases.

34 Which statements concerning the third period elements (sodium to argon) and their compounds
are correct?

1 The elements become more electronegative from sodium to chlorine.

2 Aluminium oxide is the only oxide which is insoluble in water.

3 The maximum oxidation state is shown by silicon.

35 A farmer spreads lime on land which has already been treated with a nitrogenous fertiliser.

Which reactions will occur over a period of time?

1 Ca(OH)2 + CO2 ⎯→ CaCO3 + H2O

2 Ca(OH)2 + 2H+(aq) ⎯→ Ca2+(aq) + 2H2O

3 Ca(OH)2 + 2NH+
4 (aq) ⎯→ Ca2+(aq) + 2NH3 + 2H2O

energy

proportion of
molecules

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

 

12  

© UCLES 2011 9701/13/M/J/11  

Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

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

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

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

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

!

16 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

35 Which reactions involving calcium and its compounds would produce two gaseous products? 

 1 heating solid anhydrous calcium nitrate 

 2 heating solid anhydrous calcium carbonate 

 3 adding calcium metal to water 

 

 

36 Which properties in the sequence hydrogen chloride, hydrogen bromide and hydrogen iodide 

steadily increase? 

 1 thermal stability 

 2 bond length 

 3 ease of oxidation 

 

 

37 Which compounds may result from mixing ethane and chlorine in the presence of sunlight? 

 1 CH3CH2Cl 

 2 CH3CH2CH2CH3 

 3 CH3CHCl CHCl CH3 
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The responses A to D should be selected on the basis of

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

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  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

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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35 Hydroxyapatite, a basic calcium phosphate, Ca(OH)2.3Ca3(PO4)2, is the mineral found in bone. 

 

In older people, calcium ions can be lost from the hydroxyapatite, weakening the bone structure. 

In such cases, strontium salts are administered to strengthen the bone. The strontium ions 

replace the lost calcium ions in the hydroxyapatite. 

 

Which statements are correct? 

1 Strontium ions are nearly the same size as calcium ions and so may easily replace them in 

the hydroxyapatite. 

2 Strontium hydroxide is less soluble than calcium hydroxide and so will precipitate better in 

the bone structure. 

3 There is ionic, covalent and metallic bonding in hydroxyapatite which gives it strength. 

 

 

36 Ammonia and chlorine react in the gas phase. 

 

8NH3 + 3Cl2 → N2 + 6NH4Cl 
 

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2 Ammonia behaves as a base. 

3 The oxidation number of the hydrogen changes. 

 

 

37 In which pairs are the members stereoisomers of each other? 

 

CH3

C C

H

Br

Cl

CH3

C C

H

Br

H

CH3

C C

H

Br

H

CH3

C C

Br

H

Cl

Cl

CH3

C

H
Br

Cl

CH3

C

H
Br

1

2

3
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

34 Which statements are correct? 

1 Aluminium chloride dissolves in water to give an acidic solution. 

2 Magnesium chloride dissolves in water to give a slightly acidic solution. 

3 Sodium chloride dissolves in water to give an alkaline solution. 

 

 

35 Which oxides react with water to give a solution of pH 10 or higher? 

1 CaO 

2 Na2O 

3 SrO 

 

 

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

 

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 can oxidise iodide to iodine. 

 

 

37  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. 
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33 Which of the enthalpy changes of the following reactions can only be obtained by application of 

Hess’ Law? 

1 The hydration of anhydrous copper sulphate to form crystals of CuSO4.5H2O. 

2 The formation of methane from its elements. 

3 The combustion of glucose, C6H12O6. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g) + Q (g)  R (g) + S (g) 

 

Two experiments were carried out in which the production of R was measured against time. The 

results are shown in the diagram below. 

 

0
0

amount of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions from experiment 1 to experiment 2 might explain 

the results shown? 

1 Less of P was used. 

2 A different catalyst was used. 

3 Product S was continuously removed from the reaction vessel. 

 

 

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

 

Which properties would be expected from radium, 88Ra, or its compounds? 

1 Radium carbonate decomposes only at a very high temperature. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 

 

 

!

13 

© UCLES 2010 9701/11/O/N/10 [Turn over 

34 Samples of calcium and barium are separately added to beakers of cold water containing a few 

drops of litmus solution. 

 

Which observations will be made with only the calcium and not with the barium? 

1 A white suspension appears in the water. 

2 The solution turns blue. 

3 A gas is evolved. 

 

 

35 Disproportionation is the term used to describe a reaction in which a reactant is simultaneously 

both oxidised and reduced. 

 

To which incomplete equations does the term disproportionation apply? 

1 Cl2(g) + 2OH
–

(aq) → H2O(l) + Cl –(aq) + …… 

2 3Cl2(g) + 6OH
–

(aq) → 3H2O(l) + ClO3

–

(aq) + …… 

3 2NO2(g) + H2O(l) → HNO3(aq) + …… 

 

 

36 Element X is a solid. It occurs as a contaminant of carbonaceous fuels. 

 

Its oxide Y is formed in car engines. 

 

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. 
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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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33 Which are assumptions of the kinetic theory of gases and hence of the ideal gas equation, 

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

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

 

Which properties would be expected for radium, 88Ra, or its compounds? 

1 Radium carbonate would not decompose at the temperature of a Bunsen flame. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 

 

 

35 When a firework is lit, a fuel and an oxidising agent react together. 

 

In one such firework, magnesium is the fuel and barium nitrate is the oxidising agent. 

 

Which solids are produced when the firework is lit? 

1 BaO 

2 MgO 

3 Mg(NO3)2 

 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1  mol of Y reacts with 0.5  mol of gaseous oxygen. 

 

Which statements about X, Y and Z are correct? 

1 The oxidation number of X increases by 2 from Y to Z. 

2 The molecule of Y has no unpaired electrons. 

3 The molecule of Z contains three oxygen atoms. 
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34 The following reaction takes place using liquid ammonia as a solvent. 

 

2
Na NH

−+

+ 
4

NH C
+ −

l → Na C
+ −

l  + 2NH3 

 

Which statements best explain why this reaction should be classified as a Brønsted-Lowry acid-

base reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na C
+ −

l  is a salt. 

3 Ammonia is always basic. 

 

 

35 The rock dolomite is a double carbonate of magnesium and calcium, CaCO3.MgCO3. 

 

When heated strongly, a product called calcined dolomite is formed which is used to line some 

furnaces for the production of metals. 

 

Why is calcined dolomite used for this purpose? 

1 It is a refractory material. 

2 It will absorb acidic impurities in metallurgical processes. 

3 It will reduce metallic oxides to metals. 

 

 

36 Which properties in the sequence hydrogen chloride, hydrogen bromide and hydrogen iodide 

steadily increase? 

 1 thermal stability 

 2 bond length 

 3 ease of oxidation 
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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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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

34 Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2 The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

35 Chlorine is a greenish-yellow gas, bromine is a dark red liquid and iodine is a dark grey solid.  

 

What causes these differences in volatility? 

1 the halogen-halogen bond energy 

2 the magnitude of the van der Waals’ forces between the molecules 

3 the number of electrons in the halogen molecule 

 

 

36 Which statements about the Haber process for the industrial production of ammonia are correct? 

1 The equilibrium constant K
p
 increases with pressure. 

2 As the temperature increases, the equilibrium constant for the forward reaction becomes 

smaller. 

3 The process is usually carried out at between 450 °C and 550 °C at a pressure of at least 

150 atm. 

 

 

37 Which statements about alkenes are correct? 

1 They are formed when higher alkanes are cracked. 

2 They are used as monomers for polymerisation. 

3 They are less reactive than alkanes towards electrophiles. 
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34 A farmer spreads lime on land which has already been treated with an ammonium nitrate 

fertiliser. 

 

Which reactions will occur in the treated soil? 

1 Ca(OH)2 + 2NH4

+

(aq) → Ca
2+

(aq) + 2NH3 + 2H2O 

2 Ca(OH)2 + 2H
+

(aq) → Ca
2+

(aq) + 2H2O 

3 Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

35 Which of the halide ions, chloride, bromide or iodide, acts as a reducing agent when its sodium 

salt reacts with concentrated sulfuric acid? 

1 at least one of Cl –, Br – and I – 

2 at least two of Cl –, Br – and I – 

3 all three of Cl –, Br – and I – 
 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1 mol of Y reacts with 0.5 mol of gaseous oxygen. 

 

Which statements about X, Y and Z are correct? 

1 X forms a basic hydride. 

2 Y is a diatomic molecule. 

3 Z is a polar molecule. 

 

 

37 Disaccharides, C12H22O11, are important in the human diet. For example, sucrose is found in 

pastries and lactose occurs in milk products. 

 

Both of these compounds can be hydrolysed. 

 

sucrose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)3COCH2OH 

 glucose fructose 

 

lactose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)4CHO 

 glucose galactose 

 

Which statements about these hydrolysis products are correct? 

1 Glucose and fructose have structural isomers. 

2 Glucose and galactose are optical isomers. 

3 Glucose and galactose are ketones. 
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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 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+

. 

 

 

35 The electronic structure of the outer shell of the element radium is 7s
2

. 

 

Which statements will be correct for radium within its group? 

1 The element will decompose water, liberating hydrogen. 

2 The element will show an oxidation number of +2 in all its compounds. 

3 Radium has the highest first ionisation energy. 

 

 

36 When the yellow liquid NCl3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen is oxidised. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which diagrams represent part of a giant molecular structure? 

 

1 2 3
= C = C = Na

= Cl

 

 

 

32 Which reactions are redox reactions? 

1 CaBr2 + 2H2SO4 → CaSO4 + Br2 + SO2 + 2H2O 

2 CaBr2 + 2H3PO4 → Ca(H2PO4)2 + 2HBr 

3 CaBr2 + 2AgNO3 → Ca(NO3)2 + 2AgBr 

 

 

33 Sodium hydrogensulfide, NaSH, is used to remove hair from animal hides. 

 

Which statements about the SH
–

 ion are correct? 

1 It contains 18 electrons. 

2 Three lone pairs of electrons surround the sulfur atom. 

3 Sulfur has an oxidation state of +2. 
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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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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

 

Free-radicals play an important part in reactions involving the destruction of the ozone layer and 

the substitution of alkanes by chlorine. 

 

Some free-radicals contain two unpaired electrons. Such species are called diradicals. 

 

Which species are diradicals? 

1 O 

2 Cl 

3 CH3 

 

 

32 The Group II metals have higher melting points than the Group I metals. 

 

Which factors could contribute towards the higher melting points? 

1 There are smaller interatomic distances in the metallic lattices of the Group II metals. 

2 More electrons are available from each Group II metal atom for bonding the atom into the 

metallic lattice. 

3 Group II metals have a higher first ionisation energy than the corresponding Group I metal. 

 

 

33 Valence shell electron pair repulsion theory should be used to answer this question. 

 

Which species are trigonal planar? 

1 BH3 

2 CH3

+

 

3 PH3 
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35 Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 More acid is neutralised by 2.0 g of X than by 2.0 g of W. 

2 The Mr of X is greater than the Mr of Y by 44.0. 

3 The metallic element in Y reacts with cold water more quickly then the metallic element in W. 

 

 

36 Element J is a solid. It occurs as a contaminant of fossil fuels. 

 

Its oxide K is formed in car engines. 

 

In the atmosphere, K can be further oxidised to L. 

 

Which statements about J, K and L are correct? 

1 Atoms of J have paired p electrons. 

2 The atmospheric oxidation of K to L is a catalysed reaction. 

3 With water, L forms a strong acid. 

 

 

37 During the bromination of methane, the free radical CH3• is generated. A possible terminating 

step of this reaction is the formation of C2H6 by the combination of two free radicals. 

 

What could be produced in a terminating step during the bromination of propane? 

 

1 CH3CH2CH2CHCH3

CH3

2 CH3CHCHCH3

CH3

CH3

3 CH3CH2CHCH2CH3

CH3
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 Which substances contain delocalised electrons? 

1 cyclohexene 

2 graphite 

3 sodium 

 

 

34  Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 Adding W to water has less effect on pH than adding Y. 

2 Adding Z to soil increases the pH of the soil. 

3 The metallic element in Y reacts with cold water more quickly than the metallic element in W. 

 

 

35  Which properties increase in the sequence hydrogen chloride, hydrogen bromide and hydrogen 

iodide? 

1 thermal stability 

2 bond length 

3 ease of oxidation 
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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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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 The salt NaCl O3 is used as a non-selective weedkiller. 

 

On careful heating, this reaction occurs: 4NaCl O3  →  NaCl  +  3NaCl O4. 

 

On strong heating this reaction occurs: NaCl O4  →  NaCl + 2O2. 

 

The overall reaction is 2NaCl O3  →  2NaCl  +  3O2. 

 

What do these equations show? 

1 NaCl O3 can behave as an oxidising agent. 

2  NaCl O3 can behave as a reducing agent. 

3 The oxidation numbers of chlorine in the three compounds shown are +6, +8 and –1. 

 

 

34 Which statements correctly describe an effect of a rise in temperature on a gas-phase reaction? 

1 More particles now have energies greater than the activation energy. 

2  The energy distribution profile changes with more particles having the most probable energy. 

3 The activation energy of the reaction is decreased. 

 

 

35  Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2  The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

36 Sulfur dioxide is used as a food preservative. 

 

Which statements about sulfur dioxide, SO2, are correct? 

1 SO2 behaves as an antioxidant. 

2  Aqueous SO2 contains SO3

2–

 ions. 

3 SO2 inhibits the growth of mould and yeasts. 

 

 

�
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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 For complete combustion, 1 mol of an organic compound X requires 2.5 mol of O2. 
 

Which compounds could be X? 

1 C2H5OH 

2 C2H2 

3 CH3CHO 
 
 
32 In which pairs do both species have the same number of electrons? 

1 35Cl and 37Cl 

2 35Cl – and 40Ar 

3 40Ar and 40K+ 
 
 
33 For which reactions does the value of ∆H 

o represent both a standard enthalpy change of 
combustion and a standard enthalpy change of formation? 

1 C(s)  +  O2(g)  →  CO2(g) 

2 2C(s)  +  O2(g)  →  2CO(g) 

3 CO(g)  +  (g)O22
1   →  CO2(g) 
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33 Aluminium is extracted from aluminium oxide by electrolysis. 

 

Which statements are correct? 

1 Aluminium oxide has an extremely high melting point. 

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

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

 

 

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

cause an increase in the rate of reaction? 

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

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

3 Raising the pressure lowers the activation energy. 

 

 

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

1 Sulfur is burned to form sulfur dioxide. 

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

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

 

 

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

hydroxide which is more soluble than calcium hydroxide. 

 

What could be the identity of X? 

1 strontium 

2 magnesium 

3 beryllium 

 

 

37 The diagram shows the structure of an alkene molecule. 

 

C

C C

C

CH3

CH3 CH3

CH3

H
H H

H

 

 

Which statements about this molecule are correct? 

1 All the carbon atoms are in the same plane. 

2 It has geometrical isomers. 

3 It is optically active. 

 

 

�
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33 One way of recovering tin from old printed circuit boards is to dissolve it in a mixture of 
concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves because it reacts 
with the mixture of these concentrated acids. 

 
Sn  +  4HCl  +  2HNO3  →  SnCl 4  +  NO2  +  NO  +  3H2O 

 
Which statements about this reaction are correct? 

1 Nitrogen is present in three different oxidation states in the reactants and products. 

2 The oxidation state of tin increases from 0 to +4. 

3 The oxidation state of chlorine remains the same. 
 
 
34 The following reaction takes place in a suitable solvent. 
 

Na+NH2
–  +  NH4

+Cl –  →  Na+Cl –  +  2NH3 
 

Which statements explain why this reaction should be classified as a Brønsted-Lowry acid-base 
reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na+Cl – is a salt. 

3 Ammonia is a nucleophile. 
 
 
35 Which statements about the elements barium and calcium and their compounds are correct? 

1 Barium nitrate decomposes at a higher temperature than calcium nitrate. 

2 Barium hydroxide is more soluble in water than is calcium hydroxide. 

3 Calcium is more reactive with water than is barium. 
 
 
36 Which statements explain why nitrogen gas is unreactive? 

1 Nitrogen atoms are highly electronegative. 

2 Nitrogen molecules are non-polar. 

3 The triple bond between nitrogen atoms is very strong. 
 
 
37 In which molecules do all the carbon atoms lie in the same plane? 

1 2,3-dimethylbut-2-ene 

2 propane 

3 cyclohexane 
 
 

!
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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. 
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3 This question is about the elements in Group II of the Periodic Table, magnesium to barium.

 (a) Complete the table below to show the electronic configuration of calcium atoms   
and of strontium ions, Sr2+.

1s 2s 2p 3s 3p 3d 4s 4p 4d

Ca 2 2 6

Sr2+ 2 2 6

 [2]
 (b) Explain the following observations.

  (i) The atomic radii of Group II elements increase down the Group.

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

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

  (ii) The strontium ion is smaller than the strontium atom.

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

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

  (iii) The first ionisation energies of the elements of Group II decrease with increasing 
proton number.

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

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

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

 ..................................................................................................................................
 [4]
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3 This question is about the elements in Group II of the Periodic Table, magnesium to barium.

 (a) Complete the table below to show the electronic configuration of calcium atoms   
and of strontium ions, Sr2+.

1s 2s 2p 3s 3p 3d 4s 4p 4d

Ca 2 2 6

Sr2+ 2 2 6

 [2]
 (b) Explain the following observations.

  (i) The atomic radii of Group II elements increase down the Group.

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

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

  (ii) The strontium ion is smaller than the strontium atom.

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

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

  (iii) The first ionisation energies of the elements of Group II decrease with increasing 
proton number.

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

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

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

 ..................................................................................................................................
 [4]
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 (c) Samples of magnesium and calcium are placed separately in cold water and left for 
some time. In each case, describe what you would see and write a balanced equation 
for each reaction.

  (i) magnesium

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

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

equation  ...................................................................................................................
 
  (ii) calcium

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

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

equation  ...................................................................................................................
[6]

 (d) Strontium nitrate, Sr(NO3 )2 undergoes thermal decomposition.

  (i) State one observation you would make during this reaction.

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

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

  (ii) Write a balanced equation for this reaction.

 ..................................................................................................................................
 [4]

 [Total: 16]
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 (c) Samples of magnesium and calcium are placed separately in cold water and left for 
some time. In each case, describe what you would see and write a balanced equation 
for each reaction.

  (i) magnesium

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

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

equation  ...................................................................................................................
 
  (ii) calcium

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

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

equation  ...................................................................................................................
[6]

 (d) Strontium nitrate, Sr(NO3 )2 undergoes thermal decomposition.

  (i) State one observation you would make during this reaction.

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

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

  (ii) Write a balanced equation for this reaction.

 ..................................................................................................................................
 [4]

 [Total: 16]
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23 Magnesium is the eighth most common element in the Earth’s crust.

The metal is widely used in alloys which are light and strong.

Some reactions of magnesium and its compounds are shown in the reaction scheme
below.

(a) Identify, by name or formula, compounds A to F.

A .......................................................

B .......................................................

C .......................................................

D .......................................................

E .......................................................

F ........................................................

[6]
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H2(g) + A(aq)

C(s)

dil. H2SO4

Na2CO3(aq) heat in air

heat

NaOH(aq)

dil. HNO3

heat

Mg(s)

D(s)

F(s)

dil. HCl

heat

evaporate

B(aq)

E(s)

F(aq)

+ H2(g)

3 Magnesium is the eighth most common element in the Earth’s crust.

The metal is widely used in alloys which are light and strong.

Some reactions of magnesium and its compounds are shown in the reaction scheme
below.

(a) Identify, by name or formula, compounds A to F.

A .......................................................

B .......................................................

C .......................................................

D .......................................................

E .......................................................

F ........................................................

[6]
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H2(g) + A(aq)

C(s)

dil. H2SO4

Na2CO3(aq) heat in air

heat

NaOH(aq)

dil. HNO3

heat

Mg(s)

D(s)

F(s)

dil. HCl

heat

evaporate

B(aq)

E(s)

F(aq)

+ H2(g)
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(b) (i) Construct balanced equations for the following reactions.

magnesium to compound A

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

compound C to compound D

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

compound F to compound D

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

(ii) Suggest a balanced equation for the effect of heat on compound E.

............................................................................................................................ [4]

[Total: 10]
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2  Radium was discovered in the ore pitchblende by Marie and Pierre Curie in 1898, and the 
metal was first isolated by them in 1910. 

 
 The metal was obtained by first reacting the radium present in the pitchblende to form 

insoluble radium sulfate which was converted into aqueous radium bromide. This solution 
was then electrolysed using a mercury cathode and a carbon anode.

 (a) Radium has chemical reactions that are typical of Group II metals and forms ionic 
compounds.

  (i) What is the characteristic feature of the electronic configurations of all Group II 
metals?

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

  (ii) Radium sulfate is extremely insoluble. From your knowledge of the simple salts of 
Group II metals, suggest another very insoluble radium salt. 

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

 (b) During their electrolysis of aqueous radium bromide, the Curies obtained radium at the 
cathode and bromine at the anode.

  Write half-equations for the two electrode reactions that take place during this 
electrolysis.

anode  ...............................................................................................................................

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

 (c) (i) Describe what you would see when magnesium reacts with

cold water,  ................................................................................................................

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

steam.  .......................................................................................................................

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

  (ii) Write an equation for the reaction with steam.

 ..................................................................................................................................
[5]
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  (i) What is the characteristic feature of the electronic configurations of all Group II 
metals?

 ..................................................................................................................................
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cathode and bromine at the anode.

  Write half-equations for the two electrode reactions that take place during this 
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 ..................................................................................................................................
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  (ii) Write an equation for the reaction with steam.
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insoluble radium sulfate which was converted into aqueous radium bromide. This solution 
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2  Radium was discovered in the ore pitchblende by Marie and Pierre Curie in 1898, and the 
metal was first isolated by them in 1910. 

 
 The metal was obtained by first reacting the radium present in the pitchblende to form 

insoluble radium sulfate which was converted into aqueous radium bromide. This solution 
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  Write half-equations for the two electrode reactions that take place during this 
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(b) (i) Construct balanced equations for the following reactions.

magnesium to compound A

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

compound C to compound D

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

compound F to compound D

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

(ii) Suggest a balanced equation for the effect of heat on compound E.

............................................................................................................................ [4]

[Total: 10]
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2  Radium was discovered in the ore pitchblende by Marie and Pierre Curie in 1898, and the 
metal was first isolated by them in 1910. 

 
 The metal was obtained by first reacting the radium present in the pitchblende to form 

insoluble radium sulfate which was converted into aqueous radium bromide. This solution 
was then electrolysed using a mercury cathode and a carbon anode.
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 ..................................................................................................................................
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2  Radium was discovered in the ore pitchblende by Marie and Pierre Curie in 1898, and the 
metal was first isolated by them in 1910. 

 
 The metal was obtained by first reacting the radium present in the pitchblende to form 

insoluble radium sulfate which was converted into aqueous radium bromide. This solution 
was then electrolysed using a mercury cathode and a carbon anode.

 (a) Radium has chemical reactions that are typical of Group II metals and forms ionic 
compounds.

  (i) What is the characteristic feature of the electronic configurations of all Group II 
metals?

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

  (ii) Radium sulfate is extremely insoluble. From your knowledge of the simple salts of 
Group II metals, suggest another very insoluble radium salt. 

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

 (b) During their electrolysis of aqueous radium bromide, the Curies obtained radium at the 
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cathode  ....................................................................................................................... [2]
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 ..................................................................................................................................
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 ..................................................................................................................................
[5]
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 (d) Radium reacts vigorously when added to water.

  (i) Write an equation, with state symbols, for this reaction.

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

  (ii) State two observations that could be made during this reaction.

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

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

  (iii) Suggest the approximate pH of the resulting solution.

   ………………

  (iv) Will the reaction be more or less vigorous than the reaction of barium with water?

   Explain your answer.

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

 ..................................................................................................................................
[6]

 [Total: 15]
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 (d) Radium reacts vigorously when added to water.

  (i) Write an equation, with state symbols, for this reaction.

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

  (ii) State two observations that could be made during this reaction.

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

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

  (iii) Suggest the approximate pH of the resulting solution.
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  (iv) Will the reaction be more or less vigorous than the reaction of barium with water?
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 ..................................................................................................................................
[6]

 [Total: 15]

PAGE 23

CEDAR COLLEGE                                                                                                          GROUP 2 WS 1CEDAR COLLEGE                                                                                                         GROUP 2 WS 2



 224

4

!

4

6

9701/21/M/J/11© UCLES 2011

For
Examiner’s

Use

3 Calcium is the fifth most common element in the Earth’s crust.
 Calcium compounds occur in bones and teeth and also in many minerals.

 Some reactions of calcium and its compounds are shown in the reaction scheme below.

U(aq) Ca(s)
dilute HCl

H2O(l) H2O(l)

W(aq)

reaction 1

X(s)

V(s)
roast in air

dilute

HNO3

dilute

H2SO4

Z(s)

Na2CO3(aq)

Y(s)

 (a) State the formula of each of the calcium compounds U to Y.

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

  V   ..............................................

  W   ..............................................

  X   ..............................................

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

 (b) Compound Y may be converted into compound V.
  Outline how this reaction would be carried out in a school or college laboratory using a 

small sample of Y.

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

 ...................................................................................................................................... [1]
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3 Calcium is the fifth most common element in the Earth’s crust.
 Calcium compounds occur in bones and teeth and also in many minerals.

 Some reactions of calcium and its compounds are shown in the reaction scheme below.

U(aq) Ca(s)
dilute HCl

H2O(l) H2O(l)

W(aq)

reaction 1

X(s)

V(s)
roast in air

dilute

HNO3

dilute
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Z(s)

Na2CO3(aq)

Y(s)

 (a) State the formula of each of the calcium compounds U to Y.

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

  V   ..............................................

  W   ..............................................

  X   ..............................................

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

 (b) Compound Y may be converted into compound V.
  Outline how this reaction would be carried out in a school or college laboratory using a 

small sample of Y.

