
The lead in the ‘lead’ pencil that you use to record your 
notes is not actually made of lead; it is made of a form 
of carbon called graphite that is mixed with clay. When 
you write, the pencil makes contact with the paper and 
many layers of carbon atoms are deposited. Although 
lead was used by the Romans to make marks on 
papyrus, it was not until the 1500s that graphite was 
used for writing. At that time, sticks of graphite were 
wrapped in string so that they were easy to hold. It was 
mistakenly thought that the shiny graphite was a form of 
lead. Graphite is also a source of a useful nanomaterial 
graphene, which has some remarkable properties. It is 

another fascinating fact of chemistry that diamonds are 
also made of carbon atoms, but the atoms in diamond 
are arranged quite differently.

YOU WIll eXaMINe:

■ bonding and properties in network lattices such as
diamond

■ bonding and properties in graphite
■ the structure and properties of carbon nanomaterials
■ applications of carbon nanomaterials
■ the strength of the bonds in different types of lattice

structures.

7 Networks and nanomaterials

CHaPTeR

Diamonds are beautiful gemstones, but you may be surprised to 
know that, in chemistry, diamonds are regarded as unstable and 
are eventually converted into another allotrope of carbon, graphite. 
Fortunately, the time span for this conversion is incredibly large so 
there is no need to discard any diamonds that you may have.

The noblest pleasure is the joy of 
understanding.
Leonardo da Vinci

Carbon
Same but different
Comparing structures
Identifying the bonding in different substances

Chapter review
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Carbon
What do you think is the most important element? Carbon should probably be 
at the top of the list. It has been known from ancient times and yet there are 
still many exciting discoveries of new materials based on carbon. Carbon with 
its four bonding electrons is present in all forms of life and is known to form 
millions of compounds. We saw in chapter 6 that this element forms simple, 
small molecular compounds such as methane, CH4, and carbon dioxide, CO2. 
We breathe out carbon dioxide, which is an essential reactant in photosyn-
thesis, the process by which plants make food. Carbon dioxide produced as a 
result of human activity is increasing and so contributing to global warming. In 
chapter 4, you met ionic metal carbonate compounds that are components of 
many rocks.

Chapter 8 focuses on organic chemistry, which is a branch of chemistry 
that is devoted entirely to compounds of carbon from the small to very large. 
In chapter 9, you will see that most of the materials that are generally called 
plastics, but scientists call polymers, are also based on large molecules with 
carbon backbones. Organic compounds are obtained from fossil fuels that 
have been formed from the decayed remains of plants and formed over 
millions of years. Fossil fuels also provide us with energy for households, 
transportation and manufacturing. Carbon in its diff erent forms is a major 
part of our lives.

How can both one of the hardest and one of the softest materials known con-
sist of the same element? How can one material be an insulator and another a 
conductor? It is all about the arrangement of the atoms. Diamond and graphite 
are naturally occurring allotropes of carbon; ‘allotrope’ is the term used to 
describe diff erent forms of the same element. In this chapter, carbon’s ability 
to form both network lattices and layer lattices is discussed as well as new 
developments in nanotechnology.

Revision questions

1. (a) In what group and period would you fi nd the element carbon?
(b) Draw and label a carbon atom 12

6C showing protons, neutrons and 
electrons.

(c) What is carbon’s electron confi guration?
2. Why is carbon able to form such a variety of compounds?

Same but different
Covalent network lattices
Some non-metals form giant structures in which no individual molecules exist. 
Th ey consist of countless numbers of atoms covalently bonded to each other, 
forming a three-dimensional network lattice. Common examples of covalent 
network lattices include diamond, silicon carbide, silicon dioxide (quartz) and 
tungsten carbide.

Diamond — the hardest known substance
Diamond is the hardest substance known because of the bonding pattern of 
its carbon atoms. Hardness is measured on the Mohs scale (see table 7.1). Th e 
Mohs scale gives the order of hardness, but this is not linear; the diff erence 
between corundum and diamond is only 1 on this scale but diamond is many 
times harder than corundum. Diamond is used as an abrasive for sawing, cut-
ting and grinding hard substances such as glass, stone and porcelain. 

Unit 1 Diamond
Summary screen 
and practice 
questions

aOS 2

Topic 2

Concept 1

Diamonds are prized for 
their brilliance, durability and 
hardness. These properties are 
a consequence of the ordered 
and rigid internal structure 
in which each carbon atom 
is covalently bonded to four 
other carbon atoms. Millions of 
carbon atoms can combine in 
a three-dimensional covalent 
network lattice to form a 
diamond crystal.
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137CHAPTER 7 Networks and nanomaterials

Carbon atoms in diamond are 
strongly bonded in a three-
dimensional tetrahedral lattice 
structure.

