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UNIT 1
HOW CAN THE DIVERSITY OF
MATERIALS BE EXPLAINED?

Everything in the universe is composed of elements — from
the furthest star, to the icing on your birthday cake, to the
nanomaterials used to target individual cancer cells.

Understanding the properties of elements and their
atomic structure allows an exploration of the relationships
between them. These relationships relate to the properties
of individual atoms, which in turn shape the bonding
forces within and between particles. The periodic table
is the primary tool used by chemists to predict the
behaviour of elements, and the compounds they form
with other elements.

To consider the properties of elements and the
compounds they form, quantitative concepts are needed.
These include the atomic number which identifies an
element, the relative masses of elements and how these
vary with isotopes, and the mole concept as the base unit of
chemistry, which allows comparison of amounts of different
substances. Chemical understanding is often gained through
observations and data collection in experiments. To communicate this understanding, specialised terminology is
required, including symbols, formulas, chemical nomenclature and equations.

Understanding how elements combine to form molecules is a fundamental and important skill. It allows us to
explain the incredible diversity of materials in the world.

AREA OF STUDY OUTCOME TOPICS

1. How can knowledge of
elements explain the
properties of matter?

Relate the position of elements in
the periodic table to their properties,
investigate the structures and
properties of metals and ionic
compounds, and calculate mole
quantities.

1. Elements

2. The periodic table

3. Metals

4. lonic compounds

5. Quantifying atoms and
compounds

2. How can the versatility of
non-metals be explained?

Investigate and explain the properties
of carbon lattices and molecular
substances with reference to their
structures and bonding, use
systematic nomenclature to name
organic compounds, and explain
how polymers can be designed for a
purpose.

. Materials from molecules

. Carbon lattices and carbon
nanomaterials

. Organic compounds

9. Polymers

~N O

oo

3. Research investigation

Investigate a question related to the
development, use and/or modification
of a selected material or chemical
and communicate a substantiated
response to the question.

10. Research investigation

Source: VCE Chemistry Study Design (2016-2021) extracts © VCAA,; reproduced by permission.






AREA OF STUDY 1
HOW CAN KNOWLEDGE OF ELEMENTS EXPLAIN THE PROPERTIES OF MATTER?

1 Elements

1.1 Overview

Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

1.1.1 Introduction

Life is a mystery. Where did we come from?
What are we made of? Scientists tell us that we
are made of very small particles called atoms
and that these atoms have their origin in stars.
What a remarkable journey these atoms must
have undertaken while being recycled over

the billions of years since the origin of the
universe. All matter is made up of atoms. Every
material thing that you can see, smell and touch,
that occupies space and has mass, is a form

of matter.

Studying the structure and behaviour of
matter — of which life, the Earth and the
universe are composed — has been an ongoing
human preoccupation. This topic introduces
the fundamental structure and size of the building blocks of our universe and how we have, through
experimental measurement, refined our theories to help us better understand our world.

FIGURE 1.1 Everything in the universe that has mass
is composed of atoms.

1.1.2 What you will learn

KEY KNOWLEDGE

In this topic, you will investigate:

o the relative and absolute sizes of particles that are visible and invisible to the unaided eye: small and giant
molecules and lattices, atoms and sub-atomic particles, nanoparticles and nanostructures

« the definition of an element with reference to atomic number, mass number, and isotopic forms of an
element using appropriate notation

» spectral evidence for the Bohr model and for its refinement as the Schrédinger model; electronic
configurations of elements 1 to 36 using the Schrédinger model of the atom, including s, p, d and f
notations (with copper and chromium exceptions).

Source: VCE Chemistry Study Design (2016-2021) extracts © VCAA,; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS

Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

TOPIC 1 Elements 3



Resources

Digital documents Key science skills (doc-30903)
Key terms glossary — Topic 1 (doc-30918)
Practical investigation logbook (doc-30919)

study(J])

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30920).

1.2 Atomic structure

KEY CONCEPT

» The relative and absolute sizes of particles that are visible and invisible to the unaided eye: small and giant
molecules and lattices, atoms and sub-atomic particles, nanoparticles and nanostructures

1.2.1 The structure of atoms

Atomic theory attempts to explain the structure of
materials. According to this theory, all matter is
made of atoms. Atoms are so small that it was
not until 1981 that their images could finally

be seen using the newly invented scanning
tunnelling microscope. Due to their incredibly
small size, models have developed to represent
the internal structure of atoms.

One very useful model is the nuclear model of

the atom proposed by Rutherford in 1911.

Rutherford’s descriptions of an atom include:

o An atom is mostly empty space.

o An atom has a dense central structure
called a nucleus.

o The nucleus, though its volume is very small
relative to the atom as a whole, contains most
of the mass of the atom.

o The nucleus is made up of positively charged particles called protons.

o The simplest nucleus is that of the hydrogen atom, which contains just one proton.

o All other atoms have nuclei that also contain neutrons.

e A neutron has no charge but has virtually the same mass as a proton.

o The empty space around the nucleus contains negatively charged particles called electrons.

o FElectrons move very rapidly around the nucleus in orbits.

o Each electron has a definite energy and moves in a specific energy level. The mass of an electron is
very much less than that of a proton or a neutron.

FIGURE 1.2 A modern take on New Zealand—born
Ernest Rutherford’s nuclear model of an atom.

Resources

Video eLesson Rutherford’s gold foil experiment (eles-2486)

4 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition



AUSTRALIA'S PARTICLE ACCELERATOR

The Australian Synchrotron is a particle

accelerator in Victoria that is used by scientists FIGURE 1.3 The Australian Synchrotron
to investigate the structure of matter. With { =\

over 4000 research visits per year, the fields of
investigation are diverse and include agricultural
science, environmental science, minerals
analysis, medical investigations, materials
science, cultural heritage, nanotechnology

and forensics.

From the outside, the Australian Synchrotron
resembles a football stadium. Inside, however,
instead of footballs going in different directions,
electrons are accelerated around a large loop
(with a circumference of 216 metres) at almost
the speed of light. The light is produced by
high-energy electrons that are deflected into
circular orbit by the ‘synchronised’ application
of strong magnetic fields. The light produced is 1 million times brighter than the sun. The light, X-rays and infrared
radiation produced is directed to a number of experimental workstations where many different experiments
take place.

Protons, electrons and neutrons are called subatomic particles. Table 1.1 summarises the properties
of these particles. Atoms that are neutrally charged have the same number of electrons and protons. If an
atom gains or loses an electron, it becomes charged and is then called an ion. You will study ions and their
behaviour in more detail in later topics.

TABLE 1.1 Particles in an atom and their properties

Subatomic particle Relative charge

1

Electron —— = 0.0005 -1
1837

Proton 1 +1

Neutron 1 0

Atoms are not all the same. To date, chemists have identified 118 different types of atom. Some
substances contain only one type of atom. These substances are called elements. For example, the element
oxygen contains only oxygen atoms and pure lead contains only lead atoms. The atoms of each element
have special characteristics, and these are used to classify them. Very few elements exist as individual
atoms; examples are helium and neon. Many more substances consist of two or more atoms that are
chemically combined.

These are called molecules.

Molecules can be represented by space-filling models as shown in figure 1.4. These models show the
relative sizes of the centre-to-centre distances between the atoms and are useful in showing the dimensions
of a molecule. They do not show the bonds involved.

TOPIC 1 Elements 5



FIGURE 1.4 Molecules of (a) carbon dioxide, CO,, (b) water, H,O, and (c) methane, CH,
represented by space-filling models.

. y !
@ ®) ©

1.2.2 A matter of size

A matter of size

Understanding the dimensions of atoms can be quite a challenge.
If the nucleus in the atom in figure 1.4 was 5 millimetres in
diameter, the outer edge of the atom would be 50 000 millimetres
or 50 metres away. When discussing the sizes of atoms, a %1000 %1000
more useful unit is the nanometre. In reality, the diameter of a %103 %10 %103

hydrogen nucleus (a single proton) is 1.7566 x 10~'> m. SN o N, 2

Nano- is a prefix like milli- and micro-:

FIGURE 1.5 Converting between
metres and nanometres.

x1000

m mm pm nm
o A millimetre is one thousandth of a metre: mm = 10~ m. L. A
« A micrometre is one millionth of a metre: pm = 10 °m . 1000 +1000 +1000
o A nanometre is one billionth of a metre: nm = 10~° m. -103 103 -103

To compare two objects, their measurements must be converted
to the same unit. For example:

Im = 10’cm = 10° mm = 10° um = 10° nm

Nanotechnology takes our ability to control things one step beyond the microworld, to the nanoworld.
Special tools are needed to work at the nanoscale. Scientists use scanning probe microscopes (SPM) to
make images of individual atoms that are much too small to see. SPMs work by ‘feeling’ the bumps caused
by atoms on a surface. Any technology that involves manipulation, construction or control of objects with
a size at the nanometre scale is a branch of nanotechnology. A large atom is about 0.1 nm in diameter.
Molecules can range from about 0.15 nm (H,) to a visible size (macromolecules). Bacteria range in size
from about 500 nm to about 5000 nm, and viruses from about 10 to 50 nm. Figure 1.6 compares these
scales, putting the nanoscale in context.

Resources

Weblink Scale of the universe
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FIGURE 1.6 Comparing scales — a human is about 2000 times larger than a flea, which in turn is 10 million times

larger than an atom.

10®m

10"“m

10" m

102m

10" m

10%m
=0.1nm

10°m
=1.0nm

108m

107" m

10°%m

10°m
=10um

10“4m
=100 um

N
(1Y)

proton

nucleus

atom

small molecule

virus

\ N\

I\

: -
Pad ” . >

| bacterium
L 1.5 um

d blood cell 7
red blooc ce? 7 um width of human hair

50 um

A

dog flea 1 mm

human eye 30 mm

adult human 2 m

elephant 6 m

giant sequoia tree 100 m
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SAMPLE PROBLEM 1

A dog flea is 1 mm long whereas an African elephant can be 6 m long. How many times longer is

the elephant than the flea?

THINK

1. To compare sizes, the units must be the
same. Convert both into mm or both into m.
TIP: Table 6 in the VCE Chemistry Data
Book has the metric conversion factors.

2. Use the ratio of 1 mm to 6000 mm or
I X103 mto6m

Teacher-led video: SP1 (tlvd-0508)

WRITE

Convert to mm:
Im=1X10Xx 10mm
= 1000 mm
Therefore, an elephant = 6 m X 1000
= 6000 mm

or
Convert to m:
Imm=1x10"3m

Thereforeaflea=1X 10~ m

6000 mm — 6000 or 6m

1x 107 m
The elephant 1s 6000 times longer than a flea.

= 6000
I mm

PRACTICE PROBLEM 1

If an atom is 1 nm wide, how many times larger is it than a single proton, which is 1015 m wide?

1.2.3 Responsible use of nanotechnology

Nanoscience is an interdisciplinary field that
involves combinations of knowledge from
biology, chemistry, physics, engineering and
computer science. It deals directly with atoms,
molecules or macromolecules. Nanotechnology
is likely to benefit many areas of our lives in
the future, particularly in the area of improving
and extending life and ensuring a cleaner and
safer environment to live in. It has applications
in items such as sunscreen, fabric protection
and surface adhesion. However, potential

risks also exist with nanotechnology, such as
military use in creating miniaturised weapons
and explosives, or in designing biological
organisms at molecular levels. Who will own
the technology? What risks may be generated as

FIGURE 1.7 In the future, could nanoparticles be used
to destroy cancer cells?

a result of the technology? These and other ethical and social questions have to be raised and discussed by
scientists, policymakers and the general public so that we can responsibly develop and use nanotechnology.
Metallic nanomaterials will be discussed in more detail in topic 3.
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NANOTECHNOLOGY AND MEDICINE

The study of nanoparticles is dominated by surface effects such as electronic charge, dispersion forces, and
hydrogen, ionic, metallic and covalent bonding. For chemists, nanotechnology will enable materials to be
assembled literally atom by atom. This idea is referred to as ‘molecular manufacturing’, which aims to control
assembly of individual atoms into specific molecules. This could mean production of materials that have no waste
products, no defects in materials, no impurities, and no requirement for machining or assembly because the
atoms are placed directly where required to make the final object. Nanotechnology has the potential to build
cleaner, safer, longer lasting and smarter products for communication, medicine, transportation, industries,

agriculture and the home.

The ability to design molecules
atom by atom has immense potential
in saving, improving and extending
lives. Nanoscale technologies are
helping medicine with devices in
areas of drug discovery, diagnostics
and therapeutics. For example,
trials are being undertaken in which
microcapsules with nanoscale pores
containing pancreatic cells are used so
that diabetic patients can obtain insulin
without having to inject it. The pores in
the microcapsules are big enough to
allow insulin to flow out of the capsules
and be released into the body but
small enough to prevent the entry of
harmful antibodies. Other research is
developing cancer-fighting drugs that
can be adsorbed onto nanoparticles
so they can bypass the body’s natural
defence mechanisms and precisely
target cancer cells.

Microarrays and labs-on-chips (also
known as microfluidic devices) are
tools at the microscale for analysing
large numbers of DNA or protein
samples at a single time. These
are used for diagnosis and drug
discovery. Microarrays perform
one type of analysis thousands of
times, and lab-on-a-chip devices can
perform multiple types of analysis
at once. Research is now being
undertaken into producing nanoarrays,
in which thousands of binding sites
can be printed onto the area of
a single conventional microarray
spot. Coupled with computer
technology, this will potentially
enable the detection of
diseases and the discovery
of useful drugs to proceed much more
quickly and at lower cost.

FIGURE 1.8 Nanoshells with antibodies attached can be
delivered through the surface of a cell membrane. The antibodies
are attracted to the protein receptor and are loaded into the cell
membrane.

nanoshell . i
loaded

antibodies

cell membrane

‘delivered’

nanoscale particles

absorbed
cytoplasm into cell

FIGURE 1.9 Samples are placed onto the microarray and may
react with the antibodies or chemicals that are placed already
onto the microarray surface; the detector then determines if the
reaction has occurred.

samples

libraries of array sample reaction detection
antibodies and chemicals on array
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1.2 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Reorder the following from smallest to largest: bacteria, flea, width of a human hair, DNA molecule, helium
atom.

2. A human hair is about 50 um thick. A pet flea is about 1 mm in size. How many times smaller is the
thickness of a human hair than a flea?

3. Ared blood cell is about 7 um in diameter. A virus particle is 50 nm wide. How many times smaller is the
virus particle than a red blood cell?

study[]}])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

2
3
S

studyON: Practice exam questions
Fully worked solutions and sample responses are available in your digital formats.

1.3 Representing atoms

KEY CONCEPT

o The definition of an element with reference to atomic number, mass number, and isotopic forms of an
element using appropriate notation

1.3.1 Atomic number (symbol 2)

Each of the 118 elements known to chemists has its own atomic number. The atomic number (symbol Z)
of an element is defined as the number of protons in the nucleus of an atom of that element. When an atom
is neutrally charged, the atomic number of the atom corresponds to the number of electrons, because the
number of positive charges must be the same as the number of negative charges. For example, oxygen has
an atomic number of 8 and, therefore, has 8 protons and 8 electrons.

1.3.2 Mass number (symbol A)

Protons have approximately the same mass as neutrons. The electron’s mass is negligible. Therefore, the
mass of an atom depends on the number of particles in the nucleus. The mass number (symbol A) is
defined as the total number of protons and neutrons in an atom of an element.

We can use the periodic table to identify each element by its atomic number. The relative atomic mass of
each element is also shown on the table (this is discussed in topic 2).

An element is commonly represented as follows:

mass number — A
. E «— symbol for element
atomic number — Z

This is known as the isotopic symbol of an element. We can determine the number of neutrons in an
atom by subtracting the atomic number, Z, from the mass number, A. For example, sodium, Na, has atomic
number 11 and mass number 23, and can be represented as ﬁNa. An atom of sodium, therefore, has 11
protons and 12 neutrons.
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1.3.3 Isotopes

All atoms of a particular element

contain the same number of protons.
However, atoms of the same element can
contain different numbers of neutrons,
and these atoms are called isotopes.
Isotopes have similar chemical
properties because their electron
structure is the same. They do, however,
have different physical properties due to
their different masses.

Naturally occurring oxygen consists
of three isotopes: lgO, 1;0 and 120.
Isotopes are named by their element
name followed by their mass number
to distinguish them; for example, the
isotopes of oxygen are oxygen-16,
oxygen-17 and oxygen-18. Aluminium
has only one isotope, aluminium-27

27
, AL

FIGURE 1.10 The oldest reliably dated rock art in Australia is
28000 years old.

