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Learning Ladder for Victoria Year 8

progression

Vi

| can analyse
how the
structure
and function
of cells
contribute to
the survival
of organisms

| can compare
cells in
plants and
animals, and
unicellular and
multicellular
organisms

| can explain
the role of
specialised
cell structures
and organelles
in cellular
function

| can describe
the features

of plant and

animal cells

| can identify
features
of cells

Biological
science:
Cells

VC258U02

| can
analyse the
relationship
between
structure and
function at
organ system
levels

| can discuss
the effects
of disorders
in the cells,
tissues or
organs of
systems

| can explain

how organ
systems work

together to
enable survival

| can describe
how cell-based
structures
work together
to carry out
specialised
functions

| can
distinguish
between
cells, tissues,
organs and
organ systems

Biological
science:
Systems of
living things

VC2S8U03

| can analyse
the use of

elements and
compounds

based on their
properties

| can explain
how different
elements and
compounds
are used

| can represent
substances
using models,
symbols and
chemical
formulas

| can
distinguish
between
elements,
compounds
and mixtures

| can identify

that all matter
is made of
atoms of
elements

Chemical
science:
Organising
matter

VC258U07

| can analyse
models that
represent
physical and
chemical
change

| can compare
physical and
chemical
changes with
reference to
the properties
of substances

| can explain
physical and
chemical
changes with
reference
to the
rearrangement
of atoms

| can
distinguish
between
physical and
chemical
changes
based on
observations

| can make
observations
during a
chemical
or physical
change

Chemical
science:
Chemical
change

VC258U08

| can evaluate
evidence that
supports the
theory of plate
tectonics

| can discuss
geological
phenomena,
including
volcanoes and
earthquakes,
in terms of
tectonic
activity

I can
explain how
geological

features
are formed
by tectonic

activity

| can
distinguish
between
different types
of tectonic
activity

| can identify
geological
features

Earth and
space
science:
Plate
tectonics

VC2S8U10

| can evaluate
the use and
extraction
of rocks

| can discuss
how the
properties of
rocks influence
their use

| can explain
how the
properties of
rocks relate to
their formation

| can
differentiate
between
types of rock
based on their
properties

| can identify
the key

processes of

the rock cycle

Earth and
space
science:
The rock
cycle

VC2S8U11

Science understanding

| can evaluate
household
energy
usage and
propose ways
to decrease
energy
consumption
and waste

| can analyse
energy
changes
in terms
of energy
efficiency and
household
consumption

| can represent
energy
transfers
and trans-
formations in
simple systems

| can
differentiate
between
energy
transfer
and energy
transformation

| can identify
and classify
different forms
of energy

Physical
science:
Energy

VC2S8U15
VC2S8U16

| can analyse
a variety of
electrical

circuits

and their

components,
designed
for diverse
purposes

| can observe
and make
predictions
about voltage,
current
and energy
transfer in
circuits

| can design
and construct

series and
parallel circuits

| can describe
how circuits
operate, with
reference to
voltage and
current

| can recognise
that a circuit
demonstrates
energy
transfer

Physical
science:
Electricity

VC2S8U17

Learning Ladder



| can analyse
how people
with different
perspectives
and worldviews
collaborate to
develop scientific
knowledge

| can discuss
how models
and theories
have developed
over time

| can explain
how new
evidence can
lead to changes
in scientific
knowledge

| can
describe the
importance of
multidisciplinary
collaboration
in science

| can recognise
scientific

problems and
solutions

Nature and
development
of science

VC2S8HO01
VC2S8H02

| can analyse
how the

communication
of scientific
knowledge
shapes
viewpoints,
policies and
regulations

| can discuss
the impact of
responses to
socio-scientific
issues

| can explain
examples
of ethical,
environmental,
social and/or
economic
impacts of
scientific
advances

| can describe
how scientific
knowledge can
affect society

| can identify
socio-scientific
issues

Use and
influence of
science

VC2S8H03
VC2S8H04

Scienceasa

human endeavour

| can evaluate

investigation
questions and
predictions for
scientific validity

| can develop
a hypothesis
that predicts
the relationship
between
investigation
variables

| can construct
questions and
predictions
to investigate
scientific
problems

| can make
simple
predictions
based on what
| know and
observe

| can recognise
questions
that can be
investigated
scientifically

Questioning
and predicting

VC2S8I01

| can design
and conduct
reproducible
investigations
that consider
safety, ethical
and procedural
factors

| can generate
and record
data with
precision, using
digital tools as
appropriate

| can distinguish
between
variables to
be changed,
measured and
controlled in an
investigation

| can describe
ways to minimise
risks for a range
of investigations

| can identify
and select
appropriate
equipment
for scientific

investigations

Planning and
conducting

VC2S8102
VC2S8103

| can analyse
processed data
for patterns,
trends,
relationships
and anomalies

| can identify and
discuss trends
and/or patterns
in arange
of dataset
representations

| can process
data by using
mathematical
relationships
and/or
constructing
graphs

| can organise
and display data
using tables, keys

and/or models

| can identify
data from tables
and graphs

Processing,
modelling and
analysing

VC2S8104
VC2S8105

| can evaluate
conclusions
and claims
with reference
to conflicting
evidence and
unanswered
questions

| can create
evidence-based
arguments
to justify
conclusions or
evaluate claims

| can use
science-based
explanations
to support
investigation
findings

| can describe
different types
of errorsin an
investigation
method

| can identify
errors and
assumptions in
an investigation

Evaluating

VC2S8106
VC2S8107

Science inquiry

| can

communicate

scientific
findings and
arguments for

specific purposes
to specific
audiences

| can use digital
technologies to
organise and
communicate
data and
information

| can prepare
a variety of
representations
to communicate
ideas and
findings

| can select
appropriate
formats to
communicate
ideas and
findings

| can identify
scientific
terminology used
to communicate
information

Communicating

VC2S8108

Steps in progression

Learning Ladder Vii



Year 8 curriculum correlation grid

1.0 2.0

CHAPTE RS ) Cells Systems of
living things

Science understanding

Cells

VC2S8U02

cell theory describes cells as the basic units of life; organisms may be unicellular or ‘/

multicellular and have specialised structures and organelles (including cell walls,

cell membranes, cytoplasm, nuclei containing DNA, mitochondria, ribosomes,

chloroplasts and vacuoles) that perform specific functions

Systems of living things

VC2S8U03

the structure of cells, tissues and organs in a plant and an animal organ system w/

are related to their function; plant and animal organ systems enable survival of
the organism

Organising matter

VC2S8U07

the atomic theory of matter can be used to model and explain the difference
between elements, compounds and mixtures; elements, compounds and
mixtures can be represented as two-dimensional and three-dimensional models,
elements can be represented by symbols, and molecules and compounds can be
represented by chemical formulas

Chemical change

VC2S8U08

physical changes can be distinguished from chemical changes; a chemical change
can be identified by a colour change, a temperature change, the production of a gas
(including laboratory preparation and testing of oxygen, carbon dioxide and hydrogen
gases) or the formation of a precipitate

Plate tectonics

VC2S8U10

Earth is a dynamic planet as demonstrated by tectonic activity, including the formation
of geological features at divergent, convergent and transform plate boundaries; the
theory of plate tectonics is supported by scientific evidence

The rock cycle

VC2S8U11

key processes of the rock cycle occur over different timescales; the properties of
sedimentary, igneous and metamorphic rocks not only reflect their formation but also
impact their usefulness and determine the methods used when mined

Energy

VC2S8U15

energy exists in different forms, including thermal, chemical, gravitational and elastic,
and may be classified as kinetic or potential; energy transfers (conduction, convection
and radiation) and transformations occur in simple systems and can be analysed in
terms of energy efficiency

VC2S8U16

household energy consumption can be analysed using an energy audit and is affected
by appliance choice, building design, season and climate

Electricity

VC2S8U17

electrical circuits transfer energy when current flows and can be designed for diverse
purposes using different components; the operation of circuits can be explained using
the concepts of voltage and current

VI Curriculum correlation grid



3.0
Organising
matter

4.0
Chemical change

5.0
Plate tectonics

6.0
The rock cycle

7.0
Energy

8.0
Electricity

Curriculum correlation grid

ix



CHAPTERS >

Nature and development of science

VC2S8HO1

scientific knowledge, including models and theories, can change because of new
evidence

VC2S8H02

multidisciplinary endeavours to advance scientific knowledge make use of people’s
different perspectives and worldviews

1.0
Cells

v

2.0
Systems of
living things

Science as a human endeavour

v

Use and influence of science

VC2S8H03

proposed scientific responses to socio-scientific issues impact on society and may
involve ethical, environmental, social and economic considerations

VC2S8H04

communication of scientific knowledge has a role in informing individual viewpoints,
and community policies and regulations

Questioning and predicting

VC2S8I101

investigable questions, reasoned predictions and hypotheses can be developed in
guiding investigations to identify patterns, test relationships and analyse and evaluate
scientific models

Planning and conducting

VC2S8102

reproducible investigations to answer questions and test hypotheses can be planned
and conducted, including identifying independent, dependent and controlled variables
where applicable, stating assumptions, recognising and managing risks, considering
ethical issues and following protocols when accessing cultural sites and artefacts on
Country and Place

VC2S8103
equipment can be selected and used to generate and record data with attention to
precision, using digital tools as appropriate

Processing, modelling and analysing

VC2S8104

data and information can be organised and processed by selecting and constructing
representations including tables, graphs, keys, models and mathematical relationships
VC2S8l105

information and processed data can be analysed to show patterns, trends and
relationships, and to identify anomalies

Evaluating

VC2S8106

scientific methods, conclusions and claims can be analysed to identify assumptions,
possible sources of error, conflicting evidence and unanswered questions

VC2S8I107

evidence-based arguments can be constructed to support conclusions or evaluate
claims, including consideration of ethical issues and protocols associated with using or
citing secondary data or information

Communicating

VC2S8108

communicating ideas, findings and arguments for specific purposes and audiences
involves the selection and use of appropriate presentation formats, scientific
vocabulary, models and other representations, and may include the use of digital tools

X Curriculum correlation grid
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All living things are made up of cells. From the
minuscule bacteria that we need a microscope
to see, right up to the massive whales that

live in the ocean, every living thing starts as a
single cell. Cells are the fundamental unit of life.
All of the plants and animals you see in your
daily life contain similar types of cells that work
together to perform all the functions they need
to carry out in order to survive. These cells
contain special components that allow them

to complete these functions. Humans are
made up of 30—40 trillion cells!

Ladder

Figure 1.1: Bacteria cells like
this one are so small, we need
microscopes to see them.

The Learning Ladder for each chapter maps the Science Understanding,
Science as a Human Endeavour and Science Inquiry strands that will be covered.
Each ladder has five levels of progression, called steps. To climb the ladders, you
need to develop fluency at each step. This will help you develop the ability to
complete tasks that are more complex.

| can analyse how people

Stepsin
progression

| can analyse how the structure
and function of cells contribute
to the survival of organisms

| can compare cells in plants
and animals, and unicellular
and multicellular organisms

| can explain the role of
specialised cell structures and
organelles in cellular function

| can describe the features
of plant and animal cells

| can identify
features of cells

Biological science:
Cells

Science understanding

2 Good Science 8

| can analyse how the communication
of scientific knowledge shapes
viewpoints, policies and regulations

with different perspectives
and worldviews collaborate to
develop scientific knowledge

| can discuss the impact of
responses to socio-scientific issues

| can discuss how models and
theories have developed over time

| can explain examples
of ethical, environmental,
social and/or economic impacts
of scientific advances

| can explain how new
evidence can lead to changes
in scientific knowledge

| can describe the importance
of multidisciplinary
collaboration in science

| can describe how scientific
knowledge can affect society

| can identify
socio-scientific issues

| can recognise scientific
problems and solutions

Use and influence
of science

Nature and development
of science

Science as a human endeavour




ings,
even this humpback whale,
start their life as a single cell.

| can evaluate | can design and conduct
investigation questions and reproducible investigations that consider e
predictions for scientific validity safety, ethical and procedural factors
| can develop a hypothesis | can generate and record data
that predicts the relationship with precision, using digital tools e
between investigation variables as appropriate
| can construct questions | can distinguish between variables
and predictions to investigate to be changed, measured and e
scientific problems controlled in an investigation
| can make simple | can describe ways to
predictions based on what | know minimise risks for a range e
and observe of investigations
| can recognise | can identify and select
questions that can be appropriate equipment for o
investigated scientifically scientific investigations
Questioning Planning
and predicting and conducting

Stepsin
progression

Science inquiry

Cels 3



°1 > What are cells?

Learning intention

At the end of this lesson, | will be able
to explain what a cell is and outline the
components of cell theory.

Key terms

cell: the smallest functional unit of
an organism

hypothesis: a suggested explanation
or prediction of a scientific problem
that can be tested with an investigation

scientific theory: an explanation

of a natural phenomenon that is
supported by evidence and the results
of repeated tests

Investigation 1.1

Examining cells under a microscope,
p.295

Key idea: Form and function

Figure 1.3: The human body contains
many types of specialised cells, which

all have different roles.
R, &

Cells of the human body

Liver cells

Muscle cells

4 Good Science 8

Cells are the smallest structural and functional units of
living things. This means that a cell is the smallest part
of a living thing that can carry out the functions needed
for life, on its own.

All living things are made of one or more cells,
which come from other cells

Cells were first identified in 1665 by English scientist Robert Hooke.

He was using a simple microscope to study the bark of a cork tree.

The tiny structures he could see through the microscope reminded him
of the tiny rooms that monks sleep in, which are called cells. From then
on, many scientists used microscopes to view cells, which were now
visible to them.

Even after cells had been discovered, scientists were not sure
whether all organisms were made of them. Then, in 1839, the physician
and physiologist Theodor Schwann developed a hypothesis about cells.
All the evidence and discoveries made since then have confirmed this
19th-century idea, which is now recognised as a scientific theory called
cell theory.

There are three parts to the theory of cells:

All living things are made of one or more cells.
Cells are the basic building blocks of life.
Cells come from cells that already exist.

Cell theory helps us to understand how cells are relevant to all living things.

Cells are the building blocks
of life

Cells are the basic building blocks of all
living things. Sometimes a single cell is
acomplete — but very simple — organism
(e.g. a bacterium). More complex organisms
(such as humans) are made up of many cells
that work together to perform different
functions (see Figure 1.3).

Blood cells

The human body is made up of trillions
of cells. They provide structure, take in
nutrients from food, change those nutrients
into energy and carry out other functions.
Our cells contain our genetic material
and can make copies of themselves.

This allows us to grow new cells, such as
for hair and fingernails.




4
- L4
Figure 1.4: An onion is made »
of many cells. The cellsina Sl
thin layer of onion membrane P r

can be seen under a light
microscope.

Microscopes allow us to see
and identify cells

Cell size can vary a lot. The largest cells are

ostrich eggs: a single unfertilised egg cell is about

15 centimetres wide and weighs more than one
kilogram! Red blood cells are only 0.008 millimetres
wide; a line of 125 red blood cells is only 1 millimetre
long. Most cells are about this size, which is far too
small for us to see with the naked eye.

Scientists use microsopes to see cells. The word
comes from two ancient Greek terms: micro, which
means ‘small’, and scope, which means ‘to see’.

A microscope is a tool for looking at small things.

The most common type of microscope in science
laboratories is a light microscope. It allows scientists
to study cells by shining a bright light through an
extremely thin slice of tissue (usually 0.01 millimetres
thick) from an organism (see Figure 1.4).

Pl /\“ £

Learning Ladder

Cells

0 Identify the three features of cell theory.

@ Describe some of the differences you can see
between the different human body cells in Figure 1.3.

e Explain why cells are the ‘building blocks of life’.

Nature and development of science

o Identify a problem that microscopes helped solve.

9 Propose how the work of prior scientists helped
Schwann to form his hypothesis about cells.

e Explain how the microscope provided us with
new evidence about the structure of living things.

o Discuss how the development of microscopes aligns
with our understanding of cells.

e Research and analyse the similarities and differences
between Robert Hooke’s and Theodor Schwann’s
scientific perspectives.

Questioning and predicting p.232

0 Using Figure 1.4, propose two questions about the size
of cells of different organisms that could be explored
using a microscope. Identify whether your questions
can be investigated scientifically.

9 Make a prediction about what you would find out
for each question from Question 1.

Key idea: Form and function

Consider Figure 14. Describe how the cells you can see
in the microscope image allow the onion to be formed.

Success criteria
« lcanexplain whata cell is.

| can outline the components of cell theory.

Cels 5




°2 > Cell structures

( Learning intention

At the end of this lesson, | will be able to:

« describe the common parts of plant
and animal cells

- identify the similarities and
differences in the structures
(organelles) of plant, animal, fungi
and bacteria cells.

Key terms

adenosine triphosphate (ATP):
the chemical energy made in cell
organelles that living things use to
carry out functions

cellmembrane: a thin layer around
a cell that controls which substances
enter and leave the cell

cell wall: a stiff layer around a plant cell
that supports it

chloroplast: a small organelle in a plant
cell that makes food for the plant
cytoplasm: a jelly-like fluid inside a cell
DNA: the genetic information inside
abody’s cells

eukaryote: an organism with a nucleus
and complex structures inside its cell(s)

mitochondria: acomplex, oval-shaped
organelle that produces ATP energy
through the process of respiration

nucleus: the control centre of a cell;
contains DNA

organelle: a structure within a cell
prokaryote: a simple organism that
does not have a nucleus

ribosome: a small, simple organelle
that produces proteins

vacuole: an organelle used for

the storage of waste (animals)
and water (plants)

Investigation 1.2

Examining cell structures, p. 297

Key idea: Form and function

6 Good Science 8

Cells are made up of different parts, and different cells
have different roles.

Cells have different parts called organelles

Each cell has many different parts. Each part has a particular job
that helps to keep the cell healthy. However, not every cell has the
same parts. For example, a plant cell has more parts than an animal
cell. Scientists call the parts of a cell organelles.

Plant cell Animal cell

Ribosome Lysosome

Cell wall

Golgi
Chloroplast

ER
(endoplasmic
reticulum)

Nucleus
Cytoplasm
Mitochondrion

Cell membrane

Vacuole Ribosome

N
Figure 1.5: Plant and animal cells have some features in common.

Animal, plant and fungi cells have a nucleus,
mitochondria and vacuoles

The cells of all animals, plants and fungi (e.g. mushrooms and moulds)

have three organelles in common:
Nucleus: This is the central part of a cell. It controls all the cell’s
activity. DNA, the genetic material, is located inside the nucleus.
Mitochondria: These oval-shaped organelles are unique to complex
organisms that contain a nucleus. They use glucose and oxygen to
produce adenosine triphosphate (ATP) energy in the process of
respiration. (There is more on this in Section 1.4.)
Vacuoles: In animals and fungi, some cells have small vacuoles
to store waste products. In plants, most cells have large vacuoles
that store water to help maintain the shape of the cell.

Figure 1.5 shows the features plant and animal cells have in common.
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Figure 1.7: A group of typical plant cells, as seen under
amicroscope
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All cells contain simple organelles

All cells need to use the genetic information in their
DNA to produce proteins. This means that all cells
have a cell membrane, cytoplasm and ribosomes.

Cell membrane: This is a flexible, thin layer around
a cell (like an envelope surrounding a birthday
card). It controls substances coming in and out
of acell.

Cytoplasm: This is a jelly-like fluid in which cell
organelles sit. Many of the chemical reactions

in a cell happen in the cytoplasm.

Ribosomes: These small organelles are where
proteins are produced in the cell. Without proteins,
cells could not function, making this organelle
essential to all living things!

Plant cells have a cell wall
and chloroplasts

There are many obvious differences between plants
and animals. No one is likely to confuse a cat with
a cactus, or a shark with seaweed!

However, some differences are not obvious,
such as the organelles inside plant and animal cells.
Like animal cells, plant cells have a nucleus, cytoplasm
and cell membrane. However, they also have two
structures that animal cells do not:
A cell wall: This is a stiff layer around a plant cell,
outside the cell membrane. It helps to protect and
support the cell.
One or more chloroplasts: Chloroplasts are
organelles that act as energy producers. They are
where plants make sugar using the Sun’s energy.

Animal cells do not have these organelles because
they do not need them. Animals have a skeleton
to provide support and they can move around to
get food.

Figure1.8: » Fungal cell
Fungi cells
also share Vacuole Golgi apparatus —  Cytoplasm — ~ Mitochondria — Endoplasmic reticulum
features with
plantand
animal cells.
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3 3 5 and vesicles
Ribosome
Cell membrane Cell waII-J Storage granule = Septum — Lipid granule
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Bacteria cells are simpler than
animal, plant and fungi cells

Bacteria are different from plants, animals and fungi,
which are all made of complex eukaryotic cells.
Bacteria are made of simpler cells, called prokaryotic
cells. These cells cannot join to form a multicellular
organism. Bacteria cells have DNA, but they do not
have a nucleus to hold it in place. The DNA floats freely
in the cytoplasm. However, there are some similarities
between the different cells. Figure 1.9 shows the
structure of eukaryotic and prokaryotic cells.

Figure 1.9: The structure of eukaryotic (animal, plant

and fungi) cells and prokaryotic (bacteria) cells
v

Eukaryotic cell
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Staining shows the organelles
of cells

Scientists use chemicals called stains to artificially
colour some of the parts of cells. Staining makes them
easier to see under a microscope. In the image shown
in Figure 1.7, a purple stain has been used to colour
some of the cell parts.

