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USING CHEMISTRY CASSETTES

Please read this before you start.

This Chemistry Cassette learning progran'ime has two components — an audio-
cassette and a workbook. They are designed to be used together so make sure
that you have both of them before you start.

The cassette will fit any standard audio-cassette player. You will have to turn it
over to Side B when you are about half-way through the programme.

So that you can easily find material in the workbook it has been divided into
numbered sections called ‘frames’. These frames contain diagrams, tables,
problems (questions), etc. Graham and John will give you the appropriate frame
number whenever they want you to look at something in the workbook.

The programme has been designed so that you can use it either in class or on
your own. If you are working on your own you will be able to go through at your
own pace. Switch off the tape player whenever you want time to think, to write
notes, or to answer questions. Use the rewind control if there is something that
you don’t understand on a first hearing and that you want to go over again.

Every now and then you will be presented with a problem. You can either
attempt this straight away or wait until you get to the end of the tape. Each
problem is printed in a relevant frame of the workbook. All the answers are at
the end.
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SUMMARY

As with other programmes in this series, the authors®
intention is to explore major themes that Llink
several areas of chemistry. In this programme they
consider the stucture of matter and the ways in which
the properties of substances depend on their
structures. '

CONTENTS

The diversity of materials
The factors affecting the properties of
materials
The major types of structures - metallic
- giant ionic
= simple molecular
- giant molecular

One, two and three dimensional giant molecules
Volatility = ionic solids, lattice energy,
coordination number
= simple molecular substances,
intermolecular forces,
hydrogen bonding
Solubility - ijonic solids, energy cycle
- metals, amalgams
Density - metals, packing types
Conductivity



a Two ways of arranging bricks in a wall.

which arrangement will give the stronger wall?

G f in he propertie

The properties of a substance are dictated by:
1) the particles in the structure,
2) the bonding between the particles,
3) the packing of the particles.
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The four types of solid structure and their

constituent particles.

metal compound

1 constituent [Solid structure [Type of substance | Examples
particles
Atoms Giant metallic Metal element Na, Fe, Cu
lons Giant ionic Metal/non-metal Na*cl™, cartor~
’ compound
Atoms in Non-metal element C(graphite),
Large Giant molecular or C(diamond),
molecules Non-metal/non- poly(ethene),
metal compound sand

Atoms in Non-metal element] 1., s
small Simple moleculan or Hla Eo
molecules Non-metal/non- ths *h2

A simple model of metallic structure

A model of the structure of salt (Na‘'Cl))




(a) The tetrahedral arrangement of carbon atoms in

The‘crystal structures of iodine and ice. diamond.
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@ .(b) A worm's eye view of the giant structure in.

W) diamond.

(Zi)v indicates the centre.
of an I, molecule

@ oxygen atom
e hydrogen atom

* hydrogen bond




o A natural uncut diamond weighing 120g.

PROBLEM 1

How many atoms does
_this molecule contain?

ﬁ A summary of the four main types of structure.

ype Description Examples Hardness Volatil- | Conduct-| Conduct-
and/or ity ivity jvity
malleabil- (solid) (molten)
ity
Giant Lattice of copper,
metallic ] positive iron,
ions in a
delocal ised
electron
cloud.
Giant Regular salt (NaCl)
jonic Lattice of Lime (£a0)
positive and Limestone
negative ions (Caco,)
held by chalk
electrostatic (Caco0,).
attraction.
Simple Small iodine,
molecular] molecules. ice,
Atoms held sugar.
within
molecules by
strong
covalent bonds,
but weak forces
between
molecules.
Gisnt Large diamond,
molecular | molecules sand.
containing
thousands of .
atoms held PROBLEM 2 Complete this table.
together by .
strong I I
' covalent bonds.
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CH,

The molecular structure of nylon,

CH,
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.The ‘nylon rope trick’

nylon ‘rope' being
wound onto glass rod

K@é;

solution of 1,6-diaminohexane
in water

interface - nylon is
formed here

. solution of hexanedioyl chloride-
in tetrachloromethane




@ the structure of graphite. Q - The structure of sand - siltica, $i0,

Si atom 0

0 atom ©

@ Playjng cards slip over each other in the

sam§ way as graphite sheets slip.

PROBLEM 3 Classify these giant molecular structures
as one-dimensional, two-dimensional or
three-dimensional:

polyester

mica

keratin (hair protein)
carborundum (silicon carbide)
quartz




Q Important physical properties of materials.

Qv_b_lhy does Lime have a higher melting point than salt?
Volatility (melting, boiling, vaporization)

Solubility (in water and other solvents)

Conductivity (thermal and electrical) SALT LIME
. +., - +ho—
Hardness (including malleability) Formula Na Cl ca*"o?
Density Melting point 808 2600
‘ /°C /

Structure Simple cubic Simple cubic

-

Ionic radius

/nm

0.095 0.181 0.099 0.140
Interionic 0.267 0.239
distance
/nm
Lattice energy =776 -3523
/kJ mol™?

x*(g) + Y (g

AHlatt = lattice energy

¥y XY(s)
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PROBLEM 4 What other factors will affect the lattice

energy besides the charge on an jon?

PROBLEM 5 Would you expect calcium oxide to have a
higher or Lower melting point than
magnesium oxide? Explain your answer.

The arrangement of Natand CL~ ions in sodium

chloride,

G
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~Na” ion

0]

_C(' ion

The arrang;pent of Cs*

and CL™ jons in caesium

chloride,

Y




