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HOW CAN THE DIVERSITY OF MATERIALS 
BE EXPLAINED?

Introduction
You will already know from previous years of science that atoms are the 
building blocks of everything in our universe. As you will revisit in this chapter, 
atoms are composed of smaller particles called protons, neutrons and electrons, 
and you will recall the placement of these within atoms. This knowledge will 
then be extended to discuss how different numbers of these smaller particles in atoms 
may result in the formation of either isotopes or ions.

For elements, you will learn how to represent the numbers of these subatomic particles 
in atomic notation as well as their electron configurations in both shell and subshell 
notation. These electron configurations will then be used to look at how the periodic 
table is constructed and how scientists use this as a ‘cheat sheet’ for determining the properties of 
different elements and trends across different areas of the periodic table. The relationship between 
the properties of some critical elements and how they are recycled will also be investigated.

Curriculum
Area of Study 1 Outcome 1

Elements and the periodic table

Study Design: Learning intentions – at the end of this chapter I will be able to:

• The definitions of 

elements, isotopes 

and ions, including 

appropriate notation: 

atomic number; mass 

number; and number 

of protons, neutrons 

and electrons

1A   Introduction to the elements

1A.1  Recall what an element, isotope and ion are and how they 

are different

1A.2  Be able to write correct atomic notation for different 

elements, isotopes and ions

1A.3  Recall the difference between the atomic number and 

mass number of an element

1A.4  Determine the atomic number and/or mass number by 

looking at the atomic notation of an element

1A.5  Recall what an electron, proton and neutron are and the 

differences between them

1A.6  Determine the number of protons, neutrons and/

or electrons for an element, isotope or ion from 

atomic notation

UNIT

1

ELEMENTS AND THE 

PERIODIC TABLE

CHAPTER

1

INTRODUCTION 

VIDEO 
ELEMENTS AND 
THE PERIODIC 
TABLE
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Study Design: Learning intentions – at the end of this chapter I will be able to:

• The periodic table as 

an organisational tool 

to identify patterns 

and trends in, and 

relationships between, 

the structures (including 

shell and subshell 

electronic configurations 

and atomic radii) and 

properties (including 

electronegativity, first 

ionisation energy, 

metallic and non-metallic 

character and reactivity) 

of elements

1B   Electron configurations

1B.1 Recall Bohr’s model for writing electron configurations

1B.2 Recall the difference between shells, subshells and orbitals

1B.3  Recall the types of subshells and number of orbitals 

in each

1B.4  Understand the limitations of Bohr’s model for electron 

configurations

1B.5  Use the position of an element on the periodic table to 

determine its electron configuration

1B.6 Write the electron configuration for both atoms and ions

• The periodic table as 

an organisational tool 

to identify patterns 

and trends in, and 

relationships between, 

the structures (including 

shell and subshell 

electronic configurations 

and atomic radii) and 

properties (including 

electronegativity, first 

ionisation energy, 

metallic and non-metallic 

character and reactivity) 

of elements

1C   The periodic table

1C.1  Recall the different areas and overall structure of the 

periodic table (blocks, groups and periods)