Most cell structures are too small to be seen under
a microscope. Parts of a cell that can be seen under a
light microscope include the nucleus, cell membrane,
cell wall and chloroplast. The cytoplasm cannot
really be seen in Figure 1.7, but you can see floating
substances: they look like a grainy background inside
the cell membrane.

To see the organelles of cells in more detail,
scientists use technologies like the electron
microscope. These microscopes can produce images
of all the organelles contained within cells in great
detail. Some examples are shown in Figure 1.10.

Prokaryotic cell

Fimbriae

Chromosome (DNA) I\

Nucleoid region

Capsule

Cell wall

Centrioles Plasma Plasmid
membrane
Cytoplasm Cyegean
Ribosome

Microvilli

Golgi complex

Smooth

Rough
endoplasmic endoplasmic
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Figure 1.10: Electron microscopes allow scientists to view
and understand the structure of cell organelles, which cannot
be seen using a light microscope.

Learning Ladder

Cells

o Identify in which cells these organelles are found.
a Nucleus b Ribosomes c Cellwall
d Cellmembrane e Vacuole

@ Describe the function of the organelles that are
common to all living things.

© Identify an organelle that is found in an animal
cell but not in a bacteria cell. Explain the function
of this organelle.

e Compare the four types of cells from this section -
animal, plant, fungi and bacteria - in terms of the
organelles they contain.

© Analyse how the organelles discussed in Question 4
contribute to the survival of animal, plant, fungi and
bacteria cells.

Nature and development of science

o Identify two technologies that have helped scientists
to understand the structure of different cells.

9 Describe how chemists and biologists may
work together when studying cell organelles.
(Hint: Think about some of the processes carried
out by organelles.)

e Explain how the electron microscope has helped
scientists to understand the structure and function
of different organelles.

@ Discuss how our models of cells may have changed
over time, based on the technologies that have
become available.

Planning and conducting 0.236

0 Identify two pieces of scientific equipment that
you might use when you are conducting a scientific
investigation of cells and their organelles.

e Identify two risks associated with using a light
microscope. Describe how you could minimise
the chance of these risks occurring.

Key idea: Form and function

Consider the structure of some of the plants in your
garden. Propose and discuss how their organelles
help them to maintain these shapes and structures.
Construct a diagram showing the organelles that help
to give plants structure.

Success criteria
- | candescribe the organelles of plant and animal cells.

- | can compare the features of plant, animal, fungi and
bacteria cells.

Cels 9




-3 > Unicellular and multicellular organisms

e . . N i i _
Learning intention Orgon.lsms can hc?ve one or mgny cells. Single C?Iled
At the end of this lesson, | will be able organisms are unicellular —uni means ‘one’. Multicellular
to distinguish between unicellular and organisms have more than one (and often many) cells.
multicellular organisms. . .

Bacteria, and some types of plant and fungi, are
Key terms examples of unicellular organisms. Multicellular organisms

differentiated cell: a cell that has a . .
specialised function include humans, other mammals, birds, trees and

multicellular: made of more than mushrooms. Multicellular organisms are larger and more
complex than unicellular organisms.

one cell

protozoan: a unicellular eukaryote that
moves and feeds on organic matter

unicellular: made of one cell

Investigation 1.3

Observing unicellular organisms, p. 298

Key idea: Form and function

Figure 1.11: Yeast cells are
unicellular organisms.

Figure 1.13: Kookaburras (anlmals) and eucalyptus

trees (plants) are both examples of multicellular
organisms that are made up of eukaryotic cells.

.8

Unicellular organisms consist of one cell

Figure 1.12: Algae blooms consist of Unicellular organisms are microscopic and cannot be seen with the

millions of independent unicellular

organisms that exist side-by-side. These naked eye. In these organisms, all life processes, such as digestion,
cells can be seen under a microscope. feeding and reproduction, happen in one tiny cell.

I Most unicellular organisms are prokaryotes (see Section 1.2). This

R . _ : means they do not have the same structures as plant and animal cells.

¥ : e There are two kinds of prokaryotes: bacteria and archaeans. Bacteria

are found in every environment - a single millilitre of water contains a

million bacterial cells. Archaeans are not as common, and many exist in

environments we would find hostile, such as hot springs — but they also
exist in our own bodies.

& L) Unicellular organisms can also be eukaryotes (see Section 1.2).
& Eukaryotes have a nucleus and mitochondria, and some
5 @ have chloroplasts, so they are similar to plant cells.
@ & & @ In fact, some eukaryotes are simple plants, such as
@ @ green algae. The patches of algae we might see in the
8 @ . . .
wild are actually huge colonies of single-celled plants.

Similarly, yeast is a single-celled fungus.

10 Good Science 8



Prokaryotes and eukaryotes have cell parts that
help them to survive and reproduce after they reach
a certain size.

Unicellular organisms do not have senses,
but they respond to various conditions such as
changes in temperature and light, and to touch.
Certain eukaryotes, called protozoans, can even
move, propelling themselves through water or liquid
using tiny hair-like or oar-like structures. They use
this movement to chase down and digest other
microscopic organisms.

Multicellular organisms are made
up of many different cells

Most animals, plants and fungi are multicellular
organisms. Some are large and some are microscopic,
but they all have bodies made up of more than

one cell.

Multicellular organisms have hundreds of
differentiated cells with specific functions. These cells
make up organs such as the liver, heart and kidneys,
which do different things for an organism’s survival.

Figure 1.14: Humans contain many specialised cells,
like these red blood cells, which help to carry oxygen
and nutrients around the body.

Multicellular organisms have many advantages
over unicellular organisms. The main one is that no
single cell in a multicellular organism’s body has to
perform every function needed to survive. This leads
to less work and stress for the cells, which means the
organism can grow larger and live for longer.

Learning Ladder

Cells

o Identify each of the following organisms as
unicellular or multicellular.
a Kookaburra
b Bacteria
c Algae
d Humans

9 Describe two features of unicellular organisms.

e Explain why differentiated cells are important
to multicellular organisms.

e Compare the features of unicellular and
multicellular organisms.

© Analyse how the features discussed in Question 4
contribute to the survival of unicellular and
multicellular organisms.

Nature and development of science

o Propose a problem that may occur if large
organisms like humans were unicellular.

e Describe how scientists from different disciplines
could work together to study unicellular and
multicellular organisms.

Planning and conducting p.236

Read Investigation 1.3 on page 298, then answer the
following questions.
o Identify three pieces of scientific equipment that
are used in the investigation.
e Describe a risk from this investigation and explain
how you would minimise its chances of occurring.
9 Identify the:
a independent (changed) variable.
b dependent (measured) variable.
¢ controlled (kept the same) variables.

Key idea: Form and function

Explain how being made up of multiple cells can

help organisms such as plants and animals (including
humans) to function and live for longer than unicellular
organisms. Use secondary research to help you provide
examples for your explanation. Present your findings as
a digital infographic.

Success criteria

+ | candistinguish between unicellular and
multicellular organisms.

Cells 11




Learning intention

At the end of this lesson, | will be
able to explain the processes of
photosynthesis and respiration.

Key terms

aerobic respiration: the process
of turning glucose into energy where
the cells take in oxygen and release
carbon dioxide

anaerobic respiration: how living
things produce energy without oxygen

chlorophyll: the green pigmentin
plant cells that absorbs sunlight
and enables photosynthesis

glucose: a type of sugar that is the
energy source for cells

photosynthesis: the chemical
reaction, powered by sunlight, in plants
that converts carbon dioxide and
water into sugar and oxygen

respiration: a chemical reaction that
converts glucose to energy

stomata: pores on the surface of a
leaf; the site of gas exchange in plants

Investigation 1.4A
Investigating respiration, p. 299

Investigation 1.4B
Energy from food, p. 301

Key idea: Form and function

12 Good Science 8

Animals and plants have many cells that carry out various
functions to help the organism survive. To perform

these functions, cells need a constant supply of energy.
Animal cells get their energy from food, and plant cells
make their food using sunlight.

All cells need energy to survive

o
Without a continuous supply of energy, cells cannot Figure 1.15:
perform important functions and will die. The only type Plant cells get
. . . energy from
of energy that cells can use is chemical energy. Chemical SUnight

energy comes from glucose, which is a type of sugar.
Plant cells convert energy from the Sun into glucose.
Animal cells get most of their energy from food.

Photosynthesis is how plants make food

Plants rely on a chemical reaction called photosynthesis to make their
food. Chlorophyll (a green pigment) in the chloroplasts of plant cells
absorbs sunlight and uses it to convert carbon dioxide and water into
glucose and oxygen. The process of photosynthesis is summarised

in Figure 1.16 and shown in Figure 1.17.

The glucose produced from this reaction is either used in respiration or
stored for later use. The oxygen moves into the environment through special
pores (openings) in the leaves called stomata, or is used during respiration.

We breathe in oxygen released by plants, and consume glucose made
in leaves. If plants did not exist, humans would not exist either!

LIGHT ENERGY

carbon dioxide + water - glucose + oxygen
CHLOROPHYLL

4 Figure 1.16: The process of photosynthesis

Respiration is how cells make energy

Respiration is a chemical reaction that converts glucose to carbon dioxide
and produces energy. Respiration occurs in all cells. There are two forms
of respiration:

= aerobic respiration, which uses oxygen

= anaerobic respiration, which happens without oxygen.

Aerobic respiration provides animals and plants with most of their energy.
In animals, aerobic respiration involves the organism taking in glucose
(from food) and oxygen (from the environment via lungs in humans). The
glucose and oxygen combine to form carbon dioxide, water and energy.
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The chemical energy produced is transported
to the cells that need it, while the carbon dioxide
and water are removed from the cell. This process
is summarised in Figure 1.18.

glucose + oxygen > carbon dioxide + water + energy

4 Figure 1.18: The process of aerobic respiration

Respiration happens
in mitochondria

Respiration happens in organelles (cell structures)
called mitochondria, in both plant and animal cells.
Mitochondria are called the ‘powerhouse’ of cells
because they take in nutrients, break them down, and
change them into energy that cells can use. Animals
and plants do not respire in the same way, and they
gain energy from different nutrients, but mitochondria
have the same purpose in all living things.

Mitochondria are very small. Some cells have
several thousand mitochondria because they need
lots of energy — for example, muscle cells in animals.
Other cells have lower energy needs, so they have
few or no mitochondria.

Oxygen \| Carbon dioxide
% Energy

Glucose Water

“

Figure 1.19: Mitochondria are the organelles responsible
for respiration. Because their folded structure provides a lot
of surface area, many reactions can occur at the same time.

4 Figure 1.17: Photosynthesis happens in the leaves of plants.

Learning Ladder

Cells

o Identify a structure of plants that allows them to
gain each of the following materials needed for
photosynthesis.

a Water
b Carbon dioxide
c Lightenergy

@ Describe the structure that enables photosynthesis
to occur.

e Explain why both chloroplasts and mitochondria are
necessary in plant cells.

Use and influence of science

o Propose a socio-scientific issue that is linked to
removing plants from the environment.

9 Describe how our knowledge of photosynthesis may
influence the type of research scientists conduct into
how oxygen is produced.

Planning and conducting p.236

Read the aim, materials and method of Investigation 14B

on page 301, and then answer the following questions.

0 Identify the correct way to secure the test tube over
the food.

e Identify two hazards associated with this investigation.
Outline how you could minimise the risk of harm
occurring.

0 Identify the independent and dependent variables
of the investigation.

o Propose two ways that you could make sure that the
data you collect from this investigation is precise.

e Investigate a different independent or dependent
variable, and construct a safe and ethical
step-by-step method.

Key idea: Form and function

Consider the diagram of the mitochondria organelle

in Figure 1.19.

a Explain how its structure enables it to carry out its
function of respiration within cells.

b Propose three cell types that may require large
numbers of mitochondria. Justify your choices.

Success criteria

- | can explain the processes of photosynthesis
and respiration.

Cells 13




" Learning intention

At the end of this lesson, | will be able to:

- examine cells as the basic unit of life

- describe the relationships between
cells, tissues and organs that make
up living things.

Key terms

differentiate: to change so as to have
a particular function

organ: a structure made up of two
or more tissues that has a specific
function

Key idea: Form and function

14 Good Science 8

Figure 1.20: This tissue is in
the human brain; itis called
neuroglia (‘nerve glue”).

All living things are comprised of one or more cells.
Within multicellular organisms, this means that cells
must differentiate so that the organism can survive.

Specialised cells perform specific tasks

A multicellular organism starts as a single cell. This one cell divides into
many cells that are joined together. As the organism grows and more
cells form, the cells differentiate and perform different functions to help
the organism work effectively. Some of the specialised cells in plants and
animals are listed in Table 1.1.

Table 1.1: Some of the specialised cells in plants and animals

Organism Specialised cell Function
Human Epidermal cell Forms a protective outer layer (skin)
Nerve cell Transmits messages around the body
Red blood cell Transports oxygen and nutrients around
the body
Plant Palisade cell Contains chlorophyll to carry out
photosynthesis
Xylem cell Transports water from the roots to

the stem and leaves

Phloem cell Transports sugar around the plant

Specialised cells can form tissues and organs

Cells that specialise in the same function can group together to form
tissues and organs. These structures are larger and more complex than
individual cells. Tissues and organs are structured in specific ways to help
organisms function efficiently. The flowchart in Figure 1.21 summarises
the levels of organisation in organisms. Figure 1.22 shows an example.

organelle - specialised cell > tissue >
organ -> organsystem -> organism

4 Figure 1.21: The process of forming tissues and organs
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4 Figure 1.22: The heart is an organ that has a muscular layer
of tissue called the myocardium. The myocardium is made of
cardiac tissue, which in turn is made of cardiac muscle cells.

Scientists use microscopes to learn
about specialised cells

As cells are too small to be seen by the naked eye,
scientists use microscopes to view them and make
observations. When viewing samples of tissues

made of specialised cells, scientists will often use
electron microscopes rather than light microscopes.
This is because these microscopes have a higher
magnification that can be used to identify the number
and arrangement of different organelles within the
cells. Scientists can use these observations to help them
understand the roles of different types of specialised
cells, tissue and organs in multicellular organisms.

Figure 1.23:
Scientists
need to use
microscopes
tosee
specialised

cells.

Learning Ladder

Cells

o Identify a specialised cell found in:
a humans. b plants.

e For the cells you identified in Question 1a, describe
their structure and function.

e Explain how specialised cells form the basis of more
complex structures in multicellular organisms.

0 Compare the complexity of a cell organelle to an
organ in a human body.

e Evaluate the following statement:

Organelles enable the survival of cells, like cells
enable the survival of humans.

Use and influence of science

€D Identify an issue scientists may face when trying to
work with and understand the cells of humans.

e Propose and describe how our knowledge of human
cell structures may benefit the medical industry.

9 Explain an ethical consideration that would need to
be addressed before scientists conducted studies
relating to cells on living humans.

Questioning and predicting p.232

o A student wanted to investigate the effect
of temperature on the brain (an organ made of
neural tissue). Which of the following would be
an appropriate question for their investigation?
A Does heat hurt the brain?
B Does heat damage neural tissue?
C How does temperature affect a human brain?

9 Predict which of the following tissues would contain
cells with the most mitochondria, based on your
knowledge of cells and organelles.

A Skin tissue B Intestinal tissue
C Muscle tissue

9 Use your answer in Question 2 to construct an
appropriate scientific question and prediction about
which tissue type contains the most mitochondria.

Key idea: Form and function

Consider Figure 1.22. Explain how the form and alignment
of cardiac cells allow the tissue of the heart to effectively
provide blood to the body. Use secondary research to
help you with your response.

Success criteria
- | can state how cells, tissues and organs are related.

« | candescribe how scientists make observations
about cells, tissues and organs.

Cels 15




'6 > Key idea: Form and function

Learning intention

At the end of this lesson, | will be able to:

« relate the structure and properties
of new stem cells to their functionin
medical research

« explain the importance of stem cells
within multicellular organisms.

Key terms

embryonic stem cell: an
undifferentiated cell that is collected
from an embryo

generate: produce
perinatal: the time and areas around
birth

stem cell: an undifferentiated cell that
occurs throughout the body and is able
to divide and form new identical copies
of itself

undifferentiated: has not changed
from its original form

\

Key idea: Form and function

Figure 1.24: Stem cells differentiate
when parts of the code in their DNA
‘switch on’, causing them to divide and

fo

rm specialised cells, such as the ones

pictured here.
v

Stem cells

are cells that can

differentiate into

various types of cells

and proliferate
indefinitely.
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All multicellular organisms start their life as a single cell.
This one type of cell is what allows all of the specialised
cells in your body to form. But what is this cell, and how
does its form relate to its functions, both in the body
and in medical research?

Stem cells are present in all multicellular
organisms

Stem cells are undifferentiated cells that occur all throughout the

body. These cells are able to divide and form new identical copies

of themselves. This ability to generate, and the lack of specialisation,

is what makes stem cells unique within multicellular organisms.

One of the most important types of stem cells are embryonic stem cells.
These are the undifferentiated cells present within a new organism

such as a human embryo that divide and develop so that the baby can
grow and develop vital tissue and organ structures within the body.

Differentiated cells form from stem cells

Once embryonic stem cells have started dividing, they differentiate as
the embryo develops. Stem cells around the embryo ‘switch on’ parts
of their code from their DNA and form new, specialised cells like muscle
cells, nerve (neural) cells and skin (epithelial) cells. Once these cells
have formed, many lose their ability to divide. This means any new cells
formed must come from stem cells that remain in the body. Figure 1.24
shows some of the specialised cells that can form from stem cells

in humans.

Stem cells used in medical research

The ability of stem cells to generate new cell types
makes them highly desirable in the medical field.
Scientists have been studying stem cells since the
1950s, with their first documented use being in 1956.
Scientists studying stem cells can use:
embryonic stem cells: stem cells that have been
taken from a developing embryo.
adult stem cells: stem cells donated by adults
from their body tissue, which can sometimes be
converted back into stem cells with embryonic
properties, allowing wider research to be
conducted
perinatal stem cells: stem cells collected from
the amniotic fluid or umbilical cord of babies.



Once scientists have the stem cells, they can culture
(grow) them in a laboratory and use them to:
understand how diseases occur
generate new healthy cells
conduct drug testing.

Using this research, doctors have already begun
using stem cells. Patients undergoing chemotherapy
have received bone marrow transplants of stem
cells that will differentiate into bone tissue and
blood cells. This helps to re-establish their

immune system and blood supply.

Future uses of stem cells need
to be carefully considered

The most effective scientific research is conducted
using embryonic stem cells, as they have the best
generation ability and can differentiate into many
different cell types. However, these cells need to

be collected directly from developing embryos,

which some people consider unethical. Scientists
collect these cells in labs, from embryos that have been
produced but not placed into a mother to develop into
a baby. These embryos are only kept after informed
consent has been obtained from the donors.

Another issue is guiding stem cells to produce
the cell types that scientists want to study. Sometimes,
stem cells will randomly start differentiating into a
cell type that is different from what scientists are
trying to study. Scientists are working on ways to avoid
this occurring.

The future of stem cells is filled with possibilities.
Scientists are currently working on using stem cells
to build new muscle tissue and organs from a person’s
own cells to replace their own damaged tissue and
organs. Continued research may one day make
such treatments a reality.

_aN
Figure 1.25:
Individuals
can donate
blood to
provide
stem cells
for research.

Learning Ladder

Cells

o Identify three cells that can form from stem cells.
9 Describe the features that are unigue to stem cells.

e Explain why stem cells are important in developing
embryos.

0 Compare the structure of a stem cell to a specialised
cell such as amuscle cell.

e Analyse the importance of stem cells in maintaining
the function of multicellular organisms.

Use and influence of science

o Identify a socio-scientific issue in stem cell research.

e Describe how scientists’ knowledge of stem cells
has already impacted the medical field.

9 Explain an ethical consideration that may impact
research into stem cells.

0 Discuss how scientists might respond if they had
to stop all their research immediately because of
the backlash against such research.

9 Investigate and analyse how real scientists
have responded to situations similar to the
one discussed in Question 4.

Questioning and predicting p.232

o From the following, identify an appropriate question
that scientists could use to investigate stem cells.
A How does the type of stem cell affect its ability
to differentiate?
B Are there different types of stem cells?
C How does society want stem cells to be used?

9 Based on the information in this section, make a
prediction about the answer to the question you
selected in Question 1.

e Think about some of the uses of stem cells. Construct
a scientific question you could ask to help scientists
research a specific use of stem cells in medicine.

o Use secondary research to examine your scientific
question and construct a hypothesis stating what
you think will be the outcome of the research.

e Evaluate your hypothesis to determine if the
relationship between the independent and
dependent variables is valid.

Success criteria

| can relate the structure and properties of stem cells
to their function in medical research.

| can explain why stem cells are important
in multicellular organisms.

Cells 17




» Summary

Celltheoryis atheory proposed by Theodor Schwann,

which can be summarised as follows:
« Allorganisms are made of cells.
. Cellsare the basic units of life.

« Cellscome from pre-existing cells that have multiplied.

« Cells contain specialised structures
so that they can function.

- Allcells contain a cellmembrane, Ribosome

cytoplasm, ribosomes and DNA.

« Eukaryotic cells contain complex
organelles like nuclei to store DNA,
mitochondria and vacuoles.

- Prokaryotic cells have the organelles

common to all cells, but do not

have complex organelles.

Plant cells have a cell wall for Vacuole

structure and chloroplasts to

produce glucose.