Table 7.1 Mohs hardness scale

Hardness Mineral Scratch test Other materials

 1 talc very easily scratched by fi ngernail sulfur, sodium, chalk

 2 gypsum scratched by fi ngernail lead, graphite
 3 calcite very easily scratched with knife gold, silver, copper

 4 fl uorite easily scratched with knife platinum, nickel

 5 apatite scratched with knife tooth enamel, glass (5.5) 

 6 orthoclase scratches glass manganese, steel

 7 quartz scratches glass easily vanadium

 8 topaz scratches glass very easily cubic zirconia

 9 corundum cuts glass tungsten carbide, ruby, sapphire

10 diamond scratches all other materials 

A diamond is really one ‘giant’ molecule. It is made up of carbon atoms bonded 
together by strong covalent bonds. Each carbon atom has four covalent bonds 
around it and is surrounded by four other carbon atoms. Th e covalent bonding is 
three-dimensional since the bonds are arranged tetrahedrally around each atom. 
To scratch diamond it is necess ary to separate the carbon atoms. Th is is very diffi  -
cult to do as they are held together by four covalent bonds.

Matches on aerogel over a 
Bunsen burner fl ame. This 
shows both the low density 
and the effective insulating 
properties of this material. 
Aerogel, commonly referred to 
as ‘frozen smoke’, is a silicon-
based solid comprising up to 
99.9% air. It is 1000 times less 
dense than glass and 
39 times more insulating than 
fi breglass. This material has 
uses as building insulation in 
walls and windows, improving 
energy effi ciency.

Another covalent network lattice is silicon dioxide. Silicon dioxide is found 
as quartz (below left) in granite rock and in sandstone. Quartz, SiO2, is a 
three-dimensional covalent network lattice (below right). Each silicon atom is 
bonded to four oxygen atoms, and each oxygen atom is bonded to two silicon 
atoms. The resulting substance is a hard, crystalline rock. Beach sand also 
contains silicon dioxide.

Si
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Properties of covalent network lattices
Covalent network lattices have the following general properties:
• Since strong covalent bonding extends through the crystal structures of 

covalent network lattices, the particles are held quite rigidly. Th ese sub-
stances are therefore very hard, diffi  cult to scratch and have high melting 
points and boiling points.

• Since there are no free ions or electrons in the structure, covalent network 
lattices are usually non-conductors of electricity in the solid and liquid 
states.

• Covalent network lattices are brittle and must be cut in a specifi c way or they 
can shatter. When the covalent bonds break, the lattice is distorted.

• Covalent network lattices are chemically inert and are insoluble in water and 
most other solvents.
Covalent network lattices are generally hard, non-conductors of electricity, 

inert and insoluble in water.

Covalent layer lattices
Covalent layer lattices consist of countless atoms held strongly together in 
planes by covalent bonds. Covalent bonding is therefore present in two dimen-
sions only. Th ese layers are held together by weaker dispersion forces. Graphite 
is a common example of a covalent layer lattice.

Graphite
Graphite is an oily, black, opaque solid with a metallic sheen. Like diamond, 
graphite is made solely of carbon atoms. 

Graphite, however, looks and behaves quite diff erently from diamond, and 
this can be explained by its structure. Each carbon atom in graphite forms 
three covalent bonds with three other carbon atoms within the same plane. 
Th is forms layers of hexagonal rings with strong covalent bonds in two dimen-
sions. Since only three of the four outershell electrons are used in the cova-
lent bonds, one outershell electron remains. Th is electron from each atom 
becomes delocalised and can move across the graphite layers. Layers are 
stacked on top of each other in the crystal lattice and are held together by 
weak dispersion forces.

C C

C
CC

C

(a)

weak
dispersion
forces

(b)

Graphite is made of fl at sheets 
of carbon atoms. Each carbon 
atom covalently bonds to 
three other carbon atoms. This 
produces rings of six atoms 
that join to form fl at sheets, 
as shown in (a). These sheets 
of carbon atoms lie on top of 
each other, held together by 
dispersion forces, as shown in 
(b). The substance produced 
by these covalent bonds has 
many uses, among them the 
common pencil. Industrial-
grade ‘synthetic’ diamonds 
are made by subjecting 
graphite to high temperatures 
and pressures.

Covalent network lattices are 
generally hard, non-conductors of 
electricity, inert and insoluble in 
water.

elesson
Allotropes of carbon
eles-2476

Carbon atoms in graphite are 
arranged in a covalent layer lattice.

Unit 1 Graphite
Summary screen 
and practice 
questions

aOS 2

Topic 2

Concept 2
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139CHAPTER 7 Networks and nanomaterials

Revision questions

3. Th e density of diamond is 3.5 g cm-3 and that of graphite is 1.9–2.3 g cm-3. 
Explain why they are diff erent.

4. Explain why the following substances are used in the way described:
(a) graphite in pencils
(b) diamond in oil drilling.

5. Graphite is used to make electrodes in batteries. Explain why graphite is a 
good conductor of electricity and diamond is not.

6. Using a molecular model kit (or plasticine and toothpicks), build models of:
(a) graphite
(b) diamond.

Fullerenes
Buckyballs
Buckminsterfullerenes (or ‘buckyballs’ for short) are a recently discovered 
form of carbon. Small quantities of these unusual molecules exist in nature; 
however, in 1985 they were synthetically produced by vaporising graphite with 
a laser. Th ey are large cage-like molecules of carbon, but they are not con-
sidered giant lattice structures. Th e most common is C60, which consists of 

a curved surface in the 
shape of a soccer ball 
made up of alternating 
hexagonal and pentag-
onal rings of covalently 
bonded carbon atoms. 
Other forms include C70, 
C76 and C84 molecules.