Isotopes can be used to date archaeological and geological features. Radiocarbon dating using the decay
of carbon-14 isotopes is used to date organic material within (or nearby) Indigenous Australian rock art, for
example.

SAMPLE PROBLEM 2

. Write the symbols for the atoms nitrogen-14 and nitrogen-15.
. How many protons does each atom have?

. What are these atoms called?

a
b
c. How many neutrons does each atom have?
d
e

. Write the complete symbol/quantities for each isotope.

THINK

a.

The symbol will not change, regardless of the
atomic masses.

. The number of protons of an element will not

change, regardless of the atomic masses. The
atomic number of N is 7, hence it has 7 protons.

. The number of neutrons can be determined using

the following:
Number of neutrons = mass number (Z) — atomic
number (A)

. Name for atoms with the same number of protons

but with different masses (different number of
neutrons)

. This must include the symbol, mass and atomic

numbers in the correct format.

Teacher-led video: SP2 (tlvd-0509)

WRITE

nitrogen-14:
14-7=17
nitrogen-15:
15-7=8
Isotopes

nitrogen-14: "IN
nitrogen-15: 5N
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PRACTICE PROBLEM 2

a. Write the isotopic symbol for the atoms of hydrogen-1, hydrogen-2 and hydrogen-3.
b. How many protons does each atom have?

c. How many neutrons does each atom have?

d. Write the complete symbol/quantities for each isotope.

1.3 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Look up your periodic table to find the atomic number of each of the following elements.
@ H
(b) Ne
(©) Ag
(d) Au
2. An atom has 13 protons and 14 neutrons. What is its
(@) atomic number?
(b) mass number?
(c) name?
3. Find the symbols for elements with the following atomic numbers.
(@ 5
(b
(c
d
4. In the element argon, Z = 18 and A = 40. For argon, state the following.
(@) The number of neutrons
(b) The number of electrons
(c) The isotopic symbol for this element
5. How many protons and neutrons are in ;gBr?
. An atomic nucleus consists of one proton and one neutron. What is its symbol?
7. Complete the following table.

m Number of protons | Number of electrons | Number of neutrons

1éC

seFe
18Ar
“2U
%5V

19
gF

) 12
) 18
) 20

(<]

(@) Identify any isotopes in the table.
(b) Explain the difference between the isotopes.
8. Why do we identify an element by its atomic number rather than its mass number?

study[(])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.
>

studyON: Practice exam questions
Fully worked solutions and sample responses are available in your digital formats.
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1.4 Electrons

KEY CONCEPT

o Spectral evidence for the Bohr model and for its refinement as the Schrédinger model; electronic
configurations of elements 1 to 36 using the Schrédinger model of the atom, including s, p, d and f

notations (with copper and chromium exceptions)

1.4.1 Exciting electrons

What causes rainbows? Why is it that when you look
into a fire you see different coloured flames? The
answers lie in the way the electrons are arranged
around the nucleus of the atom. This arrangement
largely determines the properties and the behaviour
of elements and the materials made from them.

When white light is separated by a prism, a
continuous spectrum of colour is observed. Every
element emits light if it is heated by passing an electric
discharge through its gas or vapour. This happens
because the atoms of the element absorb energy,
and then lose it, emitting it as light. Passing the light
emitted by an element through a prism produces an
atomic emission spectrum for that element.

The emission spectra of elements are quite different
from the spectrum of white light. White light gives a
continuous spectrum, whereas atomic emission spectra

FIGURE 1.11 When wires with small amounts
of different metal salts are placed in a flame, the
electrons are excited and emit characteristic
coloured light.

potassium strontium sodium copper

consist of separate lines of coloured light. Each line in an emission spectrum corresponds to one particular
frequency of light being given off by the atom; therefore, each line corresponds to one exact amount of

energy being emitted.

1.4.2 Bohr’s energy levels electrons

In 1913, Niels Bohr suggested an explanation for the emission spectrum FIGURE 1.12 The Bohr
by proposing a model for the hydrogen atom. He proposed that electrons model of an atom
of specific energy move around the central nucleus in circular orbits or

energy levels. Electrons cannot exist between these orbits. Although an

Electrons would not be found in
these ‘non-orbit’ areas.

electron cannot lose energy while orbiting a nucleus, it could be given

excess energy (by a flame or electric current) and then move to a higher

orbit. If this happens, the electron has moved from the ground state 1st orbit
(lowest energy level) to an excited state. When it drops back down to

a lower, more stable orbit, this excess energy is given out as a photon

or quantum of light. This is seen as a line of a particular colour on the

nucleus
visible spectrum.
The energy given out is the difference in energy between the two \an orbit
energy levels. Since only certain allowed energy levels are possible, the
energy released has specific allowed values, each corresponding to a line < 3rd orbit

in the emission spectrum. This spectrum is different for each element, so
it is often called the ‘fingerprint’ by which an element may be identified.

Some metallic elements can be identified simply by their characteristic flame colours when heated.
Copper burns with a blue-green flame, and sodium burns with a yellow—orange flame.
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FIGURE 1.13 White light is a continuous spectrum (top). The emission spectra of various atomic elements
consist of distinct lines that correspond to differences in energy levels.

A 400 500 600 700 800  nm
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Resources

Digital document  Experiment 1.1 Flame tests of metal cations (doc-30847)

Teacher lead video Experiment 1.1 Flame tests of metal cations (tlvd-0614)

Electron shells
Electrons may be visualised as moving within FIGURE 1.14 Sodium easily loses an outer shell electron to
a region of space surrounding the nucleus. The  pecome a sodium ion.
regions are called electron shells and are
numbered 1, 2, 3 and 4. A definite energy level
1s associated with each shell; the innermost
shell has the lowest energy level. An electron
has to gain energy to move further away from
the nucleus. If it gains enough energy to @ @
completely leave the atom, the particle that is
left is no longer neutral and is called a positive
ion. Sodium, Na has 11 protons and
11 electrons. If it loses an electron, it becomes
the positive ion Na*t because it now has
11 protons and only 10 electrons.
Further studies of line spectra in the 1910s and 1920s led to the prediction that a maximum number of
electrons could be present in a given energy level.

14 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition



1.4.3 Electron configuration

The arrangement of electrons in the shells is called the atom’s electron configuration. The electron
capacity of each shell is limited. The maximum number of electrons that each shell can hold is 2n*> where
n is the shell number or energy level.

Electron shells are filled in order from the nucleus, starting with the innermost shell, so that the electrons
are in their lowest possible energy levels (or ground state). The one electron of a hydrogen atom would be
in the first shell, and the electron configuration is written as 1. Sodium has 11 electrons, so two go into the
first shell, eight in the second and the last electron in the third shell. The electron configuration of sodium,
therefore, is written as 2, 8, 1. Chlorine has 17 electrons and an electron configuration of 2, 8, 7. Note that
for the first 20 elements the third shell never has more than eight electrons. Potassium, for example, has
19 electrons and an electron configuration of 2, 8, 8, 1 rather than 2, 8, 9. This means that the fourth shell is
the outer shell for potassium electrons, rather than the third.

Ions are atoms that have lost or gained one or more electrons. For example, a sodium atom has
11 electrons, so its electron configuration is 2, 8, 1. A sodium ion, Na*t, has lost an electron so its electron
configuration is 2, 8. Chemists are particularly interested in the electrons in the highest energy level of an
atom since it is these outer-shell electrons that mainly determine the chemical properties of elements. These
electrons are called valence electrons.

Shell model diagrams

The electron configuration of an atom can be represented using shell model diagrams, like those in figure
1.15. These show the electron shells as concentric rings around the nucleus, with the electrons marked on
each ring, and help us to visualise the structure and behaviour of atoms.

FIGURE 1.15 Shell model diagrams of hydrogen, sodium and chlorine. Dots represent the electrons in the shells.

°.

hydrogen sodium chlorine

Resources

Interactivity Shell-shocked (int-0676)

Limitations of the shell model

The shell model represents only part of the story of the atom. More discoveries are always being made that
cause scientists to reconsider their models and their understanding of the atom. The shell model doesn’t
really explain the various differences in energies between the electron shells. It seems to imply that all the
electrons orbit the nucleus in exactly circular paths, like planets around a sun. We know from looking at
molecules with electron tunnelling microscopes that they come in many different shapes and sizes, so this
model does not fully explain every aspect of every atom.

The order of the electrons filling the electron shells is not really explained by this model either. For
example, compare calcium (2, 8, 8, 2) with scandium (2, 8, 9, 2) — why isn’t the electron configuration
of scandium 2, 8, 8, 3?7 Other models have been developed that are more complex and explain more of the
data scientists have gathered.
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1.4.4 Erwin Schrodinger: the quantum-mechanical model of an atom

Although Bohr’s model of an atom could account for the lines L
seen in the emission spectra of hydrogen, it did not explain and ZIGURE 116 Schrodinger .

. . ) . o eveloped the quantum-mechanical
could not mathematically predict the lines seen in the emission model of the atom.
spectra of the more complex atoms. Furthermore, it did not
explain why electrons moving around the nucleus and emitting
electromagnetic radiation did not fall into the nucleus of the atom,
causing it to collapse.

In 1923 the French scientist Louis de Broglie (1892—-1987)
proposed, using Albert Einstein’s and Max Planck’s quantum
theory, that electrons show both particle and wave behaviour.

In 1926, the Austrian physicist Erwin Schrédinger (1887-1961)
made use of the new quantum theory to refine Bohr’s model of
the atom. He wrote and developed a wave equation describing
the location and energy of an electron in a hydrogen atom. From
this, he developed the currently accepted quantum-mechanical
model of the atom — a complex mathematical model based on
particles such as electrons showing wave-like behaviour. This
model features electrons arranged in shells, subshells and orbitals
within an atom.

According to quantum mechanics, the electron is not considered
as moving along a definite path. Instead, the electron is found in
a region of space around a nucleus called an orbital. An orbital may be visualised as a blurry cloud of
negative charge; the cloud is most dense where the probability of finding the electron is large and less dense
where the probability of finding the electron is small. As in the Bohr model, the electron is attracted to the
nucleus by electrostatic forces and moves in such a way that its total energy has a specific value.

FIGURE 1.17 The quantum-mechanical model showing (a) the charge cloud for the 1s electron in hydrogen and
(b) charge clouds for the electrons in the 1s and 2s subshells.

1s

@ (o)

In the quantum-mechanical model of the atom:

1. The energy levels of electrons are designated by principal quantum numbers, 7, and are assigned
specific values: n = 1, 2, 3, 4, 5 and so forth. These principal quantum numbers may be referred to
as shells.

2. Within each shell, several different energy levels called subshells may be found. The number of
subshells equals the shell number; for example, if the shell number is 2, two subshells are present at
that energy level. Each subshell corresponds to a different electron cloud shape. Subshells are
represented by the letters s, p, d, f and so on.
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TABLE 1.2 Energy levels within shells of an atom

Maximum number of
Shell number (n) Number of subshells Subshell symbol electrons in subshell
1 1 s 2
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1.4.5 Electron configuration

The way in which electrons are arranged around the nucleus of an atom is called the electron configuration

of the atom.
Generally, the order of subshell filling is from lowest energy first:

s <25 <2p<35s<3p<4s<3d<4p <55 <4d < 5p < b6s <4f < 5d < 6p...

Notice that the 4s subshell is filled before the 3d subshell, which is of a higher energy than the 4s

subshell. Likewise, the 4d subshell is higher in energy than the 5s subshell, and so on. This is demonstrated

in figure 1.19, which shows the order of filling of subshells may be found by following the arrows
from tail to head, starting with the top arrow.

FIGURE 1.18 The energy levels of atomic orbitals
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Note: [ represents an orbital.

FIGURE 1.19 The order of filling of
subshells
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* and *: In both these cases it is
found that the two subshells
fill at the same time.
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Excited states
When an atom moves to a higher energy level than the ground state by absorbing energy, its electron
configuration changes. The outermost electron moves to a higher energy level subshell.

For example, neon has two electrons in the first shell and eight in the second shell, 1s22s22p6; when the
outermost electron gains energy, this becomes 1s225%2p°3s’.

Note that, once the order of filling subshells has been determined, the subshells are written in increasing
numerical order, rather than the order of increasing energy.

So 15%2522p%35?3p%45?3d> becomes 15>2522p®3s23p°3d>4s>.

The electron configuration for the elements hydrogen, sodium and scandium, for example, can be written
as:

HZ=1) Ls!
Na(Z = 11) 15'2522p%3s!
Sc(Z =21) 15'25%2p%3523p045%3d!

The electron configuration for scandium can also be written as 15225*2p%3s23p®3d'4s? to show the
last occupied shell is the fourth one; nevertheless, the fourth shell starts to fill before the third shell
is complete.

The position of an element on the periodic table can also be easily ready from the electron configuration.
The periodic table is divided into groups (the horizontal rows of the table) and periods (the vertical columns
of the table). The significance of the groups and periods will be discussed in topic 2.

Resources

Weblink Interactive periodic table

SAMPLE PROBLEM 3

Find the ground state electron configuration of a fluorine atom.

Teacher-led video: SP3 (tlvd-0510)

THINK WRITE

1. The atomic number of fluorine is 9. Fluorine has 152
nine electrons. According to the order of subshell
filling, the 1s subshell in a fluorine atom fills first,
and contains two of fluorine’s nine electrons.
2. The next energy level is the 2s subshell — this 15%2s?
holds another two electrons.
3. The 2p subshell can hold six electrons; however, 15225%2p°
since only five electrons remain to be placed
(9 — 2 — 2 =5), one of the 2p subshell orbitals is
incomplete.

PRACTICE PROBLEM 3
Find the ground state electron configuration of a potassium atom.
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SAMPLE PROBLEM 4

Find the electron configuration of an aluminium ion, AP+,

Teacher-led video: SP4 (tlvd-0511)

THINK WRITE

1. An aluminium ion, AI**, is an aluminium atom 152
(Z = 13) that has lost three electrons. Hence
13 — 3 = 10 electrons need to be placed in shells.
The 1s shell contains two electrons.

2. The next energy level is the 2s subshell — this 152252
holds another two electrons.

3. The 2p subshell can hold six electrons and because ~ 15°25°2p°
six electrons remain to be placed (10 —2 — 2 = 6),
the 2p subshell orbitals is complete.

PRACTICE PROBLEM 4
The following electron configuration represents an atom or ion.

1522522p%3p!

Is it in an excited state?

1.4.6 Chromium and copper: atypical electron configurations

A few elements have electron configurations that do not follow the
usual pattern. Chromium (atomic number 23) and copper (atomic
number 29), for example, may be expected to be written as follows:

FIGURE 1.20 Chromite is an
ore of chromium.

Chromium 15%2s22p®3s?3p°3d*4s>
Copper 1522522p%35%3p3d°4s>
The correct electron configurations are:
Chromium 15?2s5>2p%35?3p°3d°4s!
Copper 15225?2p%35?3p53d'04s!

These arrangements give chromium a half-filled d subshell FIGURE 1.21 Chalcopyrite is
and copper a filled d subshell. Filled subshells are more stable an ore of copper.
than half-filled subshells. However, half-filled subshells are
more stable than other partly filled subshells.
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1.4 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Complete the table. The first row has been done for you.

Energy level (n) | Maximum number of electrons (2n?)

1 2x12=2

2
3
4

2. (@) What was the importance of Bohr’s contribution to our understanding of the atom?
(b) What are the limitations of Bohr’'s model?

3. Complete the following table to show the electron configuration of the first twenty elements. Some of the
configurations have been provided for you.

Electron configuration

Atomic number 1,2,3 4
Hydrogen H 1 1
Helium He 2
Lithium Li 3
Beryllium Be 4 2,2
Boron B 5
Carbon C 6
Nitrogen N 7
Oxygen (0] 8
Fluorine F 9
Neon Ne 10
Sodium Na 11 2,8,1
Magnesium Mg 12
Aluminium Al 13
Silicon Si 14
Phosphorus P 15
Sulfur S 16
Chlorine Cl 17 2,8, 7
Argon Ar 18
Potassium K 19 2,8,8,1
Calcium Ca 20

4. Using the periodic table, produce shell model diagrams for the first 10 elements.
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10.

11.
12.
13.

14.

15.

. (@ What is the electron configuration of nitrogen?

(b) Which element has atoms with the electron configuration of 2, 8, 8, 2?

. Write the full electron configuration of the following elements: lithium, potassium, carbon, chlorine, argon

and nitrogen.

. The isotope 13P is used in the treatment of leukaemia.