1C.2  Understand and be able to calculate the core charge of an 

atom or ion

1C.3  Explain how core charge and the number of electron 

shells relate to the attraction of the valence electrons 

to the nucleus

1C.4  Explain the difference in atomic radius when comparing 

elements down a group and across the same period

1C.5  Recall the definitions of electronegativity, first ionisation 

energy, reactivity, and metallic and non-metallic character

1C.6  Use the core charge and atomic radius of an element to 

explain trends in electronegativity, first ionisation energy, 

reactivity, and metallic and non-metallic character both 

down a group and across a period

• Critical elements (for 

example, helium, 

phosphorus, rare-earth 

elements and post-

transition metals and 

metalloids) and the 

importance of recycling 

processes for element 

recovery

1D   Critical elements and recycling processes

1D.1  Explain examples of critical elements, including helium, 

phosphorus, rare-earth elements, post-transition metals 

and metalloids, and why they are classified as such

1D.2  Recall examples of the mining, extraction and processing of 

critical elements

1D.3 Explain the different uses of critical elements

1D.4  Outline examples of current recycling processes for 

recovering critical elements

1D.5  Explain the importance of element recovery with reference 

to environmental, economic and/or social implications

VCE Chemistry Study Design extracts © VCAA; reproduced by permission.
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Glossary
Atom
Atomic number
Atomic radius
Aufbau’s principle
Bohr model
Boiling point
Chemical property
Circular economy
Compound
Core charge
Critical element
Cryogenics
Diatomic
Electron
Electronegativity
Electrostatic force of attraction
Element
Emission spectrum
Eutrophication
Excited state
First ionisation energy

Ground state
Hund’s rule
Ion
Ionisation energy
Isotope
Mass number
Melting point
Metallic character
Monoatomic
Neutron
Orbital
Ore
Physical property
Proton
Relative atomic mass
Slag
Smelting
Subshell
Subatomic particle
Valence electron
Valence shell
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Concept map

–

+
+

+

–

–

Electrons Nucleus

Protons

Shells

Mass number

Atomic number

Chemical symbol

Elements, isotopes, ions, atomic number, mass number and

number of protons, neutrons and electrons

Shell and subshell

electron configuration

Using the periodic table

as an organisational tool

1A Introduction to the elements

1B Electron configurations 1C The periodic table

1D Critical elements and recycling processes

See the Interactive Textbook for an interactive version of this concept map

interlinked with all concept maps for the course.

