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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, eBookPLUS and learnON at www.jacplus.com.au.

1.1.1 Introduction

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

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.

1.1.2 What you will learn

KEY KNOWLEDGE
In completing this topic, you will investigate:
• 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 Schrödinger model; electronic
configurations of elements 1 to 36 using the Schrödinger 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.
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Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 1 (doc-30918)

Practical investigation logbook (doc-30919)

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

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

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:
• An atom is mostly empty space.
• An atom has a dense central structure

called a nucleus.
• The nucleus, though its volume is very small

relative to the atom as a whole, contains most
of the mass of the atom.

• The nucleus is made up of positively charged particles called protons.
• The simplest nucleus is that of the hydrogen atom, which contains just one proton.
• All other atoms have nuclei that also contain neutrons.
• A neutron has no charge but has virtually the same mass as a proton.
• The empty space around the nucleus contains negatively charged particles called electrons.
• Electrons move very rapidly around the nucleus in orbits.
• 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.

Video eLesson Rutherford’s gold foil experiment (eles-2486)
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AUSTRALIA’S PARTICLE ACCELERATOR

FIGURE 1.3 The Australian Synchrotron
The Australian Synchrotron is a particle
accelerator in Victoria that is used by scientists
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 mass Relative charge

Electron
1

1837
= 0.0005 −1

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.
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FIGURE 1.4 Molecules of (a) carbon dioxide, CO2, (b) water, H2O, and (c) methane,
CH4 represented by space-filling models.

(a) (b) (c)

1.2.2 A matter of size
A matter of size

FIGURE 1.5 Converting between
metres and nanometres.
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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
more useful unit is the nanometre. In reality, the diameter of a
hydrogen nucleus (a single proton) is 1.7566 × 10−15 m.
Nano- is a prefix like milli- and micro-:
• A millimetre is one thousandth of a metre: mm = 10−3 m.
• A micrometre is one millionth of a metre: µm = 10–6 m .
• A nanometre is one billionth of a metre: nm = 10−9 m.
To compare two objects, their measurements must be converted

to the same unit. For example:

1m = 102 cm = 103 mm = 106 µm = 109 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 (H2) 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.

Weblink Scale of the universe

Pdf_Folio:6

6 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“c01Elements_print” — 2019/6/13 — 20:30 — page 7 — #5

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.
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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?

Teacher-led videos: SP1 (eles-XXXX)

THINK WRITE

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.

Convert to mm:
1m = 1 × 10 × 10mm

= 1000mm
Therefore, an elephant = 6m × 1000

= 6000mm
or
Convert to m:

1mm = 1 × 10−3 m

Therefore a flea = 1 × 10−3 m

2. Use the ratio of 1 mm to 6000 mm or
1 × 10–3 m to 6 m

6000mm

1mm
= 6000 or

6m

1 × 10−3 m
= 6000

The elephant is 6000 times longer than a flea.

PRACTICE PROBLEM 1
If an atom is 1 nm wide, how many times larger is it than a single proton, which is 10–15 m wide?

1.2.3 Responsible use of nanotechnology

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

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
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.

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

antibodies

cell membrane

cytoplasm

‘loaded’

‘delivered’

nanoscale particles

absorbed

into cell

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.

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

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.

1.3 Representing atoms

KEY CONCEPT
• 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 Z)
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

atomic number ZE symbol for element

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 N23

11 a. An atom of sodium, therefore, has 11
protons and 12 neutrons.
Pdf_Folio:10
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1.3.3 Isotopes

FIGURE 1.10 The oldest reliably dated rock art in Australia is
28 000 years old.

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: O16

8 , O17
8 and O18

8 .
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, A27

13 l.
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

1. Write the isotopic symbols for the atoms nitrogen-14 and nitrogen-15.
2. How many protons does each atom have?
3. How many neutrons does each atom have?
4. What are these atoms called?
5. Write the complete symbol/quantities for each isotope.

Teacher-led videos: SP2 (eles-XXXX)

THINK WRITE

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

N

2. 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.