Unicellular organisms are
organisms that are composed of a
single cell. They can be prokaryotic
or eukaryotic.

« Unicellular organisms include
bacteria, some fungi (like yeast)
and algae.

+ Multicellular organisms are
made up of many specialised
cells. All multicellular organisms
are eukaryotic.

« Multicellular organisms

include humans, some fungi

(like mushrooms) and plants.

18 Good Science 8
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« Photosynthesis uses heat energy from the Sun,
carbon dioxide from the air, and water from the
ground to produce glucose.

» Plants photosynthesise, which is how all other living
things have oxygen to breathe!

« Respirationoccursinthe mitochondria of multicellular
organisms and uses glucose and oxygen to produce
ATP energy.

LIGHT ENERGY

carbon dioxide + water - glucose + oxygen
CHLOROPHYLL

glucose + oxygen —> carbon dioxide + water + energy

- Multicellular organisms contain differentiated cells,
which have specialised to perform specific roles.

« Specialised cells form tissue, which in turn forms
organs within multicellular organisms.

« Scientists use microscopes to view and learn about
all different types of cells.
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Key idea:

Form and function

- Stem cells are undifferentiated cells that can
replicate themselves and become specialised.

« Scientists are using stem cell research to try
to produce new cells that can replace diseased
onesin human bodies.

Stem cells
are cells that can
differentiate into
various types of cells
and proliferate
indefinitely.

Blood

Bone
cell
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Masterclass

Steps in progression

2 Identify three features of stem cells. Describe two functions of neural cells.
4]
33
5
% Propose one problem with creating Describe why Dr Lancaster may have
= Nature and brain organoids from stem cells. needed biologists, chemists and
.:C, 5 development of science medical doctors on her research team.
© 3
83
0T . Propose a socio-scientific issue linked Describe how our knowledge of brain
g 5 Use and influence to research on the human brain. disorders may impact society.
.g of science
(2]
. True or false? Make a prediction about the level of use
> Que5t|°n|ng ‘How does the development level of stem cells in scientific research over
§ and predicting of a brain impact its response to the next 20 years.
to microcephaly?’is a scientific question.
c
8 Identify two pieces of scientific Describe three ways that the research
5 Planning equipment Dr Madeline Lancaster’s team could have minimised their risk
‘O . team would have used while conducting of harm during their investigations.
n and conductlng their research.

Using stem cells to grow brains

Undifferentiated stem cells are the focus of a lot of
medical research so that scientists can see what medical
problems they are able to solve. However, even more
interesting is the fact that scientists are actually starting
to grow human organs using stem cells!

Scientists in the United Kingdom, led by biologist
Dr Madeline Lancaster, have been able to use stem cells
to grow and shape neural tissue into primitive versions
of human brains (called organoids)! They achieved this
by setting up stem cells in a 3D system and then guiding
the cells to differentiate into neurons.

Setting up and growing stem cells into brain organoids
in this way will help scientists to research and understand
conditions that affect the human brain. Research
Figure 1.26: Electron microscopes can conducted on the organoids has already provided better
capture images of the brain organoids data than studies conducted on mice for the condition
that have been grown from stem cells, microcephaly (babies whose heads are too small for their
helping scientists to study them. .

overall size). Perhaps, one day, these neurons could even
be used to help replace damaged brain cells in humans!
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Demonstrate your understanding

G (o (5 2

Explain the role of stem cells in
producing the cells needed to form
the brain.

Explain how the research team’s work
has led to new understanding of the
human brain.

Explain an ethical consideration
required when transferring
knowledge from Dr Lancaster’s
research to real patients.

Construct a scientific question that
you could use to test your prediction
from step 2.

Identify three variables that would
need to be controlled when using
stem cells to research brain conditions
like microcephaly.

Figure 1.27: Scientists use mice
a lot when studying the impact of

diseases on humans, but using stem
cells often provides better data.
i

Use the information below and
secondary research to compare stem
cells and neural cells in terms of their
form and function.

Discuss how our ability to model the
brain has developed over time.
(Hint: Consider different technologies.)

Discuss the potential impacts of
being able to use brain-like organoids
rather than laboratory mice in
scientific research.

Develop a scientific hypothesis
that relates to your scientific question
from step 3.

Propose and discuss how the
research team could ensure that the
data they collected on microcephaly
was recorded precisely.

Analyse how the structure of specialised
cells in multicellular organisms helps them
to survive.

Analyse how researchers from different
countries would be able to work together
on stem cell projects like Dr Lancaster’s.

Analyse how the use of stem cells to grow
organoids for study may shape regulations
around scientific testing of products.

Evaluate your scientific question and
hypothesis for their scientific validity.

Use secondary research to help you design
an investigation that could be conducted
by Dr Lancaster’s team on a specific brain
condition. Be sure to include safety, ethical
and procedural factors.

Cells 21



() Systems of
living things

In multicellular living organisms, cells, tissues and organs form complex
systems with specialised functions. The systems of living things work
together so that plants and animals can survive, by gaining energy and other
required products, transporting them to new places for use, and removing
waste products that might otherwise cause harm. In this chapter, you will
learn how systems in plants and animals function normally to enable survival,
and how they can be affected by a variety of factors that the organism may
or may not control.

-adder

The Learning Ladder for each chapter maps the Science Understanding,
Science as a Human Endeavour and Science Inquiry strands that will be covered.
Each ladder has five levels of progression, called steps. To climb the ladders,

you need to develop fluency at each step. This will help you develop the ability

Stepsin
progression

| can analyse the relationship
between structure and function
at organ system levels

| can discuss the effects of
disorders in the cells, tissues
or organs of systems

| can explain how organ systems
work together to enable survival

| can describe how cell-based
structures work together to
carry out specialised functions

| can distinguish
between cells, tissues, organs
and organ systems

Biological science:
Systems of living things

Science understanding
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to complete tasks that are more complex.

| can analyse how people
with different perspectives
and worldviews collaborate to
develop scientific knowledge

| can discuss how models and

theories have developed over time

| can explain how new
evidence can lead to changes
in scientific knowledge

| can describe the importance
of multidisciplinary
collaboration in science

| can recognise
scientific problems and solutions

Nature and development
of science

| can analyse how the communication
of scientific knowledge shapes
viewpoints, policies and regulations

| can discuss the impact of responses
to socio-scientific issues

| can explain examples of ethical,
environmental, social and/or economic
impacts of scientific advances

| can describe how scientific
knowledge can affect society

| can identify
socio-scientific issues

Use and influence
of science

Science as a human endeavour




Figure 2.1: These flowers
from Corymbia calophylla
are part of a living system
that relies on organs working
together to maintain life.

| can evaluate | can communicate scientific
investigation questions and findings and arguments for specific e
predictions for scientific validity purposes to specific audiences
| can develop a hypothesis | can use digital technologies
that predicts the relationship to organise and communicate e
between investigation variables data and information
| can construct questions | can prepare a variety
and predictions to investigate of representations to communicate e
scientific problems ideas and findings
| can make simple | can select appropriate
predictions based on what | know formats to communicate ideas e
and observe and findings
| can recognise | can identify scientific
questions that can be terminology used to o
investigated scientifically communicate information

Questioning

and predicting Communicating

Stepsin
progression

Science inquiry
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'1 > Organ systems basics

Learning intention

At the end of this lesson, | will be able to
explain the interrelationships between
cells, tissues and organs.

Key terms

cell: the smallest functional unit
of an organism

differentiate: to change so as
to have a particular function

organ: a structure made up of two
or more tissues that has a specific
function

organ system: two or more plant
or body organs that are connected
and working together

organism: an individual animal, plant
or other living thing

stem cell: an undifferentiated cell that
can develop into various types of cells

tissue: a group of cells with a similar
structure and function

( )

Key idea: Systems

Figure 2.2: Muscles are made
up of cells that are specialised

to contract and relax.
v

Muscle fibres
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In organisms made of more than one cell, cells with similar
functions group together to form tissues, organs and
organ systems.

Cells can perform different jobs

In unicellular organisms, the single cell must carry out all the major
life functions. In multicellular organisms, the cells share the workload,
and different cells have different functions.

Before an organism starts to develop, its cells are not specialised.
These cells are called stem cells. As an organism grows, the cells
differentiate and specialise to carry out different functions.

Tissue is a group of specialised cells

Cells that specialise in the same function group together to form tissue.
There are four main types of tissue in animals:
Epithelial tissue forms the skin, as well as the body’s inner linings.
Connective tissue transports substances (such as nutrients) to where
they are needed.
Muscle tissue contracts and relaxes to carry out different functions.
Nerve tissue transmits information between the brain and other
organs.

Cells work together as tissues, organs
and systems

Different tissues that work together can form organs. Tissue systems

in plants that perform important functions but do not combine to

form organs are discussed in Section 2.7. Two or more organs that are
connected and working together form a plant or body system. The organs
and tissues in each system are specialised to perform specific roles.

Organs perform an organism'’s
main functions

The brain, heart, kidneys, liver and lungs are the main organs of
the human body. Each organ has a specific function; Figure 2.3
shows how an organ system is formed.

Each organ has a different structure. For example, in the
heart, epithelial tissue lines the blood vessels. Connective tissue
forms the valves of the heart and is in the walls of the blood
vessels. Nerve tissue inside the heart controls the beating of the
heart muscle, which pumps the blood out of the heart. All these
tissues work together to keep the heart working efficiently.



Figure 2.3: Human cells make tissue, specific tissue

makes organs, and sets of organs make organ systems.
v
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Organs work together

in systems Organ

system

An organ is not useful on its own. In an
organism, each organ is part of a system,
along with other necessary tissue such

as blood. An organism’s different organ
systems work together so that it can
function. The human body has several
different organ systems, each with its own
function and purpose. Table 2.1 summarises
the body’s organ systems that will be
explored in detail across Sections 2.2 to 2.5.

Tissue Organ

Table 2.1: Some of the organ systems in the human body

Digestive

Respiratory ~ Allows exchange of gases

Circulatory

Excretory
and urinary

Organism

Organ system

Function Major organs

and tissues

Breaks down food so
nutrients can be absorbed

Oesophagus, stomach,
liver, large and small
intestines

Lungs, trachea, larynx,
nasal passages

Transports oxygen and Heart, blood

nutrients to cells

Removes waste formed Kidneys, ureters, urethra,
from digestion bladder

Learning Ladder

Systems of living things

0 Order these terms from the smallest to the largest
structure: tissue, cell, system, organ.

e Classify each of the following as a tissue or an organ,
and provide a reason for each response.
a Lungs b Heart c Blood
d Muscle e Brain f Skin

9 Explain the difference between an organ and a tissue,
with reference to examples from this section.

Nature and development of science

o True or false?
a Problems with the heart are related to problems
with the circulatory system.
b Organs are not related to an organism’s main
functions.

e Propose why a microbiologist might need to work with
a physiotherapist to learn about muscular tissues.

Communicating p. 255

in multicellular organisms.

e Describe some ways you could show or represent
the tissues in the heart to communicate how it works.

@ Identify four terms that could be used to describe tissue

e Figure 2.2 is a diagram of cells that make up muscles.
Outline the advantages and disadvantages of using
an image like this one to present information about
body systems.

e Investigate the nervous system and construct a digital
diagram like Figure 2.2 to show the organisation of cells
in the nervous system. Include and label nerve cells,
neural (brain) tissue, the brain and the nervous system
(brain and spinal cord).

e Adapt your response to Question 4 into a clear
and simple presentation suitable for an audience
of primary school children.

Key idea: Systems

Conduct research online to address the following:

a Anorganis a type of system made up of tissues.
Construct a list of the organs that are made up of each
of the four types of tissues (epithelial, connective, muscle,
nerve tissue).

b Discuss what each list of tissues or organs has in common
in relation to the structure and function of the system.

Success criteria

- | can explain the interrelationships between cells,
tissues and organs.
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2 > The digestive system

-

~N

Learning intention

At the end of this lesson, | will be able to:

« identify the role of the human
digestive system and name the major
organs in this system

» describe how the structures and
specialised features and cells of the
digestive system enable it to carry
out its functions.

Key terms

bile: a salty solution stored in the
gallbladder, which aids digestion in
the upper small intestine

chemical digestion: breaking down
food in a chemical reaction that forms
new molecules

chyme: a soupy mixture of partially
digested food in the stomach and
small intestine

digestion: the physical and chemical
processes that break down food in

the body

enzyme: a substance that enables

or speeds up a chemical reaction
mechanical digestion: physically
breaking down food into smaller pieces
peristalsis: the involuntary muscle
action that pushes food through the
digestive tract

villi: the tiny finger-like projections that
line the walls of the small intestine

Key idea: Systems

Figure 2.4: Digestion P
takes about 24 hours
and involves many
processes and organs.
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The role of the human digestive system is to obtain
nutrients and energy from food. Our bodies need nutrients
to be delivered in a certain way so that our cells can
absorb them. The digestive system breaks down food
both physically and chemically to allow nutrients to be
absorbed into the body.

The digestive system breaks down food

Humans need to consume food to obtain nutrients. Nutrients are
essential for energy production, growth, tissue repair and all other
cellular processes. However, food cannot move directly into the cells.

It first needs to be broken down into smaller molecules during digestion.

Digestion happens in two ways:

mechanical digestion: food is physically broken down into smaller
pieces (e.g. by chewing) but the food material has not changed into
new substances

chemical digestion: digestive enzymes trigger chemical reactions,
which break down large food molecules into new, smaller molecules
that can be absorbed by the body’s cells.

In the mouth, food is physically broken into small pieces by the teeth
and mixed with saliva, which contains enzymes that chemically break
down complex carbohydrates into simple sugars. When you swallow,
this mix of food and saliva moves down into the oesophagus and then
to the stomach.

f )
Salivary glands
Tongue
Mouth 9
Oesophagus
Stomach
Liver
Gallbladder
Pancreas Large intestine
. Small Rectum
intestine
Anus
L J




.
Figure 2.5: The digestive
system breaks down food to
get the essential nutrients.

wa A

Within the stomach, the food is broken down
further and combined with gastric juices that contain
enzymes and hydrochloric acid. This soupy mixture
(called chyme) is slowly released into the top section
of the small intestine. Here, the chyme mixes with
bile — a salty solution stored in the gallbladder -
and pancreatic juices, which both contain more
enzymes to chemically break down and neutralise
the chyme.

As this mixture moves through the small intestine,
the nutrients begin to be absorbed and sent around
the body via other body systems. A lot of what we eat is
left undigested as it passes through the small intestine;
some nutrients are absorbed, but much of the material
remains. This moves into the large intestine, also
known as the bowel, where bacteria act on it, releasing
important vitamins and minerals that can be absorbed
and producing gas as a by-product.

Although water can be absorbed in the stomach
and small intestine, the remaining absorption of water
happens in the large intestine. The remaining solid
waste collects in the rectum and is finally expelled
as faeces.

The action that keeps things moving down your
digestive tract is called peristalsis. Peristalsis is an
involuntary muscular movement that creates wave-like
contractions through your digestive tract. Once you
have swallowed your food, peristalsis keeps it moving
down your oesophagus and into your stomach.

When your stomach ‘gurgles’ after eating, this
is peristalsis accompanied by abdominal noises
as food is squeezed from your stomach into the
small intestine.

The epiglottis is a specialised
component of the digestive
system

The epiglottis is a flap of tissue in the throat

(see Figure 2.6). The epiglottis covers the trachea
(also called the airway) when we swallow so that
food can pass into the oesophagus. Although it is not
directly involved with the breakdown or absorption
of food, without the epiglottis, food would be able

to enter and block the airway.

Larynx
Oesophagus
Figure 2.6: The epiglottis shifts to cover the trachea when

we swallow so that food can pass into the oesophagus
rather than block our airway.
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Figure 2.7: The intestines of our digestive system contain lots of finger-like
folds called villi that help us to absorb nutrients from our food.

Specialised cells in the digestive
system help it carry out its
functions

The small intestine is lined with tiny projections
called villi. Villi have specialised cells that help
absorb nutrients during digestion. Villi contain
capillaries, which are the smallest types of blood
vessels. These capillaries allow
nutrient molecules to pass
through and to be dispersed

in the body where needed.

The shape of the villi maximises
the amount of nutrients that
can be absorbed, because the
finger-like projections increase
the surface area of the small
intestine wall (see Figure 2.7).
The greater the surface area,
the greater the opportunity

for the chyme mixture to

come into contact with

the intestinal capillaries.

Figure 2.8: This pH scale shows the »
acidity and basicity of different foods
and substances.

A

High
acidity
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Vinegar

Reflux is a disorder of the
digestive system

Reflux is a disorder of the digestive system that can
result in a person feeling pain or a burning sensation in
their upper abdomen or chest. The condition is caused
by stomach acid leaking from the stomach and moving
up into the oesophagus. Antacids are bases that
neutralise or cancel out the acid, and help stop

the symptoms of reflux (see Figure 2.9).

Dilute
sodium
hydroxide

4

Low
basicity

A

High
basicity

Low Neutral

acidity



Figure2.9: »
Antacids such as
milk of magnesia
can ease the
symptoms of reflux
by neutralising

the acidic fluids in
the oesophagus.
Stomach acid has
apHoflandturns
universal indicator
red. Adding milk of
magnesia causes
the colour to
change to green.

MiL

GN.
LIQUID

l

STOMACH = |
ACID i

w« v

Milk of magnesia neutralises the acid

Stomach acid pH 1

Learning Ladder

Systems of living things Questioning and predicting p. 232

o a State the purpose of the digestive systemin one o Which of the following is the most suitable question

sentence. or statement for investigating a scientific concept?
b Identify the main organs that make up the A How long does it take people to digest a sandwich?
digestive system. B Amylase enzymes in the saliva start to break down

complex carbohydrates in the mouth.
C How does the amount of water you drink with a meal
affect how long it takes to digest?

e Construct a step-by-step flowchart to describe
the process of digestion, from the moment you take
a bite of food to when you expel faeces.

e Lactase is the enzyme required to break down lactose
in milk. Predict what would happen if a person were
unable to produce lactase in their body.

e a Explain the difference between mechanical
and chemical digestion.

b ‘Bolus’ refers to food that has been chewed
and swallowed into the oesophagus. What are
the similarities and differences between bolus
and chyme?

9 Construct a scientific question to investigate how the
surface area of digestive structures (such as villi) affects
the rate of chemical reactions, using marble chips and

@ Discuss how a person would be affected if their hydrochloric acid to simulate the reaction.

intestine walls were flat due to the absence of villi.
Suggest how the person could modify their lifestyle
to adjust to the lack of villi.

o Develop a hypothesis that predicts the outcome
of the investigation question you constructed
in Question 3. Use an‘If ..., then ../ statement to

. . structure your hypothesis.
Use and influence of science v e

e Evaluate your hypothesis from Question 4 to ensure the

o Which of the following suggestions related to people who

are lactose intolerant does not create an ethical issue?

A Milk should be banned because many people are not
able to digest lactose, which is commonly found in milk.

B Milk products and substitutes should be clearly
labelled, whether they contain lactose or not.

C People who are lactose intolerant must wear white
wristbands so that everyone can accommodate
their needs.

e Indigestion is characterised by stomach acid rising
into the oesophagus. Scientific knowledge led to the
development of antacid tablets, which ease the painful
symptoms. Propose and describe how this development
has affected society.

e Explain your response to Question 1. Discuss the
suggestion(s) that could create an ethical issue.

relationship between the independent and dependent
variables is valid.

Key idea: Systems

Choose one digestive system organ: gallbladder, pancreas,
appendix or spleen. Research how losing this organ or

its function affects digestion. Share your findings with a
classmate, and include interesting facts or real medical cases.

Success criteria

| can identify the main organs that make up the
digestive system.

« |candescribe, using annotated diagrams, how the
digestive system provides the body with nutrients.

Systems of living things 29




3 > The respiratory system

p
Learning intention

« identify the role of the human
respiratory system and name the
major organs in this system

« describe how the structures and
specialised features and cells of the
respiratory system enable it to carry
outits functions.

Key terms

aerobic respiration: the process of
turning glucose into energy where
the cells take in oxygen and release
carbon dioxide

cellular respiration: the process of
turning glucose into energy for cells
touse

diaphragm: the band of muscle under
the lungs that enables the physical
action of inhalation and exhalation

diffuse: to move from an area of
high concentration to an area of
low concentration

gas exchange: the exchange of
oxygen and carbon dioxide between
an organism and the environment

hiccups: when the diaphragm
contracts involuntarily and repeatedly
to produce a vocal ‘hic’ sound

At the end of this lesson, | will be able to:

Investigation 2.3

Breathing rate and exercise, p. 303

L Key idea: Systems
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The role of the human respiratory system is to bring
oxygen into the body and remove waste gases.

The respiratory system is responsible for
gas exchange

The major parts of the human respiratory system are the nose, mouth,
trachea, bronchiand lungs. The lungs contain smaller, more specialised
parts such as the bronchioles and alveoli (see Figure 2.10).

Figure 2.10: The respiratory system
is responsible for the exchange of
carbon dioxide and oxygen.

Nose

: Bronchioles
Mouth / Alveoli
Trachea
Bronchus
Alveolus

——

Lungs

The human respiratory system gathers and processes oxygen.
You breathe in (inhale) oxygen with air, and release carbon dioxide and
water vapour when you breathe out (exhale). This gas exchange is only
possible because of the special structures of the respiratory system.