Critical elements and the

importance of recovery

through recycling
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1

H

1.0
Hydrogen

2

He

4.0
Helium

3

Li

6.9
Lithium

4

Be

9.0
Beryllium

5

B

10.8
Boron

6

C

12.0
Carbon

7

N

14.0
Nitrogen

8

O

16.0
Oxygen

9

F

19.0
Fluorine

10

Ne

20.2
Neon

11

Na

23.0
Sodium

12

Mg

24.3
Magnesium

13

Al

27.0
Aluminium

14

Si

28.1
Silicon

15

P

31.0
Phosphorus

16

S

32.1
Sulfur

17

Cl

35.5
Chlorine

18

Ar

39.9
Argon

19

K

39.1
Potassium

20

Ca

40.1
Calcium

21

Sc

45.0
Scandium

22

Ti

47.9
Titanium

23

V

50.9
Vanadium

24

Cr

52.0
Chromium

25

Mn

54.9
Manganese

26

Fe

55.8
Iron

27

Co

58.9
Cobalt

28

Ni

58.7
Nickel

29

Cu

63.5
Copper

30

Zn

65.4
Zinc

31

Ga

69.7
Gallium

32

Ge

72.6
Germanium

33

As

74.9
Arsenic

34

Se

79.0
Selenium

35

Br

79.9
Bromine

36

Kr

83.8
Krypton

37

Rb

85.5
Rubidium

38

Sr

87.6
Strontium

39

Y

88.9
Yttrium

40

Zr

91.2
Zirconium

41

Nb

92.9
Niobium

42

Mo

96.0
Molybdenum

43

Tc

(98)
Technetium

44

Ru

101.1
Ruthenium

45

Rh

102.9
Rhodium

46

Pd

106.4
Palladium

47

Ag

107.9
Silver

48

Cd

112.4
Cadmium

49

In

114.8
Indium

50

Sn

118.7
Tin

51

Sb

121.8
Antimony

52

Te

127.6
Tellurium

53

I

126.9
Iodine

54

Xe

131.3
Xenon

55

Cs

132.9
Caesium

56

Ba

137.3
Barium

57–71
Lanthanides

72

Hf

178.5
Hafnium

73

Ta

180.9
Tantalum

74

W

183.8
Tungsten

75

Re

186.2
Rhenium

76

Os

190.2
Osmium

77

Ir

192.2
Iridium

78

Pt

195.1
Platinum

79

Au

197.0
Gold

80

Hg

200.6
Mercury

81

Tl

204.4
Thallium

82

Pb

207.2
Lead

83

Bi

209.0
Bismuth

84

Po

(210)
Polonium

85

At

(210)
Astatine

86

Rn

(222)
Radon

87

Fr

(223)
Francium

88

Ra

(226)
Radium

89–103
Actinoids

104

Rf

(261)
Rutherfordium

105

Db

(262)
Dubnium

106

Sg

(266)
Seaborgium

107

Bh

(264)
Bohrium

108

Hs

(267)
Hassium

109

Mt

(268)
Meitnerium

110

Ds

(271)
Darmstadtium

111

Rg

(272)
Roentgenium

112

Cn

(285)
Copernicium

113

Nh

(280)
Nihonium

114

Fl

(289)
Flerovium

115

Mc

(289)
Moscovium

116

Lv

(292)
Livermorium

117

Ts

(294)

Tennessine

118

Og

(294)

Oganesson

57

La

138.9
Lanthanum

58

Ce

140.1
Cerium

59

Pr

140.9
Praseodymium

60

Nd

144.2
Neodymium

61

Pm

(145)
Promethium

62

Sm

150.4
Samarium

63

Eu

152.0
Europium

64

Gd

157.3
Gadolinium

65

Tb

158.9
Terbium

66

Dy

162.5
Dysprosium

67

Ho

164.9
Holmium

68

Er

167.3
Erbium

69

Tm

168.9
Thulium

70

Yb

173.1
Ytterbium

71

Lu

175.0
Lutetium

89

Ac

(227)
Actinium

90

Th

232.0
Thorium

91

Pa

231.0
Protactinium

92

U

238.0
Uranium

93

Np

(237)
Neptunium

94

Pu

(244)
Plutonium

95

Am

(243)
Americium

96

Cm

(247)
Curium

97

Bk

(247)
Berkelium

98

Cf

(251)
Californium

99

Es

(252)
Einsteinium

100

Fm

(257)
Fermium

101

Md

(258)
Mendelevium

102

No

(259)
Nobelium

103

Lr

(262)
Lawrencium

79

Au

197.0
Gold

Atomic number

Relative atomic mass

Symbol of element

Name of element
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Introduction to the elements

Study Design: Glossary:

The definitions of 

elements, isotopes 

and ions, including 

appropriate notation: 

atomic number; mass 

number; and number of 

protons, neutrons and 

electrons

Atom

Atomic number

Chemical property

Compound

Diatomic

Electron

Element

Ion

Isotope

Mass number

Monatomic

Neutron

Physical property

Proton

Relative atomic mass

Subatomic particle

1A

ENGAGE

The discovery of the atom
It was 1802 when John Dalton, an English chemist and physicist, presented his first ideas 

of the atomic theory of matter. In this theory, he proposed the following:

 • All matter is made up of tiny spherical particles, which are indivisible.

 • Atoms cannot be created or destroyed.

 • Elements contain only one type of atom, whereas compounds contain different types 

of atoms in fixed ratios.

Dalton also developed symbols to represent elements and compounds known at the time.

Since Dalton’s work in the early nineteenth century, many other scientists have 

contributed their own ideas through discovery, which have continued to shape the 

structure of the atom and understanding of elements that we know today.

In 2016, four new elements were named and given a permanent place in the periodic table:

 • nihonium (113)

 • moscovium (115)

 • tennessine (117)

 • oganesson (118).

Since 2017, teams of scientists in Japan and in Russia have been trying to create element 119.

Figure 1A–1 John Dalton (1766–1844) 

concluded that matter is composed 

of atoms.

Figure 1A–2 Symbols of elements 

and compounds known to exist at 

the time

6 CHAPTER 1 ELEMENTS AND THE PERIODIC TABLE
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EXPLAIN

Key chemical terms
Before beginning to explore key chemical ideas in greater depth, there are some key terms 

that you need to be familiar with.