Buckyballs are stable 
solids at room tempera-
ture, soft and resistant to 
collision, and they have 
low melting points. Th ey 
are insoluble in water 
but soluble in methyl 
benzene. In diff erent 
forms, C60 can act as an 
insulator, a conductor, a 
semiconductor or, when 
doped with another 
element at low tempera-
tures, a superconductor.

nanotubes
An elevator into space is not as unrealistic as it might appear if suitable mat-
erials are available. Carbon nanotubes would be ideal for this purpose. Th ey 
are continuous tubes made up of fl at sheets of hexagonal rings of carbon 
atoms. Th ese sheets are similar to those in graphite but rolled into a cylinder; 
they may form into a single layer or multiple layers. A human hair is about 
10  000 times thicker than one of these very strong fi bres. Nanotubes are about 
100 times stronger than steel with one-fi fth the density. Once established, the 
elevator could transport materials into space at a fraction of the cost of the 
massive amount of fuel used in rockets. 

Buckyballs are cage-like molecules of carbon.

Weblinks
Buckyballs
Allotropes of carbon

Buckyballs are molecules of carbon 
arranged in a hollow sphere.

Unit 1 Carbon 
nanomaterials
Summary screen 
and practice 
questions

aOS 2

Topic 2

Concept 3

Carbon nanotubes are tubes 
made up of sheets of hexagonally 
arranged carbon atoms formed 
into cylinders.
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A single-walled nanotube

Nanotubes have extensive applications in many fi elds. Th ey can be used in 
batteries to extend their energy storage capacity, and their huge surface area 
and low electrical resistance increase effi  ciency of electrodes. Because of their 
strength they would be benefi cial for bulletproof vests and composite mat-
erials for transport; their small size and even walls enable easier water purifi -
cation by fi ltration. Health applications include possible conduction of nerve 
impulses, artifi cial muscle tissue, sensors and targeted drug delivery.

ballistic nylon

Kevlar

ceramic

carbon
nanotube

Carbon nanotubes have a 
tubular graphite-like structure 
that is incredibly strong, yet 
light. Because they are on a 
nanoscale, many millions can 
be combined together into 
a small surface area. When 
incorporated into nylon fabric, 
they are able to resist the 
impact of a bullet. The fabric 
will not tear but will pass the 
force on to the KevlarTM layer 
where it will be dissipated.

Graphene
Imagine a mobile phone that is fl exible enough to be worn around your wrist. 
Th is could indeed be possible with a material that was discovered in 2004. 
Graphene is similar to nanotubes but is a fl at layer of carbon that is only one atom 
thick. Th is wonder material has some remarkable properties that make it superior 
to nanotubes for use in composite materials. Graphene’s large surface area allows 
it to have closer contact with other materials and its rippled surface enables inter-
locking with surrounding polymer atoms to readily form very useful composites.

Earth

climber

cable

geostationary 
orbit

anchor at
equator

South Pole

counterweight

The centre of
mass for the

system is above 
the geostationary 

level.

A space elevator made of 
carbon nanotubes anchored 
to an offshore sea platform 
would stretch to a small 
counterweight approximately 
100  000 km away in space.

Weblink
nanotechnology
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141CHAPTER 7 Networks and nanomaterials

Graphene is obtained from readily available graphite; it is much stronger 
than steel but light, transparent and fl exible. It conducts electricity and heat 
more eff ectively than any metal. Potential applications based on these prop-
erties include lower cost mobile phone screens. Phones could be charged in 
minutes because of its ability to store and release energy quickly. Although 
impermeable, tiny pores could be introduced in graphene sheets and water 
could be economically desalinated or purifi ed. Composite materials can use 
the lightness and strength of graphene for protective clothing or to make trans-
port lighter and more fuel effi  cient.

Revision questions

7. Both graphite and carbon nanotubes are made up of layers containing hex-
agonal rings of carbon atoms. Explain why some of their properties are so 
diff erent. 

8. Explain the diff erence in structure between buckyballs, nanotubes and 
graphene.

9. Use the internet to research the latest developments in the use of graphene.

Comparing structures
Bonding and modelling
Th is section reviews the diff erent types of bonding between atoms, the dif-
ferent models for the structure of materials, and methods of classifi cation 
using properties and composition.

Bonding
We have seen from the previous chapters that only the noble gases exist as 
separate atoms since they have complete outer shells of electrons. Th e atoms 
of all other elements form chemical bonds with each other in order to attain a 
more stable outershell confi guration.

Atoms can become stable in one of three ways:
• by giving electrons to another atom
• by taking electrons from another atom
• by sharing electrons with another atom.

When atoms combine to achieve more stable structures, three types of 
bonding are possible. Th is is illustrated at the top of the next page.

Graphene is a fl at layer of 
carbon that is only one atom 
thick.

(a) (b)

(a) Rare gold crystals and 
(b) red crystals of 
rhodochrosite (manganese 
carbonate)

Atoms become stable by giving, 
taking or sharing electrons.
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Metallic bonding

When metallic
atoms combine,
a metallic lattice
is formed.