During inhalation, air enters the nostrils or mouth and moves into
the trachea (windpipe). It then travels into two branching bronchi —
one for each lung — before passing into smaller and smaller passages
called bronchioles. At the end of the bronchioles are clusters of tiny
sacs called alveoli. Each alveolus is moist, thin and surrounded by many
microscopic blood vessels called capillaries. Oxygen from the air diffuses
through the thin cell membranes of the alveoli and into the capillaries.
From there, it is transported by the blood to cells throughout the body
for aerobic respiration.

At the same time, carbon dioxide and water that collect in the blood
as products of cellular respiration are taken back to the lungs for removal.
Carbon dioxide and water vapour diffuse back into the air within the
alveoli. When you exhale, the air in the alveoli is swept back through
the lungs, taking the reverse route to exit the respiratory system.

4 Figure 2.11: When the diaphragm contracts and relaxes,
the chest expands and constricts.



The diaphragm is a specialised
part of the respiratory system

The diaphragm, a band of specialised muscular and
connective tissue, separates the chest cavity from
the abdomen cavity. It plays a crucial role in the
respiratory system despite not being directly involved
with gas exchange. As shown in Figure 2.11, when you
inhale, your diaphragm contracts to move downwards.
This causes your ribs to move outwards, which
increases the space in your chest cavity. This creates
suction in your airway, drawing air into your lungs
from outside your body through your nose or mouth,
trachea and bronchi. When your diaphragm relaxes,
the opposite occurs. It returns to its upward position,
pushing air out of the lungs, meaning you exhale.

When the diaphragm suddenly contracts without
warning, it closes off the vocal cords, producing
a ‘hic’ sound. When this occurs repeatedly over a
relatively short amount of time, we call it the hiccups.
While usually harmless, persistent hiccups could
signal an underlying medical issue.

Asthma is a disorder of the
respiratory system

Asthma occurs when a person’s airways become
inflamed and narrow, making it difficult to breathe.

4 Figure 2.12:
A healthy bronchial
tube (left) and
an unhealthy
bronchial tube
(right). This shows
how the airway of a
person with asthma
can be restricted.

Symptoms of asthma include wheezing, coughing,
tightness in the chest and shortness of breath. It is like
trying to breathe through a thin straw. Many things
can trigger an asthma flare-up, such as allergens,
stress, illness or exercise. Medical treatment such as
a quick-relief inhaler dilates the bronchi and eases
the airway restriction.

Learning Ladder

Systems of living things

0 a State the purpose of the respiratory system.
b Identify the main organs of the respiratory system.

@ a Describe the role of alveoliin respiration.
b Propose an advantage of having thousands of
tiny alveoli in the lungs.

9 Explain why carbon dioxide in blood needs to be
exchanged with oxygen from the air.

o A person is paralysed from the chest down but can
move their head, neck and face. Discuss how this might
affect the functioning of their respiratory system. Use as
many key terms from this section as possible.

e Breathing and respiration are pretty much the same
thing. Do you agree? (Refer to the structure and
function of the respiratory system.)

Nature and development of science

€ Identify acommon way that science has addressed
problems with asthma.
A Wait for people to grow out of it.
B Remove bronchial tubes.
C Prescribe use of a quick-relief inhaler.

9 Propose and describe how a pulmonary surgeon
(lung doctor) and personal trainers might work together
to rehabilitate a lung transplant patient.

Communicating p. 255

o Identify and define at least three scientific words from
this section that are not in the list of key terms.

e See Figure 2.10. Describe how the diagram has been
annotated to show the small features of the bronchioles.
Propose another way to communicate information
about the parts of the lungs.

e Prepare an annotated poster to teach a group of Year 7
students about the respiratory system. Include the main
features, as well as each of their functions.

o Convert your poster from Question 3 into a digital slide,
using animations to convey information to your audience
one feature and function at a time.

Key idea: Systems

Research the structures of the respiratory systems in other
animals such as fish and amphibians. Construct a table to
compare them with those of a mammal. To extend yourself,
create an infographic to display your findings.

Success criteria

| can identify the role of the human respiratory system
and name its main organs.

| can describe how the specialised features and cells of
the respiratory system enable it to carry out its functions.
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4 » The circulatory system

-

Learning intention

At the end of this lesson, | will be able to:

« identify the role of the human
circulatory system and name
the major organs in this system

» describe how the structures and
specialised cells of the circulatory
system enable it to carry out
its functions.

Key terms

aorta: the main artery that leads
from the heart to the rest of the body

artery: a type of blood vessel that
carries blood away from the heart
atria: filling chambers of the heart
blood vessel: a tube such as a vein

or artery that carries blood in the body
capillary: the smallest type of blood
vessel

cardiovascular: related to the heart
(cardio) and blood vessels (vascular)
vein: a type of blood vessel that returns
blood to the heart

vena cava (plural venae cavae):
the main vein that leads to the heart
from the rest of the body

ventricles: pumping
chambers of the heart

Investigation 2.4

Dissecting a heart, p. 305
-

Key idea: Systems

Figure 2.14: »
Arteries carry
blood away
from the heart
and veins
carry blood
towards it.
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Capillaries

You now know that the digestive and respiratory

systems provide nutrients and oxygen for our bodies,

which are required for survival.

However, it is the job of the
circulatory system to make
sure those things get to
where they are needed.
The circulatory system
includes an intricate
highway of vessels

that allow blood,

the transport medium,
to be continuously
pumped throughout
all parts of

the body.

Figure 2.13: »
The circulatory system
includes the heart,
blood vessels

and blood.




The circulatory system transports
substances around the body

Your heart, blood vessels and blood make up your
circulatory system. This system delivers oxygen,
nutrients and other substances to every tissue in
your body. It also helps your body to remove waste
products, such as carbon dioxide.

The three main types of blood vessels are arteries,
veins and capillaries (see Figure 2.14). Arteries take
blood from the heart to the body. They have thick,
muscular walls that expand and contract as the heart
beats. Veins take blood from the body back to the
heart. Their walls are not as thick as those of arteries,
and they contain valves to keep the blood flowing in
the right direction. Capillaries are the smallest blood
vessels. They take blood to the body’s cells. The walls
of capillaries are one cell thick, which allows nutrients
and oxygen to move easily into the cells from the
blood, and waste products to move out of the cells
into the blood.

The heart and blood vessels pump oxygenated
blood from the lungs to the body’s cells and
deoxygenated blood from the body back
to the lungs. The heart is made up of
four chambers: two atria, which are
filling’ chambers; and two ventricles,
which are ‘pumping’ chambers.

Blood enters the atria and is pumped
out through the ventricles
(see Figure 2.15).

Figure 2.15: The heart pumps P
blood in specific directions
through a complex series of
vessels, chambers and valves.
The blue vessels contain
deoxygenated blood and

the red vessels contain
oxygen-rich blood.

Pulmonary vein

Right atrium

Inferior
vena cava

The process is as follows:

1 Atthelungs, the blood picks up oxygen and flows
through the pulmonary veins into the left atrium
of the heart.

2 The oxygenated blood moves down into the
left ventricle and is pumped out of the heart
through the aorta, which is the main artery
that leads to the rest of the body.

3 Once the blood has delivered oxygen to cells
all over the body and collected waste material,
it travels back to the heart.

4 The deoxygenated blood enters the right
atrium of the heart from the superior (top)
and inferior (bottom) venae cavae, which are
the main veins that lead to the heart from the
rest of the body.

5 The blood then flows down into the right ventricle,
before being pumped back to the lungs for gas
exchange via the pulmonary artery.

This is a cyclical process, so there is no start or finish.

Superior vena cava Aorta

Pulmonary artery

Pulmonary vein

Left atrium

Left
ventricle

Right ventricle
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¥ Figure 2.16: Specialised valves in the heart are vital in supporting the overall function of the circulatory system.

Pulmonary
valve

)

Tricuspid
valve

Heart valves are specialised
parts of the circulatory system

The heart is the hardest working muscle in the body,
with an adult’s heart beating more than 115 000 times
a day. Cardiovascular health is reliant on the heart’s
valves and tendons working efficiently. Heart valves
allow blood to flow in one direction during the
heartbeat cycle. They are highly organised connective
tissue structures, consisting of several types of
specialised cells.

The mitral valve, also called the bicuspid valve,
regulates flow from the left atrium into the left
ventricle. The aortic valve opens through to the aorta.
When deoxygenated blood returns to the right atrium,
the tricuspid valve lets it through to the right ventricle.
Finally, the pulmonary valve promotes blood flow back
to the lungs to be reoxygenated.
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Aortic
valve

Mitral
valve

The mitral and tricuspid valves are assisted by
a series of tough yet flexible tendons called chordae
tendineae, commonly known as ‘heartstrings’.
If these valves or tendons are damaged or
malfunctioning, this can cause serious conditions
such as a heart murmur, valve stenosis or mitral
regurgitation, each of which can lead to heart failure.

| 5
| Figure2.17:
d Chordae

tendineae
(‘heartstrings”)
ina human heart



Heart disease can be caused
by many factors

In addition to the valve disorders mentioned above,
there are many other conditions that can lead
to cardiovascular disease. The most common
conditions are:
high blood pressure: when the force of blood
pushing against arteries is too high
high cholesterol: which contributes to narrowing
(clogged) arteries, which restricts blood flow.

Diets high in salt and saturated fats, smoking or
vaping, and being generally inactive are things that
lead to high blood pressure and high cholesterol.
Cases range from mild to severe. If these conditions
are left untreated, they usually get worse and lead
to complications such as heart attacks or stroke.

Figure 2.18: Thereis a
clear relationship between
poor lifestyle choices and
heart disease.

The good news is that reducing your risk of
developing heart disease is within your control.
So, to ensure that your circulatory systemis in tip-top
shape, maintain a healthy lifestyle, including eating
a balanced diet and taking regular physical exercise.

Learning Ladder

Systems of living things

o Identify the differences between a vein and an artery.

e Describe how the heart and blood vessels work
together to keep the body oxygenated.

9 Construct a diagram of the circulatory system.
a Annotate the diagram to describe the parts of the
circulatory system and their functions.
b Label the directional flow of blood throughout all
structures in your diagram, including whether the
blood is oxygenated or not.

to the overall function of the circulatory system,
including what could happen if they are damaged.

e a ldentify the advantage of having separate right
and left chambers of the heart.
b Suggest what problems would arise if they were
not separated.

Use and influence of science

o Identify whether cardiovascular disease is an economic,
social or environmental issue. Provide a reason.

e Propose how scientific knowledge about the
connection between nutrition and heart health
has affected society.

e Some very tasty foods like ice cream and hot chips
can be harmful to the circulatory system. Propose and
explain an ethical impact related to scientific advances
in the food industry.

0 Discuss the importance of heart valves and heartstrings

Questioning and predicting p.232

o Identify which of the following is the most suitable
question to investigate scientifically.
A How many litres of blood can the heart pump in a day?
B How does fitness level affect the time it takes
for heart rate to return to normal after 10 minutes
of high-intensity exercise?
C How many times does a person’s heart beat in a day?
9 Predict the effect of a blockage of a major artery as
a result of high cholesterol. In your answer, refer to
the purpose of the circulatory system.

e Construct a scientific question to investigate the resting
heart rates of humans, cats, sheep and horses.

Key idea: Systems

Propose which part of the circulatory system is the most
important. Write an evidence-based argument to convince
your audience to agree with your perspective. Use as much
new scientific terminology as you can.

Success criteria

- | canidentify the major structures of the heart and
differentiate between the main types of blood vessels.

« | candescribe, using annotated drawings, how the
circulatory system transports and delivers oxygen
to all parts of the bodly.
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5 » The excretory system

Learning intention

At the end of this lesson, | will be able to:

« identify the role of the human
excretory system and name the
major organs in this system

« describe how the structures and
specialised cells of the excretory
system enable it to carry out
its functions.

Key terms

excretion: the elimination of cellular
waste from the body through urine

glomerulus: a bundle of capillaries;
the filtering unit within each nephron

nephron: a microscopic filtration
structure in the kidneys that removes
waste and excess water

renal: an adjective that means
‘related to the kidney’

tubule: a small tube made of
epithelial cells

urea: a product of the chemical

breakdown of food, specifically
proteins

( )

Key idea: Systems

J
Right Renal
kidney artery
Left
kidney
Ureter
Bladder
Urethra

V'

Figure 2.19: The excretory system
is made up of the kidneys, ureters,
bladder and urethra.
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The processes occurring in our bodies produce wastes.
If they are not removed, wastes can build up and cause
harm. The body removes some forms of waste by
exhaling or through sweat and faeces. Excretion refers
mainly to the elimination of cell waste from the body
through urine.

The excretory system removes waste from
the body

Many specialised organs are involved in excretion, or the removal of
waste, including the skin, lungs and liver. Specific organs also produce
and eliminate urine. Four main organs make up the excretory system:

Kidneys filter waste from the blood in the form of urine.

Ureters carry urine from the kidneys to the bladder.

The bladder is a muscular reservoir that stores urine.

The urethra carries urine from the bladder out of the body .

The kidneys are two bean-shaped organs at the back and upper portion
of the abdomen. The kidneys filter harmful wastes from the blood and
ensure that the body retains the right amount of water. One major
waste product is urea, a type of nitrogenous (containing nitrogen)
waste produced in the liver. Urea is a by-product of reactions that
break down proteins, which are large food molecules that contain
nitrogen. Urine contains urea and any other substances that have been
removed from the blood. Urine leaves the kidneys through the ureters
and is stored in the bladder until it is expelled through the urethra.

The blood that has been filtered then returns to the circulatory system
through the renal vein.

Nephrons are structures within the kidneys

When blood moves into the kidneys through the renal arteries, it meets
several pyramid-shaped structures made up of microscopic nephrons.
Nephrons are filtration tubules that remove waste products and excess
water. Each kidney contains about a million nephrons.

A nephron is made up of several types of highly specialised
cells. Each type carries out a specific part of the filtration process.
The main filtering unit within the nephron is a bundle of capillaries
called the glomerulus, enclosed in a sac called the Bowman’s capsule.
From there, a network of tubular structures absorb and reabsorb
components of the clean blood, ensuring that substances the body
needs, such as glucose, remain in the blood. Collecting ducts from
each nephron combine the waste to form urine (see Figure 2.20).



Kidney disease is a disorder
of the excretory system

Renal disease is any disorder of the kidneys.
If the kidneys do not work properly, toxins
build up in the body, causing harm.

Kidney stones are like tiny rocks that
form in the kidney, made up of minerals
and salts from the urine. Usually, they are

passed through urination, but large stones E::i[jed
can get stuck and cause problems. They can (renal
be very painful and block urine flow, which vein)

can cause infection and lead to renal failure.
Itis possible to break the stones into smaller
pieces so they can be passed into the ureter.
Otherwise, they can be removed surgically.

To avoid kidney stones, it is important to drink -
plenty of water and eat a healthy diet.

If the kidneys fail, the blood can be cleaned
by dialysis, a process that mimics filtration
by the nephrons. Eventually, though, it may
be necessary to have a kidney transplant.

bl

Ureter
l o— Urine exits

Figure 2.20: A kidney
shown in section and
a close-up of a nephron

Kidney Nephron

Unfiltered blood
(from renal
artery)

Glomerulus

Filtered
blood 7

Unfiltered
blood

to bladder

Collecting duct ———e

Urine exits duct —11 -

Learning Ladder

Systems of living things

o Recall the specialised organs that are involved in
the elimination of urine from the bodly.

9 Describe the role of the kidneys, ureters, bladder
and urethra in removing waste from the body.

e Explain how the excretory system ensures the
human body can function effectively.

0 People can live a normal life with only one kidney.
a Outline how this is possible.
b Propose some things you might recommmend
to someone with only one kidney.

e Defecation is the process of expelling faeces from
the rectum. Evaluate the following statement:
Defecation is a type of excretion because it removes
food waste from the digestive system.

Do you agree with the statement? Explain your answer.

Nature and development of science

o Identify a kidney problem that can arise from not
drinking enough water.

e Propose how a nutritionist can complement advice from
your renal doctor about managing a kidney disorder.

Communicating p. 255

o Construct a glossary of terms and definitions for all the
scientific words used in this section.

e Refer to Figure 2.19.
a Describe the features that enable the figure
to communicate the main organs of the
excretory system.
b Propose how a labelled diagram can be enhanced
or modified to show the functions of each part of
the excretory system.

e Prepare a flowchart to outline how blood is filtered through
the excretory system to produce and eliminate urine.

Key idea: Systems

Urinary tract infections can impact the excretory system.
Investigate the causes and symptoms of, and treatments
for, urinary tract infections. Explain how these infections
can be prevented.

Success criteria
| can identify the main organs of the excretory system.

- | canuse annotated drawings to describe how the
excretory system rids the body of waste.

| can explain how disorders of the kidneys can affect
the overall functioning of the excretory system.
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Learning intention

At the end of this lesson, | will be able
to explain the importance of systems
in multicellular organisms working
together to enable survival by providing
cell requirements, including gases,
nutrients and water, and removing

cell wastes.

Key term

hormone: a chemical substance
produced by the body that controls
the activity of certain cells or organs

Key idea: Systems

38 Good Science 8

Body systems exist in almost every
multicellular organism. These specialised
organ systems each have a specific
purpose. For an organism to survive,
each system must work with the others,
often passing materials from one
system to the next.

Figure 2.21: Although shaped
differently, humans and dogs

have similar digestive systems.
v

Animals have several body systems

Multicellular organisms are incredibly diverse, so the number and type
of body systems can differ between organisms. We have discussed four
of them in detail, but most animals, such as humans, have 11 major body
systems (see Table 2.2).

Some of these systems can be identified in other ways. For example,
the body’s skeleton and muscles can be considered separately, as the
skeletal and muscular systems, or together, as the musculoskeletal system.



Table 2.2: The 11 major body systems

Body system

Circulatory

Nervous

Respiratory

Digestive

Skeletal
Muscular

Excretory

Endocrine
Reproductive
Immune

Integumentary

Circulatory
(cardiovascular)
system

L e

—

it

==

Function

Transports important materials such as oxygen and nutrients in blood through a vast
network of blood vessels. Arteries carry blood away from the heart and veins carry blood
towards the heart.

Detects, processes and sends electrical signals

The oxygen in the lungs is moved into the blood and delivered to the cells for respiration.
The carbon dioxide produced by cells is taken to the lungs to be removed.

Breaks down food into nutrients, which are absorbed into the blood and transported
to the cells

Provides support and structure to the body and organs
Allows movement through the use of muscles

Waste products from cellular processes move from cells into the blood, to be removed
by the organs of the excretory system

Produces hormones, which control growth and development
Produces sex cells, and supports pregnancy and birth
Makes white blood cells, which fight diseases and infections

Protects the body from damage

Nervous Respiratory Digestive Skeletal Muscular Excretory
system system system system system system

x

Figure 2.22: The human body is made up of different systems that work together
to provide cells with everything they need to survive.
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¥ Figure 2.23: The body’s organ systems are all interlinked.

Circulatory
system

Important materials
like oxygen and
nutrients are
transported in blood
through a vast
network of blood
vessels in the body's
circulatory system.
Arteries carry

blood away from
the heart and veins
carry blood towards
the heart.

Body systems work
together to meet
cell needs

Body systems must work together
to provide cells with everything
they need to function and survive,
such as gases, nutrients and
water. One of the best examples
of thisisin the human bodly.

The human circulatory system

is connected to every other
system in the body. It transports
nutrients, dissolved gases and
waste products between cells
(see Figures 2.23 and 2.24).
Without the circulatory system,
other systems would not be able
to function.
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Respiratory
system

Oxygen and

carbon dioxide are
exchanged between
the lungs and blood.
The oxygen in the
lungs is moved

into the blood and
delivered to the
cells for respiration.
The carbon dioxide
produced by cells

is taken to the lungs
to be removed.

Figure 2.24: The circulatory system

is linked to all other body systems.
v

Circulation to
head and arms

Oxygenated blood

Deoxygenated
blood
Pulmonary vein
Pulmonary
artery Aorta
Superior ]
vena cava Left atrium

Inferior
vena cava

Left ventricle
Right atrium

Right ventricle

Liver Digestive tract

Vein Artery

Circulation
to legs



Digestive system

Food is broken
down into nutrients
by the digestive
system. These
nutrients are
absorbed into the
blood, where they
are transported

to the cells that
need them.

Excretory system

Waste products
produced from
cellular processes
move from the cells
into the surrounding
blood, to be removed
by the organs of the
excretory system.

Learning Ladder

Systems of living things

0 Identify the system that assists with removal of wastes
in the body.

e Identify and describe one feature of at least two body
systems that allows them to interact.

e a Explain how the musculoskeletal system provides
structure for at least two other body systems.
b Discuss how the two body systems you identified
in part a would be affected if there were no
skeletal system.

0 Both the circulatory and respiratory systems are
responsible for ensuring that oxygen gets to our cells.
Compare how they are responsible.

e Cells require oxygen and water to survive. Discuss which
body systems may assist cells to obtain these materials.

Use and influence of science

o True or false?
Air pollution is an example of an environmental issue
that can impact people’s respiratory system.

e Describe why environmental protection authorities may
have to collaborate with respiratory doctors to come up
with guidelines for industries that cause pollution.

e Explain the ethical impacts of using laboratory animals
with human-like body systems to make scientific
advances related to the human bodly.

O Ethics approval requirements can make it challenging
to study animals in the laboratory. Discuss how this
impacts scientific developments.

Communicating p. 255

o Identify why ‘body system’ means the same as
‘organ system’ in the human context.

e Describe why each body system is represented on
a separate diagram of the human figure, rather than
having all body systems shown on a single diagram.

