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Written specifically to meet the requirements of the
Australian Curriculum, the student book acts as a guide for
both student and teacher.

* Written specifically for the Australian Curriculum
Science course

* Utilises an inquiry approach throughout

* Offers content and activities that enhance the
development of Achievement Standards. The content
is presented in a range of contexts within the three
interrelated strands of Science Inquiry Skills, Science as a
Human Endeavour and Science Understanding.

Activity Book

The activity book is a write-in resource designed to enrich
students’ skills by providing a variety of activities and
questions to reinforce learning outcomes.
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» Supports and extends the student book

* Caters for a range of learning styles.

Teacher Companion

The teacher companion makes lesson preparation easy
by combining full-colour textbook pages with teaching
strategies, ideas for class activities and fully worked
solutions.

* Ties the entire Pearson Science package together

* Includes all answers to the student and activity book.
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How to use this book

PEARSON ScCience 10 Student Book

PEARSON SCieNcCe 10 has been designed for the
Australian Curriculum: Science course. It includes
content and activities that enhance the development
of the Year 10 Achievement Standards within the
three interrelated strands of Science Inquiry Skills,
Science as a Human Endeavour, and Science
Understanding. The content is presented through a
range of contexts to engage students and assist them
to make connections between science and their lives.

PEARSON science

Chapter opening page
The chapter opener engages
students through questions that get
them thinking about the content
and concepts to come.

The key ideas reflect the
elaborations and standards relevant
to the chapter.

Look who is using
science

Careers pages spread throughout
the book look at careers that
involve and use science.

Unit opening

Each chapter is divided into self-
contained units. The unit opener
includes an introduction that
places the material to come in a
meaningful context.

Photos and illustrations

Stunning and relevant photos and
illustrations are clearly referenced
from within the text to assist
students to understand the idea
being developed.

The Cross-curriculum priorities and General
Capabilities are addressed throughout the series.

PEARSON ScCience 10 is designed for an inquiry
approach to science learning. Its engaging design,
unambiguous features and clear easy-to-understand
language make this a valuable resource for

students of all interests and abilities.

science 4 fun
Inquiry-based activities using
everyday materials assist students
to understand key concepts
under development.

These can be used as a focus or
context for the unit.

Icons indicate whether an

activity is suitable to be done at home or requires

teacher supervision.

Skill builder

Key skills are outlined in
clear steps to support science
learning.

Worked example

Worked examples of problems
and techniques assist students to
master and apply key skills.



SciFile
SciFiles include quirky
information to engage students.

Unit review

Each unit finishes with a set

of questions and activities
organised under the headings of
Bloom’s Taxonomy of Cognitive
Processes. To further students’
understanding of the intent of a
question and level of explanation
expected, bolded verbs are used throughout. A list of all
verbs and their meanings can be found on page xii.

The final heading is ‘Inquiring’. These questions
challenge students to use their inquiry skills to go
further with the unit content.

Practical activities

Practical activities are placed at
the end of each unit. Practical
activity icons appear throughout
the units to indicate suggested
times for practical work.

= A Student-design investigation
icon indicates that an

activity includes student design. 2
Safety boxes highlight significant hazards.

A safety glasses icon reminds students when
appropriate to wear safety glasses.

Science as a
Human Endeavour
The Science as a Human

addressed throughout the
units and in Science as a
Human Endeavour
~ spreads. Many of
these are developed and extended in the
Activity Book.

Thinking scientifically l. .}

PEARSON
. Endeavour strand is science 10
package

Chapter review

Each chapter finishes with a

set of questions and activities
organised under the headings of
Bloom’s Taxonomy of Cognitive
Processes.

| Thinking scientifically

Following the Chapter review
are Thinking scientifically
style questions relevant to that
chapter. These test students’
science and interpretive skills.

Glossary

Every chapter concludes with an
illustrated glossary that engages
students and provides a ready
reference for the key terms of
the chapter.

Activity Book icon

This icon indicates a related
Activity Book worksheet that
enhances or extends this area.

Don't forget the other PEARSON science 10
package components that will help
engage and excite students in science:

PEARSON science 10 Activity Book
PEARSON science 10 Teacher Companion
PEARSON science 10 Pearson Reader



The verbs below, based on Bloom’s Taxonomy, appear in bold text throughout this book. The verbs help students know the level of
response required for a question and provide a common language and consistent meaning in the Australian Curriculum documents.

Remembering

enter Place data into a computer program by key strokes or copying from a digital source,
e.g. CD, DVD, USB storage device

label Add annotations to a diagram or drawing

list Write down phrases or items only without further explanation

name Present remembered ideas, facts or experiences

present Provide information for consideration

recall Present remembered ideas, facts or experiences

record Store information and observations for later

specify State in detail

state Provide information without further explanation

Understanding

account Account for—state reasons for, report on. Give an account of—narrate a series of events or
transactions

calculate Ascertain/determine from given facts, figures or information (simply repeating calculations
that are set out in the text)

clarify Make clear or plain

construct Prepare or devise something, such as a key or diagram

define State meaning and identify essential qualities

describe Provide characteristics and features

determine Find out the size or extent, either by using an equation, counting, estimating, or similar method

discuss Identify issues and provide points for and/or against

draw Use a pencil to produce a likeness onto a page, or sketch to provide a representation or view

explain Provide a sequence to make the relationships between things evident; provide why and/or how