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

 ...................................................................................................................................... [1]
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 (c) (i) Construct balanced equations for the following reactions.

   calcium to compound U

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

   compound V to compound W

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

   compound U to compound Y

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

  (ii) Construct a balanced equation for the effect of heat on solid compound W.

 ..................................................................................................................................
[4]

 (d) Suggest the formula of an aqueous reagent, other than an acid, for reaction 1.

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

 (e) What would be observed when each of the following reactions is carried out in a test-
tube?

  the formation of X from Ca(s)

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

  the formation of X from V

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

[Total: 13]
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 (c) (i) Construct balanced equations for the following reactions.
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 ..................................................................................................................................
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 ..................................................................................................................................

  (ii) Construct a balanced equation for the effect of heat on solid compound W.
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 (e) What would be observed when each of the following reactions is carried out in a test-
tube?

  the formation of X from Ca(s)

 ..........................................................................................................................................
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 ..........................................................................................................................................
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3 Barium, proton number 56, is a Group II element which occurs in nature as the carbonate or 
sulfate.

 The element was first isolated by Sir Humphry Davy in 1808.
 Some reactions of barium and its compounds are shown in the reaction scheme below.

Ba(s) R(s)
heat gently

in oxygen

H2O(l)

U(s)S(aq) T(aq)
dilute HCl dilute H2SO4

dilute HNO3

reaction 1

W(aq)

Na2CO3 (aq)

V(s)

 (a) State the formula of each of the barium compounds R to W.

  R  ...................................  S  ....................................

  T.....................................  U  ....................................

  V ....................................  W  ...................................  [6]

 (b) (i) Write balanced equations for the following reactions.

compound T to compound W

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

the roasting of V in air

 ..................................................................................................................................
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  (ii) Suggest a gaseous reagent for the conversion of T into V and write a balanced 
equation for the reaction.

reagent  .....................................................................................................................

equation  ...................................................................................................................
 [4]

 (c) Suggest the formula of an aqueous reagent, other than an acid, for reaction 1.

……………………….................. [1]

 When barium is heated strongly in oxygen, an oxide X is formed.
 The oxide X contains 18.9% of oxygen by mass.

 The oxide X reacts with dilute sulfuric acid in a 1:1 ratio.
 Two products, one insoluble and one soluble, are formed.

Ba(s) X(s)
heat strongly

in oxygen
Y(s)

+ dilute H2SO4 Z(aq)+

 (d) (i) Calculate the empirical formula of X.

  (ii) Suggest the identity of the solid Y.

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

  (iii) Use your answers to (i) and (ii) to construct an equation for the reaction of X with 
H2SO4.

 .............................................................................................................................  [4]

 [Total: 15]
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 (d)  Some reactions involving magnesium and its compounds are shown in the reaction scheme 
below.

X(aq) Y(s)

Z(s)Z(aq)

Mg(s)
water steam

reaction
1 reaction

2HNO3 (aq)

 (i)  Give the formulae of the compounds X, Y and Z.

 X  .........................................................................................................................................

 Y  .........................................................................................................................................

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

 (ii)  Name the reagent needed to convert Y(s) into Z(aq) in reaction 1 and write an equation for 
the reaction.

 reagent  ...............................................................................................................................

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

 (iii)  How would you convert a sample of Z(s) into Y(s) in reaction 2?

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

 (iv)  Give equations for the conversions of Mg into X, and Z(s) into Y.

 Mg to X  ...............................................................................................................................

 Z to Y  ..................................................................................................................................
[2]

[Total: 21]
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2  The elements in Group II, and their compounds, show a variety of trends in their properties.

 (a)  Magnesium, calcium and barium all react with cold water to form hydroxides.

 (i)  Describe and explain the trend in reactivity of these three elements with cold water.

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

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

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

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

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

 (ii)  Give the equation for the reaction of magnesium with cold water.

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

 (iii)  Suggest why the water eventually turns cloudy during the reaction of magnesium with cold 
water.

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

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

 (iv)  Suggest the equation for the reaction of hot magnesium with steam.

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

 (b)  The oxides of magnesium, calcium and barium all react with dilute nitric acid to form nitrates.

 (i)  Give the equation for the reaction of magnesium oxide with nitric acid.

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

 (ii)  State the trend in thermal stability of the nitrates of Group II.

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

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

 (iii)  Give the equation for the thermal decomposition of magnesium nitrate.

  .......................................................................................................................................   [1]
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 (b)  The flow chart below shows a series of reactions.

A(aq)

white precipitate, E(s)

B(g)+

C(g) D(g)+

Mg(s)
HNO3(aq)

reagent
X(aq) heat

MgO(s)  +  H2O(g)  +

 (i)  Give the formula of each of the compounds A to D.

 A ............................................. B .............................................

 C ............................................. D .............................................
[4]

 (ii)  E reacts with dilute aqueous acid to produce a gas that turns limewater cloudy.

  Suggest the identity of reagent X.

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

[Total: 12]
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3  The elements in Group 2, and their compounds, show many similarities and trends in their properties.

 (a)  Magnesium, calcium, strontium and barium all react with cold water.

 (i)  Describe what you would see when some calcium is added to cold water.

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

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

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

 (ii)  Write an equation for the reaction taking place in (i).

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

 (iii)  Describe how the reaction of barium with cold water would differ from the reaction of 
calcium in (i) in terms of what you would see.

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

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

 (b)  Magnesium oxide can be formed by the reaction of magnesium and oxygen in the air.

 (i)  Draw a fully labelled reaction pathway diagram for the reaction between magnesium and 
oxygen.

energy

reaction pathway
[2]

 (ii)  Explain why there is no visible reaction when a piece of magnesium ribbon is exposed to 
the air.

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

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

  .......................................................................................................................................  [2]
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 (iii)  Magnesium oxide is used to manufacture heat-resistant bricks for furnace linings in the 
steel-making industry.

  State and explain the property of magnesium oxide that makes it suitable for this use.

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

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

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

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

 (iv)  Suggest a reason why magnesium oxide cannot be used as a lining for any furnaces 
containing acidic materials.

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

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

 (c)  The nitrates and carbonates of the Group 2 elements, from magnesium to barium, decompose 
when heated.

 (i)  State the trend in the temperature of thermal decomposition of these Group 2 nitrates and 
carbonates.

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

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

 (ii)  Give the equation for the thermal decomposition of magnesium carbonate.

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

 (iii)  Give the equation for the thermal decomposition of calcium nitrate.

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

[Total: 15]

(ii)

7

9701/21/M/J/16© UCLES 2016 [Turn over

 (iii)  Magnesium oxide is used to manufacture heat-resistant bricks for furnace linings in the 
steel-making industry.

  State and explain the property of magnesium oxide that makes it suitable for this use.

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

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

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

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

 (iv)  Suggest a reason why magnesium oxide cannot be used as a lining for any furnaces 
containing acidic materials.

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

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

 (c)  The nitrates and carbonates of the Group 2 elements, from magnesium to barium, decompose 
when heated.

 (i)  State the trend in the temperature of thermal decomposition of these Group 2 nitrates and 
carbonates.

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

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

 (ii)  Give the equation for the thermal decomposition of magnesium carbonate.

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

 (iii)  Give the equation for the thermal decomposition of calcium nitrate.

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

[Total: 15]

7

9701/21/M/J/16© UCLES 2016 [Turn over

 (iii)  Magnesium oxide is used to manufacture heat-resistant bricks for furnace linings in the 
steel-making industry.

  State and explain the property of magnesium oxide that makes it suitable for this use.

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

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

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

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

 (iv)  Suggest a reason why magnesium oxide cannot be used as a lining for any furnaces 
containing acidic materials.

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

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

 (c)  The nitrates and carbonates of the Group 2 elements, from magnesium to barium, decompose 
when heated.

 (i)  State the trend in the temperature of thermal decomposition of these Group 2 nitrates and 
carbonates.

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

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

 (ii)  Give the equation for the thermal decomposition of magnesium carbonate.

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

 (iii)  Give the equation for the thermal decomposition of calcium nitrate.

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

[Total: 15]

7

9701/21/M/J/16© UCLES 2016 [Turn over

 (iii)  Magnesium oxide is used to manufacture heat-resistant bricks for furnace linings in the 
steel-making industry.

  State and explain the property of magnesium oxide that makes it suitable for this use.

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

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

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

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

 (iv)  Suggest a reason why magnesium oxide cannot be used as a lining for any furnaces 
containing acidic materials.

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

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

 (c)  The nitrates and carbonates of the Group 2 elements, from magnesium to barium, decompose 
when heated.

 (i)  State the trend in the temperature of thermal decomposition of these Group 2 nitrates and 
carbonates.

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

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

 (ii)  Give the equation for the thermal decomposition of magnesium carbonate.

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

 (iii)  Give the equation for the thermal decomposition of calcium nitrate.

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

[Total: 15]

PAGE 33

CEDAR COLLEGE                                                                                                          GROUP 2 WS 1
CEDAR COLLEGE                                                                                                         GROUP 2 WS 2



 232

10

!

6

9701/21/O/N/16© UCLES 2016

3  The elements in Group 2 and their compounds show various trends in their physical and chemical 
properties.

 (a)  The graph below shows the radius values of the atoms and 2+ ions of the elements in Group 2.

0.25

0.20

0.15

0.10

0.05

0

radius / nm

Be Mg Ca Sr

element

Ba Ra

 (i)  Explain why both lines show a steady increase in the values of the radii down the group.

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

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

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

 (ii)  State and explain which line represents the atomic radii and which represents the ionic 
radii.

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

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

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

 (b)  L is a salt of a Group 2 element M.
  When L is heated strongly a brown gas is observed and a white solid remains.

  The white solid dissolves in water to form a colourless solution of the metal hydroxide M(OH)2.

  Addition of dilute sulfuric acid to this colourless solution produces a dense white precipitate.

 (i)  Identify the anion in salt L.

  .......................................................................................................................................  [1]
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 (ii)  Identify the element M and write an ionic equation for the formation of the white precipitate 
with sulfuric acid.

 M = ............................

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

 (iii)  Give the formula of salt L and use it to write an equation for the thermal decomposition of 
salt L.

 formula of salt L ............................

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

 (c)  Calcium carbonate and calcium hydroxide can both be used in agriculture to neutralise acidic 
soils.

 (i)  Write ionic equations for the neutralisation of acid by each of calcium hydroxide and 
calcium carbonate.

 calcium hydroxide  ...............................................................................................................

 calcium carbonate  ..............................................................................................................
[2]

 (ii)  Suggest and explain why calcium carbonate is a better choice than calcium hydroxide for 
this purpose in areas of high rainfall.

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

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

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

 (d)  Magnesium reacts with both cold water and steam.

  Give the formula of the magnesium-containing product of each of these reactions.

 with cold water  ...........................................................................................................................

 with steam  .................................................................................................................................
[2]

[Total: 14]
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 calcium hydroxide  ...............................................................................................................

 calcium carbonate  ..............................................................................................................
[2]

 (ii)  Suggest and explain why calcium carbonate is a better choice than calcium hydroxide for 
this purpose in areas of high rainfall.

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

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

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

 (d)  Magnesium reacts with both cold water and steam.

  Give the formula of the magnesium-containing product of each of these reactions.

 with cold water  ...........................................................................................................................

 with steam  .................................................................................................................................
[2]

[Total: 14]
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3  The properties of elements and their compounds show similarities, differences and trends depending 
on the positions of the elements in the Periodic Table.

 (a)  The positions of some elements are indicated. The letters used are not the symbols of the 
elements.

E
D

F G

A

B

C

H

  From the elements labelled, give the letter for;

 (i)  the element that forms an amphoteric oxide, .....................  [1]

 (ii)  tKe elePent ZitK tKe KigKest ¿rst ionisation energ\, .....................  >�@

 (iii)  the element that forms a soluble hydroxide and an insoluble sulfate, .....................  [1]

 (iv)  the most volatile element in a group that contains elements in all three states of matter at 
room temperature and pressure,

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

 (v)  the element that forms the largest cation.  .....................  [1]

 (b)  The elements in Group 2 all react with oxygen and with water.

 (i)  6tate and e[plain tKe conditions needed Ior PagnesiuP to react ZitK o[\gen.

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

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

 (ii)  6tate ZKat Zould Ee seen during tKe reaction in (b)(i).

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

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

 (iii)  Write an equation for the reaction of magnesium with cold water.
  Include state symbols.

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

⑤
£
I

§
E
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 (c)  The carbonates and nitrates of the elements in Group 2 can all be decomposed by heating.

 (i)  Write an equation for the thermal decomposition of magnesium nitrate.

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

 (ii)  The thermal decomposition of calcium carbonate forms a solid product that is industrially 
important. This solid product reacts with water to form a compound commonly known as 
slaked lime.

  Write equations for the thermal decomposition of calcium carbonate and the reaction of 
the solid product to form slaked lime.

  thermal decomposition  .......................................................................................................

  formation of slaked lime  ......................................................................................................
[2]

 (d)  Calcium carbonate and calcium hydroxide both have an important use in agriculture.

 (i)  Describe this use and explain what makes these two compounds suitable for it.

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

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

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

 (ii)  Write an ionic equation to illustrate this use of calcium carbonate.

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

[Total: 16]

§
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3  The elements in Group 2 show trends in their properties that are typical of metals.
  The elements in Group 17 show trends in their properties that are typical of non-metals.

 (a)  State and explain the trend in ionisation energy down Group 2.

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

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

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

 (b) (i)  State and explain the trend in melting point down Group 17.

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

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

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

 (ii)  The melting point decreases down Group 2.

  Explain this trend.

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

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

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

 (c)  Some reactions based on the Group 2 metal barium, Ba, are shown.

Ba(s)

X(s)

Ba(OH)2(aq)  +  H2(g)Ba(NO3)2(aq)  +  H2(g)
reaction 1 reaction 2

heat in air

 (i)  State the reagent needed for each of reactions 1 and 2.

 reaction 1  ............................................................................................................................

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

 (ii)  Name X and write an equation for its formation.

 name  ...................................................................................................................................

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

µ
.

.

I
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3  The elements in Group 2 show trends in their properties that are typical of metals.
  The elements in Group 17 show trends in their properties that are typical of non-metals.

 (a)  State and explain the trend in ionisation energy down Group 2.

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

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

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

 (b) (i)  State and explain the trend in melting point down Group 17.

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

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

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

 (ii)  The melting point decreases down Group 2.

  Explain this trend.

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

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

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

 (c)  Some reactions based on the Group 2 metal barium, Ba, are shown.

Ba(s)

X(s)

Ba(OH)2(aq)  +  H2(g)Ba(NO3)2(aq)  +  H2(g)
reaction 1 reaction 2

heat in air

 (i)  State the reagent needed for each of reactions 1 and 2.

 reaction 1  ............................................................................................................................

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

 (ii)  Name X and write an equation for its formation.

 name  ...................................................................................................................................

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

µ
.

.

I
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 (iii)  The Ba(NO3)2(aq), produced by reaction 1, is heated to dryness. The anhydrous solid is 
then heated strongly and decomposes. Barium oxide is produced, together with two other 
products.

  Identify the two other products of this decomposition reaction and state what would be 
observed.

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

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

 (iv)  State what would be observed when excess MgSO4(aq) is added to the Ba(OH)2(aq) 
produced in reaction 2. Explain your answer.

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

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

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

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

[Total: 15]
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3  &alciuP and its coPpounds KaYe a large Yariet\ oI applications.

 (a)  &alciuP Petal reacts readil\ ZitK Post acids.

 (i)  :rite an eTuation Ior tKe reaction oI calciuP ZitK dilute nitric acid. 6tate s\PEols are not 
required.

  .......................................................................................................................................  >�@

 (ii)  :Ken calciuP Petal is placed in dilute sulIuric acid, it reacts Yigorousl\ at ¿rst.

  $Iter a sKort tiPe, a crust oI calciuP sulIate IorPs on tKe calciuP Petal and tKe reaction 
stops. 6oPe oI tKe calciuP Petal and dilute sulIuric acid rePain unreacted.

  6uggest an e[planation Ior tKese oEserYations.

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

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

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

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

 (b)  &alciuP etKanedioate is IorPed ZKen calciuP reacts ZitK etKanedioic acid, �&22+�2. The 
coPpound contains one cation and one anion.

 (i)  DraZ tKe µdot�and�cross¶ diagraP oI tKe cation present in calciuP etKanedioate. 6KoZ all 
electrons.

 >�@

 (ii)  DraZ tKe displa\ed IorPula oI tKe anion present in calciuP etKanedioate.

 [2]

si
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 (c)  &alciuP cKlorate�I�, &a�&l 2�2, is used as an alternatiYe to sodiuP cKlorate�I�, 1a&l 2, in soPe 
KouseKold products.

 (i)  6uggest a use Ior calciuP cKlorate�I�.

  .......................................................................................................................................  >�@

 (ii)  7Ke cKlorate�I� ion is IorPed ZKen cold aTueous sodiuP K\dro[ide reacts ZitK cKlorine.

  Write an ionic eTuation Ior tKis reaction. 6tate s\PEols are not required.

  .......................................................................................................................................  >�@

 (iii)  7Ke cKlorate�I� ion is unstaEle and decoPposes ZKen Keated as sKoZn.

  Deduce tKe o[idation nuPEer oI cKlorine in eacK species. &oPplete tKe Eo[es.

3Cl O–    2Cl –  �  &l O3
–

 o[idation nuPEer
 oI cKlorine�
 >�@

 (iv)  ,n terPs oI electron transIer, state ZKat Kappens to tKe cKlorine in tKe reaction in (iii).

  .......................................................................................................................................  >�@

 (d)  &alciuP lactate is used in soPe Pedicines. ,t IorPs ZKen lactic acid ���K\dro[\propanoic acid� 
reacts ZitK calciuP carEonate.

C

lactic acid

H

CO2H

H3C

OH

 (i)  Identify the two otKer products oI tKe reaction oI lactic acid ZitK calciuP carEonate.

  .......................................................................................................................................  >�@

+1
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Answer all the questions in the spaces provided.

1  6odiuP and PagnesiuP are tKe ¿rst tZo elePents in tKe tKird period.

 (a)  6odiuP and PagnesiuP EotK react ZitK cold Zater to produce tKe saPe t\pe oI product in 
solution. :itK sodiuP tKe solution is clear Eut ZitK PagnesiuP it appears cloud\.

 (i)  :rite an eTuation Ior tKe reaction oI PagnesiuP ZitK cold Zater.

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

 (ii)  6uggest ZK\ tKe solution is cloud\ aIter tKe reaction oI PagnesiuP ZitK cold Zater.

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

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

 (b)  *roup � elePents, including PagnesiuP, react ZitK o[\gen and ZitK dilute acids. 7Kere are 
trends in EotK tKe pK\sical and cKePical properties oI tKe elePents and tKeir coPpounds doZn 
tKe group. 5eactiYit\ generall\ increases IroP 0g to %a.

 (i)  ([plain ZK\ tKere is a general increase in reactiYit\ IroP 0g to %a.

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

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

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

 (ii)  Give two oEserYations Ior tKe reaction oI PagnesiuP ZitK o[\gen. :rite an eTuation Ior 
tKis reaction. ,nclude state s\PEols.

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

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

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

 (iii)  :rite an eTuation Ior tKe reaction oI PagnesiuP ZitK sulIuric acid.

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

 (iv)  6uggest ZK\ tKere is a general decrease in tKe Pelting points oI tKe elePents doZn 
Group 2.

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

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

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

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

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

 >7otal� ��]
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11 Group 17

The physical and chemical properties of the elements of Group 17 (the halogens) are 
introduced in this topic.

11.1 Physical properties of the Group 17 elements

11.2 The chemical properties of the elements and their hydrides

11.3 Some reactions of the halide ions

11.4 The reactions of chlorine with aqueous sodium hydroxide

11.5 Some important uses of the halogens and of halogen compounds  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11 Group 17

The physical and chemical properties of the elements of Group 17 (the halogens) are introduced in this 
topic.

Learning outcomes
Candidates should be able to:

11.1  Physical properties 
of the Group 17 
elements

a) describe the colours and the trend in volatility of chlorine, bromine and 
iodine

b) interpret the volatility of the elements in terms of van der Waals’ forces

11.2  The chemical 
properties of the 
elements and their 
hydrides

a) describe the relative reactivity of the elements as oxidising agents (see 
also Section 6.3(f))

b) describe and explain the reactions of the elements with hydrogen

c) (i) describe and explain the relative thermal stabilities of the hydrides

(ii) interpret these relative stabilities in terms of bond energies

11.3  Some reactions of 
the halide ions

a) describe and explain the reactions of halide ions with:

(i) aqueous silver ions followed by aqueous ammonia

(ii) concentrated sulfuric acid

11.4  The reactions 
of chlorine with 
aqueous sodium 
hydroxide

a) describe and interpret, in terms of changes of oxidation number, the 
reaction of chlorine with cold and with hot aqueous sodium hydroxide

11.5  Some important 
uses of the 
halogens and 
of halogen 
compounds 

a) explain the use of chlorine in water purification

b) state the industrial importance and environmental significance of the 
halogens and their compounds (e.g. for bleaches, PVC, halogenated 
hydrocarbons as solvents, refrigerants and in aerosols. See also 
Section 16.2)
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INTRODUCTION

The Halogens consist of the following elements:  

• Fluorine (F), Chlorine (Cl), Bromine (Br), Iodine (I) and Astatine (At). 

All the halogens consist of diatomic molecules, X2, linked by a single 

covalent bond. They are all volatile. 

 1

Fluorine (F) 1s2 2s2 2p5

Chlorine (Cl) 1s2 2s2 2p6 3s2 3p5

Bromine (Br) 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p5 

Iodine (I) 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p5

PHYSICAL PROPERTIES

The van der Waals’ forces between the molecules arise from the attractions between 

temporary and induced dipoles. The greater the number of electrons in a molecule, 

the more polarisable it is and the greater the possibility for temporary induced dipoles. 

This explains why the boiling temperatures increase down the group of halogens. 

 2

202

AS Level
Inorganic chemistry

 11.1  Physical properties of the elements

Melting points and boiling points
The halogens exist as diatomic molecules, X2. The two atoms are bonded together 
covalently in the solid, liquid and gaseous states. On melting, the van der Waals’ 
forces between the molecules are partially overcome, and on boiling they are almost 
completely broken. On descending Group 17, the melting points and boiling points 
increase. This is because the intermolecular forces become stronger as the number of 
easily polarisable electrons rises (see section 3.17).

Table 11.1 Some physical properties of the 
elements in Group 17. The importance of the 
standard electrode potentials is discussed in 
Topic 23.

Halogen Chlorine Bromine Iodine

Melting point /∞C −101 −7 114

Boiling point /oC −34 59 184

Appearance at room 
temperature

yellow-green gas red-brown liquid nearly black solid

E(X¬X)/kJ mol-1 242 193 151

E(H¬X)/kJ mol-1 431 366 299

Standard electrode 
potential /V

+1.36 +1.07 +0.54

In this topic, we study the trends 
in the properties of the Group 17 
elements, the halogens. They are 
non-metals and show decreasing 
reactivity with increasing proton 
number.

Learning outcomes
By the end of this topic you should be able to:

11.1a) describe the colours and the trend in volatility of chlorine, bromine and 
iodine

11.1b) interpret the volatility of the elements in terms of van der Waals’ forces
11.2a) describe the relative reactivity of the elements as oxidising agents (see also 

Topic 23)
11.2b) describe and explain the reactions of the elements with hydrogen
11.2c) describe and explain the relative thermal stabilities of the hydrides, and interpret 

these relative stabilities in terms of bond energies
11.3a) describe and explain the reactions of halide ions with aqueous silver ions 

followed by aqueous ammonia, and with concentrated sulfuric acid
11.4a) describe and interpret, in terms of changes of oxidation number, the reaction of 

chlorine with cold, and with hot, aqueous sodium hydroxide
11.5a) explain the use of chlorine in water purifi cation
11.5b) state the industrial importance and environmental signifi cance of the halogens 

and their compounds (e.g. for bleaches, PVC, halogenated hydrocarbons as 
solvents, refrigerants and in aerosols) (see also Topic 15).

11 Group 17
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COLOURS OF SOLUTIONS

 3

&*+

9^heaVXZbZci�gZVXi^dch�d[�]Vad\Zch
These are reactions between a solution of a halogen and a solution 
containing halide ions and are discussed in more detail on page 388. A 
small amount of a solution of a halogen is added to a small amount of 
a solution containing a halide ion, and any colour changes are observed 
(see Table 4.2). Potassium chloride, bromide and iodide solutions are all 
colourless. The colours of chlorine, bromine and iodine solutions are 
shown in Figure 4.18.

@8a�Vf� @7g�Vf� @>�Vf�

8a'�Vf� cd�gZVXi^dc dgVc\Z�hdaji^dc YVg`�gZY$Wgdlc�hdaji^dc

7g'�Vf� cd�gZVXi^dc cd�gZVXi^dc YVg`�gZY$Wgdlc�hdaji^dc

>'�Vf� cd�gZVXi^dc cd�gZVXi^dc cd�gZVXi^dc

IVWaZ�)#'� GZhjaih�d[�gZVXi^dch�WZilZZc�]Vad\Zc�hdaji^dch�VcY�hdaji^dch�XdciV^c^c\�
]Va^YZ�^dch#

The reactions that occur are:

 Cl2(aq) + 2KBr(aq) n 2KCl(aq) + Br2(aq)
Ionic equation: Cl2(aq) + 2Br−(aq) n 2Cl−(aq) + Br2(aq)

 Cl2(aq) + 2KI(aq) n 2KCl(aq) + I2(aq)
Ionic equation: Cl2(aq) + 2I−(aq) n 2Cl−(aq) + I2(aq)

 Br2(aq) + 2KI(aq) n 2KBr(aq) + I2(aq)
Ionic equation: Br2(aq) + 2I−(aq) n 2Br−(aq) + I2(aq)

The more reactive halogen displaces the halide ion of the less reactive 
halogen from solution. Thus, chlorine displaces bromide ions and iodide 
ions from solution, and bromine displaces iodide ions from solution.