9 Create a cyclical flowchart that shows the
interconnectedness between the body systems shown
in Figure 2.22.

e Choose at least four body systems and create a
digital table that distinguishes their cells, organs,
functions and primary purpose.

© Annotate your flowchart from Question 3 with scientific
drawings and information suitable for a Year 5 audience.
Highlight the interconnectedness of the body systems
that enable survival of organisms.

Key idea: Systems

Compare a human body system with the body system of a
different animal. Display your findings using visual creativity —
for example, a flowchart with annotated images.

Success criteria

- lcanidentify components of body systems that interact
between systems.

- | can explain how body systems work together to enable
an animal to function efficiently.
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°7 > Plant systems in action

Learning intention

At the end of this lesson, | will be able
to describe the role, structure and
function of the components of a plant
system in maintaining its survival.

Key terms
epidermis: the outer layer of cells

phloem: a tubular structure that
transports food around a plant

photosynthesis: the chemical
reaction, powered by sunlight, in plants
that converts carbon dioxide and water
into sugar and oxygen

respiration: a chemical reaction that
converts glucose to energy

vascular tissue: tissue that transports
fluid and nutrients throughout a plant

xylem: a tubular structure that
transports water and nutrients from
the roots to various parts of a plant

Investigation 2.7
Water transport in plants, p. 307

Key idea: Systems

Figure 2.25: Plants have two organ
systems: the root system and the

shoot system.
v

Shoot system

Root system
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Like other multicellular organisms, plants also have
organs and tissues. They carry out the vital functions
of a plant, such as photosynthesis and the transport
of water and nutrients.

Plants have four types of organs

Plants only have four different types of organs, as shown in Table 2.3.
These organs are simple, but some carry out multiple functions.

Table 2.3: Plant organs and their functions

Organ Functions

Roots = Absorb water and minerals from the soil; plants need water for
photosynthesis and to dissolve and move substances around

= Anchor plant in the ground so that it does not fall over in strong
winds or in ocean currents

Stem = Forms the main body of the plant (the trunk of a tree is the
same as the stem of a rose)

= Provides support: helps a plant to stand up and bear
the weight of leaves, flowers and fruit

= Transports nutrients: connects the root and shoot systems

= Aids growth: buds grow from the stem and form new branches,
leaves or flowers

Leaves = Where photosynthesis takes place

= Sunlight is absorbed through the surface of the leaves,
and products such as oxygen are released, or re-used
during respiration.

Reproductive =« To produce offspring
organs = Examples include flowers, fruits and seeds

Plants have a small number of tissue

and organ systems

Plants have two organ systems: the root system and the shoot system
(see Figure 2.25).

The root system consists of all the organs underground, such as the
roots and any underground reproductive organs of the stem. This system
absorbs nutrients and water from the soil. Despite it being called a
root vegetable, when you eat a potato, you are eating part of the stem;
it grows underground as part of the root system.

The shoot system mostly consists of the organs that grow above
ground. These parts of the plant absorb sunlight and serve as the site
for photosynthesis. The stem, fruit, flowers and leaves generally form
the shoot system.

Plants also have four tissue systems made up of specialised cells that
perform important functions but do not combine to form organs.



The epidermis is like the skin of the plant. These
tissue cells form the outer surface of the leaves
and the plant body.

Vascular tissue transports fluids and nutrients
through the plant, much like blood vessels doin
your body.

Ground tissue is made up of the cells that produce
nutrients during photosynthesis and store them
for later.

Meristematic cells develop into various organs
of a plant and are responsible for growth.

Plants have two primary
vascular tissues

The xylem and phloem are complex tissues that form
tubular structures to transport water, nutrients and
food throughout a plant. The xylem only allows a flow
of water and dissolved nutrients in one direction, from
the roots to the shoot system. The phloem allows a
two-way flow of sugars, proteins and other organic
substances. The xylem
and phloem are located
next to each otherasa
cluster of vessels that
make up the vascular
bundle (see Figure 2.26).

Vascular bundles can Xylem
be arranged in different
ways, depending on the
plant and its functions.

Phloem Vascular bundle

Epidermis

Figure 2.26: Xylem and phloem »
make up vascular bundles.

e

One-way +
flow

Two-way
flow

1Y ?o.

Water and -~
minerals

Water
and food

—

Figure 2.27: »
Xylem and

phloem transport
substances
throughout a plant.

Water and minerals

Learning Ladder

Systems of living things

0 Identify:
a theorgans plants have.
b the organ systems plants have.
¢ thetissues of the transport system in plants.

e Describe the functions of two important plant organs.
€ Explain the structure and function of each of the
two organ systems in plants.
@ Discuss how a plant would be affected if either of its
vascular tissues were damaged.

e a Compare and contrast the role and functions
of the xylem and phloem.
b Analyse the relationship between the structures
and functions of the xylem and phloem.

Nature and development of science

o Periods of drought can cause soil to become dry.
Propose a problem that this creates for plants.

e Plant systems and body systems have similarities and
differences. Propose why botanists (plant scientists)
and medical doctors might work together to learn
about how long an organism can live without water.

Questioning and predicting p.232

o Identify which of the following is the most suitable
question to investigate a scientific concept.
A Will flowers die if you do not give them water?
B How does the length of its stem affect how long
a flower survives in a vase with water?
C How long will a cut flower live without water?

e Predict what will happen to a plant after a few days
when you cut its stem to put it in a vase of water.

e Construct a scientific question to investigate the
variety of vascular bundle patterns in different plants.

o Read Investigation 2.7 on page 307. Develop a
hypothesis that predicts what will be observed.

Key idea: Systems

Conduct an online search to compare the vascular
arrangement or patterns of the xylem and phloem

of at least three types of plants. Display your findings in
annotated diagrams. Try to link the patterns to the type
or purpose of each selected plant system.

Success criteria

« | canidentify the components of a plant system,
including the xylem and phloem.

« | canexplain how plant cells, tissues and organs work
together to enable survival.
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The main purpose
of flowers is for

< <& reproduction.
( .. . R i i i
Learning intention Flowers moy look and smell beo.utlful, but their main |
At the end of this lesson, | will be able purpose is to support plant survival through reproduction.
to explain the role of the flower and Reproduction and photosynthesis both rely on specialised

leaf in maintaining flowering plants

as functioning organisms. parts that work together to perform vital functions.

Key terms Flowers contain reproductive organs

chlorophyll: the green pigment

in plant cells that absorbs sunlight Many flowers contain both male and female reproductive parts. The male
and enables photosynthesis reproductive part is called the stamen (see Figure 2.29). Each stamen
pistil: the female reproductive part is made up of the:

of aflower (the stigma, style and ovary) anther: the organ that produces pollen, a fine powdery

pollen: the fine powder produced by substance that contains the male sex cells of the plant

the male part of a flower; contains

male sex cells - filament: the stalk tissue that supports the anther.
pollination: the movement of pollen The female reproductive part of a flower is called the pistil

from the male part of a flower to (see Figure 2.29). Each pistil is made up of the:

the female part (from the anther ti . th h I inat

to the stigma) stigma: the organ where pollen germinates

stamen: the male reproductive part - ovary: the organ that stores the female sex cells (ova or eggs)
of aflower (the anther and filament) - style: the stalk tissue that connects the stigma and ovary.

stomata: pores on the surface of a

leaf; the site of gas exchange in plants Parts of a flower

Investigation 2.8 Stigma —

. . Anther
Dissecting a flower, p. 308 Stamen ‘

Style —
Filament y

Key idea: Systems
@ 5/

Petal

Figure 2.29: Flowers contain reproductive »
organs. The pistil is the female reproductive
part and the stamen is the male
reproductive part.

— Pistil

Sepal Ovary —
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For plants to reproduce, pollen needs to be moved
from the anthers to the female part of the flower to
fertilise the ovum (egg). This is called pollination.

Pollination can be assisted by wind, rain, birds and
insects such as bees. Birds and insects are attracted
to bright and colourful flowers that smell nice and
contain sugary nectar to eat.

Once fertilised, the ova (eggs) become seeds
and the ovary swells and enlarges to become a fruit.
The seeds in fruit can grow into new plants when
conditions are suitable.

Photosynthesis happens in leaves

Leaves could be called the solar panels of plants
because their main role is to perform photosynthesis,
which produces energy for the plant’s survival. Leaves
have many features that make them perfect for
carrying out this process. They are often flat, which
increases their surface area, allowing them to absorb
more sunlight. They are thin, so carbon dioxide can
travel easily into the cells from the environment.
Plants contain green pigments called chlorophyll,
which absorb light energy from the Sun to produce
food. Veins in plants allow water and other substances
needed for photosynthesis to travel to the leaf cells.

If you look at a leaf under a microscope, you will
see round pores called stomata (see Figure 2.30).
Stomata open and close to allow the exchange
of gases, such as oxygen
and carbon dioxide,
with their environment.
Water can also pass
through these pores,
and water loss is sometimes
an unwanted consequence of gas exchange.

Figure 2.30: Stomata are tiny pores on the surface of leaves
that allow plants to exchange gases with their environment.

Learning Ladder

Systems of living things

o Identify the parts of the plant that make up the:
a stamen. b pistil.

e Outline the process of photosynthesis.

e Photosynthesis needs carbon dioxide, water and
sunlight. Explain how chlorophyll compares to
stomata in helping a plant to obtain these resources.

Nature and development of science

€ Plants consume carbon dioxide and release oxygen.
Propose why planting trees is a solution to offset
increased levels of carbon dioxide in the atmosphere.

e Suggest three types of scientists who might work
together to learn about how plant systems reproduce
in a variety of environments and climates.

9 Explain how evidence about a new species of insect
could lead to a scientific prediction about a ‘yet-to-be
discovered’ species of flower.

o Propose and discuss how microscopes have
contributed to models of flowering plants.

e Research two botanists from different parts of the
world. Analyse if, or how, their perspectives aligned,
and how this may have affected their scientific
knowledge of flowering plants.

Communicating p. 255

o Classify the following features of a plant as either
male or female: anther, filament, ovary, pistil, pollen,
stamen, stigma, style.

9 Select a format to communicate the features of
a flowering plant classified in Question 1.

e a Create a digital diagram of a flower, similar to
Figure 2.29.
b Labeland describe its parts.

0 Construct an annotated flowchart showing the
sequence of steps when plants reproduce.

Key idea: Systems

Roots grow underground and so do not get sunlight for
photosynthesis.

a Explain how root systems support photosynthesis.

b Predict what could happen if erosion exposed roots.

Figure 2.31: Plants need pollinators
such as birds in order to reproduce.

Success criteria

| can describe the main roles of the flower and leaf
in the living system of a flowering plant.

| can construct a diagram of a flowering plant
to represent its main features and functions.
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-9 > Key idea: Systems — when body
systems fail

-
Learning intention

At the end of this lesson, | will be able to
describe how advances in technology,
combined with scientific understanding
of the functioning of body systems, has
enabled organ replacement and repair.

Key terms

ethical: relating to principles about
what people think is ‘wrong’ and right’
Nobel Prizes: world-famous awards

given each year for academic, cultural
and scientific advances

Key idea: Systems
J

Figure 2.32: Instead of freezing organs, »
the TransMedics Organ Care System
copies the conditions within the human
body to replicate its function and keep
the organ alive.

Figure 2.33: Cold storage may not be
the most effective way to keep organs

intended for transplant fresh and healthy.
v

HUMAN
(o] 1{c7 .\,
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Organ transplantation allows organs, such as the heart,
kidneys and lungs, to be given to someone who needs

an organ because theirs is no longer working effectively
as part of a particular body system. The biggest medical
challenge in organ donation is an organ being rejected
after someone receives it. Developments in technology
mean that transplants are now more successful in allowing
donated organs to function properly as part of the organ
system in the body.

=

Technology has improved organ
transplant medicine

For hundreds of years, attempts were made to transplant organs

from one person to another, but they were not very successful. As doctors
and scientists learnt more about body systems, organ transplants
became more successful.

One problem for organ transplants is keeping the organs fresh and
healthy after being removed from the donor. Currently, organs are kept
in cold storage during transfer, but this can be harmful to the organ.

In recent medical technology, scientists have made an artificial system
that copies the conditions inside the human body, keeping organs
fresh and capable of ‘surviving’ as they are moved from the donor

to the recipient.



The human body tries to reject
transplanted organs

As with any surgery, things can go wrong during organ
transplants. The main cause of problems during
transplants is actually the human immune system.
The human body is always on the lookout for things
that should not be there - this is how our immune
systems protect us. Unfortunately, these things
include cells from something that would be helpful -
in this case, a donor organ.

To avoid this, doctors try to find a very close
match between donor and recipient. Also, they use
anti-rejection medication, which tries to stop the
body from attacking the new donor organ.

Peter Medawar, a British scientist, worked out
why a person’s body rejects a transplanted organ.
His work led to the first anti-rejection medication,
and he received a Nobel Prize for this in 1960.

Stem cells may allow new organs
to be grown

Current research into the use of some types of cells
is exciting for the future of organ transplantation.
Stem cells are cells that can produce any other type
of cell. They exist in some places in an adult human
body, but some of the most powerful stem cells come
from embryos.

The potential benefits are huge — imagine if you
could grow a new beating heart out of your own adult
stem cells! You would not have to worry about organ
rejection either. The new heart would have the same
DNA as you, so your body would identify the heart
asyours.

There are ethical concerns, though. If embryonic
stem cells are used, the embryo is destroyed
afterwards. Some people consider
this to be loss of life, because the
embryo could have
developed into a baby.

Figure2.34: »
In the near future,
it may be possible

without problems
for patients.

i

Learning Ladder

Systems of living things

o Identify some of the organs that can be transplanted.

9 Describe how organs are currently transported for
organ transplantation.

9 Discuss an example of where organ transplantation
has enabled a person to survive.

Use and influence of science

o Identify a problem that organ transplantation
has addressed.

e Describe why Peter Medawar won a Nobel Prize.

9 Explain the social impacts of the developments
in organ transplantation technology.

0 Some cultures believe that using stem cells for
research is unethical. Discuss the socio-scientific
issues that banning stem cell research could create.

e Research and analyse an example of how information
about stem cells in the media has shaped worldviews.

Questioning and predicting p.232

o Propose which of the following questions can be
investigated scientifically.

A How does the amount of time it takes to transport
an organ that is to be transplanted correlate with
organ rejection rates?

B How many successful heart transplants take
place each year in Victoria as compared to other
Australian states and territories?

e Make a prediction for the scientific question you
selected in Question 1.

9 Construct a scientific question to investigate the
relationship between the age of heart recipients
and the transplant success rate.

o Develop a hypothesis for the question you
constructed in Question 3.

e Evaluate your hypothesis from Question 4 by asking
the following questions.
Is there a clear independent variable?
« Canthe dependent variable be measured with
accuracy and precision?
Is the predicted effect included in the hypothesis?

to grow new organs / > )
in alaboratory, E 3 ; 1
ready to transplant A — ! ' ,)

Success criteria

| can explain how developments in technology have led
to improvements in organ transplantation when organ
systems fail.
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» Summary

« Inorganisms made of more than one cell, cells with similar functions group together

to form tissues, organs and organ systems. Organism
- Tissues and organs have specialised structures that are related to their function.
« Plantand animal organ systems enable the organism to survive.

Atom Molecule Cell Tissue Organ Organ system

- Therole of the digestive system is to obtain - Therole of the respiratory systemis to bring
nutrients and energy from food. oxygen into the body and remove waste gases,
Salivary such as carbon dioxide.
glands Tongue Bronchioles
Mouth
Oesophagus
Stomach
Liver
Large
Gallbladder intestine Bronchus
Alveolus
Pancreas Rectum ‘( b .
Lungs iy \ Alveoli
Small intestine Anus |
- Therole of the circulatory system is to transport « Therole of the excretory systemis to eliminate

nutrients and oxygen throughout the body. cell waste from the body through urine.

Superior A Right Left
vena cava Pulmonary artery kidney kidney
Pulmonary
Pulmonary vein Renal
vein artery
Lot Ureter
e
. ' Renal
Right atrium ena
atrium vein
e Left
nferior ventricle
vena cava pladder
Urethra

Right
ventricle
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« Body systems must work together to provide cells
with everything they need to function and survive,
such as gases, nutrients and water.

Circulation to
head and arms

Deoxygenated Oxygenated
blood blood
Pulmonary Pulmonary
artery vein

Superior Aorta
vena cava
Left
Inferior atrium
vena cava
) Left
Right ventricle
atrium
Right
ventricle Digestive
tract
Liver
o— Artery

Vein

Circulation
to legs

« Inflowering plants, the stamen and pistil work
together, allowing pollen transfer and fertilisation
to enable plant reproduction and survival.

Parts of a flower

Anther
Stamen { \
Filament \

Petal

Stigma —

Style —
— Pistil

Sepal Ovary —

Water and

« Plants have two organ systems - the root system
and the shoot system - made up of roots, stems,
leaves and flowers.

« Four main tissue systems (epidermis, vascular,
ground, meristematic) include specialised cells with
key functions.

« Xylem moves water and nutrients upward; phloem
transports substances both up and down.

One-way +
flow |

minerals |

Water and minerals

« Advancesinscience and technology help to replace
or support failing body systems, such as through
organ transplants and stem cell research.
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Masterclass
Steps In progracin o 9

m._%o Classify a heart valve as an organ, Describe the functional benefits
% g SVStems of tissue or cell. of using pig heart valves in humans.
88 living things
5
% Identify a problem that Describe why a veterinarian and a
E Nature and development xenotransplantation addresses. cardiologist (heart doctor) might work
.:C, ’5 of science together on xenotransplantation.
© 9
n ©
co
(O] . Humans may reject pig organs. Describe how you would feel
g 5 Use and influence Classify this as a social, economic or if xenotransplantation saved
Q of science environmental issue. your uncle’s life.
Q
(7))
True or false? Predict, giving reasons, whether
‘The following is an example of a the following animals could be used
> . . question that can be investigated in xenotransplantation procedures:
= Questi O.I‘l : ng scientifically: Are pig heart valves the frog, chimp, warthog, eagle.
> and predicting same as human heart valves?’
c
Q
(9}
c
2
8 Define xenotransplantation. Describe why Figure 2.35 is effective
Communicating Identify and define three more scientific N showing what xenotransplantation is.

terms from this section.

Figure 2.35: Pig kidneys have P
been successfully transplanted
into human recipients.
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Demonstrate your understanding

OO )

(3)

Explain, using an example, how
xenotransplantation can impact more
than one organ system at once.

Propose and explain how evidence of
people surviving with pig heart valves

may have changed scientific knowledge.

Explain how a pig kidney being
successfully transplanted into a human
is a socio-scientific advancement.

Construct a scientific question that
investigates the relationship between
the age of a pig and how long its donor
valve will last for the recipient.

Construct an infographic that displays
examples of xenotransplantation.

Xenotransplantation increases the risk
of infection. Discuss how this might
impact your decision to be a recipient.

Explain how theories of
xenotransplantation have changed
and may continue to change over time,
starting with pig heart valves.

A shortage of donor organs

led scientists to develop
xenotransplantation. Discuss the
impacts of this.

Develop a hypothesis to predict the
outcome of the investigation question
constructed in step 3.

Construct a video advertisement
to educate the public about
xenotransplantation.

Analyse why pigs are more suitable
for xenotransplantation than whales,
in terms of structure and function.

Analyse how a doctor could disagree
with xenotransplantation for

ethical reasons but still perform
xenotransplantations on patients.

Discuss how people’s ethics
and viewpoints may affect
laws and regulations related to
xenotransplantation.

Evaluate your hypothesis from step 4.
Discuss:

a Aretheindependent and dependent
variables included?

b Isthe predicted effect included?

¢ Canyoujustify the hypothesis using
theory?

Adapt your video in step 4 to
highlight the ethical aspects of
xenotransplantation.

From pig to patient: xenotransplantation

Did you know that doctors can use animal organs to help save human lives?
This process is called xenotransplantation, and it means transplanting
organs, tissues or even cells from one species to another. Scientists often
use pig organs for this purpose, because they are similar in size and function
to human organs. For example, pig heart valves have been successfully
implanted in people with heart problems for decades! These valves help

to pump blood around the body, just like a human heart valve would,
keeping the recipient alive. In another case, doctors recently successfully
transplanted a pig kidney into a human patient. This research could help
thousands of people who need organ transplants but cannot find a human
donor in time. Pig skin has even been used to treat burn victims, acting as

a temporary ‘bandage’ while their own damaged skin heals.

Figure 2.36: Pig cells, tissues
and organ systems are similar
in size and function to those
in humans.

But using animal organs in humans is not just about medicine — it also
raises ethical questions. Some people worry about the risks of infections
or whetheritisright to use animals in this way. Scientists are working hard
to ensure that xenotransplantation is safe and ethical. So, it is possible that
animal organs could one day become a regular part of human medicine!
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Stepsin
progression

(O Organising

matter

Matter is anything that takes up space and has mass — from the air you breathe to the phone in your
hand. In this chapter, we will dive into the atomic theory of matter to explore the tiny building blocks
that make up our world. You will discover the difference between elements, compounds and mixtures,
and learn how scientists use models and symbols to represent them. You will be able to ‘'see’ matter in
two and three dimensions — even when it is invisible to the naked eye. Get ready to think small so that
you can understand something big!