extract Choose relevant and/or appropriate details

gather Collect items from different sources

modify Change in form or amount in some way

outline Sketch in general terms; indicate the main features

predict Suggest what may happen based on available information

produce Provide

propose Put forward for consideration or action

rank Place in order of size, age, or as instructed

recount Retell a series of events

summarise | Express, concisely, the relevant details

write Compose or construct a sentence that explains a feature

Applying

apply Use, utilise, employ in a particular situation

calculate Ascertain/determine from given facts, figures or information

demonstrate | Show by example

examine Inquire into

identify Recognise and name

use Employ for some purpose

PEARSON science




Analysing

analyse Identify components and the relationship between them; draw out and relate implications

calculate Ascertain/determine from given facts, figures or information (requiring more manipulation than
simply applying the maths)

classify Arrange or include in classes/categories

compare Show how things are similar or different

contrast Show how things are different or opposite

critically Add a degree or level of accuracy, depth, knowledge and understanding, logic, questioning,

(analyse/ reflection and quality to (analyse/evaluate)

evaluate)

discuss Identify issues and provide points for and/or against

distinguish | Recognise or note/indicate as being distinct or different from; to note differences between

infer Recognise and explain patterns and meaning and relationships

interpret Draw meaning from

research Investigate through literature or practical investigation

appreciate | Make a judgement about the value of

assess Make a judgement of value, quality, outcomes, results or size

conclude Come to a judgement or result based on the reasoning or arguments that you present

critically Add a degree or level of accuracy, depth, knowledge and understanding, logic, questioning,

(analyse/ reflection and quality to (analyse/evaluate)

evaluate)

deduce Draw conclusions

evaluate Make a judgement based on criteria; determine the value of

extrapolate | Infer from what is known

justify Support using an argument or conclusion

propose Put forward (for example a point of view, idea, argument, suggestion) for consideration or
action

recommend | Provide reasons in favour

select Choose one or more items, features, objects

Creating

construct Make; build; put together items or arguments

design Provide steps for an experiment or procedure

investigate | Plan, inquire into and draw conclusions about

synthesise | Put together various elements to make a whole




TAKES YOU

.

SCIENCE

PALAEONTOLOGIST

My name is Scott Hocknull, and

| am a palaeontologist at a state
museum. | have loved animals,
especially dinosaurs, since | was

a child. | was a volunteer at the
museum for 10 years during my
school and university holidays, when
| found many new fossil sites for

the museum. At 22, | was appointed
Curator of Geosciences at the
museum and | was named the Young
Australian of the Year in 2002.

In my research, | have studied

the evolution of Australia’s

fauna and flora and Australia’s
climate over the last 15 million
years. Currently | am studying
Australian dinosaurs discovered
near the townships of Winton and
Eromanga in Queensland. In 2009,
my colleagues and | discovered
and named three new species of
dinosaur, including Australia’s most
complete theropod (a carnivorous
dinosaur) skeleton, named
Australovenator wintonensis.

| also helped to discover ‘Cooper’,
Australia’s largest dinosaur. If you
are interested in fossils, there is
enough work in Australia to last
you a lifetime.

Look who is using science

GENETICIST

| am Kathy Belov, an Associate
Professor in the Faculty of
Veterinary Science. | loved
biology at school and at university
| completed a Bachelor of
Science with honours. After
working for two years. | began

a PhD. studying the immunity
genes of the brushtail possum.

An Australian Research Council
fellowship allowed me to continue
my work on genes for immunity—
this time focusing on the platypus
and echidna. Three years later |
received a University of Sydney
Fellowship and have been in the
Faculty of Veterinary Science ever
since.

| have a very exciting career.

Every day is different—I teach, do
research, work with animals, travel
and get to meet many interesting
people, including celebrities. | work
on large international projects,
which is a lot of fun and a great
opportunity to see the world. My
fantastic research team keep

me motivated. They are all very
passionate about conservation
and work tirelessly to understand
the role genes play in disease
susceptibility in our native wildlife.

J

INSECTICIDE
TOXICOLOGIST

| am Maggie Hardy. a PhD student at
the Institute for Molecular Bioscience.
My research focus is the discovery

of new. environmentally friendly
insecticides from the venom of native
Australian spiders, such as funnel-
webs and tarantulas. Over 400 million
years of evolution has led spiders to
produce hundreds of chemical toxins
(poisons) in their venom.

First | ‘milk’ my spiders to get
the venom. | test the venom for
insecticidal activity and once |
have a hit, | isolate the toxin of
interest. | search for the matching
DNA sequence in a library of
known DNA sequences from the

venom gland of the spider. Once
found, the DNA sequence can

be inserted into bacteria, which
then make large quantities of the
toxin. The toxin is then tested to
ensure that it is not dangerous to
non-target organisms, such as
beneficial insects, pets or people.
If the toxin passes these tests, only
then can it be used in farming.
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DNA and genetics

HAVE YOU EVER
WONDERED

why people in famllles often
look alike?

e where the differences between cF
people come from?

¢ what is meant by a genetic disease?