Covalent bonding

When non-
metallic atoms

combine, either
discrete

molecules or
covalent lattices

are formed.

Ionic
bonding

When metallic
atoms combine

with non-metallic
atoms, an ionic

lattice is
formed.

The three main types of 
bonding

Lattice structures
Atoms may bond together to form crystalline solids. Th e bonding between 
atoms gives rise to one of fi ve lattice types as seen in table 7.2.

Table 7.2 The structures of different crystalline lattices

Type of lattice 
structure Type of substance

Particles in the 
structure

Pictorial representation of 
the structure Examples

metallic element or alloy that 
contains metals only

cations and electrons

X+ X+

X+ X+

X+

−

−

− −−

− −−

−

−

Fe, Ca

ionic compound that contains 
both a non-metal and a 
metal

cations and anions

B− B−

A+ B− A+

A+

A+ B− A+

NaCl, KF

covalent molecular elements or compounds 
that contain non-metals 
only

molecules
I I

I I

I I

I I

I I

I I
I I

I I

I I

I I

I I

I I I I

I I

I2

covalent network elements or compounds 
that contain non-metals 
only

atoms

X

XX X

X

SiO2, C (diamond)

covalent layer elements or compounds 
that contain non-metals 
only

atoms A A A A

A A A A

A A A A

A A A A

C (graphite) UNCORRECTED P
AGE P
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143CHAPTER 7 Networks and nanomaterials

Identifying the bonding in  
different substances
A material’s properties depend on its structure, and its structure is determined 
by the nature of the constituent particles and the bonds holding them together. 
We can therefore identify the type of bonding in different substances using:
1. the properties of a substance
2. the composition of a substance.

Properties
The properties of different crystalline solids are a consequence of the type of 
bonding present in the lattice (see table 7.3).

Table 7.3 The properties of different crystalline lattices

Electrical conductivity Solubility in

Type of lattice 
structure Melting point Hardness Solid

Liquid (molten  
or aqueous) water (polar)

Petrol  
(non-polar)

metallic high varies good good insoluble insoluble

ionic high hard poor good most are soluble most are 
insoluble

covalent molecular low soft poor poor soluble if polar soluble if  
non-polar

covalent network very high hard poor N/A insoluble insoluble

covalent layer very high soft good N/A insoluble insoluble

Sample problem 7.1 

Identify the bonding in substance A and substance B, given the following 
information: Substance A is hard, melts at 890 °C and conducts electricity in 
the molten form but not in the solid form. Substance B is soft, melts at −183 °C, 
and is a poor conductor of electricity in solid or liquid form.

Using the information in table 7.3, substance A has an ionic lattice structure 
with ionic bonding, and substance B has a molecular lattice structure with 
covalent bonding within the molecules.

Revision questions

10. Classify each of the following as covalent molecular, ionic or metallic.
(a) A yellow solid that melts at 105 °C to form a clear yellow liquid. Both 

solid and liquid are poor conductors of electricity.
(b) A solid that melts at 99 °C to form a silvery liquid. Both solid and liquid 

are good conductors of electricity.
(c) A dark shiny solid that sublimes to form a vapour. 

It is a poor conductor of electricity and heat.
(d) A white solid that melts at 872 °C to form a colour-

less liquid. The solid does not conduct electricity, 
whereas the liquid does.

11. Consider the substances in the table on the left.
(a) Which substance is metallic?
(b) Which substance is ionic?
(c) Which substance has a covalent molecular structure?
(d) Which substance has a covalent network structure?

Solution:

Substance

Melting 
point 
(°C)

Electrical conductivity

Solid Molten
Dissolved 
in water

L -115 — — —

M 1260 — conducts conducts

N 3600 — — insoluble

O 2468 conducts conducts insoluble
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Composition
Th e fl ow chart shown below is designed to help you classify a substance into its 
bond type, using composition.

SUBSTANCE

Pure metal Alloy

METAL

ATOM

GAS SOLID or LIQUID

MOLECULE COVALENT LATTICE DISCRETE ATOMS/
MOLECULES

NON-METAL BOTH

Metallic lattice: Metallic bonding exists 
(i.e. cations in a sea of electrons form 
a three-dimensional lattice).

Only a noble gas 
may exist as a 
separate atom.

MOLECULES ATOMS

Noble gas 
atoms may be 
held together 
by weak 
dispersion 
forces.

Non-metallic atoms may form a 
molecule by sharing electrons in 
a covalent bond. Each molecule 
has a de�nite shape.

TWO DIMENSIONS THREE DIMENSIONS

Covalent layer lattice. Strong 
covalent bonding exists in two 
dimensions to form a layer. 
The layers are held together 
by weak dispersion forces.

Covalent network lattice. 
Strong covalent bonding 
exists in three dimensions 
to form a giant network 
lattice structure.

POLAR

Molecules containing —OH, —NH 
or —FH bonds are held together 
by hydrogen bonding due to high 
electronegativity difference between 
H and O, N or F, in addition to dipole 
interaction and dispersion forces.

Polar molecules are 
held together by 
dipole–dipole 
interaction due to their 
polarity, in addition to 
dispersion forces.