7

3. The number of neutrons can be determined using
the following:
Number of neutrons = mass number (Z) – atomic
number (A)

nitrogen-14:
14 – 7 = 7
nitrogen-15:
15 – 7 = 8

4. Name for atoms with the same number of protons
but with different masses (different number of
neutrons)

Isotopes

5. This must include the symbol, mass and atomic
numbers in the correct format.

nitrogen-14: N14
7

nitrogen-15: N15
7
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PRACTICE PROBLEM 2
1. Write the isotopic symbol for the atoms of hydrogen-1, hydrogen-2 and hydrogen-3.
2. How many protons does each atom have?
3. How many neutrons does each atom have?
4. 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.
(a) H
(b) Ne
(c) Ag
(d) Au

2. An atom has 13 protons and 14 neutrons. What is its
(a) atomic number?
(b) mass number?
(c) name?

3. Find the symbols for elements with the following atomic numbers.
(a) 5
(b) 12
(c) 18
(d) 20

4. In the element argon, Z = 18 and A = 40. For argon, state the following.
(a) The number of neutrons
(b) The number of electrons
(c) The isotopic symbol for this element

5. How many protons and neutrons are in B79
35 r?

6. An atomic nucleus consists of one proton and one neutron. What is its symbol?
7. Complete the following table.

Element Number of protons Number of electrons Number of neutrons

C12
6

F56
26 e

A40
18 r

U235
92

U238
92

F19
9

(a) 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?

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 question

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

KEY CONCEPT
• Spectral evidence for the Bohr model and for its refinement as the Schrödinger model; electronic
configurations of elements 1 to 36 using the Schrödinger model of the atom, including s, p, d and f
notations (with copper and chromium exceptions)

1.4.1 Exciting electrons

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.

zinc potassium strontium sodium copper

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
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
FIGURE 1.12 The Bohr
model of an atom

Electrons would not be found in

these ‘non-orbit’ areas. 

1st orbit

nucleus

2nd orbit

3rd orbit

In 1913, Niels Bohr suggested an explanation for the emission spectrum
by proposing a model for the hydrogen atom. He proposed that electrons
of specific energy move around the central nucleus in circular orbits or
energy levels. Electrons cannot exist between these orbits. Although an
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
(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
visible spectrum.

The energy given out is the difference in energy between the two
energy levels. Since only certain allowed energy levels are possible, the
energy released has specific allowed values, each corresponding to a line
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.Pdf_Folio:13
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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.

400

Li

Na

K

Ca

Sr

Ba

λ 500 600 700 800 nm

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

Teacher lead video Experiment 1.1 Flame tests of metal cations (eles-3223)

FIGURE 1.14 Boron has three electrons in the
inner shell and three electrons in the next shell.

Electron shells
Electrons may be visualised as moving within
a region of space surrounding the nucleus. The
regions are called electron shells and are numbered
1, 2, 3 and 4. A definite energy level is 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.
Potassium, K, has 19 protons and 19 electrons. If
it loses an electron, it becomes the positive ion K+

because it now has 19 protons and only 18 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.
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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 2n2 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+, 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. The dots represent the electrons in the
shells.

hydrogen sodium chlorine

1p 11p 17p

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 configurationPdf_Folio:15
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of scandium 2, 8, 8, 3? Other models have been developed that are more complex and explain more of the
data scientists have gathered.

1.4.4 Erwin Schrödinger: the quantum-mechanical model of an atom

FIGURE 1.16 Schrödinger
developed the quantum-mechanical
model of the atom.

Although Bohr’s model of an atom could account for the lines
seen in the emission spectra of hydrogen, it did not explain and
could not mathematically predict the lines seen in the emission
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 Schrödinger (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
1s

2s

(a) (b)

In the quantum-mechanical model of the atom:
1. The energy levels of electrons are designated by principal quantum numbers, n, 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
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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.

TABLE 1.2 Energy levels within shells of an atom

Shell number (n) Number of subshells Subshell symbol
Maximum number of
electrons in subshell

1 1 s 2

2 2
s 2

p 6

s 2

3 3 p 6

d 10

s 2

4 4
p 6

d 10

f 14

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:

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s < 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

1s

2s

3s

4s

5s

6s

7s
7p

6p

5p

4p

3p

2p

Note:

in
c
re

a
s
in

g
 e

n
e
rg

y

6d

5d

4d

3d

5f

4f

represents an orbital.