Ladder

| can analyse the use
of elements and compounds
based on their properties

| can explain how
different elements and
compounds are used

| can represent substances
using models, symbols
and chemical formulas

| can distinguish between
elements, compounds
and mixtures

| can identify that all matter
is made of atoms of elements

Chemical science:
Organising matter

Science understanding

52 Good Science 8

The Learning Ladder for each chapter maps the Science Understanding,
Science as a Human Endeavour and Science Inquiry strands that will be covered.
Each ladder has five levels of progression, called steps. To climb the ladders,

you need to develop fluency at each step. This will help you develop the ability

to complete tasks that are more complex.

| can analyse how people
with different perspectives
and worldviews collaborate to
develop scientific knowledge

| can discuss how
models and theories have
developed over time

| can explain how new evidence
can lead to changes in
scientific knowledge

| can describe the importance
of multidisciplinary
collaboration in science

| can recognise scientific
problems and solutions

Nature and development
of science

| can analyse how the
communication of scientific
knowledge shapes viewpoints,
policies and regulations

| can discuss the impact
of responses to
socio-scientific issues

| can explain examples
of ethical, environmental,
social and/or economic impacts
of scientific advances

| can describe how
scientific knowledge
can affect society

| can identify
socio-scientific issues

Use and influence
of science

Science as a human endeavour




Figure 3.1: Symbols and models
help us to understand matter by
representing tiny substances so
we can see them easily

- Al

o

)

| can design and conduct reproducible

investigations that consider safety,
ethical and procedural factors

| can generate and record
data with precision, using digital
tools as appropriate

| can distinguish between variables
to be changed, measured and
controlled in an investigation

| can describe ways to minimise
risks for a range of investigations

| can identify and select
appropriate equipment for
scientific investigations

Planning and conducting

d

‘_ 8=
L '»..,lf

| can analyse processed data
for patterns, trends, relationships
and anomalies

| can identify and discuss trends
and/or patterns in a range of
dataset representations

| can process data by using
mathematical relationships
and/or constructing graphs

| can organise and display data
using tables, keys and/or models

| can identify data from
tables and graphs

Processing, modelling
and analysing

Science inquiry

Organising matter

leLv

e A

Stepsin
progression
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] » Atomic theory of matter

h In 1803, the English chemist John Dalton began

p
Learning intention o i .
developing his atomic theory of matter, which says:

At the end of this lesson, | will be able to:

. describe Dalton’s atomic theory of matter o All matter is made of atoms that are indivisible
dth ts of his theory that are still . . . .
andthe aspects oThis theory that are st and indestructible (i.e. they cannot be divided
relevant today
. explain the difference between elements, or destroyed).
compounds and mixtures. « All atoms of a given element are identical in terms
Key terms of their mass and properties.
atom: particle that makes up all matter; « Compounds are formed by a combination of two
made up of protons, neutrons and electrons . .
atomic theory of matter: a theory proposed or more different kinds of atoms.
by John Dalton that all matter is made of atoms « A chemical reaction is a rearrangement of atoms.

chemical reaction: a rearrangement of the

o Although we have a much better understanding of
way atoms are joined

compound: a combination of two or the atom today, the main aspects of Dalton’s theory

more different elements, joined together are still accepted as true.
in a fixed ratio

electrically neutral: having an equal number
of protons (positively charged) and electrons
(negatively charged)

electron: a subatomic particle that orbits

the nucleus of an atom; it is negatively charged

element: a pure substance made of only
one type of atom

impure substance: two or more different
substances mixed together without a fixed
chemical makeup

matter: any substance that has mass and
volume (takes up space)

mixture: two or more substances that are
combined but retain their own properties

and can be physically separated

molecule: a distinct particle made up of two
or more atoms chemically joined to each other
neutron: a subatomic particle located in the
nucleus of an atom; it is neutrally charged
nucleus: the centre of an atom, which contains
protons and neutrons

property: characteristic of a substance
that can be observed

proton: a subatomic particle located in the
nucleus of an atom; it is positively charged

Figure 3.2: There are more
atoms in a single grain of sand
than there are grains of sand

on an entire beach.

pure substance: matter that has a fixed
chemical makeup

subatomic particles: particles that make up

atoms: protons, neutrons and electrons
)

Key idea: Patterns, order and organisation
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Matter is made up of atoms

Everything that you see around you is made of matter.
Imagine you are sitting on a beach and looking at your
surroundings. You observe three states of matter:
liquid (the ocean), gas (the air and clouds) and solid
(the sand). You feel the sand grains and notice how
tiny each grain is. You wonder if there is anything
smaller than this. The answer is ‘yes’. The atom is the
basic unit of matter. It is so small, you need special
equipment to see it. In fact, there are more atoms

in a single grain of sand than there are grains of sand
on awhole beach!

Dalton proposed that atoms are indivisible and
indestructible. We now know that atoms can be
broken down into even smaller units called subatomic
particles. But the basic principle of his theory — that all
matter is made up of atoms — still holds true.

Atoms are made up of subatomic
particles

What Dalton did not know is that atoms are made up
of three types of subatomic particles:

protons, which have a positive charge

neutrons, which have no charge

electrons, which have a negative charge.

Electrons are much smaller than protons and
neutrons. This means that almost all the mass of

an atom is in its centre, called the nucleus. Atoms
are held together by strong attractions between

the protons and electrons, which are attracted to
each other because they are oppositely charged.

An atom contains equal numbers of protons and
electrons, which means the positive and negative
particles cancel each other out. Therefore, atoms are
electrically neutral — they have no overall charge.

Elements are made up of one type
of atom

Elements are pure substances made up of only

one type of atom. Atoms of one type of element each
have the same number of protons. If you change

the number of protons, you change the element.

For example, atoms of carbon will always have six
protons in the nucleus, as shown in Figure 3.3.

If an atom has more or fewer than six protons, it is
not carbon.

Figure 3.3: Every atom »
has electrons, and a
nucleus that contains
protons and neutrons.
This carbon atom
contains six protons,

six neutrons and

six electrons.

@ proton @ neutron @ electron

Dalton proposed that all atoms of a given element
are identical in mass and properties, which is only
partly true. We now know that the mass of atoms of
the same element can sometimes differ. (You will
learn more about this in later years.) But it is true that
the chemical properties of atoms that make up a given
element are the same. Carbon atoms, for example,
whatever their mass, will all have similar chemical
properties. However, if a carbon atom is broken down
into its subatomic particles, it no longer has the
properties of carbon.

Compounds are made of two
or more different elements

Compounds are pure substances made when

two or more different types of atoms join together.
These atoms come from different elements and

are chemically connected. For example, water is

a compound made from hydrogen and oxygen

atoms. When different elements combine to form
compounds, they often have completely different
properties than the elements they came from.

Table salt, for example, is made from sodium (a metal)
and chlorine (a gas), but together they make the white
crystals we add to our food!

Table salt

Sodium Chlorine

Figure 3.4: The elements sodium metal and chlorine gas
can join together to form the compound sodium chloride,
or table salt. Each of these three substances has very
distinct properties.
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Mixtures are made up of more
than one substance

When two or more pure substances are combined

but are not chemically joined, it is called a mixture,
This means that each substance in a mixture keeps its
own properties. You can usually separate the different
components of a mixture physically, such as by using
filters or magnets. For these reasons, a mixture is
considered an impure substance, without a specific
chemical makeup. A fruit salad is a mixture of different
fruits, and air is a mixture of gases like oxygen and
nitrogen. Mixtures can be made up of elements

and/or compounds, and can be solids, liquids or gases.

Mixtures are all around us.

Figure 3.5: Matter can be divided into pure substances
and impure substances (mixtures).

Matter can be classified

Matter can be classified as pure or impure substances.
Elements and compounds are pure substances, while
mixtures that can be physically separated are impure
substances (Figure 3.5).

A molecule is a particle of matter that is made up
of more than one atom joined together. The atoms can
be of the same type, or different. Therefore, molecules
can be elements or compounds. For example, two
oxygen atoms can join together to form an oxygen
molecule (O,). Carbon monoxide (CO) is an example
of a molecule that is also a compound because it
forms a distinct particle and contains atoms of more
than one type of element — carbon and oxygen.

v
MATTER
PURE SUBSTANCES IMPURE SUBSTANCES
(mixtures)
= Can be physically separated
= Examples: air, milk, steel alloy,
seawater
ELEMENTS COMPOUNDS
= Made of one type of atom « Made up of two or more
= Cannot be physically —L_ typesofatoms

separated = Cannot be physically
= Examples: gold (Au), separated
carbon (C) « Example: table salt (NaCl)

MOLECULES

« Two or more atoms joined together
to form a distinct particle

= Cannot be physically separated

« Molecular element examples:
oxygen gas (0O,), nitrogen gas (N,)

» Molecular compound examples:
carbon monoxide (CO), water (H,0)

Figure 3.6: Fruit salad is like a mixture. Each type of fruit P
has distinct properties and can be physically separated
from the other fruits.
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A chemical reactionis a
rearrangement of atoms

The way atoms are joined to one another
determines what the substance is, so when
atoms are rearranged, new substances are
formed. When this happens, it is called a
chemical reaction. John Dalton figured this out
over 200 years ago, and it still forms the basis
of how we describe chemical reactions today.
We will look more closely at chemical reactions
in Chapter 4.

Figure 3.7: John Dalton

Learning Ladder

Organising matter

o Complete the sentences below.

John proposed that all is made up
of and that atoms of a given

are identical. This became part of the

theory of

e a Describe the difference between an element
and a compound.
b Describe, using examples, how a molecule can
be an element or acompound.

9 Construct a labelled diagram of a helium atom which
has two protons, two neutrons and two electrons.

Nature and development of science

o Complete the sentences below.

Dalton was able to understand as the

basic unit of , even before there was

sophisticated technology. He figured out that
are made of one type of atom

and contain more than one type.

e a Propose three types of scientists that Dalton
may have worked with to develop the atomic theory
of matter.
b Propose and describe how the contributions of those
scientists may have been important.

e Explain how the discovery of subatomic particles led to
further developments of Dalton’s theory.

0 Propose and discuss why using and understanding
models of atoms is important.

e Figure 3.5 shows how matter is commonly classified
into different types of substances. Analyse how a tool
like this enables people with different perspectives
and worldviews to work together to develop scientific
knowledge.

Processing, modelling and analysing p. 240

o Identify how many categories there are of pure
substances. Name them.

e Refer to Figure 3.6.

a Construct a table to organise the components
(types of fruit) in the fruit salad mixture.

b Use tally marks to count how many of each type
of fruit you can see in the image.

9 Construct a pie chart to represent the percentage of
each type of fruit identified in the mixture. If you need
help with constructing the chart, see pages 283-84 in
the Science how-to section.

Key idea: Patterns, order and organisation

The progression of atomic structure from the simplest atom
to the most complex atom follows a pattern. Conduct an
online search to determine this pattern.

Success criteria

« | candescribe Dalton’s atomic theory of matter
and identify which aspects are still accurate today.

« | candistinguish between elements, compounds
and mixtures.
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2 > Classifying elements

Figure 3.8: Aluminium is a strong,

malleable metal, which meansiitis
a good material for packaging food
and drinks.

Learning intention

+ represent elements using symbols
from the Periodic Table

« distinguish between metal and
non-metal elements based on
their properties and position in
the Periodic Table.

Key terms

atomic number: the number of
protons in an atom, used to organise
elements into the Periodic Table

brittle: not able to be bent; will break
or shatter if stressed

chemical symbol: a letter or pair of
letters used to represent a chemical
element

ductile: can be drawn out into a wire
malleable: able to be bent and shaped

metalloid: an element with properties
of both metals and non-metals

Periodic Table: a table of the chemical
elements arranged in order of atomic
number from1to 118

At the end of this lesson, | will be able to:

Investigation 3.2

Comparing metals and non-metals,
p.309

Key idea: Patterns, order and
organisation

58 Good Science 8

There are over 100 different elements. Each one has its own

type of atom with a specific number of protons in the nucleus.
The Periodic Table that we use today organises elements by
their number of protons (their atomic number), from 1 to 118.
(Section 3.8, later in this chapter, provides an overview of the
historical development of periodic tables.) Each element has a
unigue name and symbol, and it can generally be classified into
two groups: metals and non-metals. Both metals and non-metals
have distinct properties.

Elements can be represented by their symbols

The Periodic Table organises information for every known element in

the universe. Elements in the Periodic Table are arranged by their atomic
number, which is equal to the number of protons in the nucleus of an
atom of the element. Hydrogen atoms have one proton in their nucleus;
therefore, hydrogen’s atomic number is 1.

The Periodic Table also displays the symbol for each element,
which is universal. This means it is always the same, no matter where you
are in the world. These abbreviations are called chemical symbols and
are made up of one or two letters. The first letter is always a capital. If the
symbol has a second letter, it is always lowercase. This is very important
when representing elements using their symbols. For instance, the
chemical symbol for cobalt is Co; capital ‘C’ and lowercase ‘0’. If you
accidentally use capital letters for both — that is, CO - this would be
incorrectly interpreted as carbon (C) and oxygen (O).
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Non-metal elements share many
properties

Non-metal elements share many of the same
properties. The properties of non-metal elements
include:

low melting temperature

poor electrical conductivity

brittle (not malleable)

low boiling temperature

poor thermal (heat) conductivity (heat does not

easily pass through the element)

dullin appearance (not shiny).

Figure 3.10: Sulfur is a non-metal
element; itis dull yellow in colour

and is brittle.
v

Oxygen is a very common non-metal element. In its
standard form, oxygen is a gas. Every animal on Earth
needs oxygen to make energy for living cells. Burning
things in combustion reactions is another example of

something that requires oxygen; without it, we would not

be able to use stoves, engines, rockets or gas heaters.

Carbon is another common non-metal element.
Pure carbon has several different forms. Diamonds
and graphite (the ‘lead’ in your writing pencil)
are both pure carbon. The properties of pure
carbon vary, depending on its form. For example,
graphite is dull but can conduct electricity,
while a diamond does not conduct
electricity but is shiny. These are exceptions
to the general properties of non-metals.

Figure 3.11: Copper is a metal that is a good conductor »
of electricity and is malleable, which means itis a good
material to be used for electrical wiring.

60 Good Science 8

Metal elements have the opposite
properties of non-metal elements

Metal elements generally have the opposite properties
of non-metal elements. The properties of metal
elements include:

high melting temperature

high boiling temperature

good electrical conductivity

good thermal (heat) conductivity

malleable (not brittle)

lustrous (shiny).

Aluminium is acommon metal element. Aluminium is
useful because it is very strong and relatively lightweight.
This makes it an excellent material for making things
such as aircraft and bridges. Aluminium is also used in
food packaging and storage — such as in aluminium foil
and soft-drink cans — and to protect products (such as
some medicines) from air, light and moisture.

Copper is another common metal that is used
for many purposes. It is used for electrical wiring
because itis a good conductor of electricity and is not
only malleable but also ductile. This means it can be
stretched outinto a long wire without breaking.

Metalloids have properties of
both metals and non-metals

There are several elements that cannot be easily
classified as either a metal or a non-metal because
they have properties of both. These elements are
called metalloids. Metalloids are usually brittle solids.
Metalloids can be used in many ways. For example,
silicon is a semi-conductor of electricity, meaning

it has insulator properties but can also conduct
electricity under certain conditions.
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Figure 3.12: The properties of the metalloid silicon
mean that it is a good material to use for a range of
electronic products, including microchips.

Learning Ladder

Organising matter

@ (dentify the characteristic of an atom that enables
elements to be organised into the Periodic Table.

9 Complete the sentences below.

a are (pure/impure)
substances that can generally be classified as
or
b If youknowanelement’s
you canusethe Table to determineifitis

a or anon-metal. Otherwise, you could test
its properties.

e a Use the Periodic Table to write the chemical symbol
for the following elements and classify each as metal
or non-metal.

i Boron ii Fluorine iii Sodium iv Copper
b For each of the following, determine the element
name based on the chemical symbol and classify
each as metal or non-metal.
i K i P iii Br iv Au
¢ Explain the confusion that would arise if you wrote
the symbol for zinc using only capital letters.

Nature and development of science

o Elements have been discovered in many parts of
the world. Identify how they are able to be identified
universally.

e Propose and describe the importance of chemists and
nuclear scientists working together to organise elements
into the Periodic Table.

Planning and conducting p.236

Read Investigation 3.2 on page 309 and then answer the
following questions.

o Arrange the equipment items in order of how likely
you think they are to cause injury or harm during the
investigation. Provide reasons for the order you have
proposed.

e a Identify a hazard for each of the equipment items
listed in Question 1.
b Describe a way to minimise the risk of each hazard.

9 Identify and describe the following:
a oneindependent variable
b one dependent variable
three controlled variables.

c
o a Propose a digital tool that could be used to measure
conductivity more precisely, in place of the light bulb.
b Discuss how using this tool would change the data
generated and recorded.
¢ Propose and explain how using this tool would require
adaptations to the results table.

e Adapt the the method for Investigation 3.2 to investigate
the properties of different types of metals with
quantitative precision. Hint: How might you quantify the
malleability of a substance? Be sure to consider safety
and ethical factors.

Key idea: Patterns, order and organisation

Charcoal and diamonds are two forms of pure carbon.
Investigate how the carbon atoms are organised in each
substance. Discuss the patterns that are identified and
relate the patterns to their properties and how they are
used in society. Are there any other substances made up
of pure carbon?

Success criteria

- | canidentify and represent elements using the
Periodic Table.

« | can classify elements as metal or non-metal based on
their properties and position in the Periodic Table.

Organising matter 61
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Figure 3.13: We use the
common compound
sodium chloride every day.

( R . ) Recall that an element is a pure substance made of one

Learning intention pure
At the end of this lesson, | will be able to: type of atom, and a compound is a pure substance made
- identify the ratio of atomsina of atoms from two or more elements joined together.

compound from its chemical formula

L For example, carbon and oxygen are pure elements,
« identify some examples of common

compounds and their uses. while carbon dioxide is a compound made up of carbon
Key terms and oxygen atoms chemically joined. As you learnt in the
chemical formula: an expression of previous section, elements on their own are represented
theel ts that mak hemical . . . .

© erements i Make tp a ehemica’ by their chemical symbol from the Periodic Table.
compound, usually presented as a ratio
using chemical symbols and numbers - But when two or more atoms are joined together,

for example, H0 they can be represented by their chemical formula.

crystalline: having the structure and
form of a crystal

Chemical formulas show the ratio of atoms
Investigation 3.3 in a compound

Investigating the different properties ) ) ) )
of a compound and one of its Compounds contain atoms in a fixed ratio and are often referred to by

elements, p. 310 their chemical formulas. These formulas are expressed using chemical
symbols and subscript numbers. The number of atoms is indicated
2 e P, G ST Ere by the subscript number after the chemical symbol. If there is no
organlsat|on . . . .
\_ 7y number following a chemical symbol, it means there is just one atom.
The number 1is never shown as a subscript in chemical formulas.

Water has the chemical formula H,0O; the subscript 2 tells us there are

Figure 3.14: Water is a compound made two hydrogen (H) atoms. Since there is no subscript number after the ‘0’,
up of the elements oxygen and hydrogen. it means there is just one oxygen atom. For every two hydrogen atoms in
v

a sample of water, there is one oxygen (O) atom; this is a 2:1 ratio that will

One oxygen atom never change. Water will always have a hydrogen-to-oxygen ratio of 2:1.

l

Water: H-O If you change the ratio of atoms in a compound, you change the
T h? substance altogether. For instance, if you join another oxygen atom (O)
Two hydrogen atoms to awater molecule (H,0), itis nolonger water. It is now H,0,, which is

hydrogen peroxide (a common antiseptic).

We will now take a look at some other common compounds, their
chemical formulas and how they are relevant to everyday life.
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Table 3.1: The ratio of atoms in a compound determines the substance. H,O is water, while H,O, is hydrogen peroxide.

Compounds that contain Hydrogen-to-oxygen ratio

hydrogen and oxygen Structure (H:0) Chemical formula
Water @ 2:1 H,O
® @
2:2
Hydrogen peroxide @ 6\ H,0,

(simplify by dividing by 2)
@ @ 11

Carbon dioxide is a compound
that is essential for plants

Carbon dioxide is another compound that is
essential to life. Humans and other animals
breathe in oxygen and breathe out carbon dioxide
as a waste product. Plants use carbon dioxide to
make energy to survive. Carbon dioxide is a gas at
room temperature. Each carbon dioxide molecule
contains one carbon atom bonded to two oxygen

Water
(H,0)

Oxygen

atoms. Thisis a 1:2 ratio. .
M Chemical Hydrogen

Figure 3.15: Carbon dioxide is a compound made up ) f bond ~ he—

of carbon and oxygen in a 1:2 ratio indicated by the o :{“9& ,f

subscript values. Sg¥ . a1

v
One carbon atom
l
Carbon dioxide: CO,
]
Two oxygen atoms
Carbon dioxide
(CO,)
Carbon
Oxygen
Chemical
” bond
¢
Figure 3.16: b

Plants need sunlight,
carbon dioxide and water
to survive and grow.



Ammonia is a compound used in
farm and household products

Ammonia is used to make products such as fertilisers,
which help plants to grow, and cleaning products.

At room temperature, ammonia is a poisonous gas.
Ammonia is made safer in agriculture by combining

it with other compounds to form ammonium salts,
which are solid, white granules when they are at room
temperature. Each ammonia molecule is made up of
one nitrogen atom joined to three hydrogen atoms.
Thisisa1:3 ratio.