NON-POLAR

Non-polar molecules may 
be held together by 
dispersion forces (i.e. the 
simultaneous attraction of 
electrons of one molecule 
to their own nucleus and 
to the nuclei of adjacent 
molecules).

Ionic lattice: Ionic bonding exists 
(i.e. electron transfer from the metal 
to the non-metal results in electrostatic 
attraction between the cations and 
anions produced). A three-dimensional 
ionic lattice is produced due to the 
simultaneous attraction of an ion to 
surrounding ions of opposite charge. 
Note: A polyatomic ion results when a 
group of non-metallic atoms covalently 
bond to produce an anion.

Is it made up of metal atoms, non-metal atoms or both?

Is the substance in solid,
liquid or gas state?

Are the cations identical?

Is the substance a molecule or an atom?

Is the substance a covalent lattice
or discrete atoms/molecules

held together by intermolecular forces?

Does the covalent
bonding extend in
two dimensions or
three dimensions?

Are molecules
polar or

non-polar?

Does the molecule contain —OH, —NH or —FH bonds?

Does the substance
contain atoms or molecules?

Same cations Mixture of
cations

Yes No

Classifi cation of substances according to composition
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145CHAPTER 7 Networks and nanomaterials

Sample problem 7.2 

Identify the bonding in (a) magnesium (a solid metal), (b) magnesium chloride 
(a solid salt) and (c) chlorine gas.

(a) Using the classification of substances flow chart, magnesium is a pure 
metal, so the bonding is metallic.

(b) Magnesium chloride is made up of both metal and non-metal elements; 
according to the flow chart, the bonding is ionic.

(c) Chlorine gas is composed of diatomic molecules of non-metallic atoms. 
According to the flow chart, the bonding is therefore covalent within the 
chlorine molecule. As it is non-polar, there are also dispersion forces 
between the chlorine molecules.

Revision questions

12. Use the flow chart to identify the bonding in the following substances.
(a) copper
(b) copper(II) chloride
(c) argon
(d) carbon tetrachloride liquid
(e) sulfur dioxide

(f) steel
(g) diamond
(h) graphite
(i) ammonia gas
(j) iron(II) sulfate

13. Classify the type of lattice structure found in the following solids.
(a) sulfur
(b) silicon dioxide
(c) aluminium fluoride

(d) bronze
(e) tungsten
(f) dry ice

14. Use the flow chart to classify the bonding within and between the particles 
that make up the following substances.
(a) CO2
(b) NH3

(c) CH4
(d) CH3OH

15. Draw the molecular structures of the compounds given in question 14.
16. The bond with the strongest dipole is:

(a) C—H
(b) O—O

(c) N—Cl
(d) H—F.

17. (a) Discuss the bonding in sodium chloride (table salt).
(b) Why are salt crystals brittle?
(c) What property of sodium chloride makes it useful as a flavouring? 

Relate this property to its structure and bonding.
18. Explain why, in terms of structure and bonding and their relationship to 

properties, the following materials have the uses given.
(a) Gold is used to make jewellery.
(b) Graphite is used as a lubricant in locks.

Solution:

Weblink
Interactive molecules
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Unit 1 Networks and 
nanomaterials
Summary screens 
and practice 
questions

aOS 2

Topic 2Chapter review

Summary
 ■ Carbon is a unique and ubiquitous element. It is 

essential to life and found in rocks, organisms, the 
atmosphere and fuels. It forms millions of com-
pounds because it bonds readily with itself and other 
elements. It can be found in small and large mol-
ecules as well as lattices. 

 ■ A covalent network lattice is a three-dimensional net-
work lattice where many atoms are covalently bonded 
to each other. Examples are diamond and silicon 
dioxide. Such substances have similar properties.

 ■ Covalent network lattices:
 – exist as solids and have very high melting points 

due to the strong covalent bonds between atoms
 – do not conduct electricity as they have no free 

electrons
 – are hard and brittle
 – are chemically inert
 – are insoluble in water.

 ■ Covalent layer lattices, such as graphite, are made 
up of many atoms held strongly in two-dimensional 
layers by covalent bonds. These layers are held 
together by weak dispersion forces.

 ■ Graphite:
 – is solid with a high melting point due to strong 

covalent bonds
 – conducts electricity due to the presence of delocal-

ised electrons
 – is slippery to the touch as weak dispersion forces 

between layers allow the layers to slide over each other
 – has a metallic sheen due to the interaction between 

light and the delocalised electrons.
 ■ Diamond, graphite and fullerenes are allotropes of 

carbon and have very different properties and uses.
 ■ Fullerenes, such as buckyballs, are spherical mol-

ecules of carbon that are shaped like a soccer ball. Each 
carbon is covalently bonded to three other carbon 
atoms. The most common type of buckyball is C60.

 ■ Carbon nanotubes consist of one or more layers of 
carbon atom rings rolled into a sheet. They are good 
conductors and strong.

 ■ Graphene consists of a single layer of carbon atoms 
arranged similarly to graphite but it is only one atom 
thick. It is two dimensional and almost transparent and 
it is also an excellent conductor and stronger than steel.