FIGURE 1.19 The order of filling of
subshells

#6d

1s

2s

3s

4s

5s

6s

7s

2p

3p

4p

5p

6p

7p

3d

4d

*5d

7d

*4f

#5f

6f

7f

* 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 1s22s22p53s1.

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 1s22s22p63s23p64s23d2 becomes 1s22s22p63s23p63d24s2.
The electron configuration for the elements hydrogen, sodium and scandium, for example, can be written

as:

H(Z = 1) 1s1

Na(Z = 11) 1s12s22p63s1

Sc(Z = 21) 1s12s22p63s23p64s23d1

The electron configuration for scandium can also be written as 1s22s22p63s23p63d14s2 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.

Weblink Interactive periodic table

SAMPLE PROBLEM 3

Find the ground state electron configuration of a fluorine atom.

Teacher-led videos: SP3 (eles-XXXX)

THINK WRITE

1. The atomic number of fluorine is 9. Fluorine has
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.

1s2

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

1s22s2

3. The 2p subshell can hold six electrons; however,
since only five electrons remain to be placed
(9 − 2 − 2 = 5), one of the 2p subshell orbitals is
incomplete.

1s22s22p5

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

Find the ground state electron configuration of an aluminium ion, Al3+.

Teacher-led videos: SP4 (eles-XXXX)

THINK WRITE

1. An aluminium ion, Al3+, is an aluminium atom
(Z = 13) that has lost three electrons. Hence
13 − 3 = 10 electrons need to be placed in shells.
The 1s shell contains two electrons.

1s2

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

1s22s2

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

1s22s22p6

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

1s22s22p63p1

Is it in an excited state?

1.4.6 Chromium and copper: atypical electron configurations

FIGURE 1.20 Chromite is an
ore of chromium.

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:

Chromium1s22s22p63s23p63d44s2

Copper 1s22s22p63s23p63d94s2

The correct electron configurations are:

FIGURE 1.21 Chalcopyrite is
an ore of copper.

Chromium1s22s22p63s23p63d54s1

Copper 1s22s22p63s23p63d104s1

These arrangements give chromium a half-filled d subshell
and copper a filled d subshell. Filled subshells are more stable
than half-filled subshells. However, half-filled subshells are
more stable than other partly filled subshells.

Pdf_Folio:19

TOPIC 1 Elements 19

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“c01Elements_print” — 2019/6/13 — 20:30 — page 20 — #18

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 (2n2)

1 2 × 12 = 2

2

3

4

2. (a) 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

Element Symbol 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 O 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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5. (a) What is the electron configuration of nitrogen?
(b) Which element has atoms with the electron configuration of 2, 8, 8, 2?

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

7. The isotope P32
15 is used in the treatment of leukaemia.

(a) Write the full electron configuration of this isotope.
(b) How does it differ from P31

15 ?
8. An element X has configuration 1s22s22p63s23p4.

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

9. Name the elements with the following configurations.
(a) 1s22s1

(b) 1s22s22p6

(c) 1s22s22p63s1

(d) 1s22s22p63s23p1

(e) 1s22s22p63s23p6

(f) 1s22s22p63s23p64s2

10. For each of the elements in the following two sets of atomic numbers, write the electron configuration.
(a) Z = 20, 12, 4, 9
(b) Z = 5, 6, 8, 16

11. Distinguish between the terms ‘shell’ and ‘subshell’.
12. Write the ground state electron configurations of the first 20 elements of the periodic table.
13. Which of the following electron configurations are ground state configurations and which are excited state

configurations?
(a) 1s22s22p63s1

(b) 1s22s22p63s23p43d1

(c) 1s22s22p63s23p63d54s2

14. A neutral magnesium atom has an electron configuration of 1s22s22p63s16s1.
(a) 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 Mg2+.

15. Identify the following elements with ground state electron configurations of
(a) 1s22s22p63s23p63d54s2.
(b) 1s22s22p63s23p64s2.