)#)� EgdeZgi^Zh�d[�i]Z�dm^YZh�d[�eZg^dY�(�
ZaZbZcih

Dm^YZh�d[�eZg^dY�(�ZaZbZcih
Table 4.3 shows the formulas, structure and bonding of the oxides of 
period 3 elements.

HdY^jb�dm^YZ!�bV\cZh^jb�dm^YZ�VcY�Vajb^c^jb�dm^YZ
These all have giant ionic structures. The ions are held in the lattice 
structure by strong electrostatic forces, and therefore they all have high 
melting points. MgO and Al2O3, which consist of highly charged ions, 
both have melting points of over 2000 °C. When the solids are melted 
ionic liquids are formed. The ions are free to move around in the liquids, 
and they all conduct electricity.

8>'�Vf� 7g'�Vf� >'�Vf�

;^\jgZ�)#&-� 8]adg^cZ�hdaji^dc�^h�eVaZ�
nZaadlÄ\gZZc!�Wgdb^cZ�hdaji^dc�^h�dgVc\Z!�
VcY�^dY^cZ�hdaji^dc�^h�gZYÄWgdlc#

Orange colour, due to the 
production of bromine.

Red-brown colour, due to the 
production of iodine.

AZVgc^c\�dW_ZXi^kZh

r� Relate trends in the properties 
of the oxides of period 3 
elements to their structure and 
bonding

r� Describe the reactions of period 
3 oxides with water

Chlorine solution is pale yellow-

green, bromine solution is orange & 

iodine solution is red brown.

Reactions with hydrogen
The halogens form hydrogen halides with hydrogen 
gas. One example of this is the reaction of hydrogen 
with chlorine to give hydrogen chloride (see page 173). 
The trend in reactivity is illustrated by their reactions 
(Table 12.3).

We can also judge the reactivity (or the oxidising 
power) of the halogens by looking at their displacement 
reactions with other halide ions in solution.

A more reactive halogen can displace a less  
reactive halogen from a halide solution of the less 
reactive halogen.

Let’s look at an example. When chlorine water, Cl2(aq), 
is added to a solution of sodium bromide, containing 
Br−(aq) ions, the solution changes to a yellowish 
brown colour. The colour is caused by the presence 
of dissolved bromine molecules, Br2(aq), as found in 
bromine water. The displacement reaction that takes 
place is:

Cl2(aq)  +  2NaBr(aq)    2NaCl(aq)  +  Br2(aq)

We say that chlorine has displaced bromine  
from solution.

This is summarised in the ionic equation for this 
displacement reaction:

Cl2(aq)  +  2Br−(aq)    2Cl−(aq)  +  Br2(aq)

The chlorine atoms are more electronegative than 
bromine atoms so have a stronger tendency to form 
negatively charged ions.

Likewise, bromine will displace iodine from an  
iodide solution:

Br2(aq)  +  2NaI(aq)    2NaBr(aq)  +  I2(aq)

or as an ionic equation:

Br2(aq)  +  2I−(aq)    2Br−(aq)  +  I2(aq)

DISPLACEMENT REACTIONS

The colours of the halogen molecules in solution 
are difficult to identify positively in these 
displacement reactions. However, the halogens 
dissolve well in cyclohexane (which is immiscible in 
water, forming two separate layers). The halogens 
dissolved in cyclohexane are distinctly different 
colours. Therefore adding some of this organic 
solvent after mixing the halogen/halide solutions, 
shaking the mixture and then allowing it to settle 
into layers shows clearly which halogen is present 
as its diatomic molecules (Figure 12.3).

Figure 12.3 Cyclohexane forms a layer on top of water. 
Dissolved iodine is purple in this upper organic layer, 
bromine is orange and chlorine is very pale green.

2 Chlorine water is mixed with a solution of potassium 
iodide in a test tube. 2 cm3 of cyclohexane is added 
to the test tube, which is stoppered and shaken, then 
allowed to stand.

 a  Write a balanced symbol equation, including state 
symbols, for the reaction that occurs.

 b  Write an ionic equation for this reaction.
 c  What colour is the cyclohexane layer at the end of 

the experiment?

QUESTION

174

Cambridge International AS Level Chemistry

Halogens in a non-polar 

organic solvent.

HALOGENS AS OXIDANTS

The halogens are powerful oxidising agents. Apart from fluorine, chlorine 

is the strongest oxidising agent among these elements.  

The tendency to form negative ions decreases down the group. The 

shielding effect of the inner electrons means that the effective nuclear 

charge that attracts the outer electron is 7+ for all of the atoms.  

Down the group the outer electrons get further and further away from the 

same effective nuclear charge and so they are held less strongly and the 

tendency to gain an extra electron decreases. Hence reactivity of 

halogens decreases down the group.

 4
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HALOGENS WITH HYDROGEN

All the halogens can react with hydrogen, but the conditions for the reaction vary 

going down the group.  

The reactivity with hydrogen decreases down the group because the decreasing 

strength of the H—X (HCl, HBr, HI) bond makes the reaction less exothermic.  

 5

Halogen Reaction Condition Equation H—X Bond Energy

Chlorine
explodes when exposed to 

ultraviolet light 
H2 (g)   +   Cl2 (g)  ⟶   2HCl (g) 431 kJ/mol

Bromine slow reaction when heated H2 (g)   +   Br2 (g)  ⟶   2HBr (g) 366 kJ/mol

Iodine
reversible reaction when 

heated
H2 (g)   +   I2 (g)  ⇌   2HI (g) 299 kJ/mol

HYDROGEN HALIDES

The hydrogen halides are all colourless gases 

with the formula HX, where X stands for Cl, Br or 

I. The bonds between hydrogen and the 

halogens are polar. Hydrogen chloride, hydrogen 

bromide and hydrogen iodide are similar in that 

they are very soluble in water to form acidic 

solutions that ionise completely in water.

 6

Halogen Bond Energy

H—Cl 431 kJ/mol

H—Br 366 kJ/mol

H—I 299 kJ/mol
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HYDROGEN HALIDES

 7

The bond energies decrease going down Group 

17, making it easier to break the H—X bond. This is 

because the iodine atom is the largest atom, so 

the overlap of its outer shell with a hydrogen atom 

gives a much longer bond length than with the 

other smaller halogen atoms. The longer the 

bond, the weaker it is, and the less energy 

required to break it. Hence HI is less thermally 

stable than HCl. 

Halogen Bond Energy

H—Cl 431 kJ/mol

H—Br 366 kJ/mol

H—I 299 kJ/mol

HYDROGEN HALIDES

The strength of the H—X bonds determines the thermal stability of the hydrogen halides. 

This is readily illustrated by the observations that are made when they are heated. 

Hydrogen chloride does not decompose on heating. Hydrogen bromide decomposes 

slightly and the gas turns brown. Hydrogen iodide decomposes almost completely and 

the gas turns purple.

 8

INORGANIC CHEMISTRY

204

Worked example
Use the bond energies given in Table 11.1, and a value of 436 kJ mol−1 for the H¬H bond 
energy in H2(g), to calculate the enthalpy change for the reaction between hydrogen and 
chlorine, and between hydrogen and iodine.

Answer
For H2 + Cl2 → 2HCl, ∆H = 436 + 242 − 2 × 431 = −184 kJ mol-1

For H2 + I2 → 2HI, ∆H = 436 + 151 − 2 × 299 = −11 kJ mol-1

Thermal stability of the hydrogen halides
The strength of the H¬X bonds also determines the thermal stability of the hydrogen 
halides. This is readily illustrated by the observations that are made when they are 
heated (a convenient method in the laboratory is to insert a hot metal wire into a test 
tube of the gas). All the hydrogen halides are colourless gases. Hydrogen chloride 
does not decompose on heating, so the test tube remains colourless; hydrogen 
bromide decomposes slightly and the gas turns brown; hydrogen iodide decomposes 
almost completely and the gas turns purple (see Table 11.4).

Halogen Reaction (if any) Comment

chlorine HCl(g) no decomposition

bromine 2HBr(g) W  H2(g) + Br2(g) some decomposition and gas appears 
slightly brown

iodine 2HI(g) → H2(g) + I2(g) almost complete decomposition and gas 
appears deep purple

Reactions of chlorine with sodium hydroxide
When chlorine gas is passed into cold, dilute aqueous sodium hydroxide, the 
following reaction takes place and two salts are formed:

Cl2(g) + 2NaOH(aq) → NaCl(aq) + H2O(l) + NaClO(aq)

The ionic equation is:

Cl2(g) + 2OH−(aq) → Cl−(aq) + H2O(l) + ClO−(aq)

Chlorine itself, being an element, has the oxidation number 0. In the chloride ion, it 
has an oxidation number of −1. Oxygen has an oxidation number of −2 so that, in 
the ClO− ion, the chlorine must have an oxidation number of +1 in order to give an 
overall charge of −1 on the ion. The ClO− ion is therefore called the chlorate(I) ion. 
The ‘-ate’ indicates that the chlorine is combined with oxygen, and the ‘(I)’ shows 
its oxidation number. NaClO is properly called sodium chlorate(I) but sometimes its 
common name, ‘sodium hypochlorite’, is used.

When chlorine is passed into hot, concentrated aqueous sodium hydroxide, a 
different reaction takes place:

3Cl2(g) + 6NaOH(aq) → 5NaCl(aq) + 3H2O(l) + NaClO3(aq)

The ionic equation is:

3Cl2(g) + 6OH−(aq) → 5Cl−(aq) + 3H2O(l) + ClO3
−(aq)

In the ClO3
− ion, each oxygen has an oxidation number of −2. The three oxygens 

give a total of −6. The chlorine must have an oxidation number of +5 to give an 
overall charge of −1 on the ion. The ion is called the chlorate(V) ion and NaClO3 is 
called sodium chlorate(V); it is sometimes incorrectly called just ‘sodium chlorate’.

These reactions of chlorine with sodium hydroxide are examples of disproportion- 
ation. This term is applied to a reaction in which one element has been both oxidised 
and reduced, so that its oxidation number goes up and down at the same time.

The halogens also react directly with hydrocarbons (see sections 13.5 and 14.3).

Now try this
Carry out the same calculation for the 
reaction between hydrogen and bromine 
gases. Does your result fi t the trend 
described above?

Table 11.4 Results of heating the hydrogen 
halides

Now try this
1 Heating sodium chlorate(V) above its 

melting point causes it to undergo 
another disproportionation reaction, 
giving a mixture of NaCl and NaClO4. 
Use oxidation numbers to write a 
balanced equation for this reaction.

2 Potassium iodide, KI, and potassium 
iodate(V), KIO3, react together in 
acid solution to form iodine, I2. Write 
a balanced ionic equation for this 
reaction.
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HALIDES

Halide ions are the ions of the halogen elements in oxidation state −1. They include the 

chloride, Cl−, bromide, Br−, and iodide, I− , ions.  

In Group 17, a more reactive halogen oxidises the ions of a less reactive halogen. And 

as halogens are oxidising agents, a halogen that is a more powerful oxidising agent 

displaces one that is less powerful. For example, bromine reacts with a solution of an 

iodide to produce iodine and a bromide. This is because bromine has a stronger 

tendency to gain electrons and turn into ions than iodine.  

                                            Br2 (aq)   +   2I− (aq)   ⟶  2Br−(aq)   +   I2 (s) 

But iodine will not displace bromide or chloride ions as iodine is the weakest of the 

three oxidising agents.

 9

HALIDE REACTIONS WITH SILVER IONS

Silver nitrate solution can be used to distinguish between halides. Silver halides 

are insoluble. Adding silver nitrate to a solution of one of these halide ions 

produces a precipitate.  

Ag+ (aq)   +   X−(aq)   ⟶  AgX (s) 

Silver chloride is a white solid. This distinguishes it from silver bromide, which is a 

creamy colour, and silver iodide, which is a brighter yellow.  

The colour changes are not very distinct, but a further test with ammonia helps to 

distinguish the precipitates. Silver chloride easily dissolves in dilute ammonia 

solution. Silver bromide dissolves in concentrated ammonia solution, but silver 

iodide does not dissolve in ammonia solution at all. 
 10
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HALIDE REACTIONS WITH SILVER IONS

 11

 11 Group 17

205

 11.3 Some reactions of the halide ions
Test with aqueous silver nitrate
Most metal halides are soluble in water, but two important metals that form insoluble 
halides are silver and lead. If a few drops of aqueous silver nitrate are added to a 
solution of a halide, a silver halide precipitate is formed. The silver halide precipitates 
are of different colours and have different solubilities in aqueous ammonia, as shown 
in Table 11.5.

Halide ion Appearance and formula 
of precipitate

Solubility of precipitate in NH3(aq)

Cl− white, AgCl soluble in dilute NH3(aq)

Br− cream, AgBr soluble in concentrated NH3(aq)

I− yellow, AgI insoluble in concentrated NH3(aq)

Worked example
Write fully balanced, and ionic, equations for the reactions between:
a HCl and AgNO3

b KI and AgNO3

Answer
a HCl + AgNO3 → AgCl + HNO3

Cl−(aq) + Ag+(aq) → AgCl(s)
b KI + AgNO3 → AgI + KNO3

I−(aq) + Ag+(aq) → AgI(s)

The solubilities in water of the precipitates AgCl, AgBr and AgI decrease from AgCl to 
AgI. This explains why they react differently with aqueous ammonia (see Table 11.5).

Aqueous silver ions react with ammonia to form the ion Ag(NH3)2
+. By Le 

Chatelier’s Principle, in order to dissolve the silver halide precipitate, enough 
ammonia has to be present to drive the following two equilibria over to the 
right-hand side:

AgX(s) W Ag+(aq) + X −(aq)
Ag+(aq) + 2NH3(aq) W Ag(NH3)2

+(aq)

If AgX is very insoluble, the fi rst equilibrium lies well over to the left-hand side, and 
so a large concentration of NH3(aq) is needed to pull the Ag+ ions into solution.

Silver iodide is so insoluble that even in concentrated ammonia solution, the 
concentration of ammonia is not high enough to pull the Ag+ ions into solution. For 

Table 11.5 Identifi cation of the halide ions 
using aqueous silver nitrate

Figure 11.1 The colours of the silver halides 
are used in tests for the halide ions.

Now try this
Write fully balanced, and ionic, equations 
for the reaction between aqueous solutions 
of magnesium bromide, MgBr2, and silver 
sulfate, Ag2SO4.

Now try this
Explain in words how the addition of 
NH3(aq) can cause AgX(s) to dissolve.
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HALIDE REACTIONS WITH SILVER IONS

 12

Figure 12.4 Colours of the silver halide precipitates: silver 
chloride (on the left), silver bromide and silver iodide (on 
the right).

Halide ion Colour of silver halide 
precipitate on addition of 
silver nitrate solution

Effect on precipitate of 
adding dilute ammonia 
solution

Effect on precipitate of 
adding concentrated 
ammonia solution

chloride, Cl−(aq) white dissolves dissolves

bromide, Br−(aq) cream remains insoluble dissolves

iodide, I−(aq) pale yellow remains insoluble remains insoluble

Table 12.5  The results of positive tests for halide ions.

The general equation for the precipitation reaction 
with silver nitrate solution is:

AgNO3(aq)  +  X−(aq)  AgX(s)  +  NO3
−(aq)

where X− represents the halide ion.

The aqueous nitrate ions can be left out to produce 
the ionic equation; they are spectator ions that do 
not get involved in the reaction:

Ag+(aq)  +  X−(aq)  AgX(s)

The added ammonia can form complex ions that are 
soluble:

 ■ silver chloride forms complex ions with dilute ammonia
 ■ silver bromide forms complex ions with  

concentrated ammonia.

TESTING FOR HALIDE IONS (CONTINUED)

concentrated sulfuric acid

hydrogen
chloride

gas jar lid

sodium
chloride

Figure 12.5 Preparing a sample of hydrogen chloride gas. 
The hydrogen chloride gas is denser than air so displaces 
the air from the gas jar as it collects.

Reactions of halide ions with 
concentrated sulfuric acid
Compounds that contain Cl−, Br− or I− ions will react with 
concentrated sulfuric acid. All of these reactions produce 
one or more poisonous gases, so they must be performed 
with great care in a fume cupboard.

We can prepare hydrogen chloride gas by dropping 
concentrated sulfuric acid slowly onto crystals of sodium 
chloride (see the apparatus in Figure 12.5):

NaCl(s)  +  H2SO4(l)  NaHSO4(s)  +  HCl(g)

The HCl produced is visible as white fumes.
However, we cannot use the same reaction to prepare 

samples of pure hydrogen bromide or hydrogen iodide. We 
saw on page 175 how it gets increasingly easy to decompose 
the hydrogen halides going down the group. When they 
decompose into their elements, the halide in HBr and HI 
is being oxidised. Concentrated sulfuric acid is a relatively 
strong oxidising agent. It is not strong enough to oxidise 

HCl, but it will oxidise and decompose  
HBr and HI. So any HBr or HI formed in the  
reaction between sodium bromide, or sodium iodide, and 
concentrated sulfuric acid undergoes further reaction.

With sodium bromide, the sulfuric acid itself is 
reduced to sulfur dioxide gas as it oxidises the hydrogen 
bromide produced in the initial reaction:

176
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HALIDE REACTIONS WITH SILVER IONS

The precipitates are due to the formation of silver halides. 

Ag+ (aq)   +   CI− (aq)   ⟶  AgCl (s) 

A diammine complex, [Ag(NH3)2]+ is formed, which dissolves the precipitate. 

AgCl (s)   +   2NH3 (aq)    ⟶    [Ag(NH3)2]+ (aq)   +   CI− (aq)

 13

Halide AgNO3 (aq) dilute NH3 (aq) concentrated NH3 (aq)

Chloride white ppt. Soluble -

Bromide cream ppt. Insoluble Soluble

Iodide pale yellow ppt. Insoluble Insoluble

HALIDES AS REDUCTANTS

Halogen anions (halides) are powerful reducing agents. 

This is due to halides requiring to lose only one electron to form halogens. 

Down the group, reducing power increases. Hence, Fluoride ion is the 

weakest reducing agent. 

This is due to the fact that down a group, an increased ionic radius means 

an electron can easily be removed from the halide ion.

 14
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REDOX REACTIONS

The forward reaction is reduction of halogens, and 

the backward reaction is the oxidation of halides. 

Chlorine is completely reduced to chloride ions, 

and iodide ions are completely oxidised to iodine. 

Since oxidation power is based on the tendency to 

gain electrons, and reduction power is based on 

the tendency to lose electrons: 

a strong oxidising halogen has a weaker reducing 

halide, and vice versa.
 15

Cl2   +   2e   ⇌   2Cl− 

Br2   +   2e   ⇌   2Br− 

I2   +   2e   ⇌   2I−

REACTIONS WITH CONC. SULFURIC ACID

Halides can also be distinguished from each other by reacting them with 

concentrated sulfuric acid: 

• Add concentrated sulfuric acid to a solid halide. 

• Hydrogen halides are displaced from their salts, all of which give white fumes in 

air. 

• Down the group halides are strong reducing agents, they can further react to 

reduce the sulfuric acid into many oxidation states. 

• These reactions demonstrate that the strength of the halides as reducing agents 

is in the order I— > Br— >  Cl—

 16
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REACTIONS WITH CONC. SULFURIC ACID

When concentrated sulfuric acid is added to a solid metal halide, the hydrogen 

halide is produced.  

With sodium chloride, steamy fumes of hydrogen chloride are evolved and sodium 

hydrogensulfate is formed:  

NaCl (s)   +   H2SO4 (aq)   ⟶   NaHSO4 (aq)   +   HCl (g) 

On heating the acid gives off two H+ and forms Na2SO4.  

With sodium bromide and sodium iodide, similar reactions occur initially:   

NaBr (s)   +   H2SO4 (aq)   ⟶   NaHSO4 (aq)   +   HBr (g) 

Nal (s)   +   H2SO4 (aq)   ⟶   NaHSO4 (aq)   +   Hl (g)

 17

REACTIONS WITH CONC. SULFURIC ACID

Concentrated sulfuric acid is a strong oxidising agent. It is unable to oxidise HCl, but 

it can oxidise HBr and HI. Hence, only a little HBr is formed when concentrated 

sulfuric acid is added to sodium bromide, the principal products being bromine and 

sulfur dioxide  

NaBr (s)   +   H2SO4 (aq)   ⟶   NaHSO4 (aq)   +   HBr (g) 

2HBr (g)   +   H2SO4 (aq)  ⟶   2H2O (l)   +   SO2 (g)   +   Br2 (g) 

HI is so easily oxidised that only a trace of it is found. The sulfuric acid is reduced not 

only to SO2 (+4), but further to sulfur (0), and even to hydrogen sulphide (—2). 

 18
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REACTIONS WITH CONC. SULFURIC ACID

 19

Halide Observations Product Oxidation State of S Reaction type

Chloride White fumes HCl —1 Displacement of halide

Bromide

White fumes 

Brown vapour 

Colourless gas

HBr 

Br2 

SO2

—1 

0 

+4

Displacement of halide 

Oxidation of halide 

Reduction of acid

Iodide

White fumes 

Purple vapour 

yellow solid 

HI 

I2 

S8 

H2S

—1 

0 

0 

—2

Displacement of halide 

Oxidation of halide 

Reduction of sulfur

DISPROPORTIONATION OF CHLORINE

Chlorine oxoanions form when chlorine reacts with water and alkalis. When chlorine 

dissolves in water, it reacts reversibly to form a mixture of weak chloric(I) acid and 

strong hydrochloric acid.  

Cl2   +   H2O   ⇌   HCl   +   HOCl 

This is an example of a reaction in which the same element both increases and 

decreases its oxidation number.  

In other words, some of the element is oxidised while the rest of the element is 

reduced. Reactions of this type are called disproportionation reactions.  

Bromine reacts in a similar way but to a much lesser extent. Iodine is almost insoluble 

in water and hardly reacts at all.

 20
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DISPROPORTIONATION OF CHLORINE

When chlorine dissolves in sodium (or potassium) hydroxide solution at room 

temperature, it produces chlorate(I) and chloride ions.  

2NaOH   +    Cl2   ⟶   NaCl     +   NaClO     +     H2O 

2OH—   +    Cl2   ⟶   Cl—     +   ClO—     +     H2O 

Chlorine itself, being an element, has the oxidation number 0. In the chloride ion, it 

has an oxidation number of −1. In the ClO− ion, the chlorine has an oxidation 

number of +1 in order to give an overall charge of −1 on the ion. This is another 

example of disproportionation.  

 21

DISPROPORTIONATION OF CHLORINE

When chlorine is passed into hot, concentrated aqueous sodium 

hydroxide, it produces sodium chloride and sodium chlorate(V).  

6NaOH   +    3Cl2   ⟶   5NaCl     +   NaClO3     +     3H2O 

6OH—   +    3Cl2   ⟶   5Cl—     +   ClO3—     +     3H2O

 22
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© UCLES 2007 9701/01/O/N/07 

15  The chemical properties of an element at the top of a group in the Periodic Table are often 

different from those of the rest of the elements in the group. 

 

Of the following properties of beryllium and its compounds, which property is typical of the 

elements below it in Group II? 

A Be does not react with hot water. 

B BeCl2 is covalent. 

C Be(NO3)2 produces BeO on thermal decomposition. 

D BeO dissolves in alkalis. 

 

 

16 Compound X on refluxing with aqueous sodium hydroxide gave mixture Y which on distillation 

with acidified potassium dichromate(VI) produced propanone. Mixing Y with dilute nitric acid and 

aqueous silver nitrate gave a cream precipitate. 

 

What could compound X be? 

A CH3CHBrCH3 

B CH3CHICH3 

C CH3CH2CH2Br 

D CH3CH2CH2I 

 

 

17  There are three stages in the Contact process for the production of sulphuric acid. 

 

1 S + O2 → SO2 

2 SO2 + 
1

2

O2 → SO3 

3 SO3 + H2O → H2SO4 

 

Which statement about this process is correct? 

A In the first stage a large excess of air under high pressure is used to improve the yield. 

B Two of the three stages are equilibria. 

C All three stages are exothermic. 

D In the final stage SO3 is absorbed by water droplets. 

 

 

18  Gaseous nitrogen is less reactive than gaseous fluorine. 

 

What is the reason for this difference in reactivity? 

A The boiling point of nitrogen is lower than that of fluorine. 

B The relative molecular mass of nitrogen is lower than that of fluorine. 

C The atomic radius of nitrogen is greater than that of fluorine. 

D The bond strength in the molecule is greater in nitrogen than in fluorine. 

!
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14  The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What is element X? 

A sodium 

B magnesium 

C aluminium 

D phosphorus 

 

 

15  Aluminium chloride sublimes at 178 oC. 

 

Which structure best represents the species in the vapour at this temperature? 

 

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Al   + 3Cl Al 
3+(Cl 

–)3

A B C D

 

 

 

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

 

What mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

17  What happens when chlorine is bubbled through aqueous potassium iodide? 

A Chlorine is oxidised to chloride ions. 

B Hydrochloric acid is formed. 

C Iodide ions are oxidised to iodine. 

D Potassium iodide is reduced to iodine. 

 

 

18  The emissions from a power station contain about 14 tonnes of SO2 per hour from the oxidation 

of FeS2 contained in the coal. 

 

What is the most practical way of preventing the SO2 from being released into the atmosphere? 

A Cool the gases and the SO2 will liquefy and can be removed. 

B Dissolve the ionic FeS2 in hexane. 

C Pass the emissions through a bed of calcium oxide. 

D Pass the gases through concentrated sulphuric acid to dissolve the SO2. 

 

!
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14 Which element is expected to show the greatest tendency to form some covalent compounds? 

A aluminium  

B calcium 

C magnesium 

D sodium 

 

 

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

 

The combustion of fossil fuels is a major source of increasing atmospheric carbon dioxide, with a 

consequential rise in global warming. Another significant contribution to carbon dioxide levels 

comes from the thermal decomposition of limestone, in the manufacture of cement and of lime for 

agricultural purposes. 