 ■ Comparison of networks
 – Metallic: cations and electrons, high melting point, 

hard, malleable, ductile, good conductor in solid 
or liquid state

 – Ionic: cations and anions, high melting point, brittle, 
non-conductor as solid, conductor in liquid state

 – Covalent molecular: molecules, low melting point, 
soft, non-conductor in any state

 – Covalent network: atoms, very high melting point, 
hard, non-conductor

 – Covalent layer: atoms, very high melting point, 
soft, conductor 

Multiple choice questions
 1. Diamond is an electrical insulator because:

a it is a crystalline substance
b all the outershell electrons are delocalised
C it consists of non-conducting carbon atoms 

only
D all the outershell electrons are involved in 

single covalent bonds.
 2. Crystalline diamond, C, and crystalline quartz, 

SiO2, are alike in some respects. Which one of the 
following statements is incorrect?
a Both substances are above average in hardness.
b At room temperature, neither substance 

dissolves in water.
C In pure form, both substances may be 

colourless and transparent.
D Diamond has covalent bonds between carbon 

atoms, and quartz has covalent bonds between 
silicon atoms only.

 3. The addition of powdered graphite to a lock that 
has been sticking often allows the key to turn more 
easily. Graphite has this effect because:
a each carbon atom has already formed four 

bonds, and hence can form an unreactive film 
over which metal can slide

b its infinite lattice structure is very hard and 
strong, enabling moving parts to slide over a 
thin layer of graphite

C the tetrahedral arrangement of bonds around 
each carbon atom causes neighbouring carbon 
atoms to slide past one another

D the carbon atoms are bonded into two-
dimensional sheets that can slide freely over 
one another.

 4. What makes carbon unique?
a Carbon has two allotropes.
b Carbon forms four bonds.
C Carbon forms covalent compounds.
D Carbon can bond to itself to form straight 

chains, branched chains and rings more than 
any other element.

 5. Diamond, graphite and graphene are all:
a isotopes of carbon  C   allotropes of carbon
b isomers of carbon       D   compounds of carbon.
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CHAPTER 7 Networks and nanomaterials 147

 6. How does the structure of nanotubes make them 
suitable as catalysts?
a They have a large surface area.
b They are made from reactive carbon atoms.
C They have strong covalent bonds.
D They are tubular in shape.

 7. Graphite can be described as:
a made of carbon and hydrogen atoms only
b a metal
C hard and crystalline
D soft and slippery.

 8. Why might fullerenes be used in new drug 
delivery systems?
a They are made from carbon atoms.
b They are hollow.
C They are very strong.
D They are allotropes of carbon.

Bonding —  an overview
 9. Which of the following statements would not be 

true of the compound magnesium fluoride?
a It is brittle and crystalline in the solid state.
b It is soluble in non-polar solvents.
C It conducts electricity in the molten state.
D  It is a poor conductor of electricity in the solid 

state.
 10. Which of the following sets of substances have 

only covalent bonds?
a copper(II) oxide, ammonia, methane, silicon 

dioxide
b copper(II) oxide, sodium chloride, calcium 

fluoride, hydrogen chloride
C ammonia, methane, silicon dioxide, hydrogen 

chloride
D ammonia, calcium fluoride, methane, silicon 

dioxide
 11. Metals conduct electricity in the solid state 

because they contain:
a many mobile electrons
b equal numbers of cations and electrons
C many mobile anions
D equal numbers of cations and anions.

 12. Graphite is:
a a molecular compound
b an ionic lattice compound
C a covalent layer solid
D an electrical conductor in the molten state only.

 13. If a material is described as ‘malleable’, it means 
that the substance:
a is very flexible
b has a high density
C can be hammered into thin sheets
D can be drawn out into wires.

 14. Which of the following substances is the best 
electrical conductor when molten?
a diamond C   potassium chloride
b carbon tetrachloride D   silicon dioxide

 15. The electron configurations of elements P, Q, R 
and S are given below.
P: 2, 8, 2
Q: 2, 8, 6
R: 2, 7
S: 2, 8, 8

  Which one of the following pairs of elements is 
most likely to react to form:

      (i) an ionic compound
  (ii) a covalent compound?

a P and S
b P and Q
C Q and R
D Q and S

 16. Chemical bonds form for all of the following 
reasons except:
a a tendency to achieve a more stable electron 

configuration
b attractions between nuclei and electrons
C a tendency for atoms to fill their valence shell 

with electrons
D a tendency of bonded atoms to react more 

readily than unbonded atoms.
 17. The situation that does not involve intermolecular 

bonding is:
a methane molecules attracting methane 

molecules
b the sulfur atom in an H2S molecule attracting 

the hydrogen atoms
C the hydrogen atom of an HCl molecule 

attracting the chlorine atom of another HCl 
molecule

D forces of attraction holding molecules of H2O 
together in ice.

 18. Sodium chloride melts at 801 °C and cyclohexane 
melts at 6.6 °C. Such evidence supports the 
hypothesis that:
a the melting of sodium chloride involves  

the conversion of ionic bonds to covalent 
bonds

b sodium chloride is decomposed by melting
C the melting of cyclohexane involves the 

conversion of covalent bonds to hydrogen 
bonds

D ionic bonds are much stronger than 
dispersion forces.