(@) Write the full electron configuration of this isotope.
(b) How does it differ from 35P?

. An element X has configuration 1s22s22p83s23p*.

(@) What group is it in?
(b) What period is it in?
(c) Give its name and symbol.

. Name the elements with the following configurations.

a) 1s22s!

b) 1s22s22p®

c) 1s22s°2p®3s!

d) 15%225%2p®3s23p!

(e) 15%2s5%2p®3s23p°®

(f) 1s22s22p®3s23pf4s?

For each of the elements in the following two sets of atomic numbers, write the electron configuration.
(@ Z2=20,12,4,9

(b) Z2=5,6,8,16

Distinguish between the terms ‘shell’ and ‘subshell’.

Write the ground state electron configurations of the first 20 elements of the periodic table.

Which of the following electron configurations are ground state configurations and which are excited state
configurations?

(a) 1s?2s?2pB3s’

(b) 1s22s22p83s23p*3d"

(c) 15%25%2p®3s23p®3d°4s?

A neutral magnesium atom has an electron configuration of 1s22s?2p®3s'6s".

(@) How can you tell that the atom is in an excited state?

(b) Describe what would happen if the atom changed its electron configuration to the ground state.
(c) Write the ground state electron configuration of the magnesium ion Mg?*.

Identify the following elements with ground state electron configurations of

(a) 1s22s22p®3s23pt3a°4s2.

(b) 1s?25%2p®3s23p%4s2.

(
(
(
(

study(]))

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

only

Fully worked solutions and sample responses are available in your digital formats.

1.

5 Review

1.5.1 Summary

Atomic structure

The nuclear model of the atom proposes that atoms are composed of the following subatomic particles:
o protons, which are positively charged particles found in the nucleus

e neutrons, which are neutrally charged particles found in the nucleus

e clectrons, which are negatively charged particles found in energy levels around the nucleus.

The atom is mainly empty space.
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o Each element is represented by a specific chemical symbol and is composed of only one kind of atom.

o The atoms of an element:
o all contain the same number of protons
¢ are neutral, because the number of electrons is equal to the number of protons.

e A molecule is a group of atoms bonded together.

« Particles at the atomic level are measured using the nanometre (nm); 1 nm = 10~ m.

o Nanotechnology works at the scale of atoms and molecules.

o Nanotechnology is likely to benefit many areas of our lives in the future, particularly in the area of
improving and extending life and ensuring a cleaner and safer environment to live in. It has many
potential benefits in biotechnology and drug delivery.

Representing atoms
e An isotope is an atom of an element with a different number of neutrons and hence a different mass
number.
o The isotopic symbol of an element £ may be written as QE where:
e atomic number (Z) = number of protons
¢ mass number (A) = number of protons + number of neutrons.

Electrons

o Niels Bohr’s model suggested that electrons orbited around the nucleus in definite paths of energy
called quantum levels or shells. A quantum of energy or photon is emitted when an electron that has
gained enough energy to move to a higher energy level then falls back to its ground state position.
Bohr determined the different energy levels by using mathematical formulas that measured the
wavelengths of the different energy levels.

o Erwin Schrodinger’s most important contribution to modern atomic theory was his development of the
mathematical description of the paths that electrons would most likely follow in their orbits around the
nucleus. The formulas he developed formed the basis of the quantum-mechanical model of the atom.
In it he proposed that, instead of Bohr’s idea of electrons following predetermined paths, they move
around in regions of space called orbitals.

e The quantum-mechanical model has the following features:

o Orbitals are of various shapes and are found within subshells, which in turn are found in shells.
o Each shell has a different energy level, with the shell furthest away from the nucleus having the
highest energy level and the one closest to the nucleus having the lowest energy level.
o Each energy shell has a principal quantum number, n. The first four shells have n = 1, 2, 3 and 4.
o Subshells are energy levels found within shells. There are four different types of subshells — the s,
p, d and f subshells.
e The maximum number of electrons the different subshells can hold are:
s subshell: 2 electrons
p subshell: 6 electrons
d subshell: 10 electrons
f subshell: 14 electrons.
o Electrons fill shells and subshells of lowest energy first. The order of filling is:
Is <25 <2p<35s<3p<ds<3d<dp <5s<dd.

o The ground state electron configuration of an atom refers to electrons in their lowest energy level. Any

other configurations represent the atom in an excited state and in a higher energy level.

Resources

study(])])

To access key concept summaries and past VCE exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30920).
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1.5.2 Key terms

atomic emission spectrum a spectrum emitted as distinct bands of light of diagnostic frequencies by elements
or compounds

atom a neutral particle with a nucleus; the smallest sample of an element

atomic number the number of protons in the nucleus of an atom of a particular element

electron configuration the arrangement of electrons in the shells of an atom

element chemical species consisting of atoms of a single type

excited state raised to a higher than ground-state energy level

ground state the least excited energy level of an atom

ion a charged atom

isotopes forms of an element with the same number of protons but different numbers of neutrons in the nucleus

isotopic symbol representation of an element as ;E, where E is the symbol for the element, A is the mass
number and Z is the atomic number

mass number the total number of protons and neutrons in the nucleus of a particular isotope of an element

molecule group of atoms bonded together covalently

nanometre one billionth of a metre, 0.000000001 m (10~ ° m)

orbital three-dimensional wave describing a bound electron

photon particle of light

principal quantum number, n quantum number that indexes the energy and size of an atomic orbital

subatomic particles electrons, protons and neutrons

valence electrons electrons in the outermost shell (highest energy level) of an atom; largely determine chemical
properties of an element and contribute to chemical bond formation

Resources

Digital document Key terms glossary — Topic 1 (doc-30918)

1.5.3 Practical work and investigations

Flame tests of metal cations

Aim: To observe the characteristic flame colours of the metal ions K*, Na™,
Li*, Sr?*, Cu?*, Ca?*, Ba®*, and to identify an unknown metal ion

Digital document: doc-30847
Teacher-led video: tivd-0614 N

Resources

Digital document Practical investigation logbook (doc-30919)
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1.5 Exercises

To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

1.5 Exercise 1: Multiple choice questions

1. An atomic particle has a net charge of zero and is found in the nucleus. Which of the following
particles is it?
A. Proton
B. Electron
C. Neutron
D. Positron
2. Atoms
A. have a nucleus that occupies most of the atom’s volume.
B. are all the same size.
C. contain only protons in their nucleus.
D. have most of their mass in the nucleus.
3. Which of the following particles have approximately the same mass?
A. A proton and an electron
B. A proton and a neutron
C. A neutron and an electron
D. An electron and a hydrogen atom
4. A nanometre is
A. one billionth of a metre.
B. one hundredth of a metre.
C. one thousandth of a metre.
D. one hundred thousandth of a metre.
5. What is the nanometre scale in centimetres?
A. 1073
B. 1077
c. 1077
D. 1072
6. Which of the following is the correct ranking of prefixes from largest to smallest when they refer to
particle size?
A. Nano, micro, kilo
B. Nano, kilo, micro
C. Micro, kilo, nano
D. Kilo, micro, nano
7. In the nucleus of an atom are 11 protons and 12 neutrons. What is its mass number?
A 11
B. 12
c.1
D. 23
8. What atomic number does the element lgO have?
A. 24
B. 16
C. 8
D. 2
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9. What is the number of valence electrons in the element calcium?
Al
B. 2
c. 20
D. 40
10. Which of the following statements regarding subatomic particles is correct?
A. Protons are positively charged particles and neutrons are negatively charged.
B. The relative masses of an electron, a proton and a neutron are all about 1 unit.
C. In a neutral atom, the number of neutrons is equal to the number of protons.
D. Isotopes of an element have the same number of protons but different numbers of neutrons.
11. What did Bohr’s theory of the atom propose?
A. Electrons orbit the nucleus like planets move around the sun.
B. No more than two electrons are allowed in any energy level.
C. Electrons move around the nucleus in fixed orbits, each of which has a different energy level.
D. Energy shells have subshells that contain regions of space called orbitals.
12. What is the maximum number of electrons that can be placed in the shell n = 3?
A. 18
B. 8
c.2
D. 32
13. Which of these electron configurations represents an atom in an excited energy state?
A. 15225%2p%3s?
B. 1522522p%3s23p*3d!
c. 15s%2s%2p°
D. 15%25°2p°35?3p%45?3d°
14. What is the electron configuration of ﬁCl_‘?
A. 1572522p%35%3p33d"
B. 1522522p®3s23ptas?
C. 1s225%2p53523p°
D. 15%25?2p%3s?3p*4s'3d!
15. The electron configuration 15?2s>2p%3s?3p°® represents which of the following ions?
A. O
B. S*~
c. APt
D. Na*t
16. The electron configuration of an atom X is 15?2s>2p%3s%3p'. Which of the following formulas is most
likely to be a compound formed with X?
A. XF,
B. CaX
C. XCl;
D. MgX,

1.5 Exercise 2: Short answer questions

1. Match each object with its correct size.

Red blood cell 0.15 nm
Virus 7000 nm
Hydrogen molecule 30 nm
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2. For each of the atoms below state the:
i. atomic number
ii. mass number
iii. number of protons
iv. number of neutrons
v. number of electrons
vi. name of element.

23 19 28 56 197 235
a. |]Na b. "GF c. 1451 d. 3Fe e. JyAu f. HU

3. Complete the following table.

e ey e T T

34 18
18 20

31 15

Lead 126 82
19 20

20 16

4. What is the general name for the group of atoms that includes carbon-12, carbon-13 and carbon-14?
5. From the information in the table, complete the following.

a. Identify those species that are isotopes of the mmmm

same element.

b. Write the isotopic symbol for each atom. A
B 20 17 17
C 22 20 20
D 26 20 20

6. The following isotopes belong to three elements. Identify the elements and list the isotopes next to the
name of each element.
?7 263 59C ?gD 25E 60F 24G
7. a. What is required for an electron in an atom to move from a lower energy level to a higher
energy level?
b. What happens when an electron returns to a lower level?
8. If the flame spectra of calcium chloride, calcium carbonate and calcium nitrate were observed, would
you observe one main colour or three?
9. An atom has several excited states but only one ground state. What does this mean?
10. Explain the difference between the following.
a. A ‘shell’ and a ‘subshell’
b. An atomic ‘orbit’ and an ‘orbital’
11. Chromium (atomic number 23) and copper (atomic number 29) do not follow the usual pattern of
subshell electron configuration.
a. Why does this occur?
b. Write the subshell electron configuration for chromium.
c. Write the subshell electron configuration for copper.
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1.5 Exercise 3: Exam practice questions

Question 1 (1 mark)
Explain why a neutral atom cannot have the atomic configuration of 6 protons, 13 neutrons and
13 electrons.

Question 2 (9 marks)

Nanoparticles have very large surface area to volume ratios compared to the same material in bulk, as

lumps, powders or as sheets. This often effects their properties.

a. A titanium oxide, TiO,, nanoparticle has a diameter of 25 nm. It is often added to paper to enhance its
brightness. If a piece of paper is typically 1 mm thick, how many times smaller is a single nanoparticle of
TiO, compared to the thickness of one piece of paper? 1 mark

b. If a cube-shaped nanomaterial has a side length of 100 nm, what would be its

i. surface area?

ii. volume?

iii. surface area to volume ratio? 3 marks
c. If the 100 nm side length cube was reduced to 10 nm, how would this effect the surface area to volume

ratio? 5 marks

Question 3 (6 marks)
a. Write the electron configuration of each of the following in their ground states.
i. Argon atom, Z = 18

ii. Calcium ion, Ca2*,Z =20 2 marks
b. By referring to the electron configuration of the argon atom, explain how its group and period on the
periodic table can be determined. 4 marks

only

1.5 Exercise 4: studyON Topic Test

Fully worked solutions and sample responses are available in your digital formats.

teach

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the Assignments section in learnON to begin creating and assigning assessments to students.
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AREA OF STUDY 1
HOW CAN KNOWLEDGE OF ELEMENTS EXPLAIN THE PROPERTIES OF MATTER?

Y The periodic table

2.1 Overview

Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

2.1.1 Introduction

The periodic table of chemical elements is one of the most significant

. . . . . FIGURE 2.1 Dmitri Mendeleev
achievements in science, capturing the essence not only of chemistry,

evolved earlier versions of the

but also of physics and biology. It is a unique tool, enabling scientists periodic table by organising

to predict the appearance and properties of matter on the Earth and groups of different elements with
in the rest of the Universe. The year 1869 is considered the time similar chemical properties into
Dmitri Mendeleev synthesised centuries of previous experiments and a chart, forming the basis for

constructed the modern Periodic System. In 2019 we saw the 150th tOda’S Sl

anniversary of the Periodic Table of Chemical Elements and so this
year was proclaimed the International Year of the Periodic Table
of Chemical Elements by the United Nations General Assembly
and UNESCO.

82N Mo & RuRR P

Dmitri Mendeleev (1834—-1907), a Russian chemist, spent years 6K R Sahsh Ta S
collecting and sorting information about each of the 63 elements ;;,_HE,‘LG‘"IVC;Q p(;vANr;ln,Jér _—
known at the time and constructed a set of data cards (one data ks o ';g:ﬁ 'j;;,:f;;‘g, )Rf f r”‘
card for each element). On each card he noted the atomic mass and NP, s A Th Pl

A0 RO

other properties of the element and its compounds. He noticed the
existence of ‘groups’ of different elements with similar chemical
properties. He then produced a periodic table according to increasing
order of relative atomic mass and the periodicity of their properties;
that is, similar physical and chemical properties occurring at

regular intervals. He even left gaps for elements that, he correctly
predicted, had not yet been discovered.

2.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:
 the periodic table as an organisational tool to identify patterns and trends in, and relationships between, the
structures (including electronic configurations and atomic radii) and properties (including electronegativity,
first ionisation energy, metallic/non-metallic character and reactivity) of elements.

Source: VCE Chemistry Study Design (2016-2021) extracts © VCAA,; reproduced by permission.
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Resources

Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 2 (doc-30921)

study[[])

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30922).

2.2 Organisation of the periodic table

KEY CONCEPT
e The periodic table as an organisational tool

2.2.1 The modern periodic table

The periodic table of the elements has become one of the most important icons in science today. A chart of
this table hangs on the wall of almost every classroom and chemical laboratory in schools, universities and
research institutions around the world. It is a single document that consolidates much of our knowledge of
chemistry and is a vital tool for modern chemists. The modern periodic table now consists of 118 known

elements. Elements up to and including uranium (atomic number 92) are naturally occurring. All the
elements beyond uranium have been synthesised by chemists since 1940. They are all radioactive elements
and are called the transuranium elements. These elements do not occur in nature but have been synthesised
in nuclear reactors, which accelerate bombarding particles to very high speeds and shoot them at very
heavy target nuclei.

FIGURE 2.2 Periodic table showing discovery date of elements

H
1766
4
Li Be
1817 1798
11 12
Na Mg
1807 1808
19 20 21 22
K Ca Sc Ti
1807 1808 1879 1791
37 38 39 40
Rb Sr Y Zr
1861 1790 1794 1789
55 56 72
Cs Ba @ Hf
1860 1808 1923
87 88 104
Fr Ra (b) Rf
1939 1898 1969
. 57
(@) Lanthanoids La
1839
L. 89
(b) Actinoids Ac
1899

23
Vv
1830

41
Nb
1801

73
Ta
1802

105
Db
1970

58
Ce
1803

920
Th
1828

B
1808
13
Al
1825
24 25 26 27 28 29 30 31
Cr Mn Fe Co Ni Cu Zn Ga
1797 1774 * 1737 1751 ' 1746 1875
42 43 44 45 46 47 48 49
Mo Tc Ru Rh Pd Ag Cd In
1778 1937 1844 1803 1803 * 1817 1863
74 75 76 77 78 79 80 81
W Re Os Ir Pt Au Hg Tl
1783 1925 1804 1804 1735 : = 1861
106 107 108 109 110 111 112 113
Sg Bh Hs Mt Ds Rg Cn Nh
1974 1976  Disputed 1982 1994 1994 1996 2003
59 60 61 62 63 64 65 66
Pr Nd Pm Sm Eu Gd Tb Dy
1885 1925 1945 1879 1901 1880 1843 1886
91 92 93 94 95 96 97 98
Pa V] Np Pu Am Cm Bk Cf
1917 1789 1940 1940 1945 1944 1949 1950
Element groups (families)
Alkali earth Alkaline earth Transition metals
Rare earth Other metals Metalloids
Non-metals Halogens Noble gases

1952

7 8 9
N F
1772 1 774 1886
15 16 17
P S Cl
1669 * 1774
33 34 35
As Se Br
o 1817 1826
51 52 53
Sb Te |
* 1782 1804
83 84 85
Bi Po At
* 1898 1940
115 116 117
Mc Lv Ts
2003 2000 2010
68 69 70
Er m Yb
1843 1879 1878
100 101 102
Fm Md No
1953 1955 1957

* Element known in
ancient times

TOPIC 2 The periodic table 29



In the modern periodic table, all the chemical elements are arranged in order of increasing atomic
number (the number of protons in a nucleus of an atom of that element). The elements are arranged in
rows and columns in relation to their electronic structures and also their chemical properties. Modern
understanding of the periodic table arose from the recognition of four principles:

1. Atomic number, rather than atomic mass, was the basic property that determined the order of the

elements in the periodic table.