 

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is 

roasted in kilns to make lime. 

 

What is the total annual mass output of carbon dioxide (in million tonnes) from these two 

processes? 

A 440 B 527 C 660 D 880 

 

 

16 Properties of chlorine, iodine and their compounds are compared. 

 

Property Q for chlorine is smaller than for iodine. 

 

What is property Q? 

A oxidising ability of the element 

B solubility of the silver halide in NH
3
(aq) 

C strength of van der Waals’ forces between the molecules of the element 

D thermal stability of the hydrogen halide 

 

 

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

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D acidified potassium dichromate(VI) 

 

 

!
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15 In black and white photographic film, light converts silver chloride into metallic silver. After the film 

has been developed, the unreacted silver chloride is removed by reaction with sodium thiosulfate 

to produce a ‘fixed’ negative. 

 

AgCl + 2Na2S2O3 → 4Na
+

 + Cl – + [Ag(S2O3)2]
3–

 

 

What is the function of the thiosulfate ion? 

A to make the silver ions soluble 

B to oxidise the silver ions 

C to oxidise the silver metal 

D to reduce the silver ions 

 

 

16 Which statement is most likely to be true for astatine, which is below iodine in Group VII of the 

Periodic Table? 

 A Astatine and aqueous potassium chloride react to form aqueous potassium astatide and 

chlorine. 

 B Potassium astatide and hot dilute sulfuric acid react to form white fumes of only hydrogen 

astatide. 

 C Silver astatide reacts with dilute aqueous ammonia in excess to form a solution of a soluble 

complex. 

 D Sodium astatide and hot concentrated sulfuric acid react to form astatine. 

 

 

17 Deposits of ammonium compounds have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO3 + H2O + 2NH3 → (NH4)2SO4 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 
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10  Four reactions of the type shown are studied at the same temperature. 

 

X (g) + Y (g) → Z (g) 

 

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly 

and with the highest yield? 

 

energy

reactant product

energy

reactant product

energy

reactant product

energy

reactant product

A B

C D

 

 

 

11 Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The depth of colour of the glass is related to 

the concentration of silver atoms. 

 

The following reactions are involved. 

 

reaction 1 Ag
+ 

+ Cl
 –

  Ag + Cl 

reaction 2 Cu
+

 + Cl → Cu
2+

 + Cl
 –

 

reaction 3 Cu
2+

 + Ag → Cu
+

 + Ag
+

 

 

Which statement about these reactions is correct? 

A Cu
+

 and Cu
2+

 ions act as catalysts. 

B Cu
+

 ions act as an oxidising agent in reaction 2. 

C Reaction 2 is the one in which light is absorbed. 

D Ag
+

 ions are oxidised in reaction 1. 

 

 

!
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15  Which graph correctly describes a trend found in the halogen group? 

 

 [X represents a halogen atom.] 

 

bond
length

in X2

Cl2 Br2 I2

A

strength of
van der Waals'

forces

Cl2 Br2 I2

B

boiling
point
of X2

Cl2 Br2 I2

C

bond
energy

of HX

HCl HBr HI

D

 

 

 

16  During electrolysis of brine in a diaphragm cell, chlorine, hydrogen and sodium hydroxide are 

produced.  

 

What is the molar ratio of these products? 

 

 chlorine hydrogen sodium hydroxide 

A 1 1 1 

B 1 1 2 

C 2 1 1 

D 2 2 1 

 

 

17  When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process, 

which condition affects the value of the equilibrium constant, K
c
? 

A adjusting the temperature 

B adjusting the pressure 

C using a catalyst 

D removing SO3 from the equilibrium mixture 

 

 

!
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15 What are the products of the thermal decomposition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen

C magnesium oxide, nitrogen and oxygen

D magnesium oxide, nitrogen dioxide and oxygen

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

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

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

B concentrated H2 SO4 at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

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

A ammonia

B hydrogen chloride

C hydrogen iodide

D steam

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

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)

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

A C B C8 H18 C CO D NO

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

A 3 B 5 C 6 D 7
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12  Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

C The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

D The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

13 How does concentrated sulfuric acid behave when it reacts with sodium chloride? 

A as an acid only 

B as an acid and oxidising agent 

C as an oxidising agent only 

D as a reducing agent only 

 

 

14 X is a salt of one of the halogens chlorine, bromine, iodine, or astatine (proton number 85). 

 

The reaction scheme shows a series of reactions using a solution of X as the starting reagent. 

 

X a precipitate
a colourless

solution

a precipitate

HNO3 (aq)

AgNO3 (aq)

an excess of

dilute NH3 (aq)

an excess of
HNO3 (aq)

 

 

What could X be? 

A sodium chloride 

B sodium bromide 

C potassium iodide 

D potassium astatide 

 

 

!
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11 In some fireworks there is a reaction between powdered aluminium and powdered barium nitrate 

in which heat is evolved and an unreactive gas is produced. 

 

What is the equation for this reaction? 

A 2Al + Ba(NO3)2 → Al2O3 + BaO + 2NO 

B 4Al + 4Ba(NO3)2 → 2Al2O3 + 4Ba(NO2)2 + O2 

C 10Al + 3Ba(NO3)2 → 5Al2O3 + 3BaO + 3N2 

D 10Al + 18Ba(NO3)2 → 10Al(NO3)3 + 18BaO + 3N2 

 

 

12  Which group of particles is in order of increasing size? 

A N O F  

B N
3–

 O
2–

 F
–

 

C Na
+

 Mg
2+

 Al 3+

 

D Na
+

 Ne F
–

 

 

 

13  River water in a chalky agricultural area may contain Ca
2+

, Mg
2+

,
−2

3
CO ,

−

3
HCO , Cl − and 

−

3
NO  

ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide. 

 

What will be precipitated following the addition of calcium hydroxide? 

A CaCl2 

B CaCO3 

C Ca(NO3) 2 

D Mg(NO3)2 

 

 

14  Over half a million tonnes of bromine are manufactured annually and are mainly used for making 

other compounds. One important use is for agricultural chemicals. 

 

What is another important use for bromine? 

A antiseptic agents 

B bleaches for textiles and the paper industry 

C flame-retardants and fire extinguishers 

D water purification 

 

 

!
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12  Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

C The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

D The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

13 How does concentrated sulfuric acid behave when it reacts with sodium chloride? 

A as an acid only 

B as an acid and oxidising agent 

C as an oxidising agent only 

D as a reducing agent only 

 

 

14 X is a salt of one of the halogens chlorine, bromine, iodine, or astatine (proton number 85). 

 

The reaction scheme shows a series of reactions using a solution of X as the starting reagent. 

 

X a precipitate
a colourless

solution

a precipitate

HNO3 (aq)

AgNO3 (aq)

an excess of

dilute NH3 (aq)

an excess of
HNO3 (aq)

 

 

What could X be? 

A sodium chloride 

B sodium bromide 

C potassium iodide 

D potassium astatide 

 

 

!
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17  Which statement describes the halogens chlorine, bromine and iodine? 

A Their bond energies decrease with increasing proton number. 

B Their first ionisation energies increase with increasing proton number. 

C They are all coloured gases at room temperature. 

D They are all good reducing agents. 

 

 

18  Sulfur dioxide is used to bleach wood pulp in the production of paper. It is also used as an 

additive in the production of jam and marmalade, often in the form of sulfite compounds. When it 

is present in quantities greater than 10  mg / kg it is required to be listed as an ingredient of the 

jam. 

 

Why is sulfur dioxide added to jam? 

A It is a bleaching agent and removes the undesirable colours from the fruit used in the jam. 

B It is a preservative that destroys unwanted bacteria and enzymes. 

C It is a reducing agent and removes the acids that give the jam a sharp taste. 

D It is an acidic gas and maintains the pH of the jam at a suitable value to give it a sharp taste. 

 

 

19   Which property of beryllium and its compounds is typical of the elements below it in Group II? 

 

A Be does not react with hot water. 

B BeCl2 is covalent. 

C Be(NO3)2 produces BeO on thermal decomposition. 

D BeO dissolves in alkalis. 

 

 

20  One of the characteristics of addition polymerisation is that the empirical formulae of the polymer 

and of its monomer are the same. The absorbent material in babies’ disposable nappies is made 

from the addition polymer shown. 

 

CH2

CO2 H

CH 

CH2

CH 

CH2

CH 

CO2 H CO2 H
 

 

From which monomer could this addition polymer be obtained? 

A CH3CH(OH)CO2H 

B HOCH2CH2CO2H 

C H2C=CHCO2H 

D HO2CCH=CHCO2H 
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16  What happens when chlorine is bubbled through aqueous potassium iodide? 

A Chlorine is oxidised to chlorate(V) ions. 

B Chlorine is oxidised to chloride ions. 

C Iodide ions are oxidised to iodine. 

D There is no observable reaction. 

 

 

17  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium bromide

graphite anode

 

 

Why is an atmosphere of argon used around the cathode? 

A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

18  Which statement about bromine is correct? 

 

A Bromine is insoluble in non-polar solvents. 

B Bromine vapour is more dense than air. 

C Bromine will not vapourise significantly under normal conditions. 

D Gaseous bromine is purple. 

 

 

!
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A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

18  Which statement about bromine is correct? 

 

A Bromine is insoluble in non-polar solvents. 

B Bromine vapour is more dense than air. 

C Bromine will not vapourise significantly under normal conditions. 

D Gaseous bromine is purple. 

 

 

!

5 

© UCLES 2010 9701/11/O/N/10 [Turn over 

12 Camphor is a white solid which was used to make the early plastic celluloid. Camphor contains 

the same percentage by mass of hydrogen and oxygen. 

 

What is the molecular formula of camphor? 

A C10 H6O6 B C10 H8 O C C10 H16O D C10 H10 O2  

 

 

13 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon? 

A A phosphorus atom has one more proton in its nucleus. 

B The atomic radius of a phosphorus atom is greater. 

C The outer electron in a phosphorus atom is more shielded. 

D The outer electron in a phosphorus atom is paired. 

 

 

14 When magnesium nitrate, Mg(NO3 )2 .7H2 O, is heated, which three gases are given off? 

A dinitrogen oxide, oxygen, water vapour 

B hydrogen, nitrogen, oxygen 

C hydrogen, nitrogen dioxide, oxygen 

D nitrogen dioxide, oxygen, water vapour 

 

 

15 Ammonium sulfate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing 

sulfuric acid, nitric acid and water. 

 

How many moles of oxygen gas are needed to oxidise completely one mole of ammonium 

sulfate? 

A 1 B 2 C 3 D 4 

 

 

16 Chile saltpetre, NaNO3 , contains sodium iodide as an impurity. 

 

Aqueous silver nitrate is added to an aqueous solution of Chile saltpetre. Concentrated aqueous 

ammonia is then added. 

 

Which observations are made? 

 

 
with acidified silver 

nitrate 

with concentrated 

aqueous ammonia 

A no precipitate no further reaction 

B no precipitate precipitate forms 

C precipitate forms precipitate dissolves 

D precipitate forms precipitate remains 

 

 

!
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17 The following report appeared in a newspaper. 

 

   Drums of bromine broke open after a vehicle crash on the motorway. Traffic was diverted as 

purple gaseous bromine drifted over the road (it is denser than air), causing irritation to 

drivers’ eyes. Firemen sprayed water over the scene of the accident, dissolving the bromine 

and washing it away. 

What is wrong with the report? 

A Bromine does not dissolve in water. 

B Bromine does not vapourise readily. 

C Bromine is less dense than air. 

D Bromine is not purple. 

 

 

18 Which reaction of ammonia does not involve the non-bonding pair of electrons on the nitrogen 

atom? 

 A NH3(g) + CH3I(g) → CH3NH
+

3
I –(s) 

 B NH3(g) + HCl (g) → NH4Cl (s) 

 C 2NH3(l) + 2Na(s) → 2NaNH2(s) + H2(g) 

 D 2NH3(aq) + Ag
+

(aq) → [Ag(NH3)2]
+

(aq) 

 

 

19 Ammonium sulphate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing 

sulphuric acid, nitric acid and water. 

 

 How many moles of oxygen are needed to oxidise completely one mole of ammonium sulphate? 

 A 1 B 2 C 3 D 4 

 

 

20 What can behave as an electrophilic reagent? 

A Br2 

B Na 

C NH3 

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

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

What is the function of thiosulphate?

A to make the silver ions soluble

B to oxidise the silver ions

C to oxidise the silver metal

D to reduce silver ions

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

A HCl, HBr, HI

B HCl, HI, HBr

C HBr, HI, HCl

D HI, HBr, HCl

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

A ions only

B ions and simple molecules only

C simple molecules and hydrogen-bonded molecules only

D simple molecules, hydrogen–bonded molecules and ions

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

Which is the best explanation of this unreactivity?

A Its molecule contains a triple bond.

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

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

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

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

A 3 B 4 C 5 D 6

!
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15 X, Y and Z represent different halogens. The table shows the results of nine experiments in which 

aqueous solutions of X
2
, Y

2
 and Z

2
 were separately added to separate aqueous solutions 

containing X –, Y – and Z – ions. 

 

 X –(aq) Y –(aq) Z –(aq) 

X
2
(aq) no reaction no reaction no reaction 

Y
2
(aq) X

2
 formed no reaction Z

2
 formed 

Z
2
(aq) X

2
 formed no reaction no reaction 

 

Which row in the following table contains the ions X 
–

, Y 
–

 and Z 
–

 in order of their decreasing 

strength as reducing agents? 

 

 strongest 
 

weakest 

A X – Y – Z – 

B X – Z – Y – 

C Y – Z – X – 

D Z – X – Y – 
 

 

16 A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulfuric acid and with concentrated phosphoric acid. The 

observations are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H
2
SO

4
 colourless acidic gas formed purple vapour formed 

conc. H
3
PO

4
 colourless acidic gas formed colourless acidic gas formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulfuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulfuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulfuric acid is a stronger oxidising agent than iodine. 

 

 

17 Ammonium nitrate, NH
4
NO

3
, is manufactured in large quantities for use in fertiliser. 

 

Which statement about ammonium nitrate fertiliser is not correct? 

A It can cause environmental problems. 

B It consists of 35 % nitrogen by mass. 

C It is insoluble in water. 

D Nitric acid is used in its manufacture. 

 

!
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16 In black and white photographic film, light converts silver chloride into metallic silver. After the film
has been developed, the unexposed silver chloride is removed by reaction with sodium
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D simple molecules, hydrogen–bonded molecules and ions

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

Which is the best explanation of this unreactivity?

A Its molecule contains a triple bond.

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

C The bond in its molecule is very short (0.110 nm).
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20 How many alcohols (including both structural isomers and stereoisomers) can have the molecular
formula C4H10O?

A 3 B 4 C 5 D 6

!
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15  Which of the following is not a correct statement about iodine? 

A A crystal of iodine contains covalent bonds and van der Waals’ forces. 

B Iodine vapour is purple. 

C The first ionisation energy of iodine is less than that of bromine. 

D The hydride of iodine is of greater thermal stability than that of bromine. 

 

 

16  Mixing aqueous silver nitrate and aqueous sodium chloride produces a precipitate. 

 

Addition of which reagent to the mixture gives a colourless solution? 

A aqueous ammonia 

B aqueous potassium iodide 

C dilute hydrochloric acid 

D dilute nitric acid 

 

 

17  Which is the complete list of all the products from the reaction of concentrated sulphuric acid with 

potassium bromide? 

A potassium hydrogensulphate and hydrogen bromide 

B potassium hydrogensulphate, hydrogen bromide and bromine 

C potassium hydrogensulphate, hydrogen bromide, bromine and water 

D potassium hydrogensulphate, hydrogen bromide, bromine, water and sulphur dioxide 

 

 

18 Sulphur dioxide is an important food preservative. 

 

Which property makes sulphur dioxide useful in this role? 

A It is a gas. 

B It is a reducing agent. 

C It reacts with oxygen to form sulphur trioxide. 

D It reacts with water to form an acidic solution. 
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15 What are the products of the thermal decomposition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen

C magnesium oxide, nitrogen and oxygen

D magnesium oxide, nitrogen dioxide and oxygen

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

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

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

B concentrated H2 SO4 at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

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

A ammonia

B hydrogen chloride

C hydrogen iodide

D steam

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

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)

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

A C B C8 H18 C CO D NO

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

A 3 B 5 C 6 D 7

!
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15 X, Y and Z represent different halogens. The table shows the results of nine experiments in which 

aqueous solutions of X
2
, Y

2
 and Z

2
 were separately added to separate aqueous solutions 

containing X –, Y – and Z – ions. 

 

 X –(aq) Y –(aq) Z –(aq) 

X
2
(aq) no reaction no reaction no reaction 

Y
2
(aq) X

2
 formed no reaction Z

2
 formed 

Z
2
(aq) X

2
 formed no reaction no reaction 

 

Which row in the following table contains the ions X 
–

, Y 
–

 and Z 
–

 in order of their decreasing 

strength as reducing agents? 

 

 strongest 
 

weakest 

A X – Y – Z – 

B X – Z – Y – 

C Y – Z – X – 

D Z – X – Y – 
 

 

16 A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulfuric acid and with concentrated phosphoric acid. The 

observations are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H
2
SO

4
 colourless acidic gas formed purple vapour formed 

conc. H
3
PO

4
 colourless acidic gas formed colourless acidic gas formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulfuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulfuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulfuric acid is a stronger oxidising agent than iodine. 

 

 

17 Ammonium nitrate, NH
4
NO

3
, is manufactured in large quantities for use in fertiliser. 

 

Which statement about ammonium nitrate fertiliser is not correct? 

A It can cause environmental problems. 

B It consists of 35 % nitrogen by mass. 

C It is insoluble in water. 

D Nitric acid is used in its manufacture. 

 

!
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12  The following species contain the same number of electrons. 

 

In which order do their radii increase? 

 

 smallest radius  largest radius 

A Ar K
+

 Ca
2+

 

B Ca
2+

 Ar K
+

 

C Ca
2+

 K
+

 Ar 

D K
+

 Ar Ca
2+

 

 

 

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

 

Which element is likely to have an electronegativity similar to that of aluminium? 

A barium 

B beryllium 

C magnesium 

D strontium 

 

 

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

 

Which is true for calcium or its compounds compared with the corresponding statements for 

magnesium? 

A Calcium has a smaller atomic radius. 

B Calcium oxide reacts less vigorously with water. 

C Calcium reacts more vigorously with water. 

D The sum of the first two ionisation energies of calcium is greater. 

 

 

15  Concentrated sulphuric acid is added to separate solid samples of sodium chloride, sodium 

bromide or sodium iodide. 

 

With which sample(s) does sulphuric acid act as an oxidising agent? 

A sodium chloride only 

B sodium chloride and sodium bromide 

C sodium bromide and sodium iodide 

D sodium iodide only 

 

 

!
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15  Use of the Data Booklet is relevant to this question. 

 

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

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

A 150 cm
3

 B 300 cm
3

 C 600 cm
3

 D 1200 cm
3

 

 

 

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

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

hydrochloric acid. Vigorous effervescence was seen. 

 

What was the mineral? 

A aragonite, CaCO3 

B artinite, MgCO3.Mg(OH)2.3H2O 

C barytocalcite, BaCO3.CaCO3 

D dolomite, CaCO3.MgCO3 

 

 

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

A as a base 

B as a ligand with the Ag
+

 ion 

C as a ligand with the Cl –  ion 

D as a reducing agent 

 

 

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

fertiliser. 

 

Why cannot they be used in a mixed form? 

A The dry mixture is explosive. 

B CaSO4, formed on mixing, causes hard water. 

C When dampened, ammonia is given off. 

D Sulphuric acid will form. 

 

 

19  The diagram shows the structure of vitamin C. 

 

HO OH

C

C CH CH

OH

CH2OH

C

O
O

 

 

How many chiral centres are there in one molecule? 

A 1 B 2 C 3 D 4 
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15  Which of the following is not a correct statement about iodine? 

A A crystal of iodine contains covalent bonds and van der Waals’ forces. 

B Iodine vapour is purple. 

C The first ionisation energy of iodine is less than that of bromine. 

D The hydride of iodine is of greater thermal stability than that of bromine. 

 

 

16  Mixing aqueous silver nitrate and aqueous sodium chloride produces a precipitate. 

 

Addition of which reagent to the mixture gives a colourless solution? 

A aqueous ammonia 

B aqueous potassium iodide 

C dilute hydrochloric acid 

D dilute nitric acid 

 

 

17  Which is the complete list of all the products from the reaction of concentrated sulphuric acid with 

potassium bromide? 

A potassium hydrogensulphate and hydrogen bromide 

B potassium hydrogensulphate, hydrogen bromide and bromine 

C potassium hydrogensulphate, hydrogen bromide, bromine and water 

D potassium hydrogensulphate, hydrogen bromide, bromine, water and sulphur dioxide 

 

 

18 Sulphur dioxide is an important food preservative. 

 

Which property makes sulphur dioxide useful in this role? 

A It is a gas. 

B It is a reducing agent. 

C It reacts with oxygen to form sulphur trioxide. 

D It reacts with water to form an acidic solution. 

 

 

!
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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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7 The table shows the enthalpy change of neutralisation per mole of water formed, ∆H, for various 

acids and bases. 

 

acid base ∆H / kJ mol
–1

 

hydrochloric acid sodium hydroxide –57.0 

P sodium hydroxide –54.0 

hydrochloric acid Q –52.0 

nitric acid R –57.0 

 

What are P, Q and R? 

 

 P Q R 

A ethanoic acid ammonia potassium hydroxide 

B ethanoic acid sodium hydroxide ammonia 

C sulphuric acid ammonia potassium hydroxide 

D sulphuric acid sodium hydroxide ammonia 

 

 

8 During the electrolysis of brine using a diaphragm cell, which reaction occurs at the cathode? 

A 2Cl –

(aq) → Cl2(g) + 2e
– 

B 4OH –(aq) → O2(g) + 2H2O(l) + 4e
–

 

C 2H2O(l) + 2e
–

 → H2(g) + 2OH
–

(aq) 

D Na
+

(aq) + e
–

 → Na(s) 

 

 

9 Chlorine dioxide is produced on a large scale as it is used for bleaching paper pulp. It is made by 

the following reaction. 

 

2Cl O (aq) + SO2(g) → 2Cl O2(g) + SO
−2

4
(aq) 

 

How do the oxidation numbers of chlorine and sulphur change in this reaction? 

 

 chlorine sulphur 

A decreases by 1 increases by 1 

B decreases by 1 increases by 2 

C decreases by 3 increases by 1 

D decreases by 3 increases by 2 

 

 

−
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14 Slaked lime, Ca(OH)2, may be made from limestone, CaCO3. 

 

On heating in a lime kiln at 1000 °C, limestone decomposes as follows. 

 

reaction 1 CaCO3(s) → CaO(s) + CO2(g) 

 

Water is then reacted with calcium oxide, CaO, as follows. 

 

reaction 2 CaO(s) + H2O(l) → Ca(OH)2(s) 

 

What are the enthalpy changes of these reactions? 

 

 reaction 1 reaction 2 

A endothermic endothermic 

B endothermic exothermic 

C exothermic endothermic 

D exothermic exothermic 

 

 

15 In the treatment of domestic water supplies, chlorine is added to the water to form chloric(I) acid, 

HClO. 

 

Cl2(aq) + H2O(I) → H
+

(aq) + Cl –(aq) + HClO(aq) 

 

This reacts further to give the chlorate(I) ion. 

 

HClO(aq) + H2O(I) → H3O
+

(aq) + ClO
–

(aq) 

 

Both HClO and ClO
–

 kill bacteria by oxidation. 

 

What is the change in oxidation number of chlorine in forming the chlorate(I) ion from the 

aqueous chlorine? 

A –1 B 0 C +1 D +2 

 

 

16 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. 
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15 In black and white photographic film, light converts silver chloride into metallic silver. After the film 

has been developed, the unreacted silver chloride is removed by reaction with sodium thiosulfate 

to produce a ‘fixed’ negative. 

 

AgCl + 2Na2S2O3 → 4Na
+

 + Cl – + [Ag(S2O3)2]
3–

 

 

What is the function of the thiosulfate ion? 

A to make the silver ions soluble 

B to oxidise the silver ions 

C to oxidise the silver metal 

D to reduce the silver ions 

 

 

16 Which statement is most likely to be true for astatine, which is below iodine in Group VII of the 

Periodic Table? 

 A Astatine and aqueous potassium chloride react to form aqueous potassium astatide and 

chlorine. 

 B Potassium astatide and hot dilute sulfuric acid react to form white fumes of only hydrogen 

astatide. 

 C Silver astatide reacts with dilute aqueous ammonia in excess to form a solution of a soluble 

complex. 

 D Sodium astatide and hot concentrated sulfuric acid react to form astatine. 

 

 

17 Deposits of ammonium compounds have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO3 + H2O + 2NH3 → (NH4)2SO4 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 

 

 

!
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15  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium
bromide

graphite anode

 

 

 Why is an atmosphere of argon used around the cathode? 

A The argon keeps the strontium molten. 

B The argon stops the molten strontium rising too high in the tube. 

C A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

 formed metal. 

D Without the argon strontium oxide would form in the air. 

 

 

16  A weedkiller can be prepared by heating a bleach solution. 

 

3NaCl O
heat

bleach weedkiller

NaCl O 3+2NaCl

 

 

What are the oxidation states of chlorine in these three compounds? 

A –1 –1 +5 

B +1 –1 +5 

C +1 –1 +7 

D +2 +1 +7 
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17  A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulphuric acid and concentrated phosphoric acid. The observations 

are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H2SO4  colourless acidic gas  

formed 

purple vapour formed 

 

conc. H3 PO4  colourless acidic gas  

formed 

colourless acidic gas  

formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulphuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulphuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulphuric acid is a stronger oxidising agent than iodine. 

 

 

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

 

flammable non-flammable poisonous 

 

Which gas is poisonous? 

A butane 

B carbon dioxide 

C hydrogen 

D sulphur dioxide 

 

 

19  Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the 
+

4
NH  ion is similar to that of Mg

2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions are isoelectronic (have the same number of electrons). 