* how scientists are able to change
the genetic information in an

organism? .

e why discussion of genetic e P ¥ ' =
modification can lead to X :
debate? Gt

b Xy Ny L - :
o
>N i
(Y . - - :‘-
After completing this chapter students should be able to: T

describe the role of DNA in controlling the characteristics of organisms

use models and diagrams to represent relationships between DNA, genes
and chromosomes

explain the role of meiosis and fertilisation in the passing on of genetic
information to offspring from both parents

describe patterns of inheritance of a simple dominant/recessive characteristic
through generations of a family

predict simple ratios of offspring genotypes and phenotypes in crosses involving
dominant/recessive and sex-linked inheritance

describe mutations as changes in DNA or chromosome numbers and outline the
factors that contribute to mutations

describe the development of the double helix model for the structure of DNA
investigate the history and impacts of developments of genetic knowledge

describe how the development of fast computers made DNA sequencing possible

discuss applications of gene technologies and genetic engineering

describe the role of genetic testing in decision-making relating to embryo
selection, identification of carriers of genetic mutations and the use of this
information by companies and medical authorities.




DNA the molecule

‘@

M

Organisms on Earth have many differences.
Not many people would confuse an elephant
with an earthworm, a tree with a tarantula or

a penguin with a python. However, at one level
the differences between organisms are not as
great as you might think. All the living things
mentioned here, along with humans, have
slightly different versions of the same chemical
in the nucleus of their cells. This chemical is
DNA and it controls the way you look and how
your body functions.

science 4. fun

What do you know?
What do your friends and family know @

about DNA and what it does?
Collect this...

¢ notebook
® pen

Deoxyribonucleic acid

Life on Earth is very diverse. However, for most living things

Do this... deoxyribonucleic acid (DNA) is the molecule that determines

1 Make a list of the friends and family you are their characteristics. It also contributes to the diversity of
going to talk to. living things.

p)
2 ARiqtheee POORIS WL ey KicW POyt DNA. DNA is a complex chemical compound that has a similar

Record this... structure in all organisms. DNA is made up of molecules called
Describe what your family and friends know nucleotides. The basic structure of a nucleotide is shown in

about DNA. Figure 1.1.1. Nucleotide molecules have three main parts:
Explain why there may be differences in their

understanding. * phosphate group

¢ deoxyribose sugar
¢ one of four nitrogen-rich bases.

2 PEARSON science 10



The nucleotides are
organised in a way that
makes DNA a double
helix. The shape of a
double helix is like a

Complementary base pairing

The chemical structure of the nitrogen-rich bases
means that they can only form chemical bonds
with one of the other bases.

phosphate

twisted rope ladder.

The uprights of the . Adenine (A) only pairs with thymine (T)
ladder are made of deoxyrisz‘;sai " Cytosine (C) only pairs with guanine (G).
alternating phosphate One side of the DNA ladder could be like

and sugar groups. Figure 1.1.3 with the sugar-phosphate backbone
The nitrogen-rich bases and the attached bases.

(commonly called bases) All the nucleotides of DNA

pair up to form the have the same basic

rungs. The four bases structure. It is the type of

adenine (A), thymine base that is different.

(T), guanine (G) and

cytosine (C) all have different chemical structures. This means
that they can only pair up in one way, a characteristic known
as complementary base pairing. For example, adenine can

only form a complementary base pair with thymine (A-T) and One side of the DNA ladder

guanine can only pair with cytosine (G-C).

Therefore there are two types of ‘rungs’ on the Using complementary base pairing, the other side
‘ladder’: A-T rungs and C-G rungs. This can be of the molecule would look like Figure 1.1.4.

. . p8
seen in Figure 1.1.2.

[ sugar

phosphate

The other side of the DNA ladder

When the two sides are put together, the DNA
molecule in Figure 1.1.5 would be the result.

The resulting DNA molecule

DNA structure—the lower section is shown
uncoiled to illustrate the pairing of the bases.

DNA and genetics 3



Genes and chromosomes

Chromosomes are long, thin, threadlike structures found

in the nucleus of cells. Chromosomes are made of DNA

and protein. The cells in the human body each contain 46
chromosomes (in 23 pairs). The only exceptions are the sperm
and egg cells, which only contain 23 chromosomes (one of
each pair) and red blood cells, which have no nucleus. Other
organisms have different numbers of chromosome pairs in
their cells.

That much!
The nuclei of your cells are about 6 um g
o

or six-thousandths of a millimetre in
diameter. Each nucleus contains about
2metres of tightly coiled DNA with
about 6 million base pairs.

Genes are sections of DNA. A single gene is marked in
Figure 1.1.6. Each chromosome can have over 1000 genes.
The difference between one gene and the next is the:

e order of bases along the DNA strand
¢ length of the DNA strand.

The order of the bases along the DNA strand is the genetic
code. Each gene codes (contains instructions) for a specific
protein. Proteins control many characteristics or functions in
the body. Proteins include the structural materials that build
up your cells and tissues, most hormones and all enzymes.

No nucleus
Mature red blood cells are different

from all the other cells in your body.
They do not have a nucleus, so they
do not have any chromosomes.

nucleuy

cell

Each human cell has:
* 46 chromosomes

* 2 metres of DNA

¢ 3 billion DNA bases—(A, T, C,G)
* approximately 32000 genes

This diagram shows the relationship
between DNA, chromosomes and genes.

4 PEARSON science 10
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This DNA has been extracted from cells.
Normally these fine strands are tightly coiled
around proteins to form chromosomes.

James Watson and Francis Crick are credited with the discovery of DNA in 1953, but the hlstory

of the molecule extends further back in time.

In 1869, Johannes Friedrich Miescher (1844-95), a Swiss
physician and biologist, isolated a previously unknown
chemical from the nuclei of dead white blood cells.
Miescher was looking for proteins when he identified a
substance that was chemically very different. He called
this new chemical nuclein because it was found in the
cell nucleus. The name was changed to nucleic acid

and eventually to deoxyribonucleic acid (DNA). DNA is
shown in Figure 1.1.7. Miescher did not know that he had
discovered the substance that is the genetic code.