2. Repeating patterns of electron configuration were observed when the electrons around the nucleus of

an atom were arranged in order of increasing energy level.

3. The arrangement of the outer-shell electrons was most important in determining the chemical

properties of an element.

4. The periodic recurrence of similar properties was seen to result from the periodic change in the

electronic structure.

FIGURE 2.3 Particle tracks like this one are part of the evidence to show that a new particle has
been produced. Darmstadtium, Ds, element 110, and roentgenium, Rg, element 111, were first
discovered in 1994 using a heavy ion accelerator from the fusion of lead and other elements.

Resources

Digital document Investigation: History of the periodic table (doc-30923)

2.2.2 Periods and groups in the periodic table

The seven horizontal rows in the periodic table are called periods. Each period corresponds to the filling of
a shell. The location of an element in a period tells you the number of shells each atom of that element has.
Elements in the third period, for example, have three shells.
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Vertical columns of elements are called groups. For example, all atoms of group 2 elements have two
electrons in their outer shell. Groups 1, 2 and 13 to 18 are also referred to as main-group elements. These
include not only the most abundant elements on Earth but also the most abundant elements in the universe.

A periodic table labelled with periods and groups can be found in the appendix.

2.2.3 Metals and non-metals in the periodic table

Elements may be classified as metals or non-metals. In the periodic table, the metals are found towards
the left side and the non-metals are found towards the right side, as shown in figure 2.4. Most elements are
metals, although some elements show both metallic and non-metallic characteristics. These elements are
known as metalloids, and are also shown in figure 2.4.

FIGURE 2.4 Metals, non-metals and metalloids in the periodic table

Metals H Metalloids  Non-metals | He
B C|[N|O/|F [Ne
Li | Be
Si P|S|Cl|Ar
Na (Mg Al
Ge | As Se | Br | Kr
K |Ca|Sc |Ti |V |Cr|Mn|Fe |[Co|Ni|Cu|Zn |Ga
sb|me || ' [*®
Rb|Sr|Y |Zr INb|[Mo|[Tc |Ru|[Rh |Pd |Ag [Cd | In | Sn
At | Rn
Cs|Ba| * |Hf |Ta |[W [Re|Os | Ir [Pt |Au [Hg | TI |Pb | Bi | Po
Ts | Og
Fr |Ra| * |Rf |Db |Sg [Bh |Hs | Mt [Ds [Rg [ Cn |Nh | FI [Mc| Lv
.| La|Ce|Pr |Nd|Pm|[Sm|Eu |[Gd |[Tb |Dy [Ho | Er |[Tm | Yb | Lu
+|Ac | Th [Pa | U [Np |Pu |Am |Cm Bk | Cf | Es |Fm |Md | No | Lr
Solids Liquids Gases

The elements in groups 3 to 12 include some familiar metals, such as iron, which is commonly used
in construction, copper, which is particularly useful for electrical wiring, and gold, which is used in
jewellery. These groups are known as the transition elements. Transition elements contain atoms with filling
d subshells. These elements are metals and have the properties listed in table 2.1 but are less reactive than
s-block metals, and most form coloured compounds. In addition, most can form ions with different charges;
for example, copper can form Cu™ ions and Cu?* ions.

TABLE 2.1 General properties of metals and non-metals

High melting and boiling points Low melting and boiling points
Good conductors of heat and electricity | Poor conductors of heat and electricity
Opaque Transparent in a thin sheet
Shiny appearance Dull colour

Ductile and malleable Brittle when solid

Strong Weak

Form positive ions (cations) Form negative ions (anions)
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2.2 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Find out why element 117 tennessine was previously called ununseptium and how it was synthesised.
2. Explain why the classification of elements into a periodic table may be useful to chemists.

Fully worked solutions and sample responses are available in your digital formats.

2.3 Patterns and trends in the periodic table

KEY CONCEPT
o The periodic table as an organisational tool to identify patterns and trends in, and relationships between,
the structures (including electronic configurations and atomic radii) and properties (including
electronegativity, first ionisation energy, metallic/non-metallic character and reactivity) of elements

2.3.1 Periodic patterns and trends

Elements in the periodic table can be divided into four main blocks according to their electron
configurations.

FIGURE 2.5 Each block of the periodic table corresponds to a particular subshell.

s block
1 18
p block
~1s| o 13 14 15 16 17 |57
< 25 — 2p
d block
<S8 >3 4 5 6 7 8 9 10 11 12 Sp
< 4s 3d 4p
< 5s 4d 5p
<— Bs 5d 6p
< 7s 6d p
f block
4f
< 5f

s-block elements

The elements in group 1 and group 2 form a block of reactive metals and are known as the s-block
elements. These elements have their outermost electrons in the s subshell. Group 1 elements have outer
shells of s' and group 2 elements have outer shells of s>. Helium is a group 2 element with a filled

s subshell of the innermost shell of the atom, rendering it unreactive. It is often grouped with the group 18
noble elements with similar properties.
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p-block elements
The elements in groups 13 to 18 form the p block, in which elements have their outermost electrons in the
p subshells. These elements have outermost electron configurations of s2p' to s?p°.

d-block elements

The d-block elements, from group 3 to group 12, are the transition metals or transition elements. All
elements in this block fill their electrons subshells in the order 1s < 25 < 2p < 3s < 3p < 4s < 3d. For
example, period 4 transition metal elements fill the 4s subshell before the 3d subshell. Similarly, electrons

are lost from the 4s subshell before the 3d subshell. Their outermost shell electron configurations are d's?
to d'0s2.

f-block elements
The lanthanoids and actinoids form a block of elements within the transition metals and are sometimes
known as the inner transition elements. These elements form the f block of the periodic table and have their
f subshells progressively filled.

The periodic table in figure 2.6 is based on the [IUPAC periodic table and shows relative atomic masses
to two decimal places. It is common to use only one decimal place in calculations. Relative atomic mass
(A,) is based on the carbon-12 atom, the most common isotope of carbon. This isotope is assigned a mass of

1
exactly 12. On this scale, 1 is therefore equal to 7 of the mass of a carbon-12 atom. Values in brackets are

for the most stable or best-known isotopes. This is explained further in topic 5.

Using electron shell configuration to identify an element

The best way to identify an element based on its electron shell configuration is to simply add up all of the
electrons, because this is equal to the atomic (proton) number of the element, Z. Using the atomic number,
you can then find both the period and group.

To determine the position of an atom, consider the following examples:

o 15225%2p%3523p®4523d° has 26 electrons, and so 26 protons. The element is iron. From the periodic

table, we can see this is period 4 and group 8.
o 15%2522p%35?3p3 has 15 electrons, and so 15 protons. The element is phosphorus. From the periodic
table, we can see this is period 3 and group 15.

To determine the position of an ion, simply add or remove the corresponding amount electrons
(depending on whether it is a positive or negative ion) to give the electronic configuration of the atom; this
is then equal to the atomic (proton) number of the element. Using the atomic number, you can then again
find both the period and group.

For example, consider an ion with a charge of 2— and an electron configuration of 15>2s?2p®. Because the
ion has gained two electrons (to become 2-), simply subtract 2 electrons to give the electronic configuration
of the atom. Therefore, 1s22s22p6, becomes 1s22522p4 which has 8 electrons and therefore 8 protons, and
the element is oxygen (period 3 and group 15). The original ion would be O*~ (oxide).

If an ion has a charge of 3+ and an electron configuration of 15?25?2p®3s23p%3d°, because the ion has
lost 3 electrons to become 3+, simply add 3 electrons to give the electronic configuration of the atom.
Remember that the 4s subshell fills and empties before the 3d subshell. Therefore, 15%2s>2p®3s*3p53d°
becomes 1s22s22p63s23p64s23d6, which has 26 electrons, and therefore 26 protons, and the element is iron
(period 4 and group 8). The original ion would be Fe**.

Resources

Weblink Electron configuration
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SAMPLE PROBLEM 1

An atom has the following electron configuration: 1s*2s>2p°®3s*3p%4s?3d°. Identify the period,

group and name of the element.

THINK

1. This is an atom, so the number of protons is equal
to the number of electrons.
Add the electrons to determine the atomic
(proton) number, which can easily be found on the
periodic table.

2. Identify the period and group by recognising the

Teacher-led video: SP1 (tlvd-0512)

WRITE

24+24+6+2+6+2+ 3 =23c¢lectrons

The element is vanadium.

element in the periodic table.

The atom belongs to period 4 and group 5.

PRACTICE PROBLEM 1

An ion with a 3— charge has the following electron configuration: 1s*2s22p°. Identify the period,

group and name of the element.

2.3.2 Atomic radii

Since an atom does not have a sharply defined boundary to set the limit of its size, the radius of an atom
cannot be measured directly. However, several methods are available to gain an estimate of the relative sizes

of atoms.

Atomic size generally increases down a
group of the periodic table. Going down a
group, electrons are added to successively
higher energy levels, or main shells, further

FIGURE 2.7 Atomic radii in nanometres of selected elements

General decrease in atomic radii across period

L.
>

o

H
o?t froiQ thehnucleu.s. glecaus;: the r;umber 0.030° “Radius in nanometres
of positive charges in the nucleus also
. o
increases as you go down a group, the <|_|> g <B> <C> <N> g F
nuclear charge (attraction of positive 0.123 0089 0080 0077 0070 0066 0.064
charges in the nucleus to the electrons E
neremes. Th. . QPP 09 0 o0
increases. The inner electrons, however, w2
create a ‘shielding” effect, thereby 2 0157 0136 0125 0.117 0110 0104 0.099
decreasing the pull of the nucleus on the 3 2
outermost electrons. 23 Q O Q O Q O O
. . T C
Aton.nc size generall)./ decreases from . g Sy Ca Ga Ge As Se B
left to right across a period. Across a period, ~ & 0203 0174 0125 0122 0121 0117 0.114
each atom maintains the same number of
main shells. Each element has one proton Q O Q Q Q
and one electron more than the preceding
Rb Sr In Sn Sb Te |
element. The electrons are added to the 0216 0191 0150 0140 040 0.137 0.133

same main shell so the effect of the
increasing nuclear charge on the outermost
electrons is to pull them closer to the
nucleus. Atomic size, therefore, decreases
(see figure 2.7).
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Resources
Interactivity Periodic table trends (int-6352)

2.3.3 Electronegativity

The electronegativity of an element is a measure of the degree to which an atom can attract an electron to
itself. This is most evident when it is chemically combined with another element. The extent of attraction is
expressed in arbitrary units on the Pauling electronegativity scale (see figure 2.8).

FIGURE 2.8 The Pauling scale of electronegativities

Increasing electronegativity
Group

1 2 13 14 15 16 17 18

H He
> 21 _
2 L Be B C N O F Ne
§ 1.0 1.5 2.0 2.5 3.0 35 4.0 -
S5 Na Mg Al Si P S Cl Ar
£ 09 1.2 1.5 1.8 2.1 25 3.0 -
% K Ca Ga Ge As Se Br Kr
@ 08 1.0 1.6 1.8 2.0 2.4 2.8 —
2 Rb Sr In Sn Sb Te I Xe
g 0.8 1.0 1.7 1.8 1.9 2.1 2.5 —
£ Cs Ba Tl Pb Bi Po At Rn

0.7 0.9 1.8 1.8 1.9 2.0 2.2 —

Fr Ra

0.7 0.9

Each element except the noble gases, which do not FIGURE 2.9 Linus Carl Pauling

readily form compounds, is assigned an electronegativity (1901-1994) received the Nobel Prize
number. Caesium and francium, the least electronegative for chemistry in 1954, and the Nobel Peace
elements, have a value of 0.7, whereas fluorine, the most Prize in 1962.

electronegative element, has a value of 4.0.
Going across a period from left to right, the electrone-

o

gativity of the main-group elements increases. This TN A

A
AL\ fwm

is because, as you move from one element to the next
across a period, the nuclear charge increases by one

unit, as one electron is added to the outer shell. As the
positive charge in the nucleus increases, the atom has

an increasing electron-attracting power and, therefore,

an increasing electronegativity. This is the same reason
the atomic radius tends to decrease across a period,

as described previously. Moving down a group, the
electronegativity decreases because the outer electrons
are further away from the nucleus and the shielding effect
of the inner electrons decreases the electron-attracting power
of the atom. Similarly, this results in a general increase in
atomic radii down a group.

2.3.4 First ionisation energy

When an atom gains or loses an electron, it forms an ion.
The energy required to remove an electron from a gaseous
atom is known as the first ionisation energy. Since the
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amount of energy required to do this is very small, it is more realistic to compare the amount of
energy required to ionise one mole of atoms simultaneously. Therefore, the unit used is kilojoules per

mole (kJ mol™).

Removal of one electron from a gaseous metal atom, M(g), results in the formation of a positive ion with

a 14 charge:

M(g) — M*(g) + e

The energy required to remove this first (outermost) electron is called the first ionisation energy.
To remove the outermost electron from the gaseous 1+ ion results in a positive ion with a 2+ charge:

M*(g) > M?*(g) + e~

The amount of energy required is called the second ionisation energy, and so on. Table 2.2 shows the first
three ionisation energies of the first 20 elements in the periodic table.

TABLE 2.2 lonisation energies of the first 20 elements (kJ mol™). The red letters
and numbers indicate the elements and first ionisation energies for group 1.

Symbol of element

III

lonisation energy (kJ mol™)

| oot | s
1312

He 2371 5247

Li 520 7297 11810
Be 900 1757 14840
B 800 2430 3659
C 1086 2352 4619
N 1402 2857 4577
(e] 1314 3391 5301
F 1681 3375 6045
Ne 2080 3963 6276
Na 495.8 4565 6912
Mg 737.6 1450 7732
Al 577.4 1816 2744
Si 786.2 1577 3229
P 1012 1896 2910
S 999.6 2260 3380
Cl 1255 2297 3850
Ar 1520 2665 3947
K 418.8 3069 4600
Ca 589.5 1146 4941
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In general, the first ionisation energy decreases moving down a group of the periodic table. Since the
size of the atoms is increasing when moving down a group, the outermost electrons are further from the
nucleus. The nucleus, therefore, does not hold these electrons as strongly, so they are more easily removed.
The atom, therefore, has a lower ionisation energy.

The first ionisation energy generally increases as we move from left to right across a period. The nuclear
charge is increasing, whereas the shielding effect is relatively constant. A greater attraction of the nucleus
for the electron, therefore, leads to an increase in ionisation energy. lonisation energy is high for noble
gases such as He, Ne and Ar. Table 2.2 shows the change in ionisation energies for Li, Na and K.

FIGURE 2.10 Trends in ionisation energy of the first 20 elements

lonisation energy —————>

Atomic number (2)

Resources

Weblink Periodic table patterns

2.3.5 Metallic/non-metallic characteristics

In terms of electronic structure, the metallic characteristics of an element are determined by its ease in
losing electrons. As elements move across a period, they lose their metallic characteristics. This is because,
as the number of electrons in the same shell increases across a period and the nuclear charge also increases,
the electrons become less easily lost to form positive ions. As elements move down a group, they become
more metallic because their outermost shell electrons are further away from the nucleus (due to an increased
number of shells) and are less strongly attracted. Hence, the elements lose their outermost shell electrons
more easily. These metallic/non-metallic characteristics are illustrated in the variation in melting and
boiling points (metals typically have high melting and boiling points in comparison with non-metals), as
shown in table 2.3.
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2.3.6 Reactivity of elements

The oxidising strength of an element can be defined as how readily an element gains electrons. Elements
that gain electrons easily are strong oxidising agents (also called oxidants) and are themselves reduced.
Likewise, the reducing strength of an element is defined as how readily an element loses electrons.