D The 
+

4
NH  ion acts as an acid. 
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7  When chlorine and aqueous sodium hydroxide are heated together the following overall reaction 

occurs. 

 

3Cl 2(aq) + 6NaOH(aq) → 5NaCl (aq) + NaCl O3(aq) + 3H2O(l) 

 

What are the oxidation numbers for chlorine in each of the following species? 

 

 Cl 2 NaCl NaCl O3 

A 0 +1 –5 

B +2 –1 +3 

C 0 –1 +5 

D –2 +1 –3 

 

 

8  Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe how sulfur dioxide dissolves. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

9  An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm
3

 

of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in the mixture. 

 

Ag
+

(aq) + Fe
2+

(aq)  Ag(s) + Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 
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15  The chemical properties of an element at the top of a group in the Periodic Table are often 

different from those of the rest of the elements in the group. 

 

Of the following properties of beryllium and its compounds, which property is typical of the 

elements below it in Group II? 

A Be does not react with hot water. 

B BeCl2 is covalent. 

C Be(NO3)2 produces BeO on thermal decomposition. 

D BeO dissolves in alkalis. 

 

 

16 Compound X on refluxing with aqueous sodium hydroxide gave mixture Y which on distillation 

with acidified potassium dichromate(VI) produced propanone. Mixing Y with dilute nitric acid and 

aqueous silver nitrate gave a cream precipitate. 

 

What could compound X be? 

A CH3CHBrCH3 

B CH3CHICH3 

C CH3CH2CH2Br 

D CH3CH2CH2I 

 

 

17  There are three stages in the Contact process for the production of sulphuric acid. 

 

1 S + O2 → SO2 

2 SO2 + 
1

2

O2 → SO3 

3 SO3 + H2O → H2SO4 

 

Which statement about this process is correct? 

A In the first stage a large excess of air under high pressure is used to improve the yield. 

B Two of the three stages are equilibria. 

C All three stages are exothermic. 

D In the final stage SO3 is absorbed by water droplets. 

 

 

18  Gaseous nitrogen is less reactive than gaseous fluorine. 

 

What is the reason for this difference in reactivity? 

A The boiling point of nitrogen is lower than that of fluorine. 

B The relative molecular mass of nitrogen is lower than that of fluorine. 

C The atomic radius of nitrogen is greater than that of fluorine. 

D The bond strength in the molecule is greater in nitrogen than in fluorine. 
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16  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 

 

Cl 
2
(aq) + H

2
O(I) → H

+

(aq) + Cl –(aq) + HCl O(aq) 

 

The HCl O reacts further to give Cl O–

 ions. 

 

HCl O(aq) + H
2
O(I) → H

3
O

+

(aq) + Cl O–

(aq) 

 

Both HCl O and Cl O–

 kill bacteria by oxidation. 

 

What is the overall change in oxidation number of chlorine when forming the Cl O–

 ion from the 

aqueous chlorine? 

A –1 B 0 C +1 D +2 

 

 

17  What trend is observed on descending Group VII? 

A The colours of the elements become lighter. 

B The elements become more volatile. 

C The hydrides of the elements become more thermally stable. 

D The reactions of the elements with hydrogen become less vigorous. 

 

 

18  The following two experiments are carried out with anhydrous potassium chloride and 

observations X and Y are made at the end of each experiment. 

 

Concentrated sulfuric acid is added to the potassium chloride and the fumes produced are 

bubbled into aqueous potassium iodide solution - observation X. 

 

The potassium chloride is dissolved in aqueous ammonia and this is then added to aqueous 

silver nitrate - observation Y. 

 

What are the observations X and Y? 

 

 X Y 

A brown solution colourless solution 

B brown solution white precipitate 

C colourless solution colourless solution 

D colourless solution white precipitate 
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16  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 

 

Cl 
2
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(aq) + Cl –(aq) + HCl O(aq) 

 

The HCl O reacts further to give Cl O–
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HCl O(aq) + H
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O

+
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Both HCl O and Cl O–

 kill bacteria by oxidation. 

 

What is the overall change in oxidation number of chlorine when forming the Cl O–

 ion from the 

aqueous chlorine? 

A –1 B 0 C +1 D +2 

 

 

17  What trend is observed on descending Group VII? 

A The colours of the elements become lighter. 

B The elements become more volatile. 

C The hydrides of the elements become more thermally stable. 

D The reactions of the elements with hydrogen become less vigorous. 

 

 

18  The following two experiments are carried out with anhydrous potassium chloride and 

observations X and Y are made at the end of each experiment. 

 

Concentrated sulfuric acid is added to the potassium chloride and the fumes produced are 

bubbled into aqueous potassium iodide solution - observation X. 

 

The potassium chloride is dissolved in aqueous ammonia and this is then added to aqueous 

silver nitrate - observation Y. 

 

What are the observations X and Y? 

 

 X Y 

A brown solution colourless solution 

B brown solution white precipitate 

C colourless solution colourless solution 

D colourless solution white precipitate 
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14  Use of the Data Booklet is relevant to this question. 

 

A 5.00 g sample of an anhydrous Group II metal nitrate loses 3.29 g in mass when heated 

strongly. 

 

Which metal is present? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

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

 

A significant contribution to atmospheric carbon dioxide levels comes from the thermal 

decomposition of limestone, in the manufacture of cement and of lime for agricultural purposes. 

 

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is 

roasted in kilns to make lime. 

 

What is the total annual mass output of carbon dioxide (in million tonnes) from these two 

processes? 

A 440 B 527 C 660 D 880 

 

 

16  Why do the halogens become less volatile as Group VII is descended? 

A The halogen-halogen bond energy decreases. 

B The halogen-halogen bond length increases. 

C The number of electrons in each molecule increases. 

D The van der Waals’ forces between molecules become weaker. 

 

 

17  Aqueous sodium chloride (brine) is electrolysed by using inert electrodes in a cell which is stirred 

so that products of electrolysis react with each other. The cell is kept cold. 

 

Which pair of substances is among the major products? 

A hydrogen and chlorine 

B hydrogen and sodium chlorate(I) 

C hydrogen and sodium chlorate(V) 

D sodium hydroxide and chlorine 
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16  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 
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18  The following two experiments are carried out with anhydrous potassium chloride and 
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Concentrated sulfuric acid is added to the potassium chloride and the fumes produced are 

bubbled into aqueous potassium iodide solution - observation X. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 

solutions decompose on heating as shown. 

 

3Cl O–

  →  Cl O3

–

  +  2Cl – 
 

Which oxidation state is shown by chlorine in each of these three ions? 

 

 Cl O–

 Cl O3

–

 Cl – 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 

 

 

2 A mixture of 10  cm
3

 of methane and 10  cm
3

 of ethane was sparked with an excess of oxygen. 

After cooling to room temperature, the residual gas was passed through aqueous potassium 

hydroxide. 

 

All gas volumes were measured at the same temperature and pressure. 

 

What volume of gas was absorbed by the alkali? 

A 15 cm
3

 B 20  cm
3

 C 30  cm
3

 D 40  cm
3

 

 

 

3 The diagram shows an electrolytic cell for the extraction of aluminium. 

 

graphite anode

Al 2O3 in molten cryolite

graphite lining acting as cathode 

molten aluminium  

 

Which statement is correct? 

A Aluminium ions are oxidised in this process. 

B Aluminium is liberated at the anode by the reaction Al 3+

  +  3e
–

  →  Al. 

C Cryolite is purified aluminium oxide. 

D The graphite anode burns away. 

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

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

15  The reaction between KI and concentrated H
2
SO

4
 is a redox reaction. 

 

5H
2
SO

4
  +  8KI  →  4K

2
SO

4
  +  4I

2
  +  H

2
S  +  4H

2
O 

 

What is the change in oxidation state of the element that is reduced? 

A 1 B 4 C 6 D 8 

 

 

16  Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

17 In the Haber process, the reaction between the two gaseous reactants requires the use of a 

catalyst that contains a transition element. 

 

What is the metal and in what mole ratio do the gases react? 

 

 metal mole ratio 

A Fe 1 : 2 

B Fe 1 : 3 

C V 1 : 2 

D V 1 : 3 

 

 

18  Which oxide, when mixed with water, will produce the solution with the lowest pH? 

A CO
2
 B Na

2
O C P

4
O

10
 D SiO

2
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15  Element 85, astatine, is in Group VII. Concentrated sulfuric acid is added to sodium astatide. The 

mixture of products includes astatine, hydrogen astatide, hydrogen sulfide, and sodium sulfate. 

 

Which product is formed by the oxidation of one of the constituents of sodium astatide? 

A astatine 

B hydrogen astatide 

C hydrogen sulfide 

D sodium sulfate 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is an oxide of nitrogen, X. 

 

7.4 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of X is produced? 

A 1.5 g B 2.3 g C 3.0 g D 4.6 g 

 

 

17 Y is a salt of one of the halogens chlorine, bromine, iodine, or astatine (element 85). 

 

The reaction scheme shows a series of reactions using a solution of Y as the starting reagent. 

 

Y(aq) a precipitate a colourless
solution

a precipitate

HNO3(aq)
AgNO3(aq)

an excess of
dilute NH3(aq)

an excess of
HNO3(aq)

 

 

What could Y be? 

A sodium chloride 

B sodium bromide 

C potassium iodide 

D potassium astatide 
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16  Chlorine shows oxidation states ranging from –1 to +7 in its compounds. 

 

What are the reagent(s) and conditions necessary for the oxidation of elemental chlorine into a 

compound containing chlorine in the +5 oxidation state? 

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

B concentrated H2SO4 at room temperature 

C cold dilute NaOH(aq) 

D hot concentrated NaOH(aq) 

 

 

17  What can be seen when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

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

 

Sodium and sulfur react together to form sodium sulfide, Na2S. 

 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 

 

 atomic radius ionic radius 

A sodium > sulfur sodium > sulfur 

B sodium > sulfur sodium < sulfur 

C sodium < sulfur sodium > sulfur 

D sodium < sulfur sodium < sulfur 

 

 

19  Which substance does not produce a poisonous gas, when burnt in a limited amount of air? 

A hydrogen 

B methane 

C propene 

D sulfur 
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11 A solution of Sn
2+

 ions will reduce an acidified solution of MnO4

–

 ions to Mn
2+

 ions. The Sn
2+

 ions 

are oxidised to Sn
4+

 ions in this reaction. 

 

How many moles of Mn
2+

 ions are formed when a solution containing 9.5 g of SnCl 2 (Mr: 190) is 

added to an excess of acidified KMnO4 solution? 

A 0.010 B 0.020 C 0.050 D 0.125 

 

 

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

 

This question should be answered using bond enthalpy data. The equation for the complete 

combustion of methane is given below. 

 

CH4  +  2O2  →  CO2  +  2H2O 

 

What is the enthalpy change of combustion of methane? 

A –1530 kJ mol
–1

 

B –1184  kJ mol
–1

 

C –770 kJ mol
–1

 

D –688 kJ mol
–1

 

 

 

13 In which row of the table are all statements comparing the compounds of magnesium and barium 

correct? 

 

 solubility of hydroxides solubility of sulfates 

 

solubility of 

magnesium 

hydroxide 

solubility of barium 

hydroxide 

solubility of 

magnesium sulfate 

solubility of barium 

sulfate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

14 What happens when iodine solution is added to a solution of sodium bromide? 

A A reaction occurs without changes in oxidation state. 

B Bromide ions are oxidised, iodine atoms are reduced. 

C Bromide ions are reduced, iodine atoms are oxidised. 

D No reaction occurs. 
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15  Element 85, astatine, is in Group VII. Concentrated sulfuric acid is added to sodium astatide. The 

mixture of products includes astatine, hydrogen astatide, hydrogen sulfide, and sodium sulfate. 

 

Which product is formed by the oxidation of one of the constituents of sodium astatide? 

A astatine 

B hydrogen astatide 

C hydrogen sulfide 

D sodium sulfate 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is an oxide of nitrogen, X. 

 

7.4 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of X is produced? 

A 1.5 g B 2.3 g C 3.0 g D 4.6 g 

 

 

17 Y is a salt of one of the halogens chlorine, bromine, iodine, or astatine (element 85). 

 

The reaction scheme shows a series of reactions using a solution of Y as the starting reagent. 

 

Y(aq) a precipitate a colourless
solution

a precipitate

HNO3(aq)
AgNO3(aq)

an excess of
dilute NH3(aq)

an excess of
HNO3(aq)

 

 

What could Y be? 

A sodium chloride 

B sodium bromide 

C potassium iodide 

D potassium astatide 
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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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16  The trends in three physical properties of the elements Na, Mg, Al, Si, P and S are shown in the 

graphs. 

 

Na Mg Si P SAl
0

Na Mg Si P SAl
0

Na Mg Si P SAl
0

 

 

Which physical property is not illustrated? 

A atomic radius 

B electrical conductivity 

C first ionisation energy 

D melting point 

 

 

17  Which statement about ammonia is completely correct? 

A Ammonia acts as a nucleophile by accepting a pair of electrons when it reacts with 

bromoethane. 

B Ammonia can form a co-ordinate bond with a hydrogen ion to form an ammonium ion. 

C Ammonia is a base and accepts hydroxide ions. 

D The shape of the ammonia molecule is pyramidal with bond angles of 109.5°. 

 

 

18  What happens when bromine solution is added to a solution of sodium iodide? 

A A reaction occurs without changes in oxidation state. 

B Bromine atoms are oxidised, iodide ions are reduced. 

C Bromine atoms are reduced, iodide ions are oxidised. 

D No reaction occurs. 
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12 Propanone has molecular formula C3H6O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

 

The enthalpy change of formation of propanone is –254 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of combustion of propanone? 

A –2644 kJ mol
–1

 

B –2294 kJ mol
–1

 

C –1786 kJ mol
–1

 

D –426 kJ mol
–1

 

 

 

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

 

Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 

 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 

 

What mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 

 

 

14 In which row of the table are all statements comparing the compounds of calcium and barium 

correct? 

 

 
solubility of 

calcium hydroxide 

solubility of 

barium hydroxide 

thermal stability of 

calcium carbonate 

thermal stability of 

barium carbonate 

A higher lower higher lower 

B higher lower lower higher 

C lower higher higher lower 

D lower higher lower higher 

 

 

15 Many modern cars are fitted with halogen lamps. When such lamps are first switched on, a 

distinct purple colour can be seen. 

 

Which species is responsible for this purple colour? 

A I2(s) B I2(l) C I2(g) D I(g) 
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14  Two students, P and Q, were asked to draw bar charts to represent how some properties of the 

halogens and their compounds differ in magnitude. Their diagrams are shown. 

 

0

solubility
Cl

Br

I

student P

solubility of AgX(s) in NH3(aq)

0

∆H o
Cl Br I

student Q

∆H 
o for H2(g)  +  X2(g)  →  2HX(g)

 

 

Which of the student’s diagrams are correct? 

A both P and Q 

B P only 

C Q only 

D neither P nor Q 

 

 

15  When iodine is heated, a vapour is produced. 

 

Which row of the table correctly identifies the species in the vapour and its colour? 

 

 species colour 

A I(g) brown 

B I(g) purple 

C I2(g) brown 

D I2(g) purple 

 

 

16  How do the strengths of the covalent bonds within molecules, and the van der Waals’ forces 

between molecules, vary going down Group VII from chlorine to bromine to iodine? 

 

 
strength of 

covalent bonds 

strength of 

van der Waals’ forces 

A decrease decrease 

B decrease increase 

C increase decrease 

D increase increase 
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halogens and their compounds differ in magnitude. Their diagrams are shown. 
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15  When iodine is heated, a vapour is produced. 

 

Which row of the table correctly identifies the species in the vapour and its colour? 

 

 species colour 

A I(g) brown 

B I(g) purple 

C I2(g) brown 

D I2(g) purple 

 

 

16  How do the strengths of the covalent bonds within molecules, and the van der Waals’ forces 

between molecules, vary going down Group VII from chlorine to bromine to iodine? 

 

 
strength of 

covalent bonds 

strength of 

van der Waals’ forces 

A decrease decrease 

B decrease increase 

C increase decrease 

D increase increase 
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14  Two students, P and Q, were asked to draw bar charts to represent how some properties of the 

halogens and their compounds differ in magnitude. Their diagrams are shown. 
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strength of 

covalent bonds 
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van der Waals’ forces 

A decrease decrease 
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C increase decrease 

D increase increase 
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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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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Ammonium nitrate, NH4NO3, can decompose explosively when heated. 

 

NH4NO3  →  N2O  +  2H2O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH4NO3 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

2 In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite is a base; aluminium oxide is amphoteric 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

3 A 10 cm
3

 sample of 0.30 mol dm
–3

 Tl +NO3

–

 required 20 cm
3

 of 0.10 mol dm
–3

 acidified NH4VO3 to 

oxidise it to Tl 3+

 in solution. Vanadium is the only element reduced in this reaction. 

 

What is the oxidation number of the vanadium in the reduced form? 

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

 

 

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

 

Element X forms X
–

 ions that can be oxidised to element X by acidified potassium 

manganate(VII). 

 

What could be the values of the first four ionisation energies of X? 

 

 1st 2nd 3rd 4th 

A 418 3070 4600 5860 

B 577 1820 2740 11 600 

C 590 1150 4940 6480 

D 1010 1840 2040 4030 
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16 Which graph correctly shows the relative melting points of the elements Mg, Al, Si and P plotted 

against their relative electronegativities? 

 

melting point

electronegativity

A

Si

Al

Mg

P

melting point

electronegativity

B

Si

AlMg

P

melting point

electronegativity

C
Si

Al Mg

P

melting point

electronegativity

D

Si

Al

Mg

P

 

 

 

17 When solid sodium iodide reacts with concentrated sulfuric acid, the products include NaHSO4, 

H2S, SO2 and S. 

 

In the formation of which product has the oxidation state of sulfur changed by a value of 8? 

A H2S B NaHSO4 C S D SO2 

 

 

18 A test-tube of HBr(g) and a test-tube of HI(g) are heated to the same temperature. 

 

Which combination of observations is possible? 

 

 tube of HBr(g) tube of HI(g) 

A a brown vapour appears no change is apparent 

B a purple vapour appears no change is apparent 

C no change is apparent a brown vapour appears 

D no change is apparent a purple vapour appears 
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16 Which graph correctly shows the relative melting points of the elements Mg, Al, Si and P plotted 

against their relative electronegativities? 
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Mg
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melting point

electronegativity

B

Si

AlMg

P

melting point

electronegativity

C
Si

Al Mg

P

melting point

electronegativity

D

Si

Al

Mg

P

 

 

 

17 When solid sodium iodide reacts with concentrated sulfuric acid, the products include NaHSO4, 

H2S, SO2 and S. 

 

In the formation of which product has the oxidation state of sulfur changed by a value of 8? 

A H2S B NaHSO4 C S D SO2 

 

 

18 A test-tube of HBr(g) and a test-tube of HI(g) are heated to the same temperature. 

 

Which combination of observations is possible? 

 

 tube of HBr(g) tube of HI(g) 

A a brown vapour appears no change is apparent 

B a purple vapour appears no change is apparent 

C no change is apparent a brown vapour appears 

D no change is apparent a purple vapour appears 
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11 Boltzmann distributions are shown in the diagrams. 

 

number of 
molecules 

0 
0 

diagram 1 

molecular energy

number of 
molecules 

0 
0 

diagram 2 

molecular energy

P 

Q 

X Y 

 

 

In diagram 1, one curve, P or Q, corresponds to a temperature higher than that of the other 

curve. 

 

In diagram 2, one line, X or Y, corresponds to the activation energy in the presence of a catalyst 

and the other line corresponds to the activation energy of the same reaction in the absence of a 

catalyst. 

 

Which combination gives the correct curve and line? 

 

 
higher 

temperature 

presence of 

catalyst 

A P X 

B P Y 

C Q X 

D Q Y 

 

 

12 Redox reactions occur very frequently in the chemistry of Group VII. 

 

Which statement is correct? 

A Chlorine will oxidise bromide ions but not iodide ions. 

B Fluorine is the weakest oxidising agent out of F
2
, Cl 

2
, Br

2
 and I

2
. 

C Iodide ions are the weakest reducing agent out of F –, Cl –, Br – and I –. 

D When chlorine reacts with water, chlorine is both oxidised and reduced. 
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15 A powder is known to be either a single sodium halide or a mixture of two sodium halides. A 

sample of the powder was dissolved in water. Aqueous silver nitrate was added, and a pale 

yellow precipitate was formed. When concentrated aqueous ammonia was added, the precipitate 

partly dissolved leaving a darker yellow precipitate. 

 

What might the powder have consisted of? 

A sodium bromide only 

B sodium iodide only 

C a mixture of sodium chloride and sodium bromide 

D a mixture of sodium chloride and sodium iodide 

 

 

16 X is a mixture of two compounds of Group II elements. 

 

X can undergo thermal decomposition to produce a white solid and only two gaseous products. 

One of the gaseous products relights a glowing splint. 

 

What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

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

D MgO and CaSO4 

 

 

17 An element Y reacts according to the following sequence. 

 

Y white solid solution solutionwhite precipitate

burns
in O2 HCl (aq) NaOH(aq)

an excess of
NaOH(aq)

 

 

What could be element Y? 

A Al B Ca C Mg D P 

 

 

18 One molecule of the oxide of element Z reacts with six molecules of water to produce an acidic 

compound. 

 

What is element Z? 

A aluminium 

B phosphorus 

C sodium 

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

 

Sir Humphrey Davy discovered boron, calcium, magnesium and sodium. 

 

Which of these elements has the second smallest atomic radius in its group and the third lowest 

first ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 

 

 

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

 

A sample of potassium oxide, K2O, is dissolved in 250 cm
3

 of distilled water. 25.0 cm
3

 of this 

solution is titrated against sulfuric acid of concentration 2.00 mol dm
–3

. 15.0 cm
3

 of this sulfuric 

acid is needed for complete neutralisation. 

 

Which mass of potassium oxide was originally dissolved in 250 cm
3

 of distilled water? 

A 2.83 g B 28.3 g C 47.1 g D 56.6 g 

 

 

16  Chlorine gas reacts with cold aqueous sodium hydroxide. It can also react with hot aqueous 

sodium hydroxide. 

 

What are the oxidation numbers of chlorine in the products of these reactions? 

 

 
cold aqueous 

sodium hydroxide 

hot aqueous 

sodium hydroxide 

A –1, +1 –1, +5 

B –1, +1 +1, +6 

C –1, +2 –1, +5 

D –1, +2 +1, +6 

 

 

17  Under standard conditions, which statement is correct? 

A Cl –(aq) can oxidise Br2(aq). 

B Cl –(aq) can reduce Br2(aq). 

C Cl 2(aq) can oxidise Br –(aq). 

D Cl 2(aq) can reduce Br –(aq). 
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14  Use of the Data Booklet is relevant to this question. 

 

Sir Humphrey Davy discovered boron, calcium, magnesium and sodium. 

 

Which of these elements has the second smallest atomic radius in its group and the third lowest 

first ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 

 

 

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

 

A sample of potassium oxide, K2O, is dissolved in 250 cm
3

 of distilled water. 25.0 cm
3

 of this 

solution is titrated against sulfuric acid of concentration 2.00 mol dm
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. 15.0 cm
3

 of this sulfuric 

acid is needed for complete neutralisation. 

 

Which mass of potassium oxide was originally dissolved in 250 cm
3

 of distilled water? 

A 2.83 g B 28.3 g C 47.1 g D 56.6 g 

 

 

16  Chlorine gas reacts with cold aqueous sodium hydroxide. It can also react with hot aqueous 

sodium hydroxide. 

 

What are the oxidation numbers of chlorine in the products of these reactions? 

 

 
cold aqueous 

sodium hydroxide 

hot aqueous 

sodium hydroxide 

A –1, +1 –1, +5 

B –1, +1 +1, +6 

C –1, +2 –1, +5 

D –1, +2 +1, +6 

 

 

17  Under standard conditions, which statement is correct? 

A Cl –(aq) can oxidise Br2(aq). 

B Cl –(aq) can reduce Br2(aq). 

C Cl 2(aq) can oxidise Br –(aq). 

D Cl 2(aq) can reduce Br –(aq). 
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16 Chlorine is widely used in water treatment plants. 

 

Which reaction takes place when chlorine dissolves in water? 

A Cl 2  +  H2O  →  HCl  +  HCl O 

B 2Cl 2  +  2H2O  →  3HCl  +  HCl O2 

C 3Cl 2  +  3H2O  →  5HCl  +  HCl O3 

D 4Cl 2  +  4H2O  →  7HCl  +  HCl O4 

 

 

17 Astatine, At, is below iodine in Group VII of the Periodic Table. 

 

Which statement is most likely to be correct? 

A AgAt(s) reacts with excess dilute aqueous ammonia to form a solution of a soluble complex. 

B Astatine and KCl (aq) react to form KAt(aq) and chlorine. 

C KAt(aq) and dilute sulfuric acid react to form white fumes of HAt(g). 

D NaAt(s) and concentrated sulfuric acid react to form astatine. 

 

 

18 Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one 

of which is Fe
2+

, and one anion which is SO4

2–

. 

 

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

hydroxide. A colourless gas was evolved which readily dissolved in water giving an alkaline 

solution.  

 

A green precipitate was also formed. 

 

What are the identities of the gas and the precipitate? 

 

 gas precipitate 

A NH3 Fe(OH)2 

B NH3 Na2SO4 

C SO2 Fe(OH)2 

D SO2 Na2SO4 

 

 

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

 

Which mass of solid residue will be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 
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18  Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 

 

Which statement about the reactions of lithium or its compounds can be predicted from this 

statement? 

A Lithium burns very slowly in oxygen. 

B Lithium carbonate decomposes on heating in a blue Bunsen burner flame, forming lithium 

oxide and carbon dioxide. 

C Lithium nitrate decomposes on heating, forming lithium nitrite, LiNO2, and oxygen. 

D Lithium reacts very violently with cold water, liberating hydrogen. 