 19. A difference between ionic and molecular 
compounds is that ionic compounds:
a dissolve in water, but molecular compounds 

are insoluble
b usually form crystals, whereas molecular 

compounds usually do not
C conduct electricity in the solid state, whereas 

molecular compounds usually do not
D usually melt at higher temperatures than 

molecular compounds.
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 20. In which of the following substances would you 
expect the bonding to be most ionic?
a Ice C   Solid lead bromide
b Solid ammonia D   Solid silicon dioxide

Review questions
Covalent network and layer lattices
 1. (a) Discuss the structure of diamond and graphite.

(b) What are the similarities and differences in 
these two structures?

(c) Why are they called ‘giant’ molecules?
(d) Give three uses of graphite and three uses of 

diamond.
 2. A zipper is rubbed with a pencil to make it move 

freely.
(a) What property of graphite is this illustrating?
(b) Why does graphite have this property?

 3. Graphite powder is mixed with clay to make ‘lead’ 
pencils. Pencils vary in colour and hardness. What 
is the purpose of the clay and why is the ratio of 
clay to graphite important?

 4. What property of diamond enables it to be used to 
cut glass?

 5. Diamonds are brittle. Discuss this.
 6. When wax from a candle vaporises, some 

molecules burn in the tip of the flame, producing 
soot that contains buckyballs. Describe the 
structure of the C60 buckyball.

Bonding — an overview
 7. The atoms of a noble gas are stable. Explain.
 8. Explain in terms of electron configuration why 

the metals Na (Z = 11) and K (Z = 19) have similar 
chemical properties.

 9. Name and give the symbols of three ions that have 
the same stable configuration as that of neon.

 10. An element X whose atoms contain 12 protons is 
chemically bonded to another element, Y, whose 
atoms contain 9 protons.
(a) What type of bonding would be present 

between X and Y?
(b) What is the formula of the compound formed 

from X and Y?
 11. The figure below shows various arrangements 

of atoms, molecules or ions. Which of these 
diagrams represents (a) a noble gas, (b) a mixture 
of gases, (c) a metallic solid, (d) an ionic solid and 
(e) hydrogen gas?

A B C D E

 12. In which of the following substances do molecules 
exist?
(a) calcium oxide, CaO
(b) nitric oxide, NO
(c) calcium, Ca
(d) ammonia, NH3
(e) ammonium nitrate, NH4NO3

 13. Briefly discuss the bonding in the following 
substances. Draw structures where appropriate  
(s = solid, l = liquid, g = gas).
(a) CaCl2(s)
(b) CCl4(g)
(c) MgO(s)
(d) H2O(s)
(e) CO2(g)
(f) CO2(s)
(g) C (diamond)
(h) Cu(s)
(i) He(s)
(j) C2H2(g)
(k) HNO3(l)
(l) KCl(s)
(m) H2S(g)
(n) CaCO3(s)
(o) KOH(s)
(p) Sterling silver
(q) 18 carat gold

 14. Classify the following as metallic, ionic or covalent 
molecular lattice structures.
(a) iodine, I2
(b) silver, Ag
(c) silver nitrate, AgNO3
(d) sulfur, S
(e) sulfur dioxide, SO2
(f) copper(II) oxide, CuO
(g) ammonia, NH3
(h) nitrogen trichloride, NCl3
(i) aluminium chloride, AlCl3
(j) oxygen, O2
(k) titanium, Ti
(l) hydrogen iodide, HI
(m) phosphine, PH3

 15. Discrete molecules (simple molecular substances) 
often have a smell. Metallic, ionic and covalent 
network molecules do not have a smell. Discuss.

 16. An experiment is conducted in order to classify 
some compounds. Each compound is melted and 
then its electrical conductivity is tested.

Compound Electrical conductivity
benzoic acid poor
magnesium sulfate good
sodium fluoride good
paraffin wax poor
aluminium good
sugar poor
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(a)     (i)  Use the electrical conductivity data to 
classify each substance as either ionic, 
metallic or covalent molecular.

     (ii)  Would any of the substances conduct 
electricity in the solid state? Explain.

 (iii)  What types of bond or force are breaking 
when these substances melt?

   (iv)  Suggest whether you expect the melting 
point of each substance to be high or low. 
Give reasons for your answers.

(b) Explain why some substances tested did not 
conduct electricity in the molten state.

(c) Testing the electrical conductivity of a 
substance when it is added to water is not a 
reliable method of classification. Give reasons 
to explain why.

 17. Account for the fact that at room temperature 
metals are good conductors of electricity, but 
ionic network solids are not.

 18. (a)  Name the type of lattice structure formed for 
each of the following substances.

      (i) NaF  (iii) Fe
     (ii) CH3OH    (iv) SiO2
(b) Arrange the substances in order of increasing 

melting point.
 19. Which of the two substances, ammonia, NH3, and 

potassium iodide, KI, has a higher melting point? 
Explain your reasoning.

 20. Select from the following list the substances that 
would be (a) good electrical conductors when 
molten and (b) poor electrical conductors when 
molten.
(a) P4O10 (e) MgBr2
(b) CCl4 (f ) CaO
(c) KF (g) C2H4
(d) SiO2

 21. Explain why copper is malleable but calcium 
chloride is brittle. Make reference in your answer 
to the bonding between the particles.