The more readily an element gives up its electrons, the more easily it is oxidised, making it a stronger
reducing agent (reductant) because it has more reducing strength. As elements move across a period,
the reducing strength decreases as the atoms give up their outermost shell electrons less readily, and the
oxidising strength of these elements increases as elements gain electrons more readily. The extreme in
oxidising/reducing behaviour of elements across the periods can be seen in examples such as sodium and
potassium metals, which give up their electrons very readily, and the non-metals fluorine and chlorine,
which prefer to hold on to their electrons. Hence, sodium and potassium are strong reducing agents while
fluorine and chlorine are strong oxidising agents. Going down a group, the elements release their electrons
more readily, making them stronger reducing agents (the reducing strength increases). For example,
potassium is a stronger reducing agent than sodium and is therefore more reactive.

2.3.7 Summary of trends in the periodic table

TABLE 2.4 Trends in the periodic table

T R T

Metallic character The attraction force increases with the T Electrons are less attracted to the
increasing number of protons. nucleus because they are shielded by
the increasing number of shells.

Atomic size The attraction force increases with the There is an increasing number of
increasing number of protons and so electron shells.
pulls the electrons closer.

Reactivity Reactivity is high at the start of the Outer electrons are less strongly

period, less in the middle and more
reactive at the end.

attracted.

Electronegativity

Fluorine is the most electronegative
element. The further away an element is
from fluorine in the periodic table, the

—| 5| -

Increasing numbers of inner shells shield
outermost shell electrons from the
nucleus.

less electronegative it is.

2.3 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. Identify the period and group to which each of the following elements belongs and name the element.
(a) 1s22s22p*
(

)
c) 1s22s22p®3s23p°®4523°
) 1s22522p°®3523p°4523d'%4p®
(e) 1s22s22p®3s?3p®45°3d"
(f 1s22s22p83s23p®4s523d"°
2. ldentify the period and group to which each of the following ions belongs and name the element.
(@) Anion with a charge of 7+ and the electronic configuration of 1s22s22p®3s23p6
(b) An ion with a charge of 1— and the electronic configuration of 1s22s22p®3s?3p®
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3. Write the ground-state electron configuration for elements with the following atomic numbers, and state the
group and period of each element.
(@ 8
(b) 13
(c) 20
(d) 35
4. (a) Zinc is an element that forms mostly colourless compounds. Write the subshell configuration for
zinc (Z = 30).
(b) State two reasons zinc does not fit into the usual pattern for transition elements.
5. Describe and explain the general trends in the following.
(@) Electronegativity across the periodic table
(b) The atomic radii of elements down a group
(c) The reducing strength of elements across a period
6. Explain why the periodic table includes the following.
(@) Two elements in the first period
(b) Eight elements in the second period
(c) No transition elements in the first three periods
7. For each of the following pairs of elements, state which element is the more electronegative.
(@ K, Ca
(o) Be, Ca
(c) CI, Br

study(]])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

only

studyON: Practice exam questions
Fully worked solutions and sample responses are available in your digital formats.

2.4 Review
2.4.1 Summary

Organisation of the periodic table

o The periodic table is a method of organising all the known elements to show their similarities and
differences.

o Historically, the development of the periodic table was based on the classification of elements
according to their chemical and physical properties.

o The organisation of elements on the periodic table was changed from an order of increasing atomic
weight to increasing atomic number.

o Elements after uranium (atomic number 92) are artificially synthesised and radioactive. They are
known as the transuranium elements.

o To date, elements up to 118 have been made. Transuranium elements are extremely unstable.

Patterns and trends in the periodic table

o Elements arranged down the same vertical columns (groups) in the modern periodic table display
similar physical and chemical properties.

o Elements arranged along the same horizontal rows (periods) are placed in order of increasing atomic
number.

o The main features of the periodic table are the:
¢ eight main groups, which progressively fill both the s and p subshells
e transition elements, which progressively fill the d subshells
o rare earth elements, which progressively fill the f subshells. Elements of the f block are made up of

the lanthanoids and the actinoids.
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o The fundamental structure of the periodic table as developed by Mendeleev has remained largely
unchanged, despite the discoveries and developments of new theories of atomic structure.

o Metals are mostly found on the left side and the middle of the periodic table, separated by the
metalloids from the non-metals, which are found on the right.

o Atomic size decreases across the periodic table and increases down the groups.

o Electronegativity generally increases across a period and decreases down a group.

o Metallic character decreases across a period and increases down a group.

o Reducing strength decreases across a period and increases down a group. Oxidising strength increases
across a period and decreases down a group.

Resources

study(]])

To access key concept summaries and past VCE exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30922).

2.4.2 Key terms

electronegativity the electron-attracting power of an atom

groups the vertical columns of elements in the periodic table

ionisation energy the energy required to remove an electron from a gaseous atom or ion
metal ductile, malleable, conducting element

non-metal non-ductile, non-malleable, non-conducting element

periods the seven horizontal rows in the periodic table

Resources
Digital document Key terms glossary — Topic 2 (doc-30921)

Note: No practical investigation logbook

2.4 Exercises

To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

2.4 Exercise 1: Multiple choice questions

1. In constructing his initial forms of the periodic table, Mendeleev placed sodium and potassium in the
same group because these two elements
A. have the same atomic mass.
B. have the same number of electrons.
C. react violently with water.
D. have metallic looks about them.
2. Which one of the following statements about the periodic table is correct?
A. All the elements listed on the periodic table are naturally occurring.
B. The periodic table can be used to predict the physical and chemical properties of undiscovered
elements.
C. Elements with atomic number over 95 are radioactive.
D. The modern periodic table is arranged in order of atomic mass.
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10.

A. Aluminium
B. Sulfur

C. Potassium

D. Strontium

radius?

A. Silicon
B. Fluorine
C. Calcium
D. Beryllium

A. Electronegativity decreases

B. Ionisation energy decreases

C. Metallic characteristics decrease
D. Atomic radius increases

. What is a trend as you go down the periodic table?

A. The size of atoms increases
B. The metallic characteristics decrease
C. Oxidising strength increases
D. Electronegativity increases
Refer to the following table to answer questions 7-10.

. Which of the following elements is expected to be most similar in properties to magnesium?

. Based on trends in the periodic table, which of the following elements would have the smallest atomic

. As you move across the periodic table, which of the following is generally true?

m Charge on atom or ion Electron configuration of atom or ion

A 15%2522p®3s23p54523d'°4p’
B B~ 9

C c* 16

D D% 15%22s22p°

. Element A is in

A. period 4 and is a transition element.
B. period 4, group 1.

C. period 4, group 13.

D. period 3, group 13.

. What is element B?

A. Na
B. Mg
C. F
D. O

. What is the ground-state electron configuration for the element C?

A. 15225%2p535%3p4s2

B. 15%2s522p®3s23p*

C. 15225%2p535?3p54s2

D. 15%2522p%35?3p

What is the atomic number of the ion of element D?
A. 10

B. 7

c. 13

D. 6
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2.4 Exercise 2: Short answer questions

1.

10.

Use the list of elements to answer the questions that follow: Cl, Ni, N, Mg, I, B, Na.

a. Choose the two elements that have the most similar chemical properties and explain your choice.
b. Which of the elements is the most reactive metal? Explain why.
c. Which element is a transition metal?
d. Which of the elements is the most reactive non-metal?
e. Which element has the highest electronegativity? Explain why.
a. Outline the contribution of Dimitri Mendeleev to the development of the first periodic table.
b. Mendeleev arranged his periodic table according to increasing atomic mass, yet he placed tellurium
before iodine, which has a smaller atomic mass. Explain why he made this decision.
. Why are elements in a periodic table arranged in order of atomic number rather than atomic mass?

. Predict which pair of elements in each of the following sets would have the greatest similarities in

chemical properties and which would have the greatest differences.
a. Na and Cl, Na and K, Na and Ca
b. Cland I, Cl and S, CI and Mg

. Explain why it is easier for elements to lose electrons going down a group.
. Consider the element phosphorus (Z = 15).

. What is its ground state electron configuration?
. Is it a metal or non-metal?
. In what group is it?
. In what period would you find it?
. In what block would you find it?
. Name an element that would have similar properties to phosphorus.
. Would it have a higher or lower electronegativity than chlorine?
. Would it have a larger or smaller atomic size than nitrogen?

5 Q -~ 0 20 T O

. The relative atomic mass of argon is 39.9. It is placed before potassium in the periodic table even

though the relative atomic mass of potassium is 39.1. Explain why they are placed in these positions.

. a. Explain what is meant by the term ‘nuclear charge’.

b. Which has the higher nuclear charge: potassium or calcium?

. a. Going across the periodic table, the numbers of protons and electrons increase. Why then does the

size of the atoms decrease?
b. Explain the trend in atomic radius going down a group.
How is an element’s outer electron configuration related to its position in the periodic table? Give three
examples that illustrate your answer.

2.4 Exercise 3: Exam practice questions

Question 1 (3 marks)
a. What is meant by the term ‘electronegativity’? 1 mark
b. Explain how electronegativity is related to ionisation energy 2 marks

Question 2 (4 marks)
Why do metals generally have low electronegativities, whereas non-metals have high
electronegativities?
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Question 3 (7 marks)
The following table represents part of the periodic table. The letters shown represent some of the elements
but they may not be the symbols of those elements.

Selecting only from the elements labelled on the periodic table shown, write the letter (A, B, D, E, L, G,
J, M, O, R, T or X) corresponding to the element with the following.

a. A non-metal with four electrons in its outer shell 1 mark
b. In group 14, period 2 1 mark
c. A transition element 1 mark
d. A halogen with two occupied shells 1 mark
e. In period 2 and with a total of three electrons 1 mark
f. A halogen 1 mark
g. An alkaline earth metal 1 mark

only

2.4 Exercise 4: studyON Topic Test

Fully worked solutions and sample responses are available in your digital formats.

teach

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the Assignments section in learnON to begin creating and assigning assessments to students.
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AREA OF STUDY 1
HOW CAN KNOWLEDGE OF ELEMENTS EXPLAIN THE PROPERTIES OF MATTER?

8 Metals

3.1 Overview

Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

3.1.1 Introduction

It has been known for centuries that elements can be divided into two broad groups: metals and non-
metals. The largest group is the metals. The first metal to gain widespread use was copper, which was first
mined and used on the island of Cyprus around 5000 years ago. Copper’s popularity was mainly due to
its relatively low melting point (1084 °C) and the ease with which it could be extracted from its ores. In
contrast, aluminium, which is the most common metal in the Earth’s crust, was difficult and expensive to
extract from its ore and has become widespread only in the last century due to technological advances.

FIGURE 3.1 The Statue of Unity in Gujurat, India, is the world’s
largest statue at 182 metres tall. It contains 25000 tonnes of steel
to re-enforce the concrete structure and 3550 tonnes of bronze to
decorate the outer surface.

3.1.2 What you will learn

KEY KNOWLEDGE

In this topic, you will investigate:
o the common properties of metals (lustre, malleability, ductility, heat and electrical conductivity) with
reference to the nature of metallic bonding and the structure of metallic crystals, including limitations of
representations, and general differences between properties of main group and transition group metals
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o experimental determination of the relative reactivity of metals with water, acids and oxygen

» the extraction of a selected metal from its ore/s, including relevant environmental, economic and social
issues associated with its extraction and use

« experimental modification of a selected metal related to the use of coatings or heat treatment or alloy
production

o properties and uses of metallic nanomaterials and their different nanoforms, including comparison with the
properties of their corresponding bulk materials.

Source: VCE Chemistry Study Design (2016-2021) extracts © VCAA,; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS

Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Resources

Digital documents Key science skills (doc-30903)
Key terms glossary — Topic 3 (doc-30924)
Practical investigation logbook (doc-30925)

study[(])

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30926).

3.2 Properties of metals

KEY CONCEPT
e The common properties of metals (lustre, malleability, ductility, heat and electrical conductivity) with
reference to the nature of metallic bonding and the structure of metallic crystals, including limitations of
representations, and general differences between properties of main group and transition group metals

3.2.1 The common properties of metal

Since more than 80 metal elements exist, it is not surprising that some of their properties vary widely.
Group 1 metals, such as lithium, sodium and potassium, must be stored in oil (paraffin or mineral)
because they react violently with water, whereas metals such as copper, silver and gold are chemically
unreactive and are used in coins and jewellery. At room temperature, mercury is a liquid, but magnesium

is a solid. Zinc is brittle, iron is hard, and lead sheet can be bent easily. Nevertheless, most metals have the

following properties.

Metals:

o are lustrous (have a shiny surface when polished)

« are malleable (can be hammered, bent or rolled into sheets or other shapes)
o are ductile (can be drawn out into wires)

o are good conductors of heat

o are good conductors of electricity

o generally have a high density (mass per unit volume)

o have a range of melting points but most are quite high

« are often hard (have high resistance to denting, scratching and bending).

TOPIC 3 Metals
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3.2.2 Crystal nature of metallic bonding

Metallic atoms have low electronegativities, which means they tend to lose their outer shell electrons
easily. Once a metallic atom has lost its outer shell electron, it becomes a cation (positively charged).
This produces electron configurations similar to the group 18 elements (noble gases) and hence a more
stable state.

X-ray studies show that metals occur as crystal lattices. Chemists imagine these metallic lattice
structures as being made up of a patterned array of cations (figure 3.2). The electrons from each metallic
atom overlap each other forming a sea of mobile electrons that can flow between all the cations. They are
referred to as delocalised electrons (figure 3.3).

FIGURE 3.2 This box of oranges gives a representation FIGURE 3.3 Metal cations
of a repeated pattern array of cations in a lattice vibrate about a fixed position

structure. surrounded by a sea of
ze= : == delocalised electrons.

©0.0.0.
00.6 @
©.0.0:0.
‘€000

Electrostatic forces of attraction between the cations and the negatively charged electrons occur in all
directions and this holds the lattice together. This type of non-directional bonding is known as metallic
bonding. This means that metal atoms are hard to separate but relatively easy to move.

m Resources

(6’ Weblinks Structure of metals

Lattice structure

3.2.3 The structure and properties of metallic crystals

The lattice structure of metals may be used to explain many of their properties. It is these properties that
give metals their many applications in our society.

light

Lustre

The lustrous appearance of a metal is due to the mobile
electrons within the lattice being able to reflect light
back into to your eye, causing the metal to look shiny.
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Malleability and ductility
Metals are malleable and ductile, rather than brittle, as a result of the non-
directional nature of metallic bonds.

The attractive forces exerted by the cations for the mobile electrons occur
in all directions. This means that layers of atoms can move past one another
without disrupting the force between the cations and the negative sea of
electrons. The nature of the metal does not change when the metal becomes
thinner.

Electrical conductivity

Metals are good conductors of electricity. When an electric field is applied
to a metal, one end of the metal becomes positive and the other becomes
negative. All the electrons experience a force towards the positive end.
This flow of charge (movement of electrons) is what we call an electric
current.

Heat conductivity

Metals are good conductors of heat. Electrons gain kinetic energy in
hotter areas of the metal and quickly transfer it to other colder parts of
the metal lattice due to the electron’s freedom of movement. The heat
causes the electrons to move faster, and the ‘bumping’ of these electrons
against each other and the protons transfers the heat throughout the metal.

Density

Most metals have relatively high densities because metallic
lattices are close-packed.

Melting points and hardness

The generally high melting points and hardness of metals
indicate that metallic bonding is quite strong (although not

as strong as covalent or ionic bonding). Melting points and
hardness increase with an increase in the number of outer shell
electrons, since a greater attractive force exists between the
cations and the electrons.

Resources

Weblink Treatment of steel
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FIGURE 3.4 Steel can be pressed and
rolled into sheets, as at this factory. What
metallic property is illustrated here?
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3.2.4 Limitations of models

Although many of the properties of metals can be explained using the lattice model, other properties are not
explained. For example:

e Why is iron magnetic and copper non-magnetic?

e Why is platinum twenty times as dense as sodium?

e Why is lead malleable whereas iron is tough?

Different models may be used to explain some of these properties. One model is the ball bearing model.

Metal strength — the ball bearing model

Some metals bend easily whereas others are strong. When a metal bends, layers of atoms slide over each
other. The more easily they slide, the more easily the metal bends. A metal with perfect rows of atoms
bends easily. If the rows are distorted, they cannot slide over each other as freely, so the metal does not bend
as easily.

Metals do not crystallise with perfect rows of atoms throughout the lattice. They form areas of perfect
close-packing called grains. The boundaries between the grains are called grain boundaries. Although the
atoms in metal grains are packed in a regular order, the grains themselves are irregularly shaped crystals of
the metal pushed tightly together.