Atoms

Atoms are the building blocks of everything (Figure 1A–3). Your own DNA, cells, the 

food you eat, fragrances you smell, materials you use every day and the fuel used for 

transportation are all made of atoms.

Subatomic particles

Subatomic particles determine the characteristics of each type of atom. Figure 1A–3 and 

Table 1A–1 indicate the different subatomic particles within atoms, the charge they carry 

and their location.

Atom 
the smallest 
piece of an 
element that 
retains the 
properties of 
that element

–

+

+

+

–

–

Electrons

Neutrons

Nucleus

Protons

Shells

Figure 1A–3 A generalised representation of the structure of an 

atom, containing the location of the different subatomic particles

Subatomic 
particle 
a particle that 
is present 
within an 
atom; includes 
protons, 
neutrons and 
electrons

Proton 
a positively 
charged 
subatomic 
particle present 
within the 
nucleus of 
an atom

Neutron 
an uncharged 
subatomic 
particle present 
within the 
nucleus of an 
atom

Electron 
a negatively 
charged 
subatomic 
particle that 
moves around 
the nucleus of 
an atom

Element 
a pure substance 
made of only 
one type of atom

Chemical 
property 
the behaviour of 
an element or 
substance when 
it reacts with 
another element 
or substance

Physical property 
the features of 
an element or 
substance that 
can be measured 
without altering 
the chemical 
composition of 
that substance

Table 1A–1 Subatomic particles and their location within an atom

Subatomic particle Charge Location Relative mass (amu)

Proton Positive
Nucleus

1

Neutron Neutral 1

Electron Negative Shells 0.0005

You will notice from the table that protons and neutrons have similar relative masses. The 

actual values of their mass are: 

Proton = 1.673 × 10–24 grams

Neutron = 1.675 × 10–24 grams

As these are such small values, we use the relative mass – in atomic mass units (amu) – of 1 

to represent these. You will also notice that an electron is significantly smaller than each of 

these, in fact 
1

1840
 th the size.

Elements

Elements are made of only one type of atom and therefore are referred to as pure 

substances. Each element is made of its own unique atoms determined by the number 

of protons in its nucleus. Depending on the material that an element’s atoms form, their 

chemical and physical properties are very different.

VIDEO 1A–1  
ATOMS, IONS  
AND ISOTOPES

71A INTRODuCTION TO THE ELEMENTS
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For example:

 • Non-metallic elements 

like helium and neon are 

monoatomic, whereas other non-

metallic elements, like chlorine 

and nitrogen, form molecules 

that are diatomic (Figure 1A–4).

 • Other non-metallic elements, 

like carbon, can form giant 

networks or layers of atoms, 

creating substances such as 

diamond or graphite.

 • Metallic elements, like sodium, 

form strong organised lattices made up of many cations, which form as a result of atoms 

losing electrons. 

You will explore more of these properties across different 

chapters in Unit 1.

Compounds

Compounds are formed when two or more different types of atoms 

combine in fixed ratios to form a new substance (Figure 1A–5).

LINK

1D CRITICAL 
ELEMENTS AND 

RECYCLING 
PROCESSES

LINK

2A REPRESENTING 
COVALENT 

COMPOUNDS

LINK

3A STRUCTURE 
AND PROPERTIES 

OF METALS

Monoatomic 
an element 
that consists 
of only one 
atom; the prefix 
mono means 
‘one’

Diatomic 
a element that 
consists of two 
atoms; the prefix 
di means ‘two’

Compound 
a substance 
formed from two 
or more different 
types of atoms 
in a fixed ratio

An element made up of

single atoms of the same

type is monoatomic, e.g.

helium or neon

An element made up of

two atoms of the same type

bonded together in a

diatomic molecule, e.g.

chlorine or nitrogen

Figure 1A–4 Monoatomic (left) and diatomic (right) 

elements are made of only a single type of atom.