Phoebus Levene (1869-1940) was a Russian—-American
biochemist who studied nucleic acids. He identified the
components of DNA and the arrangement of the sugar,
phosphate and base in a nucleotide. Levene thought the
DNA molecule was too simple to store the genetic code.

In 1943, work by Oswald Avery (1877-1955), an American
physician and medical researcher, proved Levene to be
wrong—DNA does hold the genetic code.

In the 1940s, Erwin Chargaff (1905-2002), an Austrian
biochemist, expanded on Levene’s work. He made three
significant discoveries.

SCIENCEAS A

| HUMAN

ENDEAVOUR

Nature and development of science

Discovery of DNA

Nucleotides are not arranged in the same order in all
species.

In all species, the amounts of adenine and thymine
in the DNA are always similar, as are the amounts

of guanine and cytosine. This became known as
Chargaff’s rule.

The amount of adenine plus guanine is always equal
to the amount of thymine plus cytosine.

Much earlier (1913-14) and in a completely different field,
British physicists Sir William Henry Bragg (1862-1942)
and his son Sir William Lawrence Bragg (1890-1971)
developed the new science of X-ray crystallography.

In the early 1950s, Rosalind Franklin (1920-58), a British
scientist, used her skills as an X-ray crystallographer to
investigate DNA. She and fellow worker Maurice Wilkins
(1916-2004), a New Zealander working in England,
created an X-ray crystallograph of DNA. From the pattern
seen in Figure 1.1.8 on page 6, they deduced that DNA
contained rungs like a ladder and had an X-shape—a
pattern consistent with it being a helix.




ENDEAVOUR

X-ray image
of DNA

In 1951, American molecular biologist James Watson
(1928-) attended a lecture in which Franklin presented
her research. Using this new information about DNA,
Watson and his associate, Francis Crick (1916-2004),
a British molecular biologist, refined the 3D models
they had been building in attempts at discovering DNA
structure. They used Franklin’s image to fit all the parts
together. Later that year they published their research
with diagrams of the double helix structure of DNA
(Figure 1.1.9).

In 1965, Watson, Crick and Wilkins jointly received

a Nobel Prize for their work. Nobel prizes cannot be
awarded posthumously so Rosalind Franklin, who died
in 1958, was not included in the award. The

significant contribution that her work made

was not acknowledged until Watson wrote

his book The Double Helix in 1968.

in 1953. James Watson and Francis Crick used
it to work out the structure of the molecule.

James Watson and Francis Crick explain
the structure of their model of DNA.




1.1 Unit review

Remembering
1 State what the initials DNA represent.

2 Name the parts that are the building blocks of a DNA
molecule.

3 State how long scientists have known of the existence
of DNA.

4 Recall what the letters A, T, C and G represent in the
context of DNA.

5 Inthe DNA molecule:
a recall what makes the ‘rungs’ of the ladder
b name the molecules that make the ‘uprights’ of
the ladder
¢ recall the molecule of the ‘upright’ to which the
‘rungs’ are joined.

Understanding

6 Explain why the DNA molecule is compared with a
twisted ladder.

7 Describe where DNA is found in an organism.

8 Describe the relationship between DNA, chromosomes
and genes in words or in pictures.

9 Explain in your own words what is meant by
complementary base pairing.

10 Explain in your own words what characteristic of DNA
creates the genetic code.

11 a Name four scientists who contributed to our
understanding of DNA.
b  Outline what each scientist did.

Applying

12 Use coloured pencils to draw and label a simple diagram
representing a:
a DNA molecule
b nucleotide.

13 Identify the mistakes in the following sections of DNA.
a
c T C T
G A
G G 4 G
L ¢ A7 A C
4 <

Analysing
14 Compare the amount of information that would be held in

two chromosomes if one was shorter than the other.

15 Compare a gene and a chromosome.

Evaluating

16 Deduce what similarities would be found in the DNA
structure of genes from a cat, human and eucalyptus tree.

Creating

17 Construct a diagram of the complementary DNA strand
for these two examples.

X AGg g 1 P
b
Inquiring

1 Find out what the Human Genome Project is and what
scientists hope to learn from it.

2 Find out what mutations are and how certain agents can
cause mutations. Agents you could research include UV
radiation, nuclear radiation and certain chemicals.




1.1 Practical

Q Investigating DNA

Purpose .
To extract and examine DNA. %
Materials
. % cup dried split peas

(soaked overnight) Take ca re
e 200mL water when using

the blender.

Methylene blue stains
clothes and hands.
Avoid contact.

¢ dishwashing detergent

e dropping pipette

¢ fine-mesh kitchen strainer
e glass rod or skewer

e large beaker

e large test-tube

e light microscope

* meat tenderiser

¢ methylene blue

¢ microscope slide and coverslip
e paper towelling

¢ small beaker of alcohol

e spatula

e test-tube rack

e vitamiser or blender

Procedure

Part A: Extracting the DNA

1 Process the peas and water in the blender for about
20seconds. The mixture should be a thin, soupy
consistency.

2 Pour the mixture through the strainer into the large
beaker.

3 Add about 80 mL of dishwashing detergent to the
strained mixture. This will help break down the cell
membranes. Stir thoroughly with the glass rod.