 

 

19  Two separate tests were carried out on an aqueous solution of a salt which contains only two 

ions. 

 

In each test, the resulting mixtures were filtered and the filtrate solution was collected. 

 

 
reagent result filtrate collected 

test 1 aqueous silver nitrate 

acidified with dilute nitric acid 

yellow precipitate forms solution P 

test 2 dilute sulfuric acid white precipitate forms solution Q 

 

Which ions are present in the filtrates? 

 

 solution P solution Q 

A Ba
2+

(aq) Cl –(aq) 

B Ba
2+

(aq) I
–

(aq) 

C Mg
2+

(aq) Cl –(aq) 

D Mg
2+

(aq) I
–

(aq) 

 

 

20  An organic compound Z 

 

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

● reacts with sodium to give hydrogen. 

 

What could be compound Z? 

A (CH3)3COH 

B CH3CH2CH2CHO 

C CH3CH2CH(OH)CH3 

D CH3CH2COCH3 
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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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15 The melting points of the Period 3 elements sodium to aluminium are shown in the table. 

 

element Na Mg Al 

mp / K 371 923 932 

 

Which factor explains the increase in melting points from sodium to aluminium? 

A the changes in first ionisation energy from sodium to aluminium 

B the increase in electronegativity from sodium to aluminium 

C the increase in the Ar of the elements from sodium to aluminium 

D the increase in the number of outer electrons in each atom from sodium to aluminium 

 

 

16 X is the oxide of a Period 3 element. X reacts with water to give an acidic solution. 

 

A solution is prepared by reacting 0.100 g of X with excess water. This solution was neutralised 

by exactly 25.0 cm
3

 of 0.100 mol dm
–3

 sodium hydroxide solution. 

 

What could be the identity of X? 

A Al 2O3 B MgO C P4O10 D SO3 

 

 

17 Which statement about bromine is correct? 

A Bromine is insoluble in non-polar solvents. 

B Bromine vapour is more dense than air. 

C Bromine will not vaporise significantly under normal conditions. 

D Gaseous bromine is purple. 

 

 

18 The addition of aqueous silver nitrate to aqueous barium chloride produces a white precipitate 

which dissolves in excess dilute aqueous ammonia to form a colourless solution. 

 

The addition of excess dilute nitric acid to the colourless solution produces a white precipitate, Z. 

 

What is Z? 

A AgCl B BaCl 2 C Ba(NO3)2 D NH4NO3 
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16 Use of the Data Booklet is relevant to this question. 

 

Brine is concentrated aqueous sodium chloride. 

 

In the commercial electrolysis of brine, the products are chlorine, hydrogen and sodium 

hydroxide. 

 

What is the maximum yield of each of these products when 58.5 kg of sodium chloride are 

electrolysed as brine? 

 

 
yield of 

chlorine / kg 

yield of 

hydrogen / kg 

yield of sodium 

hydroxide / kg 

A 35.5 1 40 

B 35.5 2 40 

C 71 1 40 

D 71 2 80 

 

 

17 A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulfuric acid and with concentrated phosphoric acid. Some 

observations are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H2SO4 colourless acidic gas formed purple vapour formed 

conc. H3PO4 colourless acidic gas formed colourless acidic gas formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulfuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulfuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulfuric acid is a stronger oxidising agent than iodine. 

 

 

18 A white powder is a mixture of sodium chloride and sodium iodide. It is dissolved in water in a 

test-tube. Excess aqueous silver nitrate is added to the test-tube. A precipitate, X, is observed. 

 

Excess concentrated ammonia is then added to the test-tube containing X. After the test-tube has 

been shaken, a precipitate, Y, is observed. 

 

Which statement about X or Y is correct? 

A X is a pure white colour. 

B X is pure silver iodide. 

C Y is pure silver chloride. 

D Y is yellow. 

 

!

6 

© UCLES 2016 9701/12/F/M/16  

16 Hydrogen chloride gas and hydrogen iodide gas have different thermal stabilities. The difference 
is due to a difference in the energies of some of the covalent bonds that are involved in the 
decomposition. 

 
Which row identifies the more stable of the two compounds, and gives the correct explanation? 

 

 identity of the more 
thermally stable compound 

explanation for the 
difference in stability 

A hydrogen chloride the Cl–Cl bond is stronger than the I–I bond 

B hydrogen chloride the H–Cl bond is stronger than the H–I bond 

C hydrogen iodide the Cl –Cl bond is stronger than the I–I bond 

D hydrogen iodide the H–Cl bond is stronger than the H–I bond 
 
 
17 Ammonium sulfate, (NH4)2SO4, and ammonium nitrate, NH4NO3, are used as fertilisers. 
 

These salts have different percentages by mass of nitrogen. They have the same effect as each 
other on the pH of neutral soil. 

 
Which row is correct? 

 

 higher percentage 
of nitrogen by mass effect on pH of soil 

A ammonium nitrate decrease 

B ammonium nitrate increase 

C ammonium sulfate decrease 

D ammonium sulfate increase 
 
 
18 River water in a chalky agricultural area contains Ca2+, Mg2+, CO3

2–, HCO3
–, Cl 

− and NO3
– ions. In 

a water treatment plant, such water is treated by adding a calculated quantity of calcium 
hydroxide. 

 
What will be precipitated from the river water following the addition of calcium hydroxide? 

A CaCl 2 B CaCO3 C Ca(NO3)2 D Mg(NO3)2 
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12 Consecutive elements X, Y and Z are in Period 3 of the Periodic Table. Element Y has the 
highest first ionisation energy and the lowest melting point of these three elements. 

 
What are the identities of X, Y and Z? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulfur 
 
 
13 When dealing with a spillage of metallic sodium it is important that no toxic or flammable products 

are formed. 
 

Which material should be used if there is a spillage of metallic sodium? 

A dilute hydrochloric acid 

B ethanol 

C sand 

D water spray 
 
 
14 Chlorine gas is widely used to treat contaminated water. 
 

Which species present in water when chlorine gas has been added is responsible for killing 
bacteria? 

A Cl O2
– B Cl – C HCl D OCl – 

 
 
15 Which row of the table is correct? 
 

 
shape bonds present 

ammonia 
molecule 

ammonium 
ion 

ammonia 
molecule 

ammonium 
ion 

A pyramidal regular tetrahedral σ σ 

B pyramidal regular tetrahedral σ π 

C regular tetrahedral pyramidal σ σ 

D regular tetrahedral pyramidal π σ 
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16 Use of the Data Booklet is relevant to this question. 

 

Brine is concentrated aqueous sodium chloride. 

 

In the commercial electrolysis of brine, the products are chlorine, hydrogen and sodium 

hydroxide. 

 

What is the maximum yield of each of these products when 58.5 kg of sodium chloride are 

electrolysed as brine? 

 

 
yield of 

chlorine / kg 

yield of 

hydrogen / kg 

yield of sodium 

hydroxide / kg 

A 35.5 1 40 

B 35.5 2 40 

C 71 1 40 

D 71 2 80 

 

 

17 A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulfuric acid and with concentrated phosphoric acid. Some 

observations are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H2SO4 colourless acidic gas formed purple vapour formed 

conc. H3PO4 colourless acidic gas formed colourless acidic gas formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulfuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulfuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulfuric acid is a stronger oxidising agent than iodine. 

 

 

18 A white powder is a mixture of sodium chloride and sodium iodide. It is dissolved in water in a 

test-tube. Excess aqueous silver nitrate is added to the test-tube. A precipitate, X, is observed. 

 

Excess concentrated ammonia is then added to the test-tube containing X. After the test-tube has 

been shaken, a precipitate, Y, is observed. 

 

Which statement about X or Y is correct? 

A X is a pure white colour. 

B X is pure silver iodide. 

C Y is pure silver chloride. 

D Y is yellow. 
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7  0.10 g of the volatile liquid X formed 0.025 dm
3

 of vapour at 100 °C and atmospheric pressure. 

 

1 mol of vapour occupies 22.4 dm
3

 at 0 °C and atmospheric pressure. 

What is the relative molecular mass of X? 

A 

3730.10

22.4273  0.025

×

××

 

B 

27310.0

4.22373025.0

×

××

 

C 

373025.0

4.2227310.0

×

××

 

D 

273025.0

4.2237310.0

×

××

 

 

 

8  The equation for the complete combustion of propan-1-ol is shown. 

 

CH3CH2CH2OH(l)  +  4
2

1

O2(g)  →  3CO2(g)  +  4H2O(l) 

 

Standard enthalpy changes of formation are given. 

 

compound CH3CH2CH2OH(l) CO2(g) H2O(l) 

∆Hf

o 

–303 kJ mol
–1

 –394 kJ mol
–1

 –286 kJ mol
–1

 

 

What is the standard enthalpy change of combustion of propan-1-ol, in kJ mol
–1

? 

A –394  –  286  –  303 

B 303  –  (4  ×  286)  –  (3  ×  394) 

C 394  +  286  –  303 

D (3  ×  394)  +  (4  ×  286)  +  303 

 

 

9  In the treatment of domestic water supplies, chlorine is added to the water to form HCl O. 

 

Cl 2(aq)  +  H2O(I)  →  H
+

(aq)  +  Cl –(aq)  +  HCl O(aq) 

 

The HCl O reacts further to give Cl O–

 ions. 

 

HCl O(aq)  +  H2O(I)    H3O
+

(aq)  +  Cl O–

(aq) 

 

Both HCl O and Cl O–

 kill bacteria by oxidation. 

 

What is the change in oxidation number of chlorine when forming the Cl O–

 ion from aqueous 

chlorine? 

A –1 B 0 C +1 D +2 

 

 

!
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15 The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room 

temperature.  

 

With NaCl , the products are NaHSO4 and HCl . 
With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S. 

 

What is the best explanation for this difference in products? 

A Chloride ions will displace iodine from solution. 

B Hydrogen chloride is more volatile than hydrogen iodide. 

C Iodide ions are better reducing agents than chloride ions. 

D Sulfuric acid is able to act as a dehydrating agent with NaI. 

 

 

16 In some areas lime, Ca(OH)2, is added to soil to improve crop growth. 

 

Which statement correctly describes a reason why lime improves crop growth? 

A Lime acts as a catalyst which speeds up the release of nitrates into the soil. 

B Lime is an effective pesticide and protects the plants from damage. 

C Lime is used to reduce the acidity of the soil. 

D Lime lowers the pH of the soil. 

 

 

17  A piece of rock has a mass of 2.00 g. It contains calcium carbonate, but no other basic 

substances. It neutralises exactly 36.0 cm
3

 of 0.500 mol dm
–3

 hydrochloric acid. 

 

What is the percentage of calcium carbonate in the 2.00 g piece of rock? 

A 22.5% B 45.0% C 72.0% D 90.1% 

 

 

18 Which statement about the ammonia molecule and/or the ammonium ion is correct? 

A Ammonia molecules are basic because they can donate H
+

 ions. 

B Ammonium ions are basic because they can accept H
+

 ions. 

C If ammonium ions are heated with NaOH(aq), ammonia molecules are formed. 

D The bond angle in NH4

+

 is 2.5° less than the bond angle in NH3. 

 

 

19  Which reaction does not contribute to the problem of acid rain? 

A the combustion of fossil fuels 

B the oxidation of sulfur dioxide to sulfur trioxide catalysed by nitrogen dioxide 

C the reaction between nitrogen monoxide and carbon monoxide in a catalytic converter 

D the reaction of sulfur trioxide with water 
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17 Nitrogen(II) oxide, NO, nitrogen(IV) oxide, NO2, carbon monoxide, CO, and unburnt 

hydrocarbons are present in the exhaust gases of internal combustion engines. When catalytic 

converters are used to remove these compounds from the exhaust gases, redox reactions occur. 

 

What happens to each compound in the catalytic converter? 

 

 NO NO2 CO hydrocarbons 

A oxidised oxidised reduced oxidised 

B oxidised oxidised oxidised oxidised 

C reduced reduced oxidised oxidised 

D reduced reduced reduced reduced 

 

 

18 An excess of chlorine gas, Cl 2, is passed through 60 cm
3

 of cold aqueous 0.1 mol dm
–3

 sodium 

hydroxide. In a separate experiment an excess of chlorine gas is passed through 60 cm
3

 of hot 

aqueous 0.1 mol dm
–3

 sodium hydroxide until no further reaction takes place. 

 

How much more sodium chloride will be produced by the reaction with hot NaOH than with cold 

NaOH? 

A 0.002 moles 

B 0.003 moles 

C 0.005 moles 

D 0.006 moles 

 

 

19 Fluorine and iodine are Group 17 elements. Their melting points are different due to differing 

strengths of van der Waals’ forces between molecules. 

 

Which row is correct? 

 

 melting point 
strength of van der Waals’ 

forces between molecules 

A F2 > I2 F2 > I2 

B F2 > I2 F2 < I2 

C F2 < I2 F2 < I2 

D F2 < I2 F2 > I2 
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17 Two students, P and Q, were asked to draw bar charts to represent how some properties of the 

halogens and their compounds differ in magnitude. Their diagrams are shown. The bar charts 

show trends only and not actual values. 

 

0

solubility
Cl

Br

I

student P

solubility of AgX(s) in NH3(aq)

0

∆H o
Cl Br I

student Q

∆H 
o for H2(g)  +  X2(g)  →  2HX(g)

 

 

Which of the students have drawn bar charts which show the trends correctly? 

A both P and Q 

B P only 

C Q only 

D neither P nor Q 

 

 

18 In a series of nine experiments to test the reactivity of the halogens, an aqueous solution of each 

halogen was added to an equal volume of an aqueous solution containing halide ions as shown 

in the table below. 

 

solution sodium chloride (aq) sodium bromide (aq) sodium iodide (aq) 

chlorine (aq) experiment 1 experiment 2 experiment 3 

bromine (aq) experiment 4 experiment 5 experiment 6 

iodine (aq) experiment 7 experiment 8 experiment 9 

 

The nine resulting mixtures were then shaken with hexane. The nine tubes were corked and left 

to stand so that the aqueous and organic solvents could separate into layers. 

 

How many test-tubes contained a purple upper layer? 

A 1 B 2 C 3 D 5 

 

 

19 Which statement does not describe an effect of acid rain on the environment? 

 

A Acid rain causes erosion of stone buildings. 

B Acid rain causes ozone depletion. 

C Acid rain increases the corrosion of some metals. 

D Acid rain increases the leaching away of essential nutrients and minerals from soils. 

 

!
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12 1.15 g of a metallic element needs 300 cm3 of oxygen for complete reaction, at 298 K and 1 atm 
pressure, to form an oxide which contains O2– ions. 

 
What could be the identity of this metallic element? 

A calcium 

B magnesium 

C potassium 

D sodium 
 
 
13 The diagram shows the melting points of eight elements with consecutive atomic numbers. 
 

Which element could be sodium? 
 

melting
point / K

atomic number

A

B

C

D

 
 
 
14 The properties of chlorine, bromine and their compounds are compared. 
 

Which property is smaller for chlorine than for bromine? 

A bond strength of the hydrogen-halide bond 

B first ionisation energy 

C solubility of the silver halide in NH3(aq) 

D strength of the van der Waals’ forces between molecules of the element 
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20 In 1865 Kekulé suggested a ring structure for benzene, C6H6, in which a hydrogen atom is 
attached to each carbon atom. 

 

C

H

H

H

H

H

H

C C

CC

C

Kekulé structure  
 

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

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

OH

CH3

H3C CH3
CH3 CH3

vitamin A  
 

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

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

combustion. 
 

Which row of the table is correct? 
 

 rate of biodegradation 
of PVC in landfill sites 

gases produced when 
PVC combusts 

A fast CO2, H2O, HCl 

B fast CO2, H2O, Cl 2 

C slow CO2, H2O, Cl 2 

D slow CO2, H2O, HCl 
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17 When concentrated sulfuric acid reacts with sodium iodide the products include sulfur, iodine, 
hydrogen sulfide and sulfur dioxide. 

 
Which statement is correct? 

A Hydrogen sulfide is the product of a reduction reaction. 

B Iodide ions are stronger oxidising agents than sulfate ions. 

C Sulfur atoms from the sulfuric acid are both oxidised and reduced. 

D Sulfur atoms from the sulfuric acid are oxidised to make sulfur dioxide. 
 
 
18 A solution of sodium hydroxide reacts with 3 mol of chlorine under certain conditions. The reaction 

produces 5 mol of sodium chloride and 1 mol of X, the only other chlorine-containing product. 
 

What is the formula of compound X? 

A NaCl O B NaCl O2 C NaCl O3 D NaCl O4 
 
 
19 Redox reactions are common in the chemistry of Group 17. 
 

Which statement is correct? 

A Br 
– ions will reduce Cl 2 but not I2. 

B Cl 2 will oxidise Br 
– ions but not I– ions. 

C F2 is the weakest oxidising agent out of F2, Cl 2, Br2 and I2. 

D I– ions are the weakest reducing agent out of F 
–, Cl 

–, Br 
– and I–. 

 
 
20 Structural isomerism and stereoisomerism should be considered when answering this question. 
 

Each of the following carbonyl compounds is reacted with NaBH4. The product of each reaction is 
heated with Al 2O3 at 600 °C, generating one product or a mixture of isomers. 

 
Which carbonyl compound will produce the most isomers? 

A butanal 

B butanone 

C pentan-3-one 

D propanone 
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12 1.15 g of a metallic element needs 300 cm3 of oxygen for complete reaction, at 298 K and 1 atm 
pressure, to form an oxide which contains O2– ions. 

 
What could be the identity of this metallic element? 

A calcium 

B magnesium 

C potassium 

D sodium 
 
 
13 The diagram shows the melting points of eight elements with consecutive atomic numbers. 
 

Which element could be sodium? 
 

melting
point / K

atomic number

A

B

C

D

 
 
 
14 The properties of chlorine, bromine and their compounds are compared. 
 

Which property is smaller for chlorine than for bromine? 

A bond strength of the hydrogen-halide bond 

B first ionisation energy 

C solubility of the silver halide in NH3(aq) 

D strength of the van der Waals’ forces between molecules of the element 
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17 When heated, magnesium nitrate decomposes. 

 

Which equation for the thermal decomposition of magnesium nitrate is correct? 

A Mg(NO3 )2  →  MgO  +  NO2  +  NO  +  O2 

B 2Mg(NO3 )2  →  2MgO  +  4NO  +  3O2 

C 2Mg(NO3 )2  →  2MgO  +  4NO2  +  O2 

D 3Mg(NO3 )2  →  Mg2N3   +  MgO  +  3NO  +  7O2 

 

 

18 Chlorine and bromine have different volatilities. 

 

Which row identifies the more volatile of the two elements, and gives the correct explanation? 

 

 
identity of the 

more volatile element 

explanation for the 

difference in volatility 

A 

 

bromine 

 

instantaneous dipole-induced dipole forces 

are greater in bromine than they are in chlorine 

B 

 

bromine 

 

instantaneous dipole-induced dipole forces 

are greater in chlorine than they are in bromine 

C 

 

chlorine 

 

instantaneous dipole-induced dipole forces 

are greater in bromine than they are in chlorine 

D 

 

chlorine 

 

instantaneous dipole-induced dipole forces 

are greater in chlorine than they are in bromine 

 

 

19 Water and ammonia take part in a reaction that produces the ammonium ion. 

 

Which statement about this reaction is correct? 

A Neither the ammonia molecule nor the ammonium ion has a dipole moment. 

B The bond angle changes from 109.5 ° in the ammonia molecule to 107° in the ammonium ion. 

C The reaction is a redox reaction. 

D The water is acting as an acid. 
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13 Element Z has a giant structure. 
 

The chloride of Z reacts with water to give a solution with a pH less than 5. 
 

Which row shows two elements which could be Z? 

A aluminium, magnesium 

B aluminium, silicon 

C phosphorus, magnesium 

D phosphorus, silicon 
 
 
14 Radium is an element below barium in Group 2 of the Periodic Table. 
 

Which equation shows what happens when solid radium nitrate, Ra(NO3)2, is heated strongly? 

A Ra(NO3)2(s)  →  RaO(s)  +  N2O(g)  +  2O2(g) 

B 2Ra(NO3)2(s)  →  2RaO(s)  +  2N2(g)  +  5O2(g) 

C 2Ra(NO3)2(s)  →  2RaO(s)  +  4NO2(g)  +  O2(g) 

D 4Ra(NO3)2(s)  →  2Ra2O(s)  +  8NO2(g)  +  3O2(g) 
 
 
15 Exactly 3.705 kg of substance Y are needed to neutralise 100 moles of HCl (aq). 
 

What could be substance Y? 

A Ca B CaO C Ca(OH)2 D CaCO3 
 
 
16 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 
 
 
17 Sodium bromide reacts with concentrated sulfuric acid. 

Which observation will be made? 

A A coloured vapour is produced. 

B A purple solid is formed. 

C A strong smell of H2S is detected. 

D Yellow sulfur is formed. 
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13 Element Z has a giant structure. 
 

The chloride of Z reacts with water to give a solution with a pH less than 5. 
 

Which row shows two elements which could be Z? 

A aluminium, magnesium 

B aluminium, silicon 

C phosphorus, magnesium 

D phosphorus, silicon 
 
 
14 Radium is an element below barium in Group 2 of the Periodic Table. 
 

Which equation shows what happens when solid radium nitrate, Ra(NO3)2, is heated strongly? 

A Ra(NO3)2(s)  →  RaO(s)  +  N2O(g)  +  2O2(g) 

B 2Ra(NO3)2(s)  →  2RaO(s)  +  2N2(g)  +  5O2(g) 

C 2Ra(NO3)2(s)  →  2RaO(s)  +  4NO2(g)  +  O2(g) 

D 4Ra(NO3)2(s)  →  2Ra2O(s)  +  8NO2(g)  +  3O2(g) 
 
 
15 Exactly 3.705 kg of substance Y are needed to neutralise 100 moles of HCl (aq). 
 

What could be substance Y? 

A Ca B CaO C Ca(OH)2 D CaCO3 
 
 
16 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 
 
 
17 Sodium bromide reacts with concentrated sulfuric acid. 

Which observation will be made? 

A A coloured vapour is produced. 

B A purple solid is formed. 

C A strong smell of H2S is detected. 

D Yellow sulfur is formed. 
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15 The magnitude of property X of five elements from the third period of the Periodic Table, P, Q, R, 

S and T is shown. P, Q, R, S and T have consecutive atomic numbers. The letters do not 

represent the symbols of the elements. 

 

X

atomic number

P

Q R

S

T

 

 

Which row correctly identifies property X and element R? 

 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D melting point Si 

 

 

16 Some uses of chlorine and bromine are given. 

 

Which is a use of bromine? 

A making bleaches for textiles and the paper industry 

B making CFCs 

C making flame retardants and fire extinguishers 

D making the polymer PVC 

 

 

17 In an experiment, 0.600 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous 

sodium hydroxide. One of the products is NaCl O3. 

 

Which mass of NaCl O3 is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 
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16 Which fertiliser contains the greatest percentage of nitrogen by mass? 

A ammonium nitrate, NH4NO3 

B ammonium sulfate, (NH4)2SO4 

C diammonium hydrogen phosphate, (NH4)2HPO4 

D urea, CO(NH2)2 
 
 
17 71.0 g of chlorine, Cl 2, react with an excess of sodium hydroxide solution at a particular 

temperature. The reaction produces exactly 35.5 g of product X. 
 

What is product X? 

A H2O B NaCl C NaCl O D NaCl O3 
 
 
18 Compound Q is a white crystalline solid which dissolves easily in water. When concentrated 

sulfuric acid is added to a dry sample of Q steamy white fumes are formed which, when passed 
through aqueous silver nitrate solution, form a white precipitate. This precipitate is soluble in 
dilute ammonia solution. 

 
What could be the identity of compound Q? 

A AgCl B NaBr C NaCl D PbBr2 
 
 
19 The strengths of the covalent bonds within halogen molecules, and the van der Waals’ forces 

between halogen molecules, vary going down Group 17 from chlorine to bromine to iodine. 
 
 Which row shows these correctly? 
 

 strength of 
covalent bonds 

strength of 
van der Waals’ forces 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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15 Which row correctly describes the reactions of calcium and strontium with water? 

 

 substance reduced substance oxidised more vigorous reaction 

A calcium or strontium water calcium + water 

B calcium or strontium water strontium + water 

C water calcium or strontium calcium + water 

D water calcium or strontium strontium + water 

 

 

16 Chlorine gas is added to cold, aqueous sodium hydroxide. 

 

In a separate experiment, chlorine gas is added to hot, aqueous sodium hydroxide. 

 

Which oxidation states of chlorine are found in the reactants and products of the two reactions 

that take place? 

A 0, –1, +1 and +5 

B 0, –1 and +1 only 

C 0, –1 and +5 only 

D 0, +1 and +5 only 

 

 

17 A test-tube of HBr(g) and a separate test-tube of HI(g) are heated to the same temperature. 

 

Which combination of observations is possible? 

 

 test-tube of HBr(g) test-tube of HI(g) 

A a brown vapour appears no change 

B a purple vapour appears no change 

C no change a brown vapour appears 

D no change a purple vapour appears 

 

 

18 Ammonia exists as simple covalent molecules, NH3. Ammonia can react with suitable reagents to 

form products containing ammonium ions, NH4
+
. Ammonia can also react with suitable reagents 

to form products containing amide ions, NH2
–
. 

 

Which of these nitrogen-containing species are present in an aqueous solution of ammonia? 

A ammonia molecules and amide ions only 

B ammonia molecules and ammonium ions only 

C ammonia molecules only 

D ammonium ions only 
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16 Aqueous silver nitrate is added to a solution of potassium iodide. 
 

Aqueous ammonia is then added. 
 

What would be observed? 