Hydrogen

atom

Hydrogen

atom

Oxygen

atom

Figure 1A–5 A water 

molecule is a compound 

that is formed from two 

different elements in a 

fixed ratio. Two hydrogen 

atoms are covalently 

bonded to one oxygen 

atom.

Check-in questions – Set 1

1 Define the following terms: monatomic, diatomic, compound.

2 Using a fully labelled diagram, identify the charge and location 

of the different subatomic particles.

Atomic notation

There are currently 118 discovered elements, each with a unique name and chemical 

symbol. The first letter of each chemical symbol is always capitalised, and any subsequent 

letters, if present, are always lowercase (Table 1A–2).

Table 1A–2 Examples of different elements and their chemical symbols

Element Chemical symbol

Carbon C

Hydrogen H

Sodium Na

Mercury Hg

One or two letters where 

the first letter is capitalised 

and the subsequent letter 

is always lowercase

Scientists have a uniform set of rules they follow for communicating their understanding of 

the representation of different elements. This includes being able to determine the:

 • chemical symbol

 • atomic number

 • mass number.

8 CHAPTER 1 ELEMENTS AND THE PERIODIC TABLE
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An example of this is shown in Figure 1A–6.

Mass number

Atomic number

Chemical symbol
12

24
Mg

Figure 1A–6 The atomic notation representing the element, magnesium

Atomic number

The atomic number represents the number of protons present in the nucleus of an atom. 

Each element is unique and based on its number of protons (Figure 1A–7).

The atomic number is usually written as a subscript before the chemical symbol in atomic 

notation. As shown in Figure 1A–6 above, the atomic number of magnesium is 12. 

Therefore, it has 12 protons.

Similarly, the atomic number of lithium is 3, and its atomic notation is most commonly 

represented as 3
7 Li. Therefore, we know that it has three protons, as represented in Figure 1A–7.

Atomic number 
the number of 
protons present 
in the nucleus of 
an atom

NOTE

On a periodic 

table, the 
atomic 
number 
is usually 
above each 
chemical 
symbol and 
is the smaller 
of the two 
numbers, as 
it does not 
include any 
neutrons.

Mass number

The mass number represents the total number of protons and neutrons present in the 

nucleus of an atom (Figure 1A–8). The mass number (or atomic mass) is usually written as 

a superscript before the chemical symbol.

Mass number = number of protons + number of neutrons

–

+
+

+

–

–

Electrons Lithium atom

Neutrons

Nucleus

Protons

Shells

Figure 1A–7 Model of a lithium atom, highlighting the location of its three protons, where the 

number of these determines the atomic number and hence the type of element Mass number 
the total number 
of protons and 
neutrons present 
in the nucleus of 
an atom

–

+
+

+

+

–

–

Electrons

3 protons + 4 neutrons

 = mass number of 7

Neutrons

Nucleus

Protons

Shells

Lithium atom

Figure 1A–8 A model of a lithium atom, highlighting the location and number of its three protons 

(green) and four neutrons (yellow), which add together to give the mass number of 7

91A INTRODuCTION TO THE ELEMENTS
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You will also notice by looking at most periodic tables that the mass number for an element 

is not always an exact whole number. This is actually because what is shown is the relative 

atomic mass, not the mass number. 

Relative atomic mass (or relative atomic weight or standard atomic weight as used on 

the IUPAC periodic table from 2022) is fractional, as it is the average of the relative mass 

of atoms, taking into account the fact there are isotopes for each element. Isotopes have 

differing numbers of neutrons, and each isotope for an element is present in different 

percentages, or abundances, in natural samples.

As you can see from the atomic notation of an element, the number of protons and 

neutrons can be determined. However, there is no reference to the number of electrons. 

This will be explored later in this chapter and again in Chapters 3A and 4A.