The structure of a metal may be modelled by using ball bearings to show the arrangement of cations into
grains. The model shows that:

o Small areas of perfect packing simulate the arrangement of metal cations in a single crystal grain. This

metal would not bend easily (see figure 3.5a).

o Grains are large areas of regular arrangement; they represent a single metal crystal. Grain boundaries
are narrow areas of disorder seen between one crystal grain and another. Vacant sites occur when an
atom is missing from the crystal structure. Dislocations happen when a row of atoms is displaced and
the regular packing stops. Metals with large grains have fewer dislocations and they bend more easily
(see figure 3.5b).

The crystal structure, and therefore the properties, of metals can be changed in a number of ways. The

next section discusses some of these.

FIGURE 3.5 Demonstration of the ball-bearing model: (a) small areas of perfect packing and (b) large areas of
regular arrangement; they represent a single metal crystal.
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3.2.5 Properties of s-block metals

Metals are widely used in our society. Their different properties make them useful for particular purposes.
(Figure 3.6 shows the blocks of the periodic table.)

FIGURE 3.6 The blocks of the periodic table

s block s block

p block

d block

f block

Lanthanoids

Actinoids

The s-block metals include the alkali metals. They include the elements lithium, sodium and potassium,
which are very reactive; they are not found in elemental form and so most uses involve their compounds. A
knife can easily cut through these metals because they have such a low density. They have relatively low
melting points due to having only one outershell electron to participate in bonding. Also, the atoms are
larger than other atoms in the same period, and they are not as efficiently packed together. Alkaline earth
metals, such as beryllium, magnesium and calcium, are less reactive, harder and have higher melting points
than alkali metals. Usually, these reactive elements are found as compounds. The elements and compounds
have a variety of applications. The s-block metals usually form compounds that are white.

Sodium is used as a coolant in nuclear
reactors, in the manufacture of titanium and for FIGURE 3.7 Sodium has a low density (as do other
street lights. Lithium is used in rechargeable group 1 and 2 metals) and can be cut with a knife.
batteries and, because of its lightness, it is
combined with other metals to make alloys.
Magnesium is alloyed because it produces
superior qualities, and can then be used for
aircraft and guided missile parts where lightness
and high tensile strength are essential. The
compound calcium carbonate is used to make
calcium oxide for neutralising soils, glass
making and as a component of cement. The
properties of the s-block metals are summarised
in table 3.1.
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TABLE 3.1 Properties of metals in the s block

Thermal Electrical
Melting conductivity conductivity

Density point at25°C at25°C

(gmL™") (°C) (watts m'K™') | (ohm'm~' x 107)
Lithium Li 0.53 181 85 1.1 Soft
Sodium Na 0.97 98 140 21 Soft
Potassium K 0.66 64 100 1.4 Soft
Beryllium Be 1.86 1278 190 3.1 Hard
Magnesium Mg 1.75 649 160 2.3 Medium
Calcium Ca 1.55 839 200 3.0 Medium

3.2.6 Properties of p-block metals

Cans are manufactured from aluminium or tin-coated
steel. Aluminium and tin are metals found in the

p block of the periodic table, which also contains
metalloids and non-metals. Aluminium is the most
abundant metal in the Earth’s crust and is very
versatile. When exposed to air it develops a coating
of aluminium oxide, Al,O5, which prevents further
reactions with oxygen, and hence further corrosion
(see topic 14). Aluminium is used in transport,
building and food storage such as drink cans and
saucepans. The good electrical conductivity and

low density of aluminium make it ideal for use in
overhead wires. Tin is used as a coating to prevent
corrosion, such as in ‘tin’ cans, which are made from
tin-coated steel. The alloys solder, bronze and pewter
all contain tin.

Lead, another p-block metal, has been used since Roman times because it is easily worked and resistant
to corrosion. Lead was used for water pipes and to line aqueducts to deliver water to homes and public
baths. It has been used previously in pottery glazes and paint pigments, in jewellery and as a petrol additive.
Due to health hazards, these uses for lead have significantly declined in recent decades. Current uses
include car batteries, roofing, exercise weights and bullets.

FIGURE 3.8 Bullets have an outer layer of copper
alloy and a core of lead. Lead is used because it is
dense, readily available and easy to shape.

TABLE 3.2 Properties of metals in the p block

Thermal Electrical
Melting conductivity conductivity
Density point at25°C at25°C
(gmL™) (°C) (watts m'K™") | (ohm™'m~" x 107)
Aluminium Al 2.7 660 236 3.8 Medium
Tin Sn 7.3 232 66.8 0.9 Medium
Lead Pb 11.3 327 35.3 0.5 Soft

52 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition



3.2.7 Properties of d-block metals

The presence of transition metal compounds is responsible for the colourful stained glass windows in
churches and other buildings. The formation of coloured compounds is an interesting characteristic of the
d-block elements; exceptions are scandium and zinc. The metals that display magnetism — iron, cobalt and
nickel — are transition metals. As with other metals, most are used in the form of alloys. They can form
ions with different charges; for example, iron forms two compounds with chlorine — FeCl,, which is a
green compound, and FeCl;, which is an orange compound. Another valuable feature of transition metals

is that they are very useful catalysts. A catalyst is a substance that increases the rate of a chemical reaction
without itself being chemically changed.

FIGURE 3.9 Transition elements form coloured
solutions.

Transition metals are an ever-present part of our daily lives, from the iron in the oxygen transport
molecule, haemoglobin, in our blood, to the $2 coins in our pockets, which are 92% copper. Iron is widely
used in construction, often in alloy form as steel, which is less brittle and more resistant to corrosion than
elemental iron. It is used in the manufacture of tools and vehicles and is a catalyst in the production of
ammonia. Copper is used in electrical wiring and as bases on saucepans because of its good electrical and
heat conduction. Interestingly, copper forms the basis of blood in crustaceans, which results in it being a
blue colour. Silver and gold, as well as being used for jewellery, are good conductors of electricity and are
used in electrical contacts. Apart from its presence in baked beans, the element nickel is used in making
stainless steel, in batteries, in coins and as a catalyst in the manufacture of margarine.

TABLE 3.3 Properties of transition metals

Thermal Electrical
Melting conductivity conductivity
Density point at25°C at25°C
Symbol | (g mL™") (°C) (watts m'K™") | (ohm™'m~' x 107)
Iron Fe 7.9 1535 75 1.0 Hard
Copper Cu 8.9 1083 401 6.0 Hard
Silver Ag 10.5 961 429 6.3 Medium
Gold Au 19.3 1059 318 4.3 Soft
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3.2 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Lithium exists as a crystalline solid at temperatures lower than 180 °C.
(@) Write the electron configuration of a lithium atom.
(b) Write the symbol and electron configuration of its cation.
(c) Describe how lithium atoms are bonded together in the solid.

2. Determine which of the atomic numbers below belong to a metal.

25
3. Why is the structure of a metal stable? lllustrate your answer using the example of aluminium and its
electron configuration.
4. Explain the following properties of iron.
(@) Hard
(b) Malleable and ductile
(c) Able to conduct electricity in solid and molten form
5. Magnesium is produced from the mineral dolomite, CaMg(COs)s.
(@) Describe the bonding in magnesium metal crystals.
(b) Magnesium crystals are silver-white and shiny. Explain this property of lustre in terms of structure and
bonding.
. What are some of the limitations of the ‘delocalised sea’ of electrons lattice model for metals?
. How does the ball bearing model explain why some metals bend more easily than others?
8. (a) State the charge on ions formed from group 1 elements.
(b) State the charge on ions formed from group 2 elements.
9. Use the properties of sodium and potassium to predict the approximate values of the melting point and
thermal conductivity of rubidium, the next element in group 1.
10. Explain why aluminium is used for drink cans whereas ‘tin’ cans are used for other foods.
11. Give three reasons silver and gold are used for jewellery.
12. How do (a) gold, (b) mercury and (c) zinc differ from the majority of transition metals?
13. Choose a metal that would be best suited for fabrication of the following.
(@) Car bodies
(b) Beer cans
(c) Household electrical wiring
(d) Fishing sinkers
Justify your choices.
14. Electricity transmission lines for industry are usually made from aluminium even though copper is a better
electrical conductor. Suggest two reasons aluminium is used.
15. Explain the following properties of metals in terms of the metallic structure.
(@) Metals are conductors of heat and electricity.
(b) Metals are malleable.
(c) Metals are ductile.
(d) Metals are shiny.
(e) Metals have high density.

study[(])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.
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studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.
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3.3 Reactivity of metals

KEY CONCEPT
o Experimental determination of the relative reactivity of metals with water, acids and oxygen

The majority of elements found on the periodic table (around 80%) are metallic. The reactivity of metals
depends on their ability to lose electrons and form positive ions (cations). The energy required to form
cations is measured as ionisation energy (see section 2.3.4). This chemical property distinguishes metals
from semi-metals and non-metals because these do not form cations. Being able to predict the products of
reactions between metals and their compounds is key to understanding how different metals are extracted
from their natural sources (ores).

3.3.1 Reactivity of metals and the periodic table

Figure 3.10 shows the general trends in reactivity of the metallic elements found in the periodic table.

FIGURE 3.10 General trends in reactivity in the metallic elements.

Reactivity of metals increases from right to left across the periodic table
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It is possible to determine qualitatively the reactivity of samples of different metals by investigating

experimentally how readily they react with oxygen, cold water, steam and dilute acids (a summary of the
reactions can be found in section 3.3.7).

3.3.2 Relative reactivity of metals
with water

As figure 3.10 indicates, group 1 (alkali metals) and group

2 (alkaline earth metals), are highly reactive, and some of
these metals react with water at room temperature to produce
alkalis and hydrogen gas. (Alkalis are metal hydroxides that
are soluble in water and form solutions that neutralise acids;
see figure 3.11 topic 13.) These highly reactive metals must
be stored under oil to prevent their reaction with atmospheric
water vapour.

FIGURE 3.11 Although the lattice
structure of metals is strong, they
can still react — as sodium does on
contact with water.
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For example:  Group 1 metal +  water — group I metal hydroxide 4+ hydrogen gas
potassium + water —  potassium hydroxide  + hydrogen gas
2K(s) + 2H,00) - 2KOH(aq) + H,(g)
For example:  Group2metal +  steam  — group2metal hydroxide + hydrogen gas
magnesium 4+  steam  —  magnesium hydroxide + hydrogen gas
Mg(s) + 2H,O0(g) - Mg(OH),(aq) + H,(g)
Resources

Weblink

Introduction to the periodic table: alkali metals

Video eLesson Reaction of potassium with water (eles-3209)

The experiment illustrated in figure 3.12

shows how the relative reactivity of magnesium and calcium

can be observed. When equal amounts of freshly sanded magnesium ribbon and strips of oil-free calcium
react with water in beakers A and B as shown, hydrogen gas and a hydroxide compound are formed. The
presence of the hydroxide compound is indicated by phenolphthalein. After 45 minutes, beaker B has a
more intense pink colour, suggesting that more hydroxide compound has been produced by the reaction.
We can deduce qualitatively from this that calcium is more reactive with water than is magnesium.

FIGURE 3.12 Demonstration of relative reactivity of (a) magnesium and (b) calcium.

(@) Beaker A
45
minutes
later
=L =
water and ‘\
phenolphthalein magnesium

(b) Beaker B
45
minutes
later
water and
phenolphthalein calcium

In general terms, if a metal reacts with cold water, a hydroxide and hydrogen gas is formed, whereas
if they only react with steam, they tend to form metal oxides as the high temperatures decompose the

hydroxides into the oxide.

SAMPLE PROBLEM 1

Why is it necessary for magnesium to be freshly sanded for a reaction to occur with cold water?

THINK

Magnesium, and some other metals,
appear to be unreactive, but this is not
always the case. Consider what happens
to the magnesium when it is exposed to
air that may affect the reaction with cold
water.

Teacher-led video: SP1 (tlvd-0513)
WRITE

Metals like magnesium (and especially aluminium) react
readily with atmospheric oxygen, forming a protective
coating of the metal oxide. This metal oxide coating acts as a
barrier, preventing water from coming into direct contact
with the metal and, therefore, no reaction or a slow reaction
occurs.

Sanding the magnesium allows the water to come into
contact with the pure metal, allowing a reaction to occur.
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PRACTICE PROBLEM 1

Why is it necessary for calcium to be oil-free for a reaction to occur?

3.3.3 Relative reactivity of metals with acids

Hydrogen is also produced when the more reactive metals react with acids.

For example:  Group 1 metal +
lithium +
2Li(s) +

For example:  Group2metal +
magnesium  +
Mg(s) +

Resources

acid - salt + hydrogen
hydrochloric acid —  lithium chloride = 4 hydrogen
2HCl(aq) - 2LiCl(aq) + Hy(g)
acid - salt + hydrogen
sulfuric acid — magnesium sulfate + hydrogen
H,S0,(aq) - MgSO,(aq) + H,(g)

Video eLesson Reaction of iron with acid (eles-3210)

3.3.4 Relative reactivity of metals with oxygen

The most reactive metals are found on the very left side of the periodic
table and, as figure 3.10 shows, reactivity increases down the groups. Some
metals, such as sodium, are so reactive that they react with the oxygen in
air and need to be stored under oil to prevent this reaction (see figure 3.13).
See topic 14 for more on redox (‘reduction—oxidation’) reactions.

For example: ~ Group 1 metal +
sodium +
4Na(s) +

For example: ~ Group2metal +
calcium +
2Ca(s) +

oxygen
oxygen
O,(g)

oxygen
oxygen
Oy(2)

1

metal oxide
sodium oxide
2Na,O(s)

metal oxide
calcium oxide
2Ca0(s)

FIGURE 3.13
Sodium reacting violently
with pure oxygen.

S —

SAMPLE PROBLEM 2

Figure 3.13 demonstrates the reaction of sodium and oxygen to produce sodium oxide. Assuming
a small amount of air can enter the glass jar, what is the equation that shows the formation of
carbon when sodium reacts with a very small amount of air?

Teacher-led video: SP2 (tlvd-0514)

>
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THINK WRITE

Pure oxygen is trapped in the combustion jar, but when the

molten sodium is placed inside the jar, air has a chance

to enter.

Even though air contains only 0.04% CO,, the sodium is 4Na(l) + CO,(g) — 2Na,O(s) + C(s)
more reactive and is oxidised (loses electrons) and the

carbon is reduced (gains electrons).

PRACTICE PROBLEM 2

A small spatula of magnesium powder was added to a beaker that contained dilute nitric acid
solution, HNOj;. Bubbles were initially observed. When bubbles were no longer observed, more
magnesium powder was added and the reaction again produced bubbles. This was repeated until
magnesium powder remained in the beaker and no further bubbles were observed.
When a flame was placed at the mouth of the test tube, the gas burned with a squeaky pop.
Answer the following:
a. Identify the gas produced.
b. Give the name of the colourless solution formed in this reaction.
c. Suggest why the reaction stopped.

3.3.5 Summary of the reactivity of metals

TABLE 3.4 Reactivity series of metals

Appearance Reaction with Reaction with
of metal Reaction with oxygen water or steam dilute acids
K

Dull, stored Hydrogen
Na under oil Hydrogen formed |  formed violently
from cold water
Ca Oxidises in air at
Mg room temperature
to give oxides

Al Hydrogen formed | Hydrogen formed
7n Generally dull with steam with cold acid
Fe
Sn Oxidises when No reaction at
Pb heated in air bunsen burner No visible reaction
cu or oxygen to temperatures

give oxides
Hg

Generally shiny No reaction

Ag No reaction

No reaction
Au

Note: aluminium metal often appears to be less reactive than the reactivity series indicates because it has a coating
of aluminium oxide and this protects it from reacting further with oxygen. This coating can be thickened by a process
called anodising.
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Resources

Digital documents Experiment 3.1 Metallic trees (doc-30869)
Experiment 3.2 The underwater garden (doc-30870)

Video eLesson Experiment 3.2 The underwater garden (tlvd-0616)

3.3 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Write the balanced equation (including state symbols) for the reaction of a sample of pure calcium metal with
room temperature deionised water.
2. Write fully balanced equations, including states, for the following reactions.
(@) Potassium + oxygen
(b) Caesium + water
(c) Tin + nitric acid, HNO,

study(J))

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.
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Fully worked solutions and sample responses are available in your digital formats.