A a cream precipitate that dissolves on addition of aqueous ammonia 

B a cream precipitate that does not dissolve on addition of aqueous ammonia 

C a yellow precipitate that dissolves on addition of aqueous ammonia 

D a yellow precipitate that does not dissolve on addition of aqueous ammonia 
 
 
17 Oxides of nitrogen are present in the environment due to natural and man-made sources. 
 

Which row is correct? 
 

 natural source of nitrogen oxides man-made source of nitrogen oxides 

A electrical discharges in the atmosphere internal combustion engines 

B electrical discharges in the atmosphere as a by-product of the Haber process 

C decomposition of dead plants in rivers internal combustion engines 

D decomposition of dead plants in rivers as a by-product of the Haber process 
 
 
18 When 3.00 g of an anhydrous nitrate of a Group 2 metal is decomposed, 1.53 g of gas is 

produced. 
 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 
 
 
19 Which row correctly describes one property of barium and one property of barium oxide? 
 

 
observation when 
barium metal is 
added to water 

pH of solution obtained when 
a spatula measure of BaO is 

added to 100 cm3 of water 

A 
 

a few gas bubbles 
form on the metal surface 

8 
 

B 
 

a few gas bubbles 
form on the metal surface 

13 
 

C rapid effervescence is seen 8 

D rapid effervescence is seen 13 

�
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12 Silicon is heated in an excess of chlorine, producing compound J. 
 

Excess water is added to the sample of J produced. 
 

Which row is correct? 
 

 structure of J 
Is HCl produced 

when water is 
added to J? 

A giant molecular no 

B giant molecular yes 

C simple molecular no 

D simple molecular yes 

 
 
13 Which element has the second smallest atomic radius in its group and the third lowest first 

ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 
 
 
14 Chlorine reacts with cold aqueous sodium hydroxide to produce sodium chloride, water and 

compound X. 
 

Chlorine reacts with hot aqueous sodium hydroxide to produce sodium chloride, water and 
compound Y. 

 
What are the oxidation states of chlorine in compound X and compound Y? 

 

 X Y 

A –1 –5 

B –1 +5 

C +1 –5 

D +1 +5 

 
 
15 In which reaction does ammonia behave as a Brønsted-Lowry base? 

A NH3  +  CH3CH2Br  →  CH3CH2NH2  +  HBr 

B NH3  +  H2O  +  CO2  →  (NH4)HCO3 

C 2NH3  +  2Na  →  2NaNH2  +  H2 

D 4NH3  +  3O2  →  2N2  +  6H2O 

�
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15 A solution contains both Mg2+(aq) and Sr2+(aq) at the same concentration. 
 

The solution is divided into two equal portions. Aqueous sodium hydroxide is added dropwise to 
one portion. Dilute sulfuric acid is added dropwise to the other portion. 

 
Which row is correct? 

 

 precipitate seen first 
when NaOH(aq) is added 

precipitate seen first 
when H2SO4(aq) is added 

A magnesium hydroxide magnesium sulfate 

B magnesium hydroxide strontium sulfate 

C strontium hydroxide magnesium sulfate 

D strontium hydroxide strontium sulfate 
 
 
16 The volatility of the Group 17 elements, chlorine, bromine and iodine, decreases down the group. 
 

What is responsible for this? 

A bond length in the halogen molecule 

B bond strength in the halogen molecule 

C electronegativity of the halogen 

D number of electrons in the halogen molecule 
 
 
17 Bromine is extracted from sea-water. 
 

In the final stages of the process two redox reactions take place. 
 

Br2(aq)  +  SO2(g)  +  2H2O(l)  →  2HBr(aq)  +  H2SO4(aq) 

2HBr(aq)  +  Cl 2(g)  →  Br2(g)  +  2HCl (aq) 
 

Which row is correct? 
 

 strongest 
oxidising agent  weakest 

oxidising agent

A Br2 SO2 Cl 2 

B Cl 2 Br2 SO2 

C Cl 2 SO2 Br2 

D SO2 Br2 Cl 2 
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16 In Group 2 of the Periodic Table, the properties of the elements and their compounds show 
regular change down the group. 

 
Which property shows a decrease from magnesium to barium? 

A the decomposition temperature of the carbonates  

B the decomposition temperature of the nitrates  

C the solubility of the hydroxides 

D the solubility of the sulfates 
 
 
17 When concentrated sulfuric acid is added to solid sodium bromide, bromine gas is produced, 

along with a number of other products. However when concentrated sulfuric acid is added to solid 
sodium chloride only hydrogen chloride and sodium hydrogensulfate are produced. 

 
What is the reason for this difference? 

A Bromine is less volatile than chlorine. 

B Hydrochloric acid is a weak acid. 

C Sulfuric acid is not an oxidising agent. 

D The bromide ion is a stronger reducing agent than the chloride ion. 
 
 
18 The dative covalent bond can be represented by an arrow, . The arrow points towards the 

atom receiving the lone pair. 
 

Which diagram of an ammonium ion is correct? 
 

A

H

H

N HH

B

H

H

N HH

C

H

H

N HH

D

H+ – + –

H

N HH

 
 
 
19 Sulfur dioxide can be catalytically oxidised by an oxide of nitrogen in the atmosphere. 
 

Which reaction shows the regeneration of the catalyst? 

A N2  +  2O2    2NO2 

B 4NH3  +  5O2  →  4NO  +  6H2O 

C N2  +  O2  →  2NO 

D NO  +  2O2
1   →  NO2 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

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

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 

 

 

1

2

3

4

5
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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. 

 

 

34 Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2 The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

35 Chlorine is a greenish-yellow gas, bromine is a dark red liquid and iodine is a dark grey solid.  

 

What causes these differences in volatility? 

1 the halogen-halogen bond energy 

2 the magnitude of the van der Waals’ forces between the molecules 

3 the number of electrons in the halogen molecule 

 

 

36 Which statements about the Haber process for the industrial production of ammonia are correct? 

1 The equilibrium constant K
p
 increases with pressure. 

2 As the temperature increases, the equilibrium constant for the forward reaction becomes 

smaller. 

3 The process is usually carried out at between 450 °C and 550 °C at a pressure of at least 

150 atm. 

 

 

37 Which statements about alkenes are correct? 

1 They are formed when higher alkanes are cracked. 

2 They are used as monomers for polymerisation. 

3 They are less reactive than alkanes towards electrophiles. 

 

 

!
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34 Two bulbs R and S, connected by a mercury manometer, are held in a thermostat, as shown. The 

volume of R is twice that of S. R contains gas, X, at the same pressure as the nitrogen in S. 

 

nitrogenX

S
R

manometer

mercury

thermostat

 

 

When the temperature is increased, which gases in bulb R would cause the mercury level in the 

right-hand limb of the manometer to rise? 

1 an equilibrium mixture N2F4(g)  2NF2(g); ∆H positive 

2 an equilibrium mixture CH3NC(g)  CH3CN(g); ∆H negative 

3 nitrogen 

 

 

35 Which statements concerning the third period elements (sodium to argon) and their compounds 

are correct? 

1 The elements become more electronegative from sodium to chlorine. 

2 Aluminium oxide is the only oxide which is insoluble in water. 

3 The maximum oxidation state is shown by silicon. 

 

 

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

 

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. 

 

 

37 Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious 

pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room 

temperature. 

 

Which statements help to explain why nitrogen and oxygen do not react at room temperature? 

1 The reaction is endothermic. 

2 A high activation energy is required. 

3 Nitrogen has a high bond energy. 

 

!
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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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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2 The catalyst reduces the energy of activation (the energy barrier) for both the forward and 

the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 

 

 

34 Which magnesium compounds lose mass when heated by a Bunsen flame? 

1 magnesium carbonate 

2 magnesium nitrate 

3 magnesium oxide 

 

 

35 What happens when chlorine is bubbled through aqueous sodium hydroxide solution? 

1 In cold solution, ClO
–

(aq) ions are formed. 

2 In hot solution, ClO3

–

(aq) ions are formed. 

3 Disproportionation of chlorine occurs in both cold and hot aqueous solutions. 

 

 

36 Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and 

algae with the result that fish in the river die? 

1 K2 SO4  

2 NH4 NO3 

3 NaNO3 

 

 

BILAL HAMEED                                                                                                                                          GROUP 17 
WS 1



 279

6

7

8

9

10

11

!

12

! UCLES 2004 9701/01/M/J/04

The responses A to D should be selected on the basis of

A B C D

1, 2 and 3

are

correct

1 and 2

only are

correct

2 and 3

only are

correct

1 only

is

correct

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

34 Which pairs of compounds contain one that is giant ionic and one that is simple molecular?

1 Al 2O3 and Al 2Cl 6

2 SiO2 and SiCl 4

3 P4O10 and PCl 3

35 When coal is burnt, gaseous oxides of carbon and sulphur are formed which pollute the

atmosphere. One method of preventing such pollution involves adding calcium carbonate to the

burning coal. The temperature of the process causes the decomposition of the calcium carbonate

into calcium oxide.

Which reactions will be important in helping to reduce atmospheric pollution?

1 Calcium oxide reacts with sulphur dioxide to form calcium sulphite.

2 Calcium oxide reacts with sulphur dioxide and more air to form calcium sulphate.

3 Calcium oxide reacts with carbon monoxide to form calcium carbonate.

36 When a hot glass rod is placed in a gas jar of hydrogen iodide, there is an immediate reaction as

the hydrogen iodide decomposes.

Which statements about this reaction are correct?

1 Hydrogen iodide is purple coloured.

2 The hot rod provides the activation energy.

3 One of the products is a solid.

!
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34 Why does a mixture of hydrogen gas and bromine gas react together faster at a temperature of 

500 K than it does at a temperature of 400 K? 

1 A higher proportion of effective collisions occurs at 500 K. 

2 Hydrogen molecules and bromine molecules collide more frequently at 500 K. 

3 The activation energy of the reaction is lower at 500 K. 

 

 

35 A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A 

chemical reaction occurred in the soil. 

 

Which substances were formed in this reaction? 

1 sulfuric acid 

2 calcium sulfate 

3 ammonia 

 

 

36 Which statements about the reaction of solid sodium bromide with concentrated sulfuric acid are 

correct? 

1 Hydrogen bromide is a product of the reaction. 

2 Sulfuric acid is oxidised to sulfur dioxide. 

3 Bromide ions are reduced to bromine. 

 

 

37 Which statements are true for an SN2 reaction? 

1 One bond is broken as another bond is formed. 

2 The formation of a transition state involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five other atoms. 

 

 

38 The chlorine free radical takes part in the destruction of the ozone layer. 

 

 Which statements about this free radical are correct? 

1 It is formed by the heterolytic fission of the covalent bond in a chlorine-containing molecule. 

2 It has a single unpaired electron. 

3 It has the same electron arrangement as a chlorine atom. 
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The responses A to D should be selected on the basis of

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

33 The conversion of graphite into diamond is an endothermic reaction (∆H = +3 kJ mol–1).

C(graphite)  → C(diamond)

Which statements are correct?

1 The enthalpy change of atomisation of diamond is smaller than that of graphite.

2 The bond energy of the C–C bonds in graphite is greater than that in diamond.

3 The enthalpy change of combustion of diamond is greater than that of graphite.

34 Which of the following statements are correct for the sequence of compounds below considered
from left to right?

NaF          MgO          AlN          SiC

1 The electronegativity difference between the elements in each compound increases.

2 The formula-units of these compounds are isoelectronic (have the same number of
electrons).

3 The bonding becomes increasingly covalent.

35 Which statements are reasons why sulphur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant.

2 It prevents alcohols forming sour-tasting acids.

3 It does not smell and therefore can be used in more than trace quantities.

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.

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

34 Which statements are correct? 

1 Aluminium chloride dissolves in water to give an acidic solution. 

2 Magnesium chloride dissolves in water to give a slightly acidic solution. 

3 Sodium chloride dissolves in water to give an alkaline solution. 

 

 

35 Which oxides react with water to give a solution of pH 10 or higher? 

1 CaO 

2 Na2O 

3 SrO 

 

 

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

 

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 can oxidise iodide to iodine. 

 

 

37  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. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

35 Which reactions involving calcium and its compounds would produce two gaseous products? 

 1 heating solid anhydrous calcium nitrate 

 2 heating solid anhydrous calcium carbonate 

 3 adding calcium metal to water 

 

 

36 Which properties in the sequence hydrogen chloride, hydrogen bromide and hydrogen iodide 

steadily increase? 

 1 thermal stability 

 2 bond length 

 3 ease of oxidation 

 

 

37 Which compounds may result from mixing ethane and chlorine in the presence of sunlight? 

 1 CH3CH2Cl 

 2 CH3CH2CH2CH3 

 3 CH3CHCl CHCl CH3 
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34 Samples of calcium and barium are separately added to beakers of cold water containing a few 

drops of litmus solution. 

 

Which observations will be made with only the calcium and not with the barium? 

1 A white suspension appears in the water. 

2 The solution turns blue. 

3 A gas is evolved. 

 

 

35 Disproportionation is the term used to describe a reaction in which a reactant is simultaneously 

both oxidised and reduced. 

 

To which incomplete equations does the term disproportionation apply? 

1 Cl2(g) + 2OH
–

(aq) → H2O(l) + Cl –(aq) + …… 

2 3Cl2(g) + 6OH
–

(aq) → 3H2O(l) + ClO3

–

(aq) + …… 

3 2NO2(g) + H2O(l) → HNO3(aq) + …… 

 

 

36 Element X is a solid. It occurs as a contaminant of carbonaceous fuels. 

 

Its oxide Y is formed in car engines. 

 

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. 
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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. 

 

 

34 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+

. 

 

 

35 The electronic structure of the outer shell of the element radium is 7s
2

. 

 

Which statements will be correct for radium within its group? 

1 The element will decompose water, liberating hydrogen. 

2 The element will show an oxidation number of +2 in all its compounds. 

3 Radium has the highest first ionisation energy. 

 

 

36 When the yellow liquid NCl3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen is oxidised. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 
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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. 

 

 

33 Nitrogen and phosphorus are both in Group V of the Periodic Table. Phosphorus forms a chloride 

with the formula PCl 
5
. 

 

Why is it not possible for nitrogen to form NCl 
5
? 

1 Nitrogen’s outer shell can only contain eight electrons. 

2  Nitrogen cannot have oxidation state +5. 

3 Nitrogen is almost inert. 

 

 

34  Ammonia and chlorine react in the gas phase. 

 

8NH
3
 + 3Cl 

2
 → N

2
 + 6NH

4
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 

 

 

35  Which statements are correct for all three halogens, chlorine, bromine and iodine? 

1 They all form hydrides that are strong acids in aqueous solution. 

2  They all react with aqueous sodium hydroxide to form oxo-anions. 

3 They all require one more electron to fill the p orbitals of their outer shells. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

36 The number of moles of chlorine that react with 1 mol of X is twice the number of moles of 

chlorine that react with 1 mol of Y. 

 

Which of these pairs could be X and Y? 

 

 X Y 

1 Mg(s) Na(s) 

2 H2 KBr(aq) 

3 cold NaOH(aq) hot NaOH(aq) 

 

 

37 Which statements are true about the Haber process for the manufacture of ammonia? 

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster. 

2 At higher pressures, the yield goes down but the rate of production of ammonia is faster. 

3 In the presence of a catalyst, the yield goes down but the rate of production of ammonia is 

faster. 

 

 

38 Which compounds can be obtained from ethene in a single reaction? 

 

 

1     CH3CH3

3     HOCH2CH2OH

2     (   CH2CH2  )  n
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34 A farmer spreads lime on land which has already been treated with an ammonium nitrate 

fertiliser. 

 

Which reactions will occur in the treated soil? 

1 Ca(OH)2 + 2NH4

+

(aq) → Ca
2+

(aq) + 2NH3 + 2H2O 

2 Ca(OH)2 + 2H
+

(aq) → Ca
2+

(aq) + 2H2O 

3 Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

35 Which of the halide ions, chloride, bromide or iodide, acts as a reducing agent when its sodium 

salt reacts with concentrated sulfuric acid? 

1 at least one of Cl –, Br – and I – 

2 at least two of Cl –, Br – and I – 

3 all three of Cl –, Br – and I – 
 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1 mol of Y reacts with 0.5 mol of gaseous oxygen. 

 

Which statements about X, Y and Z are correct? 

1 X forms a basic hydride. 

2 Y is a diatomic molecule. 

3 Z is a polar molecule. 

 

 

37 Disaccharides, C12H22O11, are important in the human diet. For example, sucrose is found in 

pastries and lactose occurs in milk products. 

 

Both of these compounds can be hydrolysed. 

 

sucrose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)3COCH2OH 

 glucose fructose 

 

lactose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)4CHO 

 glucose galactose 

 

Which statements about these hydrolysis products are correct? 

1 Glucose and fructose have structural isomers. 

2 Glucose and galactose are optical isomers. 

3 Glucose and galactose are ketones. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 Which substances contain delocalised electrons? 

1 cyclohexene 

2 graphite 

3 sodium 

 

 

34  Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 Adding W to water has less effect on pH than adding Y. 

2 Adding Z to soil increases the pH of the soil. 

3 The metallic element in Y reacts with cold water more quickly than the metallic element in W. 

 

 

35  Which properties increase in the sequence hydrogen chloride, hydrogen bromide and hydrogen 

iodide? 

1 thermal stability 

2 bond length 

3 ease of oxidation 
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34 Silver chloride dissolves in aqueous ammonia. 

 

What happens in this process? 

1 A co-ordinate bond is formed. 

2 The oxidation number of nitrogen is unchanged. 

3 Ammonia acts as a Brønsted-Lowry base. 

 

 

35 Compared with the HCl molecule, the bond ……X…… of the HBr molecule is ……Y…… 

 

Which pairs of words correctly complete the above sentence? 

 

 X Y 

1 energy less 

2 polarity less 

3 length greater 

 

 

36 Which statements are true about the Haber process for the manufacture of ammonia? 

1 At higher temperatures, the yield goes down but the rate of production of ammonia is faster. 

2 At higher pressures, the yield goes down but the rate of production of ammonia is faster. 

3 In the presence of a catalyst, the yield goes down but the rate of production of ammonia is 

faster. 

 

 

37 Which compounds can be obtained from propene in a single reaction? 

1 CH2OHCHOHCH3 

2  (  CH2CH(CH3) ) n  

3 CH2BrCH2CH2Br 

 

 

38 What are the same for a pair of optical isomers? 

1 their empirical formula 

2 their functional groups 

3 their structural formula 

 

 

39 Which statements about the photochemical chlorination of ethane are correct? 

1 Hydrogen gas is one of the products. 

2 A propagation step in the mechanism is C2H6 + Cl • → C2H5• + HCl. 

3 The initiation step is the homolytic fission of chlorine. 
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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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36 The table describes some of the chemistry and thermodynamic properties of the halogens. 

 

process 
name and 

symbol of quantity 

2HX(g) → H2(g) + X2(g) enthalpy change of reaction,  

H2(g) + X2(g)  2HX(g) equilibrium constant, Kp 

X(g) → X
+

(g) + e
–

  ionisation energy,  

 

Which statements about the relative values of these quantities are correct? 

1  for HCl  >  for HBr 

2 Kp for HBr > Kp for HI 

3         for I >         for Cl 

 

 

37 Chloroethane can be formed from bromoethane in two steps. 

 

step X step Y 

C2H5Br  C2H5OH  C2H5Cl 

 

Which statements about these steps are correct? 

1 Hot aqueous sodium hydroxide is the reagent in step X. 

2 SOCl 2 is the reagent in step Y. 

3 Step X is a substitution reaction. 

 

 

38 Which pairs of reagents will react together in a redox reaction? 

1 CH3CHO + Fehling’s reagent 

2 CH4 + Cl 2 

3 CH3COCH3 + Tollens’ reagent 

 

 

39 An organic compound, X, will react with calcium metal to produce a salt with the empirical formula 

CaC4H4O4. 

 

What could be the identity of X? 

1 ethanoic acid 

2 butanedioic acid 

3 2-methylpropanedioic acid 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

 

Which statements concerning At will be correct? 

1 It is a dark-coloured solid at room temperature. 

2  It is a more powerful oxidising agent than iodine. 

3 Its hydride is thermally stable. 

 

 

35  Which equations represent stages in the Contact process for manufacturing sulfuric acid? 

1 SO2 + 
2

1

O2 → SO3  

2  SO2 + H2O → H2SO3  

3 H2SO3  + 
2

1

O2 → H2SO4  

 

 

36  When added to water, which oxides will not cause a change in pH? 

1 Al 2O3  

2  SiO2 

3 P4 O10  

 

 

37  Which reagents and conditions will convert propane into 1-chloropropane? 

1 Cl 2 and sunlight 

2  conc. HCl, reflux 

3 PCl 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. 

 

 

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

Which statements are always correct? 

1 More product is present at equilibrium. 

2 The average speed of the particles increases. 

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

reagent. 
 

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

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

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

Which masses of the named products would be formed? 

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

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

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

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

Which observations would be made? 

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

2 A white precipitate forms in the test-tube. 

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

1 CH3CH=C(CH3)C2H5 

2 CH3CH=CHCH2CH2CH3 

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

iodine? 

1 ethane-1,2-diol and ethanol 

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

3 ethanol and butan-2-ol 
 

!
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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 

 

 

!
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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. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

34 A little water is added to each of the following compounds and the mixture warmed. 

 

For which compounds will an acidic gas be evolved? 

1 aluminium chloride 

2 silicon tetrachloride 

3 phosphorous pentachloride 

 

 

35 The element astatine, At, is below iodine in Group 17 of the Periodic Table. 

 

Which statements concerning At are likely to be correct? 

1 It is a dark-coloured solid at room temperature. 

2 It is a more powerful oxidising agent than iodine. 

3 Its hydride is thermally stable. 

 

 

36 Which types of reaction can occur with 1-bromobutane? 

1 elimination 

2 hydrolysis 

3 free radical substitution 

 

 

!
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

33 The salt NaCl O3 is used as a non-selective weedkiller. 

 

On careful heating, this reaction occurs: 4NaCl O3  →  NaCl  +  3NaCl O4. 

 

On strong heating this reaction occurs: NaCl O4  →  NaCl + 2O2. 

 

The overall reaction is 2NaCl O3  →  2NaCl  +  3O2. 

 

What do these equations show? 

1 NaCl O3 can behave as an oxidising agent. 

2  NaCl O3 can behave as a reducing agent. 

3 The oxidation numbers of chlorine in the three compounds shown are +6, +8 and –1. 

 

 

34 Which statements correctly describe an effect of a rise in temperature on a gas-phase reaction? 

1 More particles now have energies greater than the activation energy. 

2  The energy distribution profile changes with more particles having the most probable energy. 

3 The activation energy of the reaction is decreased. 

 

 

35  Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2  The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

36 Sulfur dioxide is used as a food preservative. 

 

Which statements about sulfur dioxide, SO2, are correct? 

1 SO2 behaves as an antioxidant. 

2  Aqueous SO2 contains SO3

2–

 ions. 

3 SO2 inhibits the growth of mould and yeasts. 

 

 

!  
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34 In which reactions does NH3 behave as a Brønsted-Lowry acid? 

1 2NH3  →  NH2
–  +  NH4

+ 

2 HSO4
–  +  NH3  →  SO4

2–  +  NH4
+ 

3 Ag+  +  2NH3  →  [Ag(NH3)2]
+ 

 
 
35 Chlorine reacts with hot aqueous sodium hydroxide. 
 

Which oxidation states does chlorine show in the products of this reaction? 

1 –1 

2 +3 

3 +1 
 
 
36 In which different forms does nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 in an oxidation state of +5 
 
 
37 Poly(ethene) and PVC are examples of addition polymers. 
 

Which statements are correct? 

1 On combustion, PVC can produce carbon monoxide, carbon dioxide and hydrogen chloride. 

2 When poly(ethene) is buried in a landfill site, it will not significantly biodegrade. 

3 The empirical formula of an addition polymer is the same as that of the monomer. 
 
 
38 Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 
 

What could X be? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo-2-methylpropane 
 
 

�
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34 Which statements are correct when a reversible reaction is at equilibrium? 

1 All species are at equal concentration. 

2 The concentrations of all species remain constant. 

3 The rate of the forward reaction equals the rate of the reverse reaction. 

 

 

35 Each of the three mixtures shown can result in a chemical reaction. 

 

Which mixtures result in a redox reaction? 

1 bromine + hydrogen 

2 sodium chloride + concentrated sulfuric acid 

3 potassium iodide + silver nitrate 

 

 

36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? 

1 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to 

acid rain. 

2 Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to 

form sulfuric acid. 

3 Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants. 

 

 

37 Polymer Z contains the length of polymer chain shown below. 

 

This short length of chain is found many times within the chains of polymer Z, although it is not 
the repeat unit. 

 

– CH2 – CHCl – CH2 – 

 

What could be the name of polymer Z? 

1 poly(2-chloropropene) 

2 poly(chloroethene) 

3 PVC 

 

 

!
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33 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two 

temperatures, T1  and T2. 

 

proportion of
molecules
with a
given energy

molecular energy

E1

T1

E2

T2

 

 

Which statements are correct? 

1 The shaded area represents the proportion of molecules with energies between E 1  and E 2 at 

temperature T2. 

2 No particles have zero energy at either temperature. 

3 T2 is a lower temperature than T1 . 

 

 

34 When KCl O3  is heated, the following reaction occurs. 

 

4KCl O3   →  3KCl O4   +  KCl 

 

Which statements are correct? 

1 The oxidation state of Cl in KCl O3  is +5. 

2 The oxidation state of some Cl atoms decreases by 6. 

3 The reaction involves disproportionation. 

 

 

35 Why is the first ionisation energy of aluminium less than that of magnesium? 

1 The outer electron in the aluminium atom is more shielded from the nuclear charge. 

2 The outer electron in the aluminium atom is in a higher energy orbital. 

3 The outer electron in the aluminium atom is further from the nucleus. 

 

 

36 Ammonia is a colourless gas that is produced by the Haber process. 

 

Which statements about ammonia are correct? 