4 Add a spatula-full of meat tenderiser (to destroy any
proteins). Continue stirring for about 5 minutes.

5 Quarter-fill the large test-tube with the pea mixture.

6 Holding the test-tube at an angle, gently pour about the
same quantity of alcohol (about a quarter of a test-tube)
down the side of the test-tube. The test-tube should now
be about half full. The alcohol should form a layer on top
of the pea mixture. Alcohol causes the DNA to come out
of solution.

PEARSON
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activities

Observe the mixture for a few minutes. A white,
threadlike substance should rise from the pea mixture to
lie above the alcohol layer (see Figure 1.1.11). This is the
DNA that you have extracted from the cells of the peas.

Position the tip of the glass rod or skewer where you can
see the threads of DNA. Slowly and steadily twist the rod
or skewer as if you were making candy floss. You should

be able to pull the strands of DNA out of the mixture.

Part B: A closer look

9

10
11

12

13

Use a pipette to carefully remove some of the DNA from
the top of your preparation.

Place one or two drops onto a microscope slide.

Add 2 drops of methylene blue. Wait 3—4 minutes to allow
the methylene blue to be absorbed by the DNA.

Place a coverslip on the slide. Soak up any excess liquid
with a piece of paper towel.

Observe the DNA under low power, and then high power.

Results

Describe the appearance of the DNA under high power of the
microscope. Use words and diagrams.

Discussion

1

Describe the material floating at the top of the test-tube
after the alcohol was added.

Explain why each of the following chemicals was used in
the extraction process:

e detergent

e meat tenderiser

e alcohol.

Explain why methylene blue was used when observing
the DNA under the microscope.

Deduce what factors affected your success in extracting
and examining the DNA.




eModeIIing DNA

Purpose
To construct a model of DNA.

Materials
* 36 coloured paperclips (9 yellow, 9 green, 9 blue, 9 red)

e 2 strips of paper 1.5 cm x 30 cm
¢ coloured pencils

paper strips

e

1 I~

(O
e HC

sugar

phosphate

paper clip base

aMake your own DNA

Purpose
To design and build a model of DNA
from scratch.

Materials
Materials of your own choice

Procedure
1 Use paperclips to represent the bases in your DNA
molecule. Choose a different colour for each of the bases
adenine, guanine, cytosine and thymine. Make a note of
bases and their colours. (Note: If all groups use the same
colours, it will be easier to compare results at the end of
the experiment.)

2 Mark the two strips of paper into 2 cm sections.

3 Shade the two strips of paper in alternating blocks of
colour to represent the sugar and phosphate molecules,
as shown in Figure 1.1.12.

4 Attach ten of your coloured clips randomly (in any
sequence you like) to the ‘sugar molecules’ along one
of the strips.

5 Use the base-pairing rules described on page 3 to build
and attach the complementary strand.

Results
Draw a diagram of the DNA molecule you have made.

Discussion
1 Compare your model to the others made in your class.
2 Account for any similarities and differences.
3 Calculate the number of different variations of single

DNA strands that can be made using only the ten bases
you started with.
4 Discuss what would happen to the number of different

models that could be made if the strand of DNA was
thousands of bases in length.

Procedure

Construct an accurate model of a strand of DNA using
different coloured objects such as lollies, beads and pipe
cleaners.

Discussion
Compare your model with what DNA is really like.
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Your life began as a single cell
produced when an egg cell and
sperm fused to form a zygote.
As you grew, the number of cells
in your body increased as the
original cell divided over and over
again. Now you are made up of
billions of cells. Body cells
continue to divide throughout life,
even once you have stopped
growing. Millions of skin cells,
cells lining your intestines and
bone cells divide, forming new
cells. If this did not happen, then
your skin would wear away, cuts
would not heal and you would run
out of blood. Without cell division,
N reproduction would be impossible.
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science 4. fun

Variation
How does increasing the number of variables
affect the amount of variation?

Collect this...
¢ 8 toothpicks
* 4 colours of marker pen
(e.g. red, blue, green and purple)
Do this...

I Create a red pair of toothpicks by colouring the tip of
one red and placing two or three red stripes on the other.
Create blue, green and purple pairs in the same way.

Sort the toothpicks into their colour pairs.
Sort the red and blue toothpicks into two groups with

Record the number of pairs you created.

Add in the pair of green toothpicks. Again sort the
toothpicks into two groups each with three toothpicks—
one toothpick of each colour. Create as many different
groups as you can.

Record the number of
different groups you created.

Add in the purple toothpicks

and sort all the toothpicks into

two groups of four, following e
the same rules about colour. ] [
Record the number of different

groups you created.

Record this...

Describe how you were able to change the number of groups
you created.

Explain why this happened.

one red and one blue toothpick in each. Now try a
different combination of red and blue. Make as many
different groups as possible. Use the diagram on the
right as a guide.

1 O PEARSON science 10




R ep I i C ati n g th e D N A Having made copies of all the chromosomes, the cell is ready

to divide.

Apart from red blood cells, all the cells in your body have
nuclei that contain chromosomes made of DNA. Each cell
contains exact copies of the chromosomes that were in the
original zygote that became you. This means that it must be
possible to copy DNA molecules. The process of copying DNA
is known as replication.