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.

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:
• protons, which are positively charged particles found in the nucleus
• neutrons, which are neutrally charged particles found in the nucleus
• electrons, which are negatively charged particles found in energy levels around the nucleus.

• The atom is mainly empty space.
• Each element is represented by a specific chemical symbol and is composed of only one kind of atom.
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• The atoms of an element:
• all contain the same number of protons
• are neutral, because the number of electrons is equal to the number of protons.

• A molecule is a group of atoms bonded together.
• Particles at the atomic level are measured using the nanometre (nm); 1 nm = 10–9 m.
• Nanotechnology works at the scale of atoms and molecules.
• 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

• An isotope is an atom of an element with a different number of neutrons and hence a different mass
number.

• The isotopic symbol of an element E may be written as EAZ where:
• atomic number (Z) = number of protons
• mass number (A) = number of protons + number of neutrons.

Electrons

• 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.

• Erwin Schrödinger’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.

• The quantum-mechanical model has the following features:
• Orbitals are of various shapes and are found within subshells, which in turn are found in shells.
• 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.
• Each energy shell has a principal quantum number, n. The first four shells have n = 1, 2, 3 and 4.
• Subshells are energy levels found within shells. There are four different types of subshells — the s,

p, d and f subshells.
• 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.

• Electrons fill shells and subshells of lowest energy first. The order of filling is: 1s < 2s < 2p < 3s <
3p < 4s < 3d < 4p < 5s < 4d.

• 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.

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
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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 EAZ , 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 meter, 0.000000001 m (10-9 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

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

1.5.3 Practical work and investigations

Experiment 1.1
Flame tests of metal cations

Aim: To observe the characteristic flame colours of the metal ions K+, Na+, Li+, Sr2+, Cu2+, Ca2+, Ba2+, and to identify
an unknown metal ion

Digital document: doc-30847
Teacher-led video: eles-3223

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.
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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. 10−5

B. 10−9

C. 10−7

D. 10−12

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 O16
8 have?

A. 24
B. 16
C. 8
D. 2

9. What is the number of valence electrons in the element calcium?
A. 1
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. 32Pdf_Folio:24
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13. Which of these electron configurations represents an atom in an excited energy state?
A. 1s22s22p43s2

B. 1s22s22p63s23p43d1

C. 1s22s22p6

D. 1s22s22p63s23p64s23d3

14. What is the electron configuration of C35
17 l−?

A. 1s22s22p63s23p53d1

B. 1s22s22p63s23p44s2

C. 1s22s22p63s23p6

D. 1s22s22p63s23p44s13d1

15. The electron configuration 1s22s22p63s23p6 represents which of the following ions?
A. O2−

B. S2−

C. Al3+

D. Na+

16. The electron configuration of an atom X is 1s22s22p63s23p1. Which of the following formulas is most
likely to be a compound formed with X?
A. XF2

B. CaX
C. XCl3
D. MgX2

1.5 Exercise 2: Short answer questions
1. Match each object with its correct size.

Object Size

Red blood cell 0.15 nm

Virus 7000 nm

Hydrogen molecule 30 nm

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.

a. N23
11 a b. F19

9 c. S28
14 i d. F56

26 e e. A197
79 u f. U235

92
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3. Complete the following table.

Name of atom Atomic number Mass number Protons Neutrons Electrons

18 36

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 following table, complete the following.

a. Identify those species that are isotopes of the same element.
b. Write the isotopic symbol for each atom.

Atom Neutrons Protons Electrons

A 20 20 20

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.

A37
17 B26

12 C59
27 D35

17 E25
12 F60

27 G24
12

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.

1.5 Exercise 3: Exam practice questions
1. Explain why a neutral atom cannot have the atomic configuration of 6 protons, 13 neutrons and

13 electrons. 1 mark
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2. 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. 9 marks
a. A titanium oxide, TiO2, 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 TiO2 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

3. a. Write the electron configuration of each of the following in their ground states. 6 marks
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

1.5 Exercise 4: studyON Topic Test
Fully worked solutions and sample responses are available in your digital formats.

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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