3.4 Extraction of metal from its ore

KEY CONCEPT

e The extraction of a selected metal from its ore/s, including relevant environmental, economic and social
issues associated with its extraction and use

3.4.1 Reactivity and extraction method

The method used to extract metals from their ores depends on their reactivity. The reactivity of a metal also
influences how easily it is extracted (see table 3.4). Silver and gold, for example, are unreactive and can
often be found naturally in their elemental state, which is why they have been known and used since ancient
times. For example, gold may be panned in stream beds. More reactive metals must be extracted from their
ores. Ores are rocks that are mixtures of different compounds and from which it is economically viable to
separate out the metal. Copper, for example, which ranks second only to iron in its importance in human
history, is extracted from the ore chalcopyrite (see figure 3.14)

TABLE 3.5 Reactivity metals and type of extraction

Very reactive K, Na, Ca, Mg, Al Electrolysis of molten compound, using electricity to cause a
chemical reaction

Reactive Zn, Fe, Sn, Pb Heating the metal ore with carbon
Less reactive Cu, Hg, Ag Heating the metal ore in air
Unreactive Ag, Pt, Au Can occur as free elements
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FIGURE 3.14 (a) Copper can be extracted from the ore chalcopyrite. (b) Today the main use of copper is in
electrical cables, pipes and wires, shown here ready for recycling.

3.4.2 The extraction of iron metal from its ore

Our society is highly dependent on iron. Iron is needed to manufacture steel for transport, construction,
machinery, containers and appliances. About 5% of the Earth’s crust is iron; it is the fourth most abundant
element after oxygen, silicon and aluminium. Because iron is a metal of medium reactivity, it is extracted
from its ores by reaction with carbon in a blast furnace. Iron ore is composed of a number of different
minerals (iron-rich compounds), from which iron is extracted. Iron ores include magnetite, Fe;O,,
haematite, Fe, O3, pyrite, FeS, goethite, FeO(OH), limonite, FeO;(OH).n(H,0), and siderite, FeCOs;.

The blast furnace

The first stage in the manufacture of iron or
steel is preparing the ore (the rock that contains
the iron) for the blast furnace. It has to be
crushed to fist-sized lumps of rock. These
rocks are heated to drive off any water or other
impurities that will evaporate.

The second stage involves the reduction of
iron oxides to iron in the blast furnace. To do
this, carbon in the form of coke and limestone
(calcium carbonate) are added.

The furnace itself is a tapered cylindrical
tower about 40 metres high. It is made of steel
and is lined with bricks.

A mixture of iron ore, coke and limestone is
added at the top of the furnace in such a way
that no gas escapes while it is being added. At
the same time, blasts of hot air at about 720 °C are blown into the furnace through small holes near the
base. The purpose of the air is to burn the coke to form carbon monoxide. The carbon monoxide reduces
the iron oxide to iron in a reaction that also produces carbon dioxide and great quantities of heat.

The iron falls to the bottom of the furnace and eventually melts at about 1500 °C. It is drained off every
few hours.

The role of the limestone is to remove impurities inside the furnace. Impurities such as silica, SiO,, and
alumina, Al,O3, are removed. The substances formed are known as ‘slag’. The slag floats on top of the iron
and is drained off at a different level.

The iron obtained from a blast furnace is not completely pure and is called ‘pig-iron’. It is hard and
brittle and melts at about 1300 °C.

FIGURE 3.15 Molten iron from a blast furnace.
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The following outlines the steps in this process.
1. The coke reacts with oxygen in the air, giving carbon dioxide:

C(s) +0,(g) = CO, ()

2. The limestone decomposes to calcium oxide and carbon dioxide:

CaCO; (s) = CaO(s) + CO, (g)
3. The carbon dioxide reacts with more coke, giving carbon monoxide:

C(s) + COy (g) = 2CO(g)
4. This reacts with iron oxide in the ore, giving liquid iron:
Fe, 05 (s) + 3CO (g) — 2Fe (1) + 3CO, (g)
The iron trickles to the bottom of the furnace.
5. Calcium oxide from step 2 reacts with sand in the ore, to form calcium silicate or slag:
CaO (s) + SiO, — CaSiO5 ()

The slag runs down the furnace and floats on the iron. The slag and iron are drained from the bottom of
the furnace.

FIGURE 3.16 Iron production in a blast furnace
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3.4.3 Impacts of iron production on society, the economy and
social issues

The benefits to society of iron production include not only providing essential materials but also

offering employment in mining, production, transport and sales. Exporting iron ore contributes to the
economy and, therefore, the wealth of the nation. These benefits must be balanced with the costs of
obtaining and transporting the raw materials, and the energy requirements for the process. The cost to the
environment may also be considerable. The destruction of the landscape for open-cut mining, the significant
waste materials that must be disposed of, and the particulate matter and waste gases all contribute to
environmental damage. The waste carbon dioxide contributes to the greenhouse effect, and sulfur dioxide
gas contributes to acid rain. Recycling iron can reduce some of these problems. Less energy is used to
recycle metals than the original process, and resources are conserved, resulting in lower costs and less
pollution. Collecting waste gases and focusing on revegetation after mining can also reduce some of the
environmental impact.

FIGURE 3.17 Australia is one of the world’s largest producers of iron ore; most of it is
mined in Western Australia.

3.4 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. State the chemical name for the iron compounds obtained from the different iron ores.
2. Find out what methods are used by industry to minimise the effects on the environment of iron production.
3. What differences would you notice in your daily life if iron were not available?

study[[])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

only

studyON: Practice exam questions
Fully worked solutions and sample responses are available in your digital formats.
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3.5 Modifying metals

KEY CONCEPT

o Experimental modification of a selected metal related to the use of coatings or heat treatment or alloy

production

3.5.1 Work-hardening metals

Bending or hammering cold metals causes their
crystal grains to become smaller. Since bending is
now made more difficult, the metal is toughened, or
work hardened. This is easily seen by bending a
metal coathanger and then trying to bend it back to
its original shape. It does not bend back in the area that
has been work hardened.

Work-hardened metals are usually more brittle,
owing to the increased number of dislocations in the
crystal structure. Constantly bending a piece of metal
backwards and forwards causes it to snap since more
and more dislocations are being produced in the
metal crystal.

3.5.2 Modifying metals using heat

FIGURE 3.18 Hammering cold metals makes
them harder.

The neatness of the rows of atoms in a metal may be disrupted by heat. This can occur in three main ways:
o Annealed metals are heated until they are red hot and then cooled slowly. Larger metal crystals are
formed so that the metal produced is softer. Annealing is an intermediate step in metal-forming
processes. It is used to restore ductility lost due to work hardening in items such as the coiled copper

pipes in hot water systems.

o Quenched metals are heated until they are red
hot and then allowed to cool quickly in cold
water. Smaller crystals are formed, which
makes the metal harder but more brittle. For
example, blacksmiths formerly quenched
horseshoes by plunging them into cold water.

o Tempered metals are produced when
quenched metals are warmed again to a lower
temperature and then allowed to cool slowly. This
procedure reduces the brittleness of the metal
while retaining the hardness. For example, metals
used to make special wood-carving tools such as
lathes and chisels, as well as axes and rock drills,
are tempered.

FIGURE 3.19 The rate at which a roll of hot iron
cools will determine its structural properties.

Quenching, annealing and tempering alter the properties of a metal because these processes disrupt the

metal lattice.

Resources

Digital document Experiment 3.3 The effect of heat on metals (doc-30871)
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3.5.3 Coating metals

Metals may be coated for decorative or protective reasons, or to make them more useful, such as non-stick
frypans, chrome-plated pipes and jewellery. Generally, however, metals, particularly iron, are coated to

prevent corrosion.

Surface protection

Surface protection is used to prevent the air and
water from coming into contact with the metal.
A number of methods may be used for surface
protection of iron and steel:

o Plastic is the most common form of
surface protection. It is used to cover items
ranging from simple household coathangers
to commercial cables and wiring.

o Paint is used for many large objects, such
as ships and bridges (figure 3.20).

o Grease or oil may be used to coat the
moving parts of machinery.

o Metal coatings are used on steel.

Two types of such coatings are used: one that
is less reactive than the metal it is coating and
one that is more reactive.

A coating using a metal that is less reactive
than steel is called noble coating, and it serves

FIGURE 3.20 Exposed surfaces on the Sydney Harbour
Bridge must be repainted every five years. But with

a surface area of nearly 500 000m?, painters are
permanently employed to ensure that the Sydney
Harbour Bridge is protected against corrosion.
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purely as a covering. Any scratch or break in the coating results in rapid corrosion of the exposed steel.
Noble coating is used where scratching is unlikely and where zinc coating is not suitable (because zinc
salts are poisonous). Steel food containers are plated with tin, for example, and chromium is used as a noble

coating on steel parts in cars and household items.

A coating using a metal that is more reactive
than steel is called a sacrificial coating (see
topic 14). A break in a sacrificial coating
results in the formation of an electrochemical
cell. The coating corrodes and the steel is
protected. Zinc is the most common form of
sacrificial coating. Objects coated in this way
are said to be galvanised. When used on an
iron roof, for example, the zinc coating reacts
with carbon dioxide in air to form a layer of
basic zinc carbonate, Zn(OH),.ZnCOs3, over
its surface, thus protecting it and slowing its
rate of corrosion. Prepainted galvanised steel
sheets for roofs, walls and household appliances
are now commercially available. Australians
make extensive use of galvanised iron for
roofing, guttering, pipes, rubbish bins, fencing
wire and nails.

3.5.4 Alloys

FIGURE 3.21 A worker pressing galvanised sheet

steel at a steelworks. The zinc prevents the steel from
rusting even if the surface is scratched or broken. This
is because the more reactive zinc loses electrons, rather
than the iron in the steel.

Alloys are used because not all the properties of a metal may be suited to a specific use. By mixing a metal
with other metals or some non-metals, we can change its properties. This process is called alloying.
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Alloy production

Alloys are prepared by melting metals, with or without other materials together, and then cooling the
mixture. The metals are a physical mixture because metals do not form any metallic bonds with different
metals. Most of the metallic materials in everyday use are alloys rather than pure metals. Sometimes,
non-metallic atoms such as carbon and silicon are used to form an alloy.

FIGURE 3.22 Polarised light micrograph of a thin section of common brass, a copper-zinc alloy, showing the
distinct grain structure of this metal alloy. The grain boundaries — the three-dimensional surfaces that enclose
grains — show up as fine lines around the polygonal grains.

s
A

Alloying metals can change their properties to make them more suitable for different purposes. A
common alloy is gold. Pure gold (24 carat) is a relatively soft element and is easily deformed. We,
therefore, use the alloy 18 carat gold in jewellery, because it only contains 75% (by mass) gold, with the
other 25% being made up of silver and copper to make the product stronger and more durable. The term
‘carat’ is used to indicate the ratio of precious metal to base metal in an alloy. For example, 18 carat gold is

24
) or three-quarters gold to one-quarter base metal, and 24 carat gold is 2 or pure gold.

Magnesium is unsuitable for industrial use because of its high reactivity. Yet, when alloyed with other
metals, such as aluminium, zinc and manganese, it offers both lightness and strength, and can be used for
aircraft and car wheels, artificial limbs and skis.

FIGURE 3.23 (a) Jewellery made from gold alloys is harder than pure gold. (b) Magnesium alloys demonstrate
considerable lightness and high tensile strength, hence their use in car wheels.
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Resources
Weblink Alloys
Types of alloys
If the atoms of the metals being used to form an alloy are about the same size, they can replace each other

in the metal crystals. This type of alloy is called a substitutional alloy. Sterling silver is a substitutional
alloy made from silver and copper.

FIGURE 3.24 Sterling silver is a substitutional alloy.

melt and
cool
silver copper sterling silver
Sometimes the atomic sizes of the metals FIGURE 3.25 Steel is an interstitial alloy.

in the alloy differ greatly. The smaller atoms
may then fit into the spaces between the larger
atoms, forming an interstitial alloy. Steel is an + . Md»
interstitial alloy made from iron and carbon. cool

The properties of alloys differ from those of
their component metals. For example, sterling iron carbon steel
silver is harder than pure silver, and stainless
steel is stronger and more resistant to corrosion than iron.
Solder is composed of 70% lead (melting point 327 °C)
and 30% tin (melting point 232 °C). It is
used to join metals together because it melts at 180 °C,
lower than either of its components. An alloy of mercury
is called amalgam. Some dental fillings are amalgams
of mercury (50%), silver (35%) and tin (13%) with copper
and zinc. The amalgam filling starts as a pliable
substance but undergoes a chemical reaction, causing it
to harden after it is used to fill a cavity.

FIGURE 3.26 Dental fillings can be made
from an alloy of mercury called amalgam.

3.5 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Samurai swords were tempered to make them stronger and harder.
(@) Describe how tempering alters the properties of a metal.
(b) Describe two other methods that use heat to modify the properties of a metal.
2. Explain why work-hardened copper requires annealing before it may be further bent into a coiled shape.
. When a metal paperclip is straightened out, it is difficult to bend it back to its original shape. Why?
4. Solder (melting point 180 °C) is an alloy made from 30% tin (melting point 232 °C) and 70% lead (melting
point 327 °C). It is commonly used to join metal surfaces or parts.
(@) Describe how solder could be made.
(b) The atoms of tin and lead are similar in size. Decide which model (interstitial or substitutional) better
represents the structure of solder.
(c) What properties of solder differ from that of tin and lead? Relate this to its use.

w
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5. Automatic fire sprinkler plugs are used in most modern buildings. When they melt, they release water onto
the fire. The plugs are made from an alloy of tin, lead, bismuth and cadmium, each of which melts at a
temperature well over 200 °C. What properties would you expect this alloy to exhibit, and how do these
properties differ from those of the metals from which it is made? Explain your answer.

study(]])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.
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3.0 Metallic nanomaterials

KEY CONCEPT

e Properties and uses of metallic nanomaterials and their different nanoforms, including comparison with the
properties of their corresponding bulk materials

3.6.1 Properties of metallic nanomaterials

The reactivity of a metal is influenced by the size of its particles. The exceptionally small size of
nanoparticles results in a relatively large surface area. This very high surface area to volume ratio of
nanoparticles increases their reactivity and catalytic ability because of the greater contact with reactant
particles. This means the properties of metallic nanoparticles are different from those of their corresponding
bulk materials.

FIGURE 3.27 As the size of the particles decreases, the surface area increases. This has significant effects on the
properties of nanomaterials.

Tom—>
Total surface Total surface Total surface
area = 6 cm? area = 60 cm? area = 60000000 cm?
(cube edge =1 cm) (cube edge = 1 mm) (cube edge = 1 nm)

Nanoparticles have a diameter between 1 and 100 nm. In just 1 millimetre, there are 1 million
nanometres. Metallic nanomaterials are not new. Nanogold has been used in Roman pottery and in medieval
stained-glass windows, as have nanocopper and nanosilver. Scientists are interested in their huge potential
in biomedical science and engineering.

3.6.2 Uses of metallic nanomaterials

The antibacterial properties of nanosilver means it has many uses; socks can be permeated with nanosilver,
for example, and worn for extended periods of time. Perhaps this is not an entirely appealing thought, but
these antibacterial properties mean that much of the odour is eliminated. Some clothing, food packaging,
surfaces, appliances, bedding and even baby bottles have also undergone the same treatment. Nanosilver’s
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antimicrobial properties also make it useful for bandages, dressings and surfaces in hospitals. Its proven
effectiveness is due to its extremely large surface area, a characteristic of nanoparticles in general. However,
there is evidence of increasing bacterial resistance to nanosilver and concern about the effects of its use on
the environment.

3.6.3 Comparison of nanomaterials and bulk materials

The properties discussed through most of this topic have referred to what are described as bulk materials
or those at the macro level. At the macro level, solid samples can contain billions of atoms, whereas a
nanoparticle has between 10 and 70 000 atoms. Metallic nanomaterials have the same metallic structure
but the number of atoms in a sample is very much smaller. This results in not enough outer shell electrons
to act as a cloud of delocalised electrons, which creates different properties. At the nanoscale, many of the
classical laws of physics do not operate; it is here that quantum effects apply.

In the future, metallic nanotechnology has significant potential to contribute to smaller and
faster electronics, biotechnology, the environment and industry. Understanding the implications of
nanotechnology is essential to minimising risks to health and the environment.

3.6.4 Different nanoforms of metals and their properties

Nanomaterials look different from and react faster than bulk samples. They may be stronger and better
conductors of electricity; they are good catalysts. In bulk metals, the high density of electrons on the surface
causes light to be fully reflected. When the particles are much smaller, some parts of visible light are
absorbed, resulting in the appearance of a colour that depends on the size of the nanoparticles. Nanosilver

is yellow; nanogold is red for particles of about 20 nm diameter but can be orange, pink or even blue

if the particle size is different (see figure 3.28). Bulk gold boils at 1064 °C but nanogold boils at a few
hundred degrees. Nanogold is used in electronic chips, and in diagnosis and treatment of disease including
cancer treatment, and drug or gene delivery. It is also an effective catalyst. Examples of nanotechnology in
medicine can also be found in topic 1.