Replication

In the first step of replication (shown in Figure 1.2.1), the
strands of the double helix separate from each other in much
the same way as a zip opens. The bases are then exposed.
Within the nucleus there are individual nucleotides that are not
part of a DNA chain. In step 2, these nucleotides pair up with
the exposed bases following the rules of complementary base

pairing. In step 3, the sugar and phosphate molecules bond with Scanning
. . . electromicrograph (SEM) Slow co
neighbouring nucleotides and new strands of DNA are formed PY
of a human chromosome It takes about

Replication occurs on both of the exposed strands of DNA, and that has replicated and

. - . . . . . 8hours for one
the result is two identical double helices of DNA. Figure 1.2.2 which consists of two of your cells to
shows chromosomes after replication. Each chromosome is a identical chromatids completely
double structure made up of two chromatids joined together. copy its DNA.

Each chromatid is a double helix of DNA.

Copying of the DNA molecule has
The parent DNA molecule begun with complementary bases Replication results in two
starts to ‘unzip’ at one end. attaching to both strands of the DNA. identical strands of DNA.

DNA replication involves three distinct stages.

DNA and genetics 1 1



Cell division

There are two types of cell division:

* Mitosis produces two daughter cells that are identical to
the parent cell. This is the type of cell division involved in
growth and repair of the body.

¢ Meiosis produces gametes (eggs and sperm) that have half
the number of chromosomes of the parent cell.

Mitosis
Mitosis is a continuous process. However, scientists have

identified several distinct stages in the process. These can be
seen in Figures 1.2.3 and 1.2.4.

In the period between the actual divisions of the cell, the DNA
replicates. At this stage, individual chromosomes are not visible.

When the cell begins to divide, the DNA coils up and separate
chromosomes become visible. Each chromosome comprises
two chromatids. The membrane surrounding the nucleus
breaks down. Chromosomes line up across the equator
(middle) of the cell and a network of fibres appears, extending
from the poles of the cell to each chromosome.

The chromatids separate to become two independent
chromosomes. The network of fibres contracts, pulling the
chromosomes to opposite poles (ends) of the cell. A nuclear
membrane encloses the chromosomes at each pole. The
chromosomes uncoil and are no longer visible as individual
strands.

Division of the nucleus is complete. The cytoplasm divides and
the result is two identical daughter cells. The daughter cells
grow in size in preparation for the next round of cell division.

1 2 PEARSON science 10

1 Chromosomes replicate to
become double-stranded.

2 Double-stranded
chromosomes
become visible.

3 Double-stranded
chromosomes line up along
the equator of the cell.

4 The chromosomes
move to opposite
ends of the cell.

5 Two nuclei form, each
with the diploid number
of chromosomes.

6 Membranes form,
separating the two
nuclei into the two

daughter cells.

The stages of mitosis

Chromosome number

In your body cells, there are 46 chromosomes, half of which
came from your father and half from your mother. The
number of chromosomes in your body cells is the diploid
number. The diploid number is also described as 2N, which
means two sets.

In your gametes, there has to be half this number of
chromosomes. If each parent passed on their complete set
of genetic information, then their offspring would have 4N
chromosomes and then the next generation would have 8N
and so on. By halving the number of chromosomes in the



gametes, the number of chromosomes from generation to
generation is kept constant at 2N.

Of the 46 chromosomes in your cells, two are sex
chromosomes—the ones that determine whether you are
male or female. The other 44 chromosomes are not sex
chromosomes and are known as autosomes. In human
females, the sex chromosomes are a pair of X chromosomes
(XX). In males, the sex chromosomes are one X and one Y
chromosome (XY).

The autosomes in your cells are grouped into 22 pairs. The
chromosomes in the pair are homologous. Homologous
chromosomes are the same length, have the centromere (the
point where the two chromosomes join) in the same position.
Homologous chromosomes also have genes for particular
characteristics at the same location along their length. For
example, the gene for hair curliness is found in the same
position on the pair of homologous chromosomes shown in
Figure 1.2.5. Therefore, each new cell formed by mitosis of the
zygote has two copies of the gene for each characteristic, one
on each chromosome of the homologous pair.

One chromosome from each homologous pair must end up
in each gamete that is produced. Therefore, the gametes have
23 chromosomes in total. This is the haploid number or N.

The female sex chromosomes are a homologous pair. The male
X andY chromosomes are not homologous but they behave as
a pair during meiosis.

Paternal
chromosome
(from the father)

Maternal
chromosome
(from the mother)

|

L
—=
" Arrows point to
i ee——— corresponding
;<—> : genes.
| e——
par——~ ! x
- 1 gene for hair
Homologous = P — curliness
chromosomes R
showing the l' B =
position of the [ D — ’ |
corresponding
genes for hair k ~ J

curliness .
homologous pair

Meiosis
Meiosis is the process of cell division that produces gametes.
The chromosomes replicate in preparation for division just

as they do for mitosis. The stages of meiosis are seen in
Figure 1.2.6.

The nuclear membrane breaks down and then, in preparation
for the first part of meiosis, the homologous pairs of
chromosomes line up on the equator of the cell. A network of
fibres extends from the poles of the cell to each chromosome
pair. The fibres contract, drawing one chromosome from

each pair to opposite poles of the cell. At this stage, each
chromosome is still two chromatids.

A new network of fibres forms at right angles to the first. The
fibres attach to the chromosomes that have lined up on the
equator of the cell. This time when the fibres contract, the
chromatids are pulled apart towards the poles of the cells.