 22. Diamond and tungsten both have extremely 
high melting points. Contrast the bonding and 
structure of each and explain why they both have 
a high melting point.

 23. A compound AB has a melting point of -114 °C 
and does not dissolve in water. It does not conduct 
electricity in solid or liquid form. Another com-
pound CD has a melting point of 801 °C and 
dissolves in water. It conducts electricity in the 
liquid form but not the solid form.
(a) What type of bonding and structure would be 

expected in AB?
(b) What type of bonding and structure would be 

expected in CD?

 24. Some of the properties of the pure substances  
E, F, G and H are given in the table below.

Substance

Melting 
point 
(°C)

Electrical conductivity

of 
solid

of 
liquid

of  
solution

E -110 nil nil nil

F   21 nil nil (insoluble)

G  810 nil high high

H 1640 high high (insoluble)

(a) Which substance(s) could have ionic bonding?
(b) Which substance(s) could have metallic bonding?
(c) Which substance(s) could have covalent 

bonding?
 25. Classify the following substances as metals, ionic 

substances, covalent network substances or 
covalent molecular substances.

 ■ Substance A has a low melting point and a 
negligible electrical conductivity in both the 
solid and molten states.

 ■ Substance B has a high melting point and a high 
electrical conductivity in both the solid and 
molten states.

 ■ Substance C has a high melting point. It does 
not conduct electricity in the solid state, but the 
molten state has high electrical conductivity.

 ■ Substance D has a very high melting point and 
a negligible electrical conductivity in both the 
solid and molten states.

 26. With reference to structure and properties, discuss 
why the following materials are used for the 
applications given.
(a) Aluminium in aircraft parts
(b) Diamond as an industrial cutting tool
(c) A solution of copper(II) sulfate as an electrolyte 

(a solution that conducts electricity)
(d) Tungsten (melting point 3400 °C) in filaments 

inside light globes
 27. Produce concept maps using the following 

clusters of words.
(a) anion; cation; atom; electron; covalent; ionic; 

metallic; molecule; non-metallic
(b) magnesium chloride; ionic lattice; ions; brittle; 

molten; high melting points; conductivity
(c) chlorine; ammonia; covalent bonding; 

electrons; low melting point; polar bond; 
non-polar bond

(d) graphite; diamond; lattice structure; melting 
point; brittle; covalent

(e) copper; lattice structure; conductor; shiny; 
malleable
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exam practice questions

In a chemistry examination you will be required to answer a number 
of short and extended response questions.

Multiple choice questions
1. Which of the following statements best describes the structure of solid carbon dioxide?

a It is an array of positive carbon ions and negative oxide ions.

b Each carbon atom is joined by strong covalent bonds to four oxygen atoms to give an array of many 
thousands of atoms.

C Molecules, each containing one carbon atom covalently bonded to two oxygen atoms, are held 
together by weak intermolecular forces.

D Carbon atoms and covalently bonded oxygen molecules are held together by weak 
intermolecular forces. 1 mark

2. Th e melting points of ionic compounds are usually:

a higher than those of molecular compounds

b lower than those of molecular compounds

C equal to those of molecular compounds

D higher or lower than molecular compounds 1 mark

3. Covalent bonds are least likely to be formed between:

a elements in period 1 and period 3

b an element in group I and an element in group VII

C atoms of the same element

D atoms of diff erent elements on the right of the periodic table. 1 mark

4. Which one of the following statements is incorrect about the bonding within metals? 

a Th e delocalised electrons can move freely through the lattice of cations.

b Th e forces between the cations and delocalised electrons are weak.

C Strong electrostatic forces exist between the cations and delocalised electrons

D When a force is applied, the metal ions slide over each other without altering the basic structure.

Extended response questions
5. Silica, SiO2, is a solid with a high melting point, while CO2 at room temperature 

is a gas. Both silicon and carbon are found in group 14 of the periodic table, and 
hence you would expect similar properties in their compounds. Account for the 
diff erences in physical states of SiO2 and CO2 in terms of the structures of the 
two substances.  3 marks
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exam practice questions (continued )

6. Consider the following processes: 

        (i) sublimation (solid  gas) of iodine when heated

     (ii) I2(g)  2I(g) 

  (iii) shattering a crystal of salt

    (iv) shattering a diamond crystal

      (v) bending a piece of copper wire until it breaks

    (vi) melting pure gold

(vii) melting ice.

For each of the processes above, state: 

 (a) the types of bond or force being broken

 (b) the types of particle (molecules, atoms or ions) being separated.  7 marks

7. Consider each of the following solids: Na, Si, H2S, He, HF, KF.  Which would be an 
example of: 

 (a) a solid in which hydrogen bonding exists between molecules

 (b) a solid which is a good electrical conductor

 (c) a solid which is a poor electrical conductor, but conducts on melting

 (d) a solid consisting of atoms held together by weak dispersion forces

 (e) a solid in which the atoms are covalently bonded together into a network lattice

 (f ) a solid containing a V-shaped, polar molecule?  6 marks 

8. Graphite (shown below) and graphene consist of continuous rings of carbon atoms. Why are 
their properties so diff erent? 4 marks
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