Figure 3.17: Ammonia is a compound made up of nitrogen

and hydrogen in a 1:3 ratio indicated by the subscript values.
v

One nitrogen atom

l

Ammonia: NH;

Three hydrogen atoms

Figure 3.18: Ammonia is used to
make fertilisers, which help

Crops to grow.
v

Ammonia
(NH3)
o— Hydrogen

Chemical

Nitrogen
/
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Sodium chloride is a compound
used in many foods

Sodium chloride (NaCl) is better known as table salt.
In sodium chloride, for every one sodium atom

there is one chlorine atom. This is a 1:1 ratio.

Sodium chloride is a compound that does not form
molecules but has a three-dimensional crystalline
structure, with alternating sodium and chlorine
atoms (see Figure 3.19).

Figure 3.19: Sodium chloride is a compound made up of
sodium and chlorine in a 1:1 ratio indicated by the absence

of subscript values.

v .
One sodium atom

I
Sodium chloride: NaCTl

One chlorine atom

Sodium
chloride
(NaCl)

Sodium

Chlorine




Learning Ladder

Organising matter

0 a Identify the elements in the following substances.
i Water
ii Carbon dioxide
iii Ammonia
iv Sodium chloride
b Identify the total number of atoms in a molecule
of the following substances.
i Water
ii Carbon dioxide
iii Ammonia
iv Sodium chloride
e Classify each of the following substances as either
a compound or an element.
a Carbon monoxide (CO)
b Hydrogen gas (H,)
¢ Gold metal (Au)
e a Identify the ratio of atoms in each of the following
substances, based on their chemical formula.
Hint: Write the ratio numbers in the order their
symbols appear, separated by a colon
(e.g aluminium oxide (Al,O3) = Al:O is 2:3).
i Magnesium chloride (MgCl,)
i Sulfuric acid (H,SO,)
iii Butane (C,H,o)
iv Calcium nitrate Ca(NO3),
b Predict and sketch the structure of a methane
molecule (CH,), given carbon as the central atom,
and identify the C:H ratio.

0 Select one of the compounds mentioned in this section
and explain why it is essential to everyday life.

Nature and development of science

o Propose a problem that could arise if subscripts were
not included in chemical formulas.

9 Describe how having universal names and chemical
formulas for compounds makes it easier for different
types of scientists from different countries to
work together.

e Explain how a scientist with new evidence about the
formula of a chemical compound may share that
evidence and influence others to change the formula.

O a Undertake the following research.

i Identify the person who discovered that water is
made up of hydrogen and oxygen. Describe when
and how they made this discovery.

ii Identify the person who demonstrated that water
isa compound, not an element. Describe when
and how they made this discovery.

iii ldentify the person who clarified that water has
the formula H,O. Describe when and how they
made this discovery.

b Using this example, discuss how models and theories
in science may be developed over time.

Planning and conducting p.236

You have been asked to investigate the mass of copper(l)
oxide powder compared to the mass of pure copper that
is left behind after heating it over a blue flame.

o Propose a list of materials that would be required to
conduct this investigation.

e a ldentify at least four hazards presented by the
materials proposed in Question 1.
b Describe how you would minimise the risks associated
with each hazard identified in part a.

9 Copper(ll) oxide is a different compound from copper(l)
oxide, with a different ratio of atoms. You are asked to
repeat the investigation with copper(ll) oxide and to
compare the data to the first investigation. Assume that
these two investigations were combined.

a lIdentify the independent variable.

b Identify the dependent variable, including units
of measurement.

c Describe at least three controlled variables.

0 To record the mass of the copper oxides, you have
a choice between electronic balances with either
two or three decimal places. Justify which balance
you would choose to use, making reference to precision
and accuracy.

6 Construct a step-by-step method for this investigation
which could be safely and ethically followed by a fellow
Year 8 student to collect precise data.

Key idea: Patterns, order and organisation

The first four members of a family of hydrocarbons called
alkanes are methane (CH,), ethane (C,Hg), propane (C5Hg)
and butane (C,4H).

a ldentify the pattern in the four chemical formulas.

b Predict the chemical formula of the fifth member
of the hydrocarbon family: pentane.

¢ Propose a general formula for hydrocarbon alkanes
that could be used to determine the number of hydrogen
atoms, given the number of carbon atoms.

Success criteria

« | canidentify the ratio of atoms in a compound based on
its chemical formula.

« | canidentify some common compounds and their uses.

Organising matter 65




4 » Types of mixtures

-

Learning intention

At the end of this lesson, | will be able to:

- identify and describe different types
of mixtures, including solutions,
alloys, suspensions and colloids

» explain why mixtures are
represented by percentages

- calculate mass per cent (%m/m)
given the mass of the part and
the mass of the mixture.

Key terms

alloy: a metal mixed with another
element

brass: an alloy made of copper

and zinc

colloid: a mixture made of tiny
insoluble parts

heterogeneous: a mixture with an
uneven (non-uniform) composition
homogeneous: a mixture with an even
(uniform) composition

insoluble: unable to dissolve

mass: the amount of matter something
contains, often measured in grams (g)

mass per cent: the ratio of the mass
of a part of a mixture, relative to the
total mass, expressed as a percentage

solute: a substance that is dissolved
by a solvent

solution: a mixture made up of a
solute and a solvent

solvent: a substance that a solute
dissolvesin

suspension: a mixture made of large
insoluble parts

Investigation 3.4

Separating a mixture, p. 312

Key idea: Patterns, order and
organisation

66 Good Science 8

Mixtures are impure substances that come in many
forms, depending on their parts and how they are
combined. Unlike compounds, mixtures are not in a fixed
ratio; each component can vary in amount and keeps
its own properties. In this section, you will explore types
of mixtures and learn how they are often described
using percentages.

Figure 3.20: Mixtures can be P Mixtures
classified as homogeneous ]

or heterogeneous. | |
Homogeneous Heterogeneous
Solutions: Alloys: Suspensions: Colloids:
= Salt water = Steel « Muddy water = Milk
« Lemonade = Bronze « Pulpy orange « Fogor
. Tea . Brass juice clouds
» Plunger coffee » Smoke

Mixtures can be homogeneous
or heterogeneous

Mixtures can be grouped into two main types: homogeneous and
heterogeneous. In a homogeneous mixture, the substances are evenly
mixed and look the same throughout, like sugar dissolved in water.

In a heterogeneous mixture, the substances are not evenly mixed
and you can often see the different parts, like sand in water.

¥ Figure 3.21: Homogeneous and heterogeneous mixtures

Sand + water

Sugar + water

.x‘?z?ﬁ
OO0
)OO
10000,
OO0

(b) Heterogeneous mixture

(@) Homogeneous mixture



Solutions and alloys are types
of homogeneous mixtures

When a solute dissolves in a solvent, this forms a
solution, which is a common type of homogeneous
mixture. For example, when sugar (the solute)
dissolves in water (the solvent), it forms a clear,
uniform solution, as shown in Figure 3.21(a).

An alloy is a metal mixed with another element
(usually a different metal or carbon). Thisis also a
type of homogeneous mixture. Metals such as copper
and zinc can mix to form brass, while iron and carbon
combine to make steel; both alloys are mixtures
with no visible parts and are therefore considered
homogeneous.

Copper and zinc particles in brass alloy are not
the same size, so when they are combined, the rows
of metal particles become distorted, as shown in
Figure 3.22(b). This produces a harder metal because
the rows become more rigid.

Figure 3.22: Alloys are formed when a pure metal is mixed

with another element.
v

@ A pure metal has rows of identical particles.

@ An alloy has different-sized particles, which disrupts
the rows in the metal, altering the overall properties.

Suspensions and colloids are
types of heterogeneous mixtures

Heterogeneous mixtures often look cloudy, lumpy
or uneven due to the insoluble particles that remain
visible. Two types of heterogeneous mixtures are
suspensions and colloids.

Suspensions contain relatively large particles that
do notdissolve in the liquid or gas they are mixed
with. These particles are heavy enough to settle to the
bottom over time if the mixture is left undisturbed.

A common example is sand in water. It looks evenly
mixed at first, but after a while, the sand sinks to the
bottom. The same thing happens with coffee grounds
inaplunger.

Colloids, on the other hand, have insoluble
particles that are small enough to remain evenly
spread throughout the mixture. The particles
do not settle quickly, so the mixture stays looking
cloudy or creamy. Examples of colloids include milk,
fog and smoke.

Figure 3.23: Tea is a clear, homogeneous solution, but when
milk (a colloid) is added, it becomes cloudy and less able to
transmit light due to the insoluble particles suspended in

solution.
v
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Mixtures can be represented
by percentages

Unlike compounds, mixtures do not have fixed ratios.

This means the amounts of substances in a mixture
can change, without changing the type of mixture
itself. To describe how much of each substance is
present, we use percentages. Percentages help us
to compare and understand mixtures, no matter
how much of each part is present.

For example, orange juice with pulpis a
heterogeneous suspension. One glass might have
5 per cent pulp and another 10 per cent, depending
on how it is made. Although the percentages are
different, it is still the same type of mixture —
orange juice.

In metal alloys, the percentages of metals can
also vary depending on the desired properties.
Brass is made from copper and zinc, but it might be
70 per cent copper and 30 per cent zinc in one case,

Percentages of mixtures are often
based on mass

When representing the composition of a mixture
using percentages, it is usually based on how much
of each substance is present by mass. For example,
if a metal alloy is 70 per cent copper and 30 per cent
zinc by mass, it means 70 grams out of every

100 grams is copper. This method is useful because
different substances can take up different amounts
of space, even if they weigh the same. Mass provides
a consistent way to determine and interpret the
percentage composition used to represent a mixture.

A common expression for mass per centis ‘%m/m’.
This reiterates that the mass of the solute, or the part
in question, is divided by the total mass and then
multiplied by 100 to make it a percentage.

%m/ mass of the solute or part (g) .
m/m =
° mass of the whole mixture (g) ’

or 60 per cent copper and 40 per cent zinc in another.

Both are still brass. Table 3.2 shows the composition
of three different variations of brass alloy.

Table 3.2: The compositions of different types of brass alloy

Percentage composition

Type of of elements (%) Uses
brass alloy :
Copper Zinc

Gilding metal 95 5 = bullet jackets
= decorative doors, railings and trim
= jewellery

Cartridge brass 70 30 = ammunition cartridges
« electrical applications
= plumbing applications

Muntz metal 60 40

= architectural applications
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= marine applications (e.g. pier piles)
« trumpets and other f

X

musical instruments

(doors, elevator)




Example 1:

What is the percentage of copper by massin a

200 g sample of brass if it is known to contain 140 g
of copper?

mass of copper (part) =140 g
mass of brass (alloy mixture) =200 g

mass of copper

%m/m = x100%

mass of mixture

140
x100%
0

=70%

Example 2:
What is the mass per cent (%m/m) of a 250 mL solution
with 20 g of salt dissolved in water?

Hint:1 millilitre of solution weighs about 1 gram;
therefore,1mL=1g

mass of salt (solute) =20 g
mass of solution (mixture) =250 g

mass of salt

%m/m = x100%

mass of solution

20
x100%
0

=8%

Learning Ladder

Organising matter

0 Complete the sentences below.

Homogeneous and are both
types of that do not exist in fixed

. They differ from because
the atoms of separate in mixtures are

not chemically joined.

9 a Classify each of the following mixtures as either
homogeneous or heterogeneous.
i Muddy water ii Blood
iii Cerealand milk iv Soft drink
v Bronze metal vi Clouds
b Propose whether each mixture in part ais a solution,
alloy, suspension or colloid, giving a reason.
9 Construct a diagram of bronze ‘bell metal’ alloy at the
atomic level, which contains 80 per cent copper and
20 per cent tin. Hint: Lead particles are slightly bigger
than tin particles.

Use and influence of science

o Complete the sentences below.
Mixtures do not have ratios, so chemical
are not used to represent mixtures like
. To address this problem,
are used to indicate how much of
each partis present in a mixture.

they are for

e The expression ‘weight’ per cent (%w/w) is often used
instead of ‘mass’ per cent because it is more easily
understood by society. Describe how using two different
expressions for the same thing might be confusing,
making specific reference to weight and mass.

Processing, modelling and analysing p. 240

o Use Table 3.2 to identify the mass per cent of:
a copperingildingmetal. b zincin cartridge brass.

e Construct an empty results table that could be used
in an investigation to determine the mass per cent
of salt-water samples from four different depths
(surface, 5m, 10 m, 20 m) of Port Phillip Bay. Be sure
to include the independent variable and to provide
headings for each column.

e Construct a pie chart to display the composition by
mass of muntz metal, based on Table 3.2. Refer to the
Science how-to section on making a pie chart on page 283.

e You determined that the mass per cent of salt water in
Port Phillip Bay for depths at O, 5,10 and 20 mis 3.3, 34,
3.2and 3.7 per cent, respectively.

a Fillin your results table with the given data.

b Construct a scatter plot to graph the data, including
atrend line. (See step 3 of the ‘Processing, modelling
and analysing’ section of the Science how-to on
page 242.)

¢ Describe the relationship between the variables under
investigation.

© Analyse processed data from Question 4 for anomalies
and discuss in relation to the rest of the resullts.

Key idea: Patterns, order and organisation

Evaluate the following statement with reference
to patterns, order and organisation of mixtures:
Colloids are homogeneous mixtures because you cannot
easily see the difference between the parts of the mixture.

Success criteria

- | candistinguish between different types of mixtures
based on observations.

- | candescribe the composition of mixtures using
percentages.

« | can calculate mass per cent (%m/m) given the mass
of the part and the mass of the mixture.

Organising matter 69
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Learning intention

At the end of this lesson, | will be able
to describe the properties and uses of
some common elements, compounds
and mixtures.

Key terms

lattice: a three-dimensional structure
made of a repeating pattern of atoms
or particles

steel: an alloy made of iron and carbon

Investigation 3.5

Comparing the properties of elements,
compounds and alloy mixtures, p. 313

Key idea: Patterns, order and
organisation

J

Figure 3.25: Water (H,O) is a compound

of hydrogen and oxygen.
v

Figure 3.26: Aluminium oxide (Al,O3)
is a compound of oxygen and aluminium.

e9e%%

Figure 3.27: Substances in a mixture
keep their own properties, allowing
magnetic iron filings
to be separated from
non-magnetic
sulfur powder.
v

sulfur iron fillings
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Elements, compounds and
mixtures have different
properties and are used in
many ways in everyday life.

Figure 3.24: Oxygen is a versatile
and important element, whether
in elemental form in the air we
breathe or in compound form
like in the rocks we climb.

Elements have different properties
from their compounds

Carbon forms many compounds with other elements. All living things
contain large amounts of carbon. So does crude oil (oil that has not
been separated into usable petroleum products), because itis a
fossil fuel formed from the remains of once-living things. Crude oil

is used for manufacturing petrol, engine oil, candle wax and plastics.
Pure carbon can have very different properties from compounds of
carbon. For example, diamonds are pure carbon, while the compound
carbon monoxide (CO) is a gas that also contains oxygen.

Oxygen also forms many compounds with other elements. One such
compound is water (H,0), which contains hydrogen (H) and oxygen (O)
(see Figure 3.25). When oxygen is part of a compound, its properties can
vary significantly. For example, the oxygen we breathe (O,) is a gas at
room temperature, while water (which contains oxygen) is a liquid.

The compound silicon dioxide (SiO,) — made up of silicon (Si) and
oxygen (O) —is found in most types of rock. The oxygen we breathe has
very different properties from the rocks we climb. Silicon dioxide forms a
non-metallic, solid lattice of a repeating pattern of atoms, creating a hard,
rough texture, making it an ideal type of rock for climbers.

Another compound of oxygen is aluminium oxide (Al,O3), which is
made up of the elements aluminium and oxygen. This compound forms
a similar structure to silicon dioxide, but with a different ratio of atoms
that gives a crystalline appearance and shine. ‘Crystalline’ means having
the structure and form of a crystal, with well-defined edges and faces.
Aluminium oxide is known as ruby or sapphire depending on whether it is
red or blue, but their chemical and physical structures are the same.

Substances in mixtures retain
their own properties

In a mixture, the substances are physically combined, not chemically
bonded. This means each substance keeps its own properties.



For example, in a mixture of iron filings and sulfur powder, the iron is still
magnetic and the sulfur still has its yellow colour. You can even separate
the iron with a magnet. This is different from compounds, where
substances react and form something new with different properties.

Alloys have modified properties

Alloys have modified properties as compared to the pure elements they
are made of. For example, iron metal in its pure form is soft and rusts
easily. Mixing it with carbon creates a more robust substance, steel,
because the carbon atoms fill the gaps between the larger iron atoms
(see Figure 3.28). As a result, steel is very strong and more resistant

torust, soitis widely used for tools and construction.

Figure 3.28: Carbon steel alloy is formed
when iron metal is mixed with carbon.
The smaller carbon atoms fill the gaps
between the rows of larger iron atoms,
making it more robust than pure iron.

Learning Ladder

Organising matter

o Identify the names of each type of atom in each of
the following compounds. Refer to the Periodic Table
on page 59 as needed.

a H,O b CO
c SiO, d AlLO,

© Classify each of the following substances as either
a compound, element or mixture. Provide a reason
for each response.
a Water (H,0)
¢ Diamond (C)

e Bronze alloy

b Oxygengas (O,)
d Petrol (CgHyg)
f Platinum (Pt)

9 Construct a diagram of the arrangement of atoms in:
a pure carbon.
b silicon dioxide.
¢ iron filings and sulfur powder.
Hint: Your diagrams can be similar in style to Figure 3.28.

0 Explain how each of the following substances can
be used.
a Diamond
¢ Silicon dioxide

b Oxygengas
d Carbon steel

6 Analyse your responses to Question 4 in relation
to the properties of each substance, with reference
to elements, compounds and mixtures.

Use and influence of science

o Alloys are stronger than pure metals. Propose a
socio-scientific issue that alloys help to address.

e Separating mixtures using magnets is part of the
recycling process. Propose how this technology
has affected society.

Planning and conducting p.236

o Identify the equipment that would be required to create
a mixture of 50 per cent iron filings and 50 per cent
sulfur powder.

e Describe three types of personal protective equipment
that would minimise risk when handling iron filings and
sulfur powder.

e Read the aim, materials and method for Investigation 3.5
(on page 313). Identify the following:
a theindependent variable.
b the dependent variables.
c four controlled variables.

0 When using a magnet to separate the mixture from
Question 1, explain the measuring equipment you would
require and the strategy you would follow to determine
how precise the resulting parts are in mass to the
samples you started with.

e You do not have a magnet to separate iron filings from
sulfur powder, so you put the mixture into a carbon
disulfide solution because you know it will dissolve
the sulfur but not the iron. Propose and describe the
method steps you could follow next to separate the iron
from the sulfur.

Key idea: Patterns, order and organisation

You have been asked to build a rocket for Australia’s space
program using either carbon steel alloy or aluminium
metal. Conduct research to compare the patterns in their
crystalline structures. Discuss which material you think
would be most appropriate for building the rocket.

Success criteria

« | candescribe some common elements, compounds
and mixtures.

- | canexplain how the properties of elements, compounds
and mixtures are linked to their uses.
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Learning intention

At the end of this lesson, | will be able
to use models and representations
to describe and compare elements,
compounds and mixtures based

on the types and arrangement

of their particles.

Key terms

ball-and-stick model: a model that
represents atoms as balls and bonds
as sticks, making it easy to see how
atoms are connected and arranged
in space

chemical bond: a force that joins
atoms together in a molecule or
compound

molecular elements: molecules made
up of more than one of the same type
of atom

particle model diagram: shows the
arrangement and movement of
particles in a substance

space-filling model: a model that
shows how molecules might appear

if magnified

structural formula: a representation
of acompound or molecule that shows
how atoms are chemically joined to
one another

Investigation 3.6

Making a molecular modelling kit, p. 315

Key idea: Patterns, order and

organisation
J

Figure 3.30: This particle model diagram
shows particles of a substance in

different states.
v

s
S

Solid
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Figure 3.29: Complex molecules
.’ like caffeine are often represented
using stylised 3D images, generated
digitally for visual appeal.

wr

We have learnt that elements can be represented by

symbols, compounds by chemical formulas, and mixtures

by percentages, but these representations give us little
information about shape or structure. This is why various

types of models are helpful when representing elements,

compounds and mixtures. Models enable us to classify,

describe and compare different types of matter, and help

us to understand how particles are arranged in a given
substance. In this section, we will explore the different
models used to represent matter and identify when it is
appropriate to use certain models, depending on their
purpose and context.

Particle model diagrams can be used to
represent the behaviour of matter

A simple and effective way to represent the arrangement and movement

of particles under different circumstances is by using a particle model
diagram. These diagrams use coloured circles or shapes to represent
particles in general. For example, when a substance’s state of matter
changes, particle model diagrams show how the arrangement of
particles differs in each state. Itis not always obvious if the particles
shown are elements or compounds, but this is not important in cases
where atoms are not the focus.

Particle models can also help us to compare different
mixtures — for example, the differences between
elements and compounds, and between homogeneous
and heterogeneous mixtures, including solutions, alloys,
suspensions and colloids. The diagrams shown in Table 3
are especially useful for comparing the behaviour of
substances under various conditions. A limitation of
particle model diagrams is that they do not usually
show the individual types of atoms involved and how
they are connected.

@ 5‘
"0,06.

Gaseous

3



Table 3.3: Particle models allow us to compare how atoms are arranged in different substances.