Relative atomic 
mass 
the average of the 
relative masses of 
all atoms for an 
element based on 
the isotopes for an 
element and their 
natural percentage 
abundances. Also 
known as relative 
atomic weight or 
standard atomic 
weight

Isotope 
an atom of the 
same element with 
the same number 
of protons (same 
atomic number) 
but a different 
number of neutrons 
(different mass 
number)

LINK

3A STRUCTURE 
AND PROPERTIES 

OF METALS

Isotopes

Isotopes are atoms of the same element with the same number of protons (the same atomic 

number) but a different number of neutrons, which gives each isotope a different mass 

number. A representation of this is shown for nitrogen in Figure 1A–9.

Check-in questions – Set 2

1 After locating the following elements on the periodic table, use their atomic numbers 

and relative atomic masses (rounded to the nearest whole number to estimate the mass 

number) to determine the number of all subatomic particles present in each.

Element Atomic number Mass number Number of 

protons

Number of 

neutrons

Carbon (C)        

Germanium (Ge)        

Titanium (Ti)        

Nitrogen-14

7 protons

7 neutrons

7 electrons

Nitrogen-15 Nitrogen-16

7 protons

8 neutrons

7 electrons

7 protons

9 neutrons

7 electrons

+
+

+

+
+

+

+

–

–

–

–

–

––

+
+

+

+
+

+

+

–

–

–

–

–

––

+

+

+
+

+

+

–

–

–

–

–

––

+

NOTE

Although 
not covered 
in VCE 
Chemistry 
Units 1&2, the 
stability of 
an isotope is 
determined 
by how 
likely it is to 
break down 
or decay 
into lighter 
(smaller) 
elements.

Figure 1A–9 Three of the isotopes of nitrogen, indicating the different numbers of 

subatomic particles within each. Note that each atom is still nitrogen, as it always 

has an atomic number of 7 (seven protons).

LINK

4A FORMATION 
AND NAMING 

OF IONIC 
COMPOUNDS
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Number of electrons and the formation of ions

Recall that the atomic number is the number of protons in an element’s atoms. The atomic 

number also provides information about the number of electrons in an atom of an element. 

In a neutral atom, the number of positive protons and negative electrons will always be equal.

Therefore, changing the number of electrons will not change the type of element. However, 

it will change the chemical properties of that element, often to become more stable. As you 

will see in Chapters 3A and 4A, changing the number of electrons results in the formation 

of ions.

Ions are versions of atoms that contain their normal number of protons but have more, 

or fewer, electrons. This gives them an overall electric charge. The atomic notation for 

an ion is represented in the same way as for any other atom; however, it includes either a 

superscript positive or negative charge and the size of this charge following the chemical 

symbol. This can be seen in Figures 1A–10 and 1A–11.
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Ion 
a positively 
or negatively 
charged atom 
that has either 
lost or gained 
electron(s)

Mass number

Atomic number

Ion charge indicating it

has lost two electrons

Chemical symbol

12

24 2+
Mg

Figure 1A–10 The atomic notation representing a magnesium ion. The ‘2+’ charge indicates that 

magnesium, a metal, has lost two electrons. Overall, it has 12 protons (atomic number) but only has 

10 electrons.

Mass number

Atomic number

Ion charge indicating it

has gained one electron

Chemical symbol

9

19 –
F

Figure 1A–11 The atomic notation representing a fluoride ion. The ‘–’ charge indicates that fluorine, a 

non-metal, has gained one electron. Overall, it has nine protons (atomic number) but has 10 electrons.

Atoms will either gain or lose electrons based on how many electrons are present in their 

outer shell. This will be explored further in Chapter 1B.
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Check-in questions – Set 3

1 How many protons, neutrons and electrons does each of the atoms or ions below 

contain?

a F
9

19

b 
+

Zn
30

65 2

c 
−

Cl
17

35

2 Define the following key terms.

a mass number

b atomic number

3 Do isotopes of an element have a different atomic number or mass number?
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