1 An ammonia molecule has three bond pairs and one lone pair of electrons. 

2 If ammonia is bubbled into water the pH of the solution will increase. 

3 Ammonia gas can be made by warming ammonium sulfate with aqueous hydrochloric acid. 
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9701/02/M/J/06© UCLES 2006

For
Examiner’s

Use

3 This question is about the elements of Group VII, the halogens.

 (a) Complete the following table.

halogen colour physical state at 
room temperature

chlorine

bromine

iodine [2]

 (b) Concentrated sulphuric acid is added to separate solid samples of magnesium chloride, 
magnesium bromide, and magnesium iodide.

  (i) Describe, in each case, one observation you would be able to make.

MgCl2  .......................................................................................................................

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

MgBr2  .......................................................................................................................

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

MgI2  ..........................................................................................................................

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

  (ii) Give an equation for the reaction of concentrated sulphuric acid with magnesium 
chloride.

 ..................................................................................................................................
 [4]

 (c) When dilute nitric acid and aqueous silver nitrate are added to a solution of a magnesium 
halide, MgX2, a pale cream precipitate is formed.

  This precipitate is soluble in concentrated aqueous ammonia but not soluble in dilute 
aqueous ammonia.

  (i) What is the identity of the precipitate?

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

  (ii) Give an equation, with state symbols, for the reaction of the precipitate with 
concentrated aqueous ammonia.

 ..................................................................................................................................
 [3]
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 (d) A hot glass rod is plunged into separate gas jars, one containing hydrogen chloride and 
one containing hydrogen iodide.

  (i) For each gas, state what you would observe, if anything, and write an equation for 
any reaction that takes place.

HCl  ...........................................................................................................................

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

HI  .............................................................................................................................

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

  (ii) Explain your answer to (i) in terms of enthalpy changes.

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

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

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

  (iii) What is the role of the hot glass rod in any reaction that occurs?

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

 ..................................................................................................................................
 [6]

 [Total: 15]
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For
Examiner’s

Use

5 The gaseous hydrogen halides HCl, HBr and HI, may be prepared by reacting the 
corresponding sodium salt with anhydrous phosphoric(V) acid, H3PO4 .

 When the sodium halide NaX was used, the following reaction occurred and a sample of 
gaseous HX was collected in a gas jar.  

  NaX  +  H3PO4     NaH2PO4   +  HX
 
 A hot glass rod was placed in the sample of HX and immediately a red/orange colour was 

observed.

 (a) What is the identity of NaX?

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

 (b) What gas, other than HX, would be formed if concentrated sulfuric acid were used with 
NaX instead of phosphoric(V) acid?

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

 (c) Suggest why phosphoric(V) acid rather than concentrated sulfuric acid is used to make 
samples of HX from the corresponding sodium salt.

  Explain your answer.

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

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

[Total: 3]
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3 One method of making 1-bromobutane in the laboratory is described below.

Stage 1 Place 35 g of powdered sodium bromide,
  30 cm3 of water,
  and 25 cm3 (20 g) of butan-1-ol,
 in a 250 cm3 two necked flask fitted with a tap funnel and reflux condenser.

Stage 2  Concentrated sulfuric acid (25 cm3) is then placed in the tap funnel and 
added drop by drop to the reagents in the flask, keeping the contents well 
shaken and cooled occasionally in an ice-water bath.

 (a) The overall reaction may be considered to take place in two stages. In the first stage the 
inorganic reagents react together to form HBr. In the second stage, the organic reagent 
reacts with the HBr that is formed in the first stage.

  Write an equation for each of these stages.

stage I  ..............................................................................................................................

stage II  .......................................................................................................................  [2]

 (b) In this preparation, by using the amounts given above, one of the reagents, sodium 
bromide or butan-1-ol, will be present in an excess.

  Use your equations in (a) and the data above to determine, by calculation, which reagent 
is in an excess.

[2]

 (c) In a laboratory preparation of 1-bromobutane, when 15.4 g of butan-1-ol was used, 
22.5 g of 1-bromobutane was obtained after purification.

  Calculate the yield of 1-bromobutane as a percentage of the theoretical maximum 
yield.

[2]
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 (d) When the concentrated sulfuric acid is added to the reaction mixture (stage 2), unless 
the temperature is controlled carefully, the acid may react with either of the original 
reactants (sodium bromide or butan-1-ol) to give at least two by-products, one of which 
is inorganic and the other organic.

  What inorganic and organic by-products may be formed?

  In each case, identify one by-product and state the role of the concentrated sulfuric 
acid in the formation of this by-product.

inorganic by-product  ............................

role of conc. H2SO4 ..........................................................................................................

organic by-product  ...............................

role of conc. H2SO4 ....................................................................................................  [4]

[Total: 10]
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Use

2  Concentrated sulfuric acid may be used in a school or college laboratory to produce hydrogen 
chloride by reaction with solid chlorides such as sodium chloride.

 (a) (i)  What will be seen when concentrated sulfuric acid is carefully added to solid sodium 
chloride?

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

 (ii)  Write a balanced equation for this reaction.

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

 (iii)  Solutions of both H2SO4 and HCl are strong acids.
  What is meant by the term strong acid ?

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

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

 (b)  If the same reaction is carried out with solid sodium iodide and concentrated sulfuric 
acid, hydrogen iodide is not produced.

 (i)  State one observation you would make when carrying out this reaction with solid 
sodium iodide.

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

 (ii)  Explain why hydrogen iodide is not a product of this reaction.

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

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

 (c)  Aqueous silver nitrate and aqueous ammonia are used to test for the presence of halide 
ions.

 (i)  Aqueous silver nitrate is slowly added to aqueous sodium chloride and the resulting 
mixture is then shaken with an excess of aqueous ammonia.

  Describe what you would observe at each stage of this process.

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

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

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

  ....................................................................................................................................
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 (ii)  Write balanced equations, with state symbols, for all reactions that occur in this 
process.

 (iii)  The same process of adding aqueous silver nitrate followed by an excess of aqueous 
ammonia is repeated using aqueous sodium iodide instead of aqueous sodium 
chloride.

  State two differences that would be observed with aqueous sodium iodide.

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

  ....................................................................................................................................
[8]

[Total: 14]
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3  The elements of Group VII of the Periodic Table show variation in their properties.

 (a) (i)  Complete the table below, stating the colour of each element in its normal state at 
room temperature.

halogen melting point / qC colour

chlorine –101

bromine –7

iodine 114

 (ii)  Briefl y explain why the melting points of the halogens increase from chlorine to 
iodine.

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

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

  ....................................................................................................................................
[4]

 (b)  The halogens form many interhalogen compounds in which two different halogens are 
combined. One such compound is bromine monochloride, BrCl.

 (i)  Complete the electronic confi gurations of chlorine and bromine.

chlorine 1s22s22p6

bromine 1s22s22p6

 (ii) Draw a 'dot-and-cross' diagram of the BrCl molecule.
 Show outermost electrons only.

[2]
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 (c) Interhalogen compounds like BrCl have similar properties to the halogens.

 (i)  By considering your answers to (a) and (b), predict the physical state of BrCl at room 

temperature. Explain your answer.

 physical state ............................................

 explanation  ................................................................................................................

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

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

 (ii)  Suggest the colour of BrCl.

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

[4]

 (d)  Cl 
2
 and BrCl each react with aqueous KI.

 (i)  Describe what would be seen when Cl 
2
 is bubbled through aqueous KI for several 

minutes.

 initially  ........................................................................................................................

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

 after several minutes  .................................................................................................

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

 (ii)  Construct an equation for the reaction that occurs.

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

 (iii)  Suggest an equation for the reaction that occurs between BrCl and aqueous KI.

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

 (iv)  How do Cl 
2
 and BrCl behave in these reactions?

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

[5]

[Total: 15]
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3 (a)  In this question, K, L and M refer to a halogen atom or halide ion.
  For each part question, read the information and complete the answer lines below.

 (i)  When concentrated sulfuric acid is added to solid NaK, white fumes are produced that turn 
damp blue litmus paper red. No other colour changes are observed.

 identity of K = ...................................

 equation for reaction  ...........................................................................................................

 explanation of observation  ..................................................................................................

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

 (ii)  When silver nitrate solution is added to an aqueous solution of NaL, a precipitate forms 
that remains after the addition of concentrated ammonia solution.

 identity of L = ...................................

 colour of precipitate  ............................................................................................................

 equation for reaction  .....................................................................................................   [3]

 (iii)  M2 is a liquid at room temperature with a boiling point higher than that of chlorine but lower 
than that of iodine.

 identity of M = ...................................

 explanation  .........................................................................................................................

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

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

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

  .......................................................................................................................................   [2]
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4  The halogens and their compounds have a wide variety of uses and the chemical and physical 
properties of the elements show regular patterns related to their positions in Group VII.

 (a)  Chlorine, bromine and iodine all react with hydrogen.

 (i)  State the trend in the reactivities of the halogens with hydrogen.

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

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

 (ii)  Explain this trend in terms of bond energies.

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

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

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

 (b)  In the laboratory it is not very convenient to prepare hydrogen halides from their elements.

  Hydrogen halides can be prepared from their salts.

 (i)  Write an equation for the reaction of calcium chloride, CaCl 2, with concentrated sulfuric 
acid.

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

 (ii)  Explain why hydrogen iodide is not prepared in this way.

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

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

 (iii)  When potassium bromide, KBr, reacts with concentrated sulfuric acid, sulfur dioxide, SO2, 
is produced. State what you would see and write an equation for this reaction.

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

  .......................................................................................................................................   [3]
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Answer all the questions in the spaces provided.

1 (a)  Successive ionisation energies for the elements fl uorine, F, to bromine, Br, are shown on the 

graph.

12 000

10 000

8000

6000

4000

2000

0
1 2 3

electrons removed
4 5

ionisation
energy / kJ mol–1

F

Cl

Br

 (i)  Explain why the fi rst ionisation energies decrease down the group.

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

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

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

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

 (ii)  Explain why there is an increase in the successive ionisation energies of fl uorine.

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

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

  .......................................................................................................................................   [2]
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 (b)  Group VII is the only group in the Periodic Table containing elements in all three states of 
matter at room conditions.

  State and explain, in terms of intermolecular forces, the trend in the boiling points of the 
elements down Group VII.

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

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

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

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

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

  ..............................................................................................................................................   [4]

 (c)  Compounds containing different halogen atoms covalently bonded together are called 
interhalogen compounds.

 (i)  One interhalogen compound can be prepared by the reaction between iodine and fl uorine. 
This compound has Mr = 222 and the percentage composition by mass: F, 42.8;  I, 57.2.

  Calculate the molecular formula of this interhalogen compound.

molecular formula .................................  [3]

 (ii)  Another interhalogen compound has the formula ICl.

  Draw a ‘dot-and-cross’ diagram of a molecule of this compound, showing outer shell 
electrons only. Explain whether or not you would expect this molecule to be polar.

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

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

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

CEDAR COLLEGE                                                                                                        GROUP 17 WS 2



 298

!

4

9701/23/O/N/14© UCLES 2014

 (d)  Some reactions involving chlorine and its compounds are shown in the reaction scheme below. 

NaCl (aq) +
W(aq)

Cl 2(g) Y(g)
cold NaOH(aq)

hot NaOH(aq)

H2(g)
UV

NaCl (aq) +
X(aq)

Z(s) Y(aq)
AgNO3(aq)

bubble
into water

 (i)  Give the formulae of W, X, Y and Z.

 W  ........................................................................................................................................

 X  .........................................................................................................................................

 Y  .........................................................................................................................................

 Z  .........................................................................................................................................

[4]

 (ii)  Write an equation for the reaction of chlorine with hot NaOH(aq).

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

 (iii)  State the oxidation numbers of chlorine at the start and at the end of the reaction in (ii).

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

 (iv)  Write an ionic equation for the reaction of Y with AgNO
3
(aq). Include state symbols.

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

[Total: 23]
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2  The elements in Group 17, the halogens, and their compounds, show many similarities and trends 
LQ�WKHLU�SURSHUWLHV��6RPH�GDWD�DUH�JLYHQ�IRU�WKH�HOHPHQWV�ÀXRULQH�WR�LRGLQH�

element bond energy
/ kJ mol–1

standard
enthalpy change 
of atomisation,

 / kJ mol–1

boiling point
of element

/ K

boiling point of
K\GURJHQ�KDOLGH

/ K

ÀXRULQH��)±) 158 79 85 293

chlorine, Cl –Cl 242 121 238 188

bromine, Br–Br 193 112 332 206

iodine, I–I 151 107 457 238

 (a) (i)  Explain the meaning of the term standard enthalpy change of atomisation.

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

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

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

 (ii)� �)RU�ÀXRULQH�DQG�FKORULQH��WKH�HQWKDOS\�FKDQJHV�RI�DWRPLVDWLRQ�DUH�KDOI� WKH�YDOXH�RI�WKH�
bond energies. 

� �)RU�EURPLQH�DQG�LRGLQH��WKH�HQWKDOS\�FKDQJHV�RI�DWRPLVDWLRQ�DUH�PXFK�PRUH�WKDQ�KDOI�WKH�
value of the bond energies.

  Suggest a reason for this difference.

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

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

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

 (iii)  The standard enthalpy of formation of iodine monochloride, ICl, is –24.0 kJ mol–1.

  Use this information and the bond energies of iodine and chlorine to calculate the I–Cl 
bond energy.

I–Cl bond energy = ............................. kJ mol–1  [2]

4
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2  The elements in Group 17, the halogens, and their compounds, show many similarities and trends 
LQ�WKHLU�SURSHUWLHV��6RPH�GDWD�DUH�JLYHQ�IRU�WKH�HOHPHQWV�ÀXRULQH�WR�LRGLQH�

element bond energy
/ kJ mol–1

standard
enthalpy change 
of atomisation,

 / kJ mol–1

boiling point
of element

/ K

boiling point of
K\GURJHQ�KDOLGH

/ K

ÀXRULQH��)±) 158 79 85 293

chlorine, Cl –Cl 242 121 238 188

bromine, Br–Br 193 112 332 206

iodine, I–I 151 107 457 238

 (a) (i)  Explain the meaning of the term standard enthalpy change of atomisation.

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

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

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

 (ii)� �)RU�ÀXRULQH�DQG�FKORULQH��WKH�HQWKDOS\�FKDQJHV�RI�DWRPLVDWLRQ�DUH�KDOI� WKH�YDOXH�RI�WKH�
bond energies. 

� �)RU�EURPLQH�DQG�LRGLQH��WKH�HQWKDOS\�FKDQJHV�RI�DWRPLVDWLRQ�DUH�PXFK�PRUH�WKDQ�KDOI�WKH�
value of the bond energies.

  Suggest a reason for this difference.

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

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

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

 (iii)  The standard enthalpy of formation of iodine monochloride, ICl, is –24.0 kJ mol–1.

  Use this information and the bond energies of iodine and chlorine to calculate the I–Cl 
bond energy.

I–Cl bond energy = ............................. kJ mol–1  [2]
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2  The elements in Group 17, the halogens, and their compounds, show many similarities and trends 
LQ�WKHLU�SURSHUWLHV��6RPH�GDWD�DUH�JLYHQ�IRU�WKH�HOHPHQWV�ÀXRULQH�WR�LRGLQH�

element bond energy
/ kJ mol–1

standard
enthalpy change 
of atomisation,

 / kJ mol–1

boiling point
of element

/ K

boiling point of
K\GURJHQ�KDOLGH

/ K

ÀXRULQH��)±) 158 79 85 293

chlorine, Cl –Cl 242 121 238 188

bromine, Br–Br 193 112 332 206

iodine, I–I 151 107 457 238

 (a) (i)  Explain the meaning of the term standard enthalpy change of atomisation.

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

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

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

 (ii)� �)RU�ÀXRULQH�DQG�FKORULQH��WKH�HQWKDOS\�FKDQJHV�RI�DWRPLVDWLRQ�DUH�KDOI� WKH�YDOXH�RI�WKH�
bond energies. 

� �)RU�EURPLQH�DQG�LRGLQH��WKH�HQWKDOS\�FKDQJHV�RI�DWRPLVDWLRQ�DUH�PXFK�PRUH�WKDQ�KDOI�WKH�
value of the bond energies.

  Suggest a reason for this difference.

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

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

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

 (iii)  The standard enthalpy of formation of iodine monochloride, ICl, is –24.0 kJ mol–1.

  Use this information and the bond energies of iodine and chlorine to calculate the I–Cl 
bond energy.

I–Cl bond energy = ............................. kJ mol–1  [2]
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 (b) (i)  Explain the trend in the boiling points of the hydrogen halides, HCl, HBr and HI.

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

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

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

 (ii)� �6XJJHVW�ZK\�WKH�K\GURJHQ�KDOLGH�+)�GRHV�QRW�IROORZ�WKH�WUHQG�LQ�ERLOLQJ�SRLQWV�VKRZQ�E\�
HCl, HBr and HI.

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

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

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

 (c)  In an experiment, two of the halogens are represented as P2 and Q2.

  P2 combines with hydrogen on heating to form HP, which can be easily broken down into its 
elements. A solution of HP in water reacts with aqueous silver ions to form a yellow precipitate 
that is insoluble in dilute aqueous ammonia.

  Q2 combines explosively with hydrogen in sunlight to form HQ, which is stable to heat. A 
solution of HQ in water reacts with aqueous silver ions to form a white precipitate that is soluble 
in dilute aqueous ammonia.

 (i)  Identify the halogens P2 and Q2.

 P2 = ..............................................................  Q2 =  .............................................................
[1]

 (ii)  HP readily decomposes into its elements when heated but HQ is stable to heat.
  Explain this with reference to bond energies.

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

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

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

 (iii)  Write an equation for the thermal decomposition of HP.

  .......................................................................................................................................  [1]
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2  The halogens, chlorine, bromine and iodine, and their compounds, show a variety of similarities 
and trends in their physical and chemical properties.

 (a) (i)  Give the colours and states of chlorine, bromine and iodine at room temperature and 
pressure.

halogen colour state

chlorine

bromine

iodine

[2]

 (ii)  The halogens become less volatile down the group.

 Explain this trend in volatility.

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

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

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

 (b)  The halogens are oxidising agents.

  State and explain the trend in oxidising power of the halogens.

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

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

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

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

 (c)  Concentrated sulfuric acid reacts with solid sodium halides.

 (i)  State any observations that would be made on addition of concentrated sulfuric acid to

� Ɣ� VROLG�VRGLXP�FKORULGH�� ..................................................................................................

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

� Ɣ� VROLG�VRGLXP�LRGLGH�� .....................................................................................................

  .............................................................................................................................................
[2]
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 (ii)  Give reasons for the difference in the observations in (i).

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

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

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

 (iii)  The addition of concentrated sulfuric acid to solid sodium bromide, NaBr, produces brown 
IXPHV�DQG�DQ�DFLGLF�JDV�WKDW�GHFRORXULVHV�DFLGL¿HG�SRWDVVLXP�PDQJDQDWH�VII) solution. 
7KLV�DFLGLF�JDV�LV�D�VLJQL¿FDQW�FRQWULEXWRU�WR�DFLG�UDLQ�

  Write the equation for the reaction of concentrated sulfuric acid with sodium bromide.

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

 (d)  An aqueous solution, Z, contains a mixture of sodium chloride and sodium iodide.

 (i)  Excess aqueous silver nitrate is added to Z in a test-tube. A yellow precipitate forms.

 Explain the colour of this precipitate.

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

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

 (ii)  Aqueous ammonia is then added to the test-tube in (i). The mass of precipitate decreases.

  Explain this observation.

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

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

[Total: 15]
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2  Hydrogen halides are compounds formed when halogens (Group 17 elements) react with hydrogen.  
The bond polarity of the hydrogen halides decreases from HF to HI.

  Some relevant data are shown in the table.

hydrogen halide HF HCl HBr HI

boiling point / $C 19 –85 –67 –35

H–X bond energy / kJ mol–1 562 431 366 299

 (a) (i)  Explain the meaning of the term bond polarity.

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

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

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

 (ii)  Suggest why the boiling point of HF is much higher than the boiling points of the other 
hydrogen halides.

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

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

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

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

  .......................................................................................................................................  [2]

 (iii)  Describe and explain the relative thermal stabilities of the hydrogen halides.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]
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 (b)  The equation for the preparation of hydrogen chloride using concentrated sulfuric acid is 
shown.

H2SO4  +  NaCl    NaHSO4  +  HCl

 (i)  Use the Brønsted-Lowry theory of acids and bases to identify the base and its conjugate 
acid in this reaction. Explain your answer.

 Brønsted-Lowry base (base-I) =  .........................................................................................

 conjugate acid (acid-II) =  ....................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Explain why the reaction of concentrated sulfuric acid and sodium iodide is not suitable for 
the preparation of hydrogen iodide.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (b)  The equation for the preparation of hydrogen chloride using concentrated sulfuric acid is 
shown.

H2SO4  +  NaCl    NaHSO4  +  HCl

 (i)  Use the Brønsted-Lowry theory of acids and bases to identify the base and its conjugate 
acid in this reaction. Explain your answer.

 Brønsted-Lowry base (base-I) =  .........................................................................................

 conjugate acid (acid-II) =  ....................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Explain why the reaction of concentrated sulfuric acid and sodium iodide is not suitable for 
the preparation of hydrogen iodide.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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2  The halogens, chlorine, bromine and iodine, and their compounds, show a variety of similarities 
and trends in their physical and chemical properties.

 (a) (i)  Give the colours and states of chlorine, bromine and iodine at room temperature and 
pressure.

halogen colour state

chlorine

bromine

iodine

[2]

 (ii)  The halogens become less volatile down the group.

 Explain this trend in volatility.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (b)  The halogens are oxidising agents.

  State and explain the trend in oxidising power of the halogens.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

 (c)  Concentrated sulfuric acid reacts with solid sodium halides.

 (i)  State any observations that would be made on addition of concentrated sulfuric acid to

 Ɣ solid sodiuP cKloride,  ..................................................................................................

  .............................................................................................................................................

 Ɣ solid sodiuP iodide.  .....................................................................................................

  .............................................................................................................................................
[2]

E
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 (ii)  Give reasons for the difference in the observations in (i).

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The addition of concentrated sulfuric acid to solid sodium bromide, NaBr, produces brown 
IuPes and an acidic gas tKat decolourises acidi¿ed potassiuP Panganate�VII) solution. 
7Kis acidic gas is a signi¿cant contriEutor to acid rain.

  Write the equation for the reaction of concentrated sulfuric acid with sodium bromide.

  .......................................................................................................................................  [2]

 (d)  An aqueous solution, Z, contains a mixture of sodium chloride and sodium iodide.

 (i)  Excess aqueous silver nitrate is added to Z in a test-tube. A yellow precipitate forms.

 Explain the colour of this precipitate.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (ii)  Aqueous ammonia is then added to the test-tube in (i). The mass of precipitate decreases.

  Explain this observation.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

[Total: 15]
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3  The elements in Group 17, the halogens, show trends in both their chemical and physical properties.
  The elements and their compounds have a wide variety of uses.

 (a)  $t rooP tePperature fluorine and cKlorine are gases, EroPine is a liTuid and iodine is a solid.

 (i)  State the trend in the volatility of the Group 17 elements down the group.

  .......................................................................................................................................  [1]

 (ii)  Explain this trend.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (b)  Iodine, I2, can be displaced from NaI(aq), by chlorine, Cl 2.

  Write an equation for this reaction.

  ..............................................................................................................................................  [1]

 (c)  Silver nitrate solution, AgNO3(aq), is added to separate solutions of NaI and NaCl.
  Precipitates form. An excess of aqueous ammonia is then added to both precipitates.

 (i)  Complete the table to give the colour and name of the precipitate formed in each reaction 
and the effect of the addition of an excess of aqueous ammonia to each of the precipitates 
formed.

NaI(aq)  +  AgNO3(aq) NaCl (aq)  +  AgNO3(aq)

colour of precipitate

name of precipitate

effect of addition of an excess of 
aqueous ammonia to the precipitate

 [3]

 (ii)  Write an ionic equation, including state symbols, to show the reaction occurring when 
AgNO3(aq) is added to NaI(aq).

  .......................................................................................................................................  [1]

F
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 (d)  Solid NaI reacts with concentrated sulfuric acid to form purple fumes of I2�g� and K\drogen sul¿de 
gas, H2S(g).

  However, when solid NaCl reacts with concentrated sulfuric acid the only gas produced is 
HCl (g).

  Explain the difference in the reactions of concentrated sulfuric acid with NaI and with NaCl. 
Your answer should refer to the role of the sulfuric acid in each reaction.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

 (e)  &Klorine is coPPonl\ used in Zater puri¿cation. :Ken cKlorine is added to Zater it reacts to 
produce a mixture of acids, one of which is chloric(I) acid, HCl O, a powerful oxidising agent.

 (i)  Explain the meaning of the term oxidising agent, in terms of electron transfer.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (ii)  Suggest an equation for this reaction of chlorine with water.

  .......................................................................................................................................  [1]

 (iii)  Write an equation for the reaction of chlorine with hot aqueous sodium hydroxide.

  Use oxidation numbers to explain why this is a redox reaction.

 equation  ..............................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 [Total: 15]

±
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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
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9  The orientating effect of groups in aromatic substitution reactions.

The position of the incoming group, Y, is determined by the nature of the group, X, already bonded to the 
ring, and not by the nature of the incoming group Y.

X X

2

3

4

+Y+ +H+

Y

X– groups that direct the incoming 
Y group to the 2– or 4– positions

X– groups that direct the incoming 
Y group to the 3– position

−NH2, −NHR or −NR2 −NO2

−OH or −OR −NH3

−NHCOR −CN

−CH2, −alkyl −CHO, –COR

 −Cl −CO2H, −CO2R
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10 Names, structures and abbreviations of some amino acids

Name
3-letter 

abbreviation
1-letter symbol

structure of side chain R– in

R

CO2H

NH2

CH

alanine Ala A CH3−

aspartic acid Asp D HO2CCH2−

cysteine Cys C HSCH2−

glutamic acid Glu E HO2CCH2CH2−

glycine Gly G H−

lysine Lys K H2NCH2CH2CH2CH2−

phenylalanine Phe F CH2

serine Ser S HOCH2−

tyrosine Tyr Y CH2HO

valine Val V

CH3

CH3

CH
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