There are now bundles of 23 chromosomes. New nuclear
membranes form and the cytoplasm
divides to produce four new cells, .

each containing the haploid number £ @L\ .
of chromosomes. These cells are the \ , @_/
gametes or sex cells. -

1 Pairs of double-stranded
chromosomes line up.

2 One double-stranded chromosome
of each pair moves to each pole.

3 Two cells
are formed.
M

4 Double-stranded
chromosomes line up.

5 Chromatids
separate and
move to poles.

6 Four cells result with
a haploid number of
P § chromosomes.
~

The stages
of meiosis

DNA and genetics 1 3



Asexual and sexual
reproduction

There are plants and animals that sometimes reproduce
asexually. This means that offspring are produced through
mitosis of particular cells without any union of gametes.
Hydra and grasses are examples of organisms that use
asexual reproduction. The hydra in Figure 1.2.7 is a simple
multicellular organism that reproduces by budding when
conditions are favourable. Cells on the side of the body
multiply by mitosis and a new hydra forms.

This small hydra will grow
to almost adult size and
then break off from the
parent to become an
independent organism.

Figure
1.2.8

This grass is
reproducing
using asexual
reproduction.

Many grasses, such as the one in Figure 1.2.8, form stems
(known as runners) that grow over the ground surface. At
intervals, roots grow down, anchoring the runners. Shoots
grow up at this point, creating a new individual. In both these
examples the offspring inherit all the genetic information from
one parent only. Parent and offspring are genetically identical.

Sexual reproduction creates variation in a population. The
four gametes produced by meiosis of one cell are all different.
They all have the same number of chromosomes and carry
the information about the same characteristics. However, the
specific information is different. All the gametes your body
ever produces will be different from each other.

Figure 1.2.9 is an example of a homologous pair of
chromosomes carrying the gene for eye colour. In this
example, one chromosome holds information for blue eyes,
while the other specifies brown eyes. When this cell forms
gametes, half will have the chromosome carrying information
for blue eyes and the other half will have the information for
brown eyes.
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Information
for blue eyes

Information for
brown eyes
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Homologous pair of chromosomes carrying the gene
for eye colour

Another example is shown in Figure 1.2.10, in which a different
pair of homologous chromosomes carries information about
the length of the second toe. Some people have a second toe
that is longer than their big toe. In others the second toe is
shorter. If one chromosome has the information for a long
second toe and the other has the information for a short
second toe, then half the gametes will have information for a
short toe and half will have information for a long toe.

Information for
short second toe

Homologous chromosomes for toe length

Information for
long second toe
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Figure
1.2.10

Consider the chromosomes for eye colour and toe length

in one person. During meiosis when the chromosomes in a
pair separate, the homologous chromosomes randomly go to
either end of the cell. Figure 1.2.11 demonstrates that the four
gametes produced could carry different combinations of the
information about eye colour and toe length.

e
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The gametes produced from the homologous
chromosomes shown in Figures 1.2.9 and 1.2.10



Remembering

1 Name the type of cell division that is responsible for
growth and repair in the body.
2 Recall the key terms described by:
a one of the strands of a chromosome following
replication
b the process of making copies of DNA.

3 State the type of cell division that produces gametes.

Understanding

4 Explain why it is essential for chromosomes to replicate
before cell division occurs.

5 A gamete (sex cell) is haploid. Explain what this means.

6 a State the types of cell division involved in creating

apuppy.
b  Explain the role of each type of cell division.

7 Describe the role of the network of fibres in cell division.

8 Explain why it is important that the number of
chromosomes is reduced when gametes are formed.

9 Explain what happens in the cell nucleus between cell
divisions.

Applying
10 Ahorse has 64 chromosomes in its body cells. Calculate
how many chromosomes will be in each of its gametes.

11 Calculate how many chromosomes will be in the cells
of a tomato plant where there are 12 chromosomes in a
gamete.

12 a Use adiagram to demonstrate the structure of a
double-stranded chromosome.
b Label the chromatids.

13 Identify what Figure 1.2.12 represents.

14 Identify the homologous pair in the chromosomes in
Figure 1.2.13.
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Analysing
15 Contrast haploid with diploid cells.
16 Compare chromosomes and chromatids.

17 Characteristics of two pairs of chromosomes are shown in
Figure 1.2.14. Demonstrate all the combinations that would
be possible in gametes if this cell were to undergo meiosis.

lli}

Evaluating

18 a Figure 1.2.15 represents a section of single-stranded
DNA. Deduce what the strand would be like after
replication and use a diagram to represent your idea.

b  Justify your structure in part A.

i | . BR R | "
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19 The following table shows the number of chromosomes

in the body cells of different organisms.

a Copy the table into your workbook.

b Deduce the number of homologous pairs and the
number of chromosomes in the gametes to complete
the table.

Organism | Number of Number of
chromosomes | of pairs of chromosomes
diploid chromosomes | in the
number gametes

Dog 78

Kangaroo 12

Ant 2

Mango 40

Tomato 24

20 Propose what is happening in the cells labelled A, B and C
in Figure 1.2.16.

PEARSON

Creating
21 Construct a table to compare mitosis and meiosis.

22 Construct a flow diagram for the process of DNA
replication.

23 Use strips of paper to construct a simulation of mitosis in
an organism with four chromosomes. You need to be able
to move the chromosomes around and show where they
go. Don't forget to make chromatids.

24 Design an activity where making kebabs could be 2

used to demonstrate the concept of homologous
chromosomes.

Inquiring

1 Research whether there is a relationship between the
diploid number of chromosomes in a species and the level
of complexity and intelligence of that species.

2 Research how living things grow and what controls the
rate of cell division.

3 Research the relationship between mitosis and cancer.




1.9 Practical activities

QObserving mitosis

Purpose
To observe mitosis in plant roots.