FIGURE 3.28 The colour of nanogold depends on the size of the clusters of particles; in the samples shown, the
smallest particles are on the left and the largest on the right.

|

Resources

Weblink Gold and nanogold in medicine
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TITANIUM BICYCLES
Materials research has become an important component of competition

preparation in many sports. Track and field athletes look for running FIGURE 3.29 Titanium
shoes that provide stability, support and track grip. Tennis players mountain bike frames are also
seek the ultimate racquet that will give them a larger ‘sweet spot’ (the becoming popular.

optimum position on the mesh from which to hit the ball), greater power
and more control. Bicycle frames have until recently been built from
steel, aluminium and carbon fibre composites. A new material has now
emerged as the preferred frame material — titanium. (Titanium bike
frames were first made in 1986 but only in recent years has the cost
of these frames dropped sufficiently to make them a viable alternative
for cyclists.)

Each frame material has its advantages and disadvantages, as shown
in table 3.6.

TABLE 3.6 Materials used in bicycle frames

m Advantages Disadvantages

Aluminium o Light e Low resistance to
o Stiff repeated stresses
Steel e Strong e Rusts

e Economical
o Easily shaped to required specifications

Heavy

Carbon fibre composites o High strength-to-mass ratio
e Good shock-dampening power
e Good vibration-dampening power

Very expensive

Titanium e Less than half the density of steel
o Excellent resistance to metal fatigue
e High corrosion resistance

Expensive
Difficult to shape

Titanium is preferred by cyclists for use in bicycle frames due to its combination of toughness, elasticity and
resilience. Bicycles that are built stiffly, so that they resist pedalling forces, often provide a harsh, uncomfortable
ride. Although titanium frames are very stiff against high pedalling forces, they seem to transmit much less road
shock than bicycles made of other materials. Steel, for example, has a significantly higher density than titanium,
but shock waves travel faster in steel than in titanium. Despite the fact that titanium’s high vibration-dampening
properties are not yet fully understood, we do know that titanium provides three things crucial to cyclists: low
weight, stiffness and a smooth ride.

Titanium is a lustrous, silvery metal with a high melting point (1667 °C). Found as an ore, titanium is quite
abundant in the Earth’s crust, ranking ninth of all the elements. Metals are usually extracted from their ores by
heating them with carbon. The extraction of titanium, however, is quite difficult since carbon cannot be used due
to the formation of titanium carbides. Titanium’s unusual ability to stretch makes it hard to shape by machine. It
tends to push away from even a very sharp cutting blade, giving a rather unpredictable final edge.

However, the superior bicycle that results is worth all these difficulties.
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3.6 EXERCISE

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Consider figure 3.27.
(@ What is the volume to surface area ratio of a cube with sides 1 mm in length?
(b) What is the volume to surface area ratio of a cube with sides 1 nm in length?
(c) How many times larger is the surface area of a cube of 1nm sides compared to a cube of 1 mm sides?
. Why do nanomaterials have different properties to bulk materials?
3. Read the weblink Gold and nanogold in medicine. What properties of quantum dots allow them to be used
in medicine?

study[]}])

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.
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3.7 Review
3.7.1 Summary

Properties of metals
o When metallic atoms of the same element combine, a lattice is formed consisting of cations in a sea of
delocalised electrons. The electrostatic attraction between the cations and electrons is called metallic
bonding.
o The metallic lattice structure influences the properties of metals, which, in turn, determine their use.
o Metals are generally:
e lustrous due to the mobile electrons being able to reflect light
e good conductors of heat due to the mobile electrons
e able to transfer the kinetic energy in hotter areas of the metal to cooler areas
e good conductors of electricity due to the electrons being able to move when an electric field is
applied
¢ malleable and ductile because the attractive forces that bond the cations and mobile electrons occur
in all directions, so that one layer of metal atoms can easily slip over another, without breaking the
bonds
¢ high-density substances because their lattices are close packed
¢ hard and tough and have high tensile strength and high melting points due to the strong attraction
between the electrons and cations.
o The properties of metals in different blocks of the periodic table show variations from the general
properties.
o s-block metals are reactive and some have lower density.
e p-block metals have varied properties.
o d-block metals usually form coloured compounds and are useful as catalysts.
o The ball bearing model was developed to explain different metal strengths.
o Metals with large areas of perfect close packing (grains) have fewer dislocations (flaws in the
packing) and bend easily.
o Metals with small grains have many dislocations and do not bend easily.
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Reactivity of metals
o Metals vary in their reactivity. Reactivity decreases across the periods and increases down a group of
the periodic table.
o Reactions of metals with water
Group 1 metal + water — group 1 metal hydroxide + hydrogen gas
Group 2 metal 4+ steam — group 2 metal hydroxide + hydrogen gas
o Reactions of metals with acids
Group 1 metal + acid — salt + hydrogen gas
Group 2 metal + acid — salt + hydrogen gas
o Reactions of metals with oxygen
Group 1 metal + oxygen — metal oxide
Group 2 metal + oxygen — metal oxide

Extraction of metal from its ore

o The method of metal extraction from its ore depends on the metal’s reactivity. Iron is a reactive metal
and is extracted by reaction with carbon in a blast furnace.

o Iron is an essential material for construction and manufacturing, but its production has impacts on the
environment, including land degradation and pollution. These effects may be reduced by recycling,
collecting waste gases and revegetation.

Modifying metals
e Metals can be modified by:
e work hardening
o different heat treatments
o alloying
e coating (used to improve usefulness and prevent corrosion).

o Work-hardened or toughened metals are more brittle because the crystal grains are smaller and have
more dislocations.

o The three types of heat-modified metal are:

o annealed metals, which are heated and then cooled slowly to produce larger crystals and hence a
softer metal

e quenched metals, which are heated until red hot and then cooled quickly in cold water to produce
smaller crystals and hence a harder but more brittle metal

o tempered metals, which are made by warming a quenched metal and allowing it to cool slowly to
reduce brittleness but retain hardness.

o Metals may be coated with plastic, paint, oil or another metal to provide surface protection.

o The two types of metal coatings are:

e noble coatings of less reactive metals, which serve as a physical barrier
e sacrificial coatings of more reactive metals, which serve as a physical and chemical barrier, such as
galvanising.

o Alloys are made by melting metals or other materials together and cooling the mixture.

e The alloy has different properties from that of the original materials.
e The two types of alloy are substitutional alloys, where the metal atoms are the same size, and
interstitial alloys, where the metal atoms differ in size.

Metallic nanomaterials
o Because of their extremely small size and resulting large surface area, the properties of metallic
nanoparticles are different from those of the corresponding bulk materials, including colour and
reactivity.
o Nanosilver is a useful antibacterial agent.
o Nanogold has beneficial applications in disease detection and treatment.
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study(J])

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice exam
question booklet (doc-30926).

3.7.2 Key terms

alloy a substance with metallic properties that consists of two or more elements, at least one of which is a metal

alloying mixing of a metal with one or more other elements (usually metals)

annealed metal that has been heated in an inert gas to a moderate temperature, its temperature maintained for
several hours, and then cooled slowly

ball bearing model representation of a metal using ball bearings to show the arrangement of cations into grains

cation a positively charged atom or group of atoms

delocalised describes electrons that are not bound to any one atom but are free to move throughout a lattice

ductile able to be drawn out into a thin wire

galvanised the coating of an iron-containing metal with zinc; the zinc forms a physical and chemical barrier to
protect the iron because zinc is more reactive than iron

interstitial alloy an alloy in which the smaller atoms fit into the spaces between the larger atoms

lustrous having a shiny surface

malleable able to be hammered or pressed into shape without breaking or cracking

metallic bonding positively charged metal cations arranged in a lattice with delocalised valence electrons being
able to flow around them

metallic lattice structure crystal lattice made up of an array of cations

noble coating protection of a metal from corrosion by attaching a thin metallic layer to it

quenched metal that has been plunged while hot into water to rapidly cool it

sacrificial coating protection of a metal from corrosion by attaching another more active metal to it; the more
active metal reacts preferentially with corrosive elements and protects the less reactive metal

substitutional alloy an alloy in which the atoms of the different elements are about the same size, so they can
replace each other in the metal crystals

tempered a quenched metal that is heated again but to a lower temperature than the initial heating

work hardened a property of metal brought about by beating the metal when cold

Resources

Digital document Key terms glossary — Topic 3 (doc-30924)

3.7.3 Practical work and investigations

Experiment 3.2
The underwater garden

47

Aim: To grow crystals using sodium silicate solution and various metal salts.

Digital document: doc-30870 B —_—
Teacher-led video: tivd-0616 = A -~
Resources

Digital documents Practical investigation logbook (doc-30925)
Experiment 3.1 Metallic trees (doc-30869)
Experiment 3.3 The effect of heat on metals (doc-30871)
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3.7

Exercises

To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

3.7 Exercise 1: Multiple choice questions

1. A characteristic of metals is that their atoms

A.
B.
C.
D.

are smaller than those of non-metals.

readily form ionic bonds with non-metal atoms.

have few electrons in their outer shells, and these are readily lost in chemical reactions.
have high electronegativity.

2. How can the structure and bonding in solid sodium metal at room temperature be described?

A.
B.
C.
D.

A network lattice of closely packed sodium atoms, held together by strong ionic bonds
A lattice of Na, molecules

A network lattice of sodium ions, held together by a ‘sea’ of electrons

A lattice of Na, molecules held together by weak bonds

3. Which of the following properties is not characteristic of metals?

A.
B.
C.
D.

They are good conductors of heat.

They are capable of being polished.

They are relatively dense solids at room temperature.
They are hard and brittle.

4. What is the property of metals that enables them to conduct an electric current?

A.
B.
C.
D.

The outer electrons of metal atoms are not firmly bound to the atom.

Metal atoms are better suited as charge carriers than non-metal atoms.

Ions in the metal can move freely through the metallic lattice.

Metal atoms are not as firmly bonded to each other as are non-metallic atoms.

5. The physical properties of solid metals can best be explained by proposing that

A.
B.

C.

D.

each metal atom is held in the crystal lattice by covalent bonds.

positive metal ions are arranged in an orderly way, with delocalised electrons able to move freely
throughout the crystal lattice.

positive and negative metal ions are arranged in an orderly way, with delocalised electrons able to
move freely through the crystal lattice.

each metal atom is surrounded by a variable number of valence electrons, which complete a ‘noble
gas’ electronic structure in the crystal lattice.

6. Both copper and sodium chloride have high melting points. Copper, in its solid and liquid states, is a
good conductor of electricity while sodium chloride conducts electricity only when molten or dissolved
in water. How can this difference in electrical conductivity be explained?

A.

B.
C.
D.

Much stronger bonding forces exist between atoms in sodium chloride than between those in
copper.

Electrons in solid copper have much greater mobility than those in solid NaCl.

Chlorine is a poor electrical conductor.

Copper has only one kind of atom.

7. What is the structure of a solid formed by heating a mixture of two metallic elements at high
temperature likely to be?

A.
B.
C.
D.

A metallic solid called an alloy

An ionic solid

A mixed ionic lattice and metallic lattice
Separate molecules of each element
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8. Which of the following is not a possible mechanism for the formation of an alloy of two metals?
A. Atoms of one metal fit into the interstitial spaces between atoms of the other.
B. A new element is formed.
C. Atoms of one metal replace atoms of the other in the crystal lattice.
D. Separate crystals of one metal are dispersed throughout the other.
9. Which element can be found in nature in elemental (uncombined) form?

A K
B. Ca
C. Au
D. Al

10. Why does aluminium, a fairly reactive metal, not react with oxygen gas in air?
A. It is protected by small amounts of its own impurities.
B. Its oxide forms a hard protective layer on the metal.
C. Nitrogen and carbon dioxide gas in the air prevent oxidation.
D. It forms a hard protective layer by a reaction with sulfur in the air.

11. Why do iron rubbish bins coated with a complete layer of zinc not rust?
A. The zinc acts as a sacrificial metal, reacting to prevent the iron rusting.
B. Iron is a more reactive metal than zinc.
C. The zinc combines with the iron to form a new compound that does not rust.
D. Particles of rust are unable to stick to the zinc surface.

12. Consider the following:
e Metal G slowly reacts with cold water.
o Metal H is generally shiny.
o Metal E readily reacts with oxygen.
o Metal F produces hydrogen when it reacts with acid.
What is their reactivity order, from the most to the least reactive?
AH>G>F>FE
B.H>E>F>G
C.F>H>G>E
D. E>G>F>H

13. Which is formed by the reaction of zinc with hydrochloric acid?
A. Zinc hydroxide + hydrogen
B. Zinc sulfate + chlorine
C. Zinc chloride + hydrogen
D. Zinc chloride + water

14. When a piece of sodium metal is carefully added to water, it reacts vigorously. What would a piece of
caesium metal do?
A. React with about the same vigour
B. React more vigorously
C. React less vigorously
D. Not react at all with the water

15. Which of the following is a metal that reacts with dilute acids but not cold water?
A. Potassium
B. Gold
C. Iron
D. Carbon
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3.7 Exercise 2: Short answer questions

1. The electron configurations of elements A, B, and C are as follows.
o« A:2,6
e B: 2, 8, 1
e C:2,8,5

Which of these elements is a metal?

2. Which of the following substances contain metallic bonding?

Lithium

Sulfur

Sodium bromide

Mercury(II) fluoride

Calcium

. Argon

3. Woks used in cooking can be made from stainless steel or normal steel. It is believed that normal steel
enhances the flavour of the food. The wok is washed without an abrasive, dried, and then stored with a
thin coating of oil on its inner surfaces.

Regular saucepans, on the other hand, are usually made of the much more expensive stainless steel
and often have a copper base.
a. Discuss the properties of these metals with reference to their use in the kitchen.
b. Why do people coat the woks with 0il?
c. What other metals are used in the kitchen?
4. a. Why was gold one of the first metals to be used?
b. Why was it not used for weapons?

5. Over the years, dentists have used metals for tooth fillings: first gold and then an amalgam of mercury.
This amalgam is made by shaking a powdered mixture of silver, tin, copper and zinc with mercury.
Within seconds, the mercury dissolves to form an amalgam that the dentist packs into the cavity. This
alloy hardens in two hours.

Match the property of each metal with those of the alloy used in a dental amalgam.

T T

-0 200D

Silver Can be poured into the tooth easily
Tin Does not tarnish or react with food or drink
Mercury Bonds to the mercury and helps the amalgam set
Copper and zinc Helps the amalgam stay free from tarnish
Gold Gives the amalgam strength

6. a. What is the difference between a metal and an alloy?
b. Give examples of three alloys and indicate what advantages they have over the metal.
7. State, with reasons, whether each of the following substances is an element, a compound or an alloy.

a. Copper b. Brass

c. Gold d. 18 carat gold
e. Silver bracelet f. Iron

g. Bronze h. Copper oxide
i. Rust j. Oxygen

k. Solder I. Stainless steel
m. Water

8. Although mercury and mercuric compounds are toxic, mercury can safely be used in a tooth amalgam.
What does this suggest about mercury and the amalgam?
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9. Identify from which block (s, p or d) each of the following metals is found.
a. It corrodes easily, forming a orange—brown solid compound.
. It has a partially filled p subshell and low density.
. It has a low melting point and can be cut easily with a knife.
. Itis shiny and grey and, in nano form, has good antibacterial properties.
. It forms a compound that is white and has a subshell electron configuration of
15%2522p%35?3p04523d'°.

10. Explain the difference between tempering and annealing a metal.
11. Explain, in terms of their bonding, why quenched metals are harder than unquenched metals.
12. Describe a situation where each of the following metal coatings may be used.

a. Plastic

b. Oil

c. Noble

d. Sacrificial
13. Describe an experiment that could be used to find the position of nickel in the activity series of metals.
14. Place a tick in the following table if the substance has the properties listed.

Reactive

O Q 0 T

Magnetic

Spreads through water

Range of colours

Good conductor

Very large surface area

Insoluble

Unreactive

Does not conduct

Transition metal

15. Iron is an important metal for industry and consumers. It is used in greater quantity and variety than any
other metal.
a. List four important uses of iron.

. List four properties of iron that are relevant to the uses in part (a).

. Why is iron used so extensively?

. Wh