Particle model diagram Description of what is represented

Element 00“0‘0“000‘ = All atoms are identical.
0066666666666
0066666666666
0066666666666
Compound « More than one type of atom

is present.

Table 3.4: Particle models allow us to compare how atoms are arranged in different types of mixtures.

Type of mixture

Particle model diagram

Description of what is represented

Homogeneous Solution « Substance has an even distribution
@ of particles throughout the mixture.
« Solute particles are dissolved in
‘ the solution.
o ‘ O ‘ « Solute particles are so small they
0 ‘ are invisible to the naked eye,
‘ ‘ ‘ ‘ resulting in a clear solution.
‘ ‘ ‘ ‘ Alloy = Substance has an even distribution
0 0 0 of particles throughout the mixture.
0‘ o 0 « Metal particles retain their
o ‘ ‘ own properties (colour) at the
0 0 —"/Q atomic level.
f——l‘ﬁ"“-—%ﬂ « Metal particles appear as one colour
L ‘ ;} ) _ to the naked eye.
Heterogeneous Suspension « Solute particles are not dissolved
@ and are visible to the naked eye.
« Solute particles are large enough
that they settle to the bottom of
‘00‘000‘ the mixture.
Colloid « Solute particles are not dissolved

and are visible to the naked eye.

« The mixture is cloudy, indicating
insoluble particles.

« Solute particles are small enough
that they remain suspended in the
mixture for long periods of time.
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Structural formulas represent
the 2D structure of molecules

A structural formulais a two-dimensional (2D)
representation that shows how atoms are arranged
and chemically bonded, or joined together, in a
molecule. In these diagrams, atoms are represented
by their chemical symbols and lines are used to show
the bonds between them. Structural formulas help
us to understand the basic shape and connections
within a molecule. For example, methane (CH,) is a
carbon atom chemically bonded to four surrounding
hydrogen atoms. Figure 3.31 shows the structural
formula for methane.

Figure 3.31: The structural formula for methane (CH,)
v
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Oxygen gas (O,) and ozone (O3) are each different
forms of molecular elements of oxygen, but their
chemical formula alone does not show the shape of
the molecule or how the atoms are connected. Unless
the structural formula is provided, you would not know
that the two oxygen atoms in the gas we breathe are
connected by a double bond, or that ozone connects
three oxygen atoms, bentin a row with a single bond
and a double bond.

4 Figure 3.32:The structural
formula for the oxygen gas
molecule we breathe (O,)

O
I
O

4 Figure 3.33: The structural
formula for the ozone
molecule (O3)

Figure 3.34: This ball-and-stick model shows
the 3D arrangement of silicon and oxygen in the
crystalline compound silicon dioxide (SiO,).




Molecular models can be used
to represent 3D structures

Molecular models help us to visualise the
three-dimensional (3D) shape of molecules
and compounds, which cannot be shown easily
by structural formulas. Ball-and-stick models
represent atoms as balls and bonds as sticks,
making it easy to see how atoms are connected
and arranged in space.

Ball-and-stick models can also be used to
represent crystalline lattice structures that have
continuous repeating patterns of atoms, rather than
a distinct molecule with a specific number of atoms.
For example, the compound sodium chloride is not
a molecule, because it forms a 3D structure with an
undetermined number of alternating sodium and
chlorine atoms.

Figure 3.35: In molecular modelling kits, the balls
are colour-coded to represent different types of
atoms, and sticks are included to represent the

chemical bonds that connect the atoms.
v

4 Figure 3.36:
This ball-and-
stick model
represents
the 3D lattice
structure of
sodium
chloride.

Space-filling models represent the size and
closeness of atoms more realistically, showing how
molecules might appear if magnified. Both types of
models can be physical (meaning you can hold them
in your hands) or virtual (meaning they are generated
digitally or on paper). They are especially useful
for comparing the shapes of different molecules
and visualising how the different types of atoms
are connected.

Figure 3.37: Methane’s 3D structure is best
represented by a ball-and-stick model or a
space-filling model.

c@ HO
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Figure 3.38: Ammonia (NH,) can be represented in a number

of different ways, each serving a particular purpose.
v

Particle model diagram at room temperature
® & ©

® \

\ x ~

= Shows molecules as a
gas at room temperature.
Each molecule is shown

‘ ‘ as an individual particle,
/ ‘ even though each
¢ f “ / particle is made up

0 ‘ of four atoms.

Chemical formula

NH;

= Shows the ratio of
atoms in a molecule.

Structural formula

| = Shows the chemical
bonds between atoms

~ in a molecule.

Ball-and-stick model

= Shows the shape
of the molecule.
« Uses sticks to
o~ represent bond angles.

Space-filling model

= Shows the shape
of the molecule.

= Shows the overlap
of atomic boundaries
that occurs when
bonds are formed.
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Different representations
give different kinds of
information

Each way of representing matter — symbols,
formulas, diagrams and models - provides
different information about elements and
compounds. Chemical symbols and formulas
tell us what types of atoms are present and

in what ratios. Scientists choose the most
suitable representation depending on what
they are trying to show — such as composition,
structure or behaviour. This makes it easier

to compare substances and to explain how
matter works at a particle level. Figure 3.38
shows the different ways that ammonia (NH3)
can be represented.

Figure 3.39: John Dalton represented compounds in
a way that showed the ratio of types of atoms as well

as the connections between them.
v

Compound
Oxygern weth /[l'!//?f("r‘l/

Oxypern wilh 4z0le

o’boc"ia)odiocﬁguno

Oxygen willy Carbone and Sulphar

Hydrogen with azote & Carborne

Oxygen with foh osph.
574

88 00 00 © 080

Selphur with fohosph
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Learning Ladder

Organising matter

0 Complete the sentences below.

a Particle model diagrams do not always show the
different that make up a substance.

b Space-filling models are similar to -and-

models because they show the 3D shape

of molecules.

c formulas are like chemical
because they show the ratio of types of atomsina
substance, but neither of them clearly represents

9 Copy and complete the following table to identify each
representation. Classify each substance as an element,
compound or mixture.

Tvpe of Type of substance
Representation yP . (element, compound

representation .

or mixture)
0000
® 00
® % ©
©

¢%e%

H/O\O/H

e For each of the following models, write the chemical
formula and the structural formula.

@ 66

[o

o Propose and explain a situation where each of the
following ways to represent substances would be
preferred.

a Particle model
¢ Molecular model

b Structural formula

© Refer to Figure 3.34 to analyse the suitability of silicone
dioxide as the chemical foundation for rock structures
around the world.

Use and influence of science

o Propose why it might be beneficial to represent
molecules using structural formulas.

9 Describe examples of virtual representations of chemical
substances that you have seen in advertisements.

Processing, modelling and analysing p. 240

@ seeFigure338.
a ldentify how many ways ammonia (NH;) can be
represented.
b Propose which way provides the most information
about the molecule.

e Construct a display (similar to Figure 3.38) of all the
ways the following substances can be represented.
a Water
b Carbon dioxide
¢ Asolution of salt (NaCl) dissolved in water

Key idea: Patterns, order and organisation

Discuss how different models and representations help
scientists to identify patterns that exist across different
types of matter. Provide examples, including models and
diagrams, to support your response.

Success criteria

« lcanconstruct and interpret models and representations
of elements, compounds and mixtures.

- | can use models and representations of matter to
compare elements, compounds and mixtures.
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« / » Properties of matter influence their use

e .. .
Learning intention

At the end of this lesson, | will be able
to explain how the properties and
availability of some materials - metals,
alloys and compounds - influence
their uses.

Key terms

bronze: an alloy made of copper
andtin

ochre: an earth-based pigment
containing iron(lll) oxide used for
thousands of years by First Nations
Peoples for painting, art and ceremony

Investigation 3.7
Modifying metals, p. 317

Key idea: Patterns, order
and organisation

Figure 3.40:
During the Stone Age, humans
made and used stone tools.

Figure 3.41: Many medical instruments
are made from steel.
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Since ancient times, humans have used the materials
available to them — including elements, compounds
and alloys — in a variety of ways. The properties of the
materials dictated what tasks they were suited to and
how they were used by humans.

The properties of rocks make them
useful tools

Recall that most rocks are made primarily of the compound silicon dioxide
(Si0,), which contains the elements silicon and oxygen chemically joined
in a repeating three-dimensional pattern.

Humans have been using rocks or stones as tools for thousands
of years. This was particularly the case during the Stone Age, as many
metals and alloys had not yet been discovered or invented. The early
humans who lived in the Stone Age discovered that different types of
rocks suited different tasks. For example, obsidian is a rock that breaks
into sharp pieces; these pieces were used as arrow tips and scrapers.
Very hard rocks with coarse textures — like granite — were used to grind
food, and hard rocks with smooth textures were used to make axes.

The properties of bronze make it
ideal for making strong weapons

Bronze is an alloy; it is made from two metals:

copper and tin. Bronze is much stronger and harder

than pure copper. The ancient Sumerians were the

first people to make this alloy, in around 3500 BCE.

After bronze was discovered, people began making

tools and weapons from this material as it is much a

harder than other materials they had previously Figure 3.42:

used to make these objects (such as pure copper). ﬁ‘ggfg:;i‘;ﬁfiﬂake
Itis also more resistant to corrosion (wearing away)  tools and weapons,

and is easier to melt and cast into shapes. including spears.

The properties of steel make it ideal for
making medical instruments

Around 400 BCE, metalworkers discovered that adding carbon to

iron created a stronger substance than pure iron. Today, this alloy is
called steel. Steel is stronger than bronze, harder than iron and lighter
than both these substances. Today, steel is used for a wide variety of
purposes, including in construction (e.g. the Sydney Harbour Bridge)
and to make medical instruments.



The properties of ochre make
it ideal for making art

People from many cultures have developed
and used dyes and paints obtained from natural
sources. A substance called ochre is widely
used by Aboriginal and Torres Strait Islander
Peoples for making art and for ceremonies.
Ochreis a naturally occurring substance

that is a mixture of clay, sand and a compound
called iron(lI) oxide. The substance is mixed
with water, animal fat, saliva or blood and
then painted on rock, weapons, ceremonial
objects and skin. Mixing different amounts

of the ingredients results in different colours,
such as reds, yellows and browns.

Figure 3.43: First Nation
Peoples paint rock, weapons
and skin with a substance
made from ochre.

Learning Ladder

Organising matter

o Complete the sentences below.

a For thousands of years, people have used their
knowledge of the of to decide how to
use them.

b Asthe properties of different
tools became more sophisticated.

¢ People from many different have developed
and used dyes and paints obtained from natural
sources.

were discovered,

e Classify the following utensils as elements, compounds
or mixtures, and provide a reason for your response.
a Rocks b Copper ¢ Bronze
d Steel e Ochre

e a Identify the ratio of silicon to oxygen in the compound
silicon dioxide.
b The ratio of iron (Fe) to oxygen (O) in the compound
used in ochre is 2:3. Construct the chemical formula
to represent iron(lll) oxide based on this known ratio.

0 Explain the properties of specific types of rocks that
enabled them to be used as:
a arrow tips.
b grinding tools.
C axes.

e Propose and analyse the purpose of blood being used
alongside ochre by First Nations Peoples. Consider that
it is a colloid mixture with many components.

Use and influence of science

o Identify an issue with using copper to make tools
and weapons.

e Describe how scientific knowledge about the properties
of alloys has affected society.

e Propose and explain an environmental impact of using
alloys for weapons and tools instead of rocks.

@ Medical instruments must be very clean to avoid
infection in patients. Steel is able to resist high
temperatures without damaging the metal. Discuss how
these facts are related to each other.

e Analyse the following statement in relation to ochre.
First Nations Peoples used the Earth in sophisticated and
scientific ways, many of which have informed scientific
advances and modern technology.

Planning and conducting p.236

o Identify at least five materials and/or pieces of
equipment that would be required for you to make
your own ochre-based paint.

e Propose and describe things you would do to prevent
injury or harm when making paint with the materials
identified in Question 1.

Key idea: Patterns, order and organisation

Undertake research to create a list of materials and
substances used by First Nations Peoples. Organise your
results in a table that outlines the properties of the material
and their uses. Examples of materials that could be included
are resin, wood, bark, animal parts, minerals/rocks and fibres.

Success criteria

- | canexplain how the properties and availability of some
materials influence their uses.
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8 > Key idea: Patterns, order and
organisation — organising elements
into a periodic table

e .. .
Learning intention

At the end of this lesson, | will be able to
describe how early versions of periodic
tables have contributed to the Periodic
Table that is universally used today.

Key terms

atomic mass: the mass of an atom
of a chemical element

periodic table: a table of elements
arranged periodically in a table based
on their properties

periodicity: quality of being periodic;
the tendency for something to occur
repeatedly or in patterns

Key idea: Patterns, order and
organisation

ELEMENTS

@ Hydiogen ‘)]G Strontian 4If
(D \ f'@ Baryces J.,:o
@ Carton .,f,;@ Lion

O Oxygen @ ZIiNg. -
@ Pliosphorus 0 @ Copp('l‘ B7]
@ Sulphur 73 @ Lead oo
@ Maguesia 20 @ Silver
@ Lime 24 @ Gold /90
([D Soda 28 ® Platina g
@ Potash 42 G Mercury /67

o

Figure 3.44: English scientist John Dalton
organised 20 ‘elements’ by their atomic
mass into one of the earliest-known
versions of a table of elements.
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As more and more elements were discovered throughout
history, scientists needed a way to organise them and

to identify patterns in their properties. In the early

1800s, John Dalton began classifying elements by their
atomic mass (how heavy their atoms were). Over the
years, many other scientists also searched for ways

to group elements based on their behaviour and
characteristics.

In the 1860s, Dmitri Mendeleev built on these earlier
ideas and developed a new way to arrange the elements
into a periodic table. His work marked a turning point
in how scientists understood the relationships between
different elements.

Different versions of periodic tables have been created
by scientists over time. When we use the Periodic Table in
this book (written with initial capital letters), we are talking
about the modern version that is used around the world
today, as shown in Section 3.2.

Dalton produced an early periodic table
of 20 elements

Asyou learnt in Section 3.1, John Dalton proposed his theory that all
matter is made up of tiny particles called atoms. In the early 1800s,
Dalton began organising the known elements in an attempt to find order
among them. He arranged 20 elements into a simple table, based on
their atomic mass and some of their basic properties (see Figure 3.44).
He also created symbols to represent each element, which helps
scientists to communicate with each other more clearly.

Although Dalton’s table was very different from the one we use today,
it was an important step towards organising elements in an orderly
way. Dalton’s work encouraged other scientists to look for patterns
in the elements, setting the stage for further discoveries and more
sophisticated tables in the years to come.



Mendeleev arranged elements
into groups and left gaps

In the 1860s, Russian scientist Dmitri Mendeleev
made a major breakthrough in organising the
elements. Like Dalton, he created a table where
elements were arranged in order of increasing atomic
mass, but he also grouped them based on similar
chemical properties. This helped to reveal clear and
repeating patterns, or periodicity, in how elements
behaved. He published his Periodic Law in 1869,
which was refined into a table in 1871 (Figures 3.45
and 3.46).

4 Figure 3.45:
Mendeleev’s Periodic
Law, published in
1869, included all
known elements at
the time, as well as
predictions and gaps
for undiscovered
elements.

Mendeleev’s table had gaps where he believed
undiscovered elements should go. He even predicted
the properties of these missing elements, such as their
melting points and densities. Later, when scientists
discovered elements like gallium and germanium, they
matched Mendeleev’s predictions almost exactly.

By combining careful observation with bold
predictions, Mendeleev’s table became a powerful
scientific tool. His work showed that the properties of
elements followed a periodic pattern, which formed
the foundation of the Periodic Table we use today.

Tabelle IL
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o
Figure 3.46: The eight ‘Groups’ of Mendeleev'’s periodic table
have an impressive resemblance to today’s Periodic Table.
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4 Figure 3.47: Dmitri
Mendeleev arranged
elements into vertical
columns, or ‘families’,
and predicted the
properties of elements
yet to be discovered.

Learning Ladder

Organising matter

o Identify which of Dalton’s 20 elements (Figure 3.44)
are still known to be made up of just one type of
atom, according to the Periodic Table we use today
(Figure 3.9 on page 59).

e Research the ‘elements’ on Dalton’s periodic
table (Figure 344) that do not appear on today’s
Periodic Table (e.g. lime). Describe what these
substances are known as today, including their
chemical formula if they are compounds.

Nature and development of science

o Identify why not having a universal periodic table
might be problematic.

e Propose and describe how scientific
collaboration has contributed to the development
of the Periodic Table.

e Propose and explain how Meldeleev’s Periodic Law
was refined only two years later into his second
periodic table. Refer to Figures 345 and 346.

O Discuss how the symbols Dalton used to represent
elements (Figure 344) informed the symbols
used today.

9 Analyse the following statement:
Dalton’s atomic theory of matter at the start of the
1800s triggered the beginning of the ‘Discovery of
elements’ era, probably because scientific knowledge
and discoveries became more widely valued.

Processing, modelling and analysing  p.240

o Identify the elements in group Il (3) of Mendeleev’s
second periodic table (Figure 346) that are also in
today’s Periodic Table (see Figure 3.9 on page 59).

e Based on the blanks, question marks, predicted
atomic masses and groups, fill in the blanks of
Mendeleev’s periodic table (Figure 346) with
reference to today’s Periodic Table (page 59).

Success criteria

« | candescribe how Dalton’s and Mendeleev's versions
of periodic tables have contributed to the Periodic
Table that is used universally today.
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» Made of one type of atom
« Cannot be physically separated
« Examples: gold (Au),

» Summary

« Matter can be classified as pure and impure
substances, and further classified as elements,
compounds or mixtures.

« Theatomic theory of matter can be used to model
and explain the difference between elements,
compounds and mixtures.

MATTER

IMPURE SUBSTANCES
(mixtures)
= Can be physically separated

« Examples: air, milk, steel alloy,
seawater

PURE SUBSTANCES

L

ELEMENTS

COMPOUNDS

« Made up of two or more types
of atoms

« Cannot be physically separated
« Example: table salt (NaCl)

MOLECULES
= Two or more atoms joined together to form a distinct particle
= Cannot be physically separated
= Molecular element examples: oxygen gas (O,), nitrogen gas (N,)
= Molecular compound examples: carbon monoxide (CO), water (H,0)

carbon (C)

« Elements can generally be classified as metals or non-metals.
« Elements are represented by their chemical symbol and are organised into the Periodic Table.

Compounds and molecules can be represented
by their chemical symbol, which uses subscript
numbers to show the ratio of elementsin the
substance. The chemical formula for water is H,O.

One oxygen atom

l
Water: H,O

Two hydrogen atoms

Water
(H,0)

~

Chemical
bond —

Oxygen

\

Hydrogen

1 . 2
H Atomic number ——e 1 . He
ycrogen He—+— Chemical symbol Non-metals e
Hydrogen
3 4 " 5 6 7 8 9 10
Li | Be | B|lc|N|O/|F]|Ne
Lithium Beryllium Element name Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 13 14 15 16 17 18
Na | M Al Si P S Cl Ar
Sodium Magnegm M eta |S Aluminium Silicon Phosphorus Sulfur Chlorine Argon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \Y, Cr | Mn | Fe | Co | Ni Cu| Zn | Ga | Ge | As Se | Br Kr
Potassium Calcium Scandium | Titanium Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zine Gallium | Germanium Arsenic Selenium Bromine Krypton
37 38 39 40 1 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr | Y Zr |[Nb |Mo | Tc | Ru | Rh |Pd | Ag | Cd | In | Sn | Sb | Te I Xe
Rubidium Strontium Yttrium Zirconium Niobium i Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
55 56 57 72 73 74 75 76 7 78 79 80 81 82 83j 84 85 86
Cs | Ba|La | Hf [ Ta | W [ Re | Os Ir Pt | Au | Hg | TI | Pb | Bi | Po | At | Rn
Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
Fr | Ra | Ac | Rf [Db | Sg | Bh | Hs | Mt | Ds | Rg | Ch | Nh | FIl | Mc | Lv | Ts | Og
Francium Radium Actinium Rutherfordium Dubnium Seaborgium Bohrium Hassium i D it Copernicium Nihonium Flerovium i Li T [o]
|:| metals 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr [Nd [Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
|:| non-metals Cerium i i i Europium | Gadolinium | Terbium | Dysprosium | Holmium Erbium Thulium | Yeterbium | Lutetium
[] metalloids 90 [ 91 [ 92 [ 93 [ 94 | 95 [ 96 [ 97 [ 98 [ 99 [ 100 [ 101 | 102 | 103
Th | Pa u Np | Pu {Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium Mendelevium | Nobelium Lawrencium
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Mixtures can be

classified as homogeneous
or heterogeneous.
Mixtures do not have

fixed ratios of elements,

Mixtures

Homogeneous

|
Heterogeneous |

|

so their composition | | |

can be represented Solutions: Alloys: Suspensions: Colloids:

by percentages. = Salt water = Steel « Muddy water = Milk
« Lemonade = Bronze « Pulpy orange juice « Fog or clouds
= Tea = Brass = Plunger coffee = Smoke

Elements, compounds and mixtures can be
represented using diagrams, chemical formulas,

and two-dimensional and three-dimensional models.

Particle model diagram at room temperature

® ® @ = Shows molecules as a
(&) \ gas at room temperature.
\, X ¥ \o Each molecule is shown
/ ® @) as an individual particle,
® + - / even though each particle
e © is made up of four atoms.
Chemical formula
NH = Shows th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>