Materials
¢ prepared slides of onion root tips
* microscope

Procedure

1 Using a prepared slide and the low power on the
microscope, focus on cells just behind the tip of the
root (Figure 1.2.17).

2 Search for nuclei that appear to contain threads instead
of appearing as dark circles. These are the cells that will
be undergoing mitosis.

3 Focus on these cells and then switch to high power and
focus on a cell where the chromosomes are clearly visible.

4 Find other cells that seem to be in different stages. For
example, look for evidence of two newly formed cells.
Results
1 Draw diagrams of the cells you have found.

2 Organise your diagrams so that they represent the
process of mitosis.

3 Draw a diagram showing where in the root mitosis
is taking place.

QObserving meiosis

Purpose
To observe meiosis in the anther of a flower.

Materials
e prepared slide of an anther
* microscope

Procedure

1 Using a prepared slide and the low power on the
microscope, focus on cells inside the anther.

2 Search for nuclei that appear to contain threads instead
of appearing as dark circles. These are the cells that will
be undergoing meiosis.

3 Focus on these cells and then switch to high power and
focus on a cell where the chromosomes are clearly visible.

4 Find other cells that seem to be in different stages. For
example, look for evidence of two or four newly formed
cells.

Discussion

1 Discuss whether or not you would expect all cells in a
root to be undergoing mitosis.

2 Use your observation to assess whether all of the cells in
the area of the root tip you looked at were undergoing
mitosis.

3 Growth due to mitosis occurs near the tip of the root
rather than right on the tip or further back. Propose the
benefits to the plant of this arrangement.

Stained onion root tip cells

Results
Draw diagrams of the cells you have found.

Discussion

1 Compare your drawings and then place a number beside
each diagram to represent the order they would appear
in the process of meiosis.

2 Explain why meiosis would be occurring in the anther of
a flower.

3 Explain how many chromosomes the gametes will have
compared with the cell that divided to form them.

4 a Propose where else in a flower you could look for
meiosis taking place.
b  Justify your proposal.




1.3 Characterlstlcs and mherltance

What are your family’s traits? m

Collect this...

¢ photograph of close family members who are your
relatives, such as your parents, grandparents,
siblings, aunts and uncles (It is often easier to see
resemblances in a photograph than by looking at
the real person.)

¢ |f you do not have photographs of close family,
then find a suitable photograph of another family
by searching the internet.

Do this...

Observe the photographs to see where there
are similarities.

Record this...

Describe the resemblances you found.

Explain the relationship between the people
displaying these characteristics.
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Discovering genetics

Genetics is the study of & .
inherited characteristics called "
traits. In Austria in 1856, a monk , ‘
called Gregor Mendel (1822-84) -, ‘ﬁ'

(Figure 1.3.1) carried out
experiments on pea plants. The
results of these experiments led
him to construct theories that
became the basis for the study
of modern genetics, and are still
recognised and used today.

Gregor Mendel was not a world-renowned
scientist. He was the only son of farmers
who lived in the area now known as Austria.



Dominant/recessive
inheritance

In one series of experiments, Mendel worked with pure-
breeding red-flowered pea plants and pure-breeding
white-flowered pea plants. In pure-breeding lines, all the
individuals have the same genetic information. Therefore,
only red-flowered offspring could be produced from
red-flowered parents and white-flowered offspring from
white-flowered parents.

When pollen from red-flowered plants was used to
cross-pollinate the white-flowered plants, all the plants in the
next generation produced red flowers. Mendel called the red
characteristic the dominant characteristic. The dominant
characteristic is the characteristic that can be observed in the
appearance of the individual. The other characteristic he called
the recessive characteristic—the one that remained hidden.

Mendel then cross-pollinated these red flowers of the first
generation, or F| generation. Each set of crosses that he
performed produced both white and red flowers in the next
generation—the F, generation. As shown in Figure 1.3.2, the
proportions were roughly % red flowers and "4 white flowers.

The conclusion from these results is that genes work in pairs
to determine which characteristic is shown or expressed. The
gene that was studied in this situation was the gene for flower
colour and this gene came in two varieties. Variations of genes
are known as alleles. In this instance, the gene for flower
colour had an allele for the red flower trait and an allele for the
white flower trait.

When studying crosses and potential characteristics of
offspring, geneticists use shorthand conventions. The dominant
allele is represented by an upper-case letter related to the

name. In this case, the red flower allele could be represented by
the letter R (pronounced as ‘big r’). The recessive characteristic
(white flower) is then represented by the lower-case of the same
letter—r (pronounced as ‘little r'). By using R and r, it shows that
a particular gene is being discussed.

white-flowered pea red-flowered pea

F,generation

An RR (‘big r big ') combination of alleles will produce a red
flower. Rr (‘big r little r’) will also produce a red flower because
red is dominant to white. Only rr (‘little r little r’) will produce a
white flower.

When an individual has two alleles the same, such as the

RR and rr combinations shown in Figure 1.3.3, then the
individual is said to be homozygous for that allele. The
individual is described as a homozygote. Individuals with the
Rr combination of alleles are heterozygous. These individuals
are heterozygotes.

homozygous heterozygous

homozygous

the recessive allele (rr). The chromosomes on the right
belong to an individual that is heterozygous (Rr).

The results of some of Mendel’s experiments showing the
flower colours appearing in the first (F,) and second (F,)
generations of offspring.

Individuals with the pairs of homologous chromosomes on
the left and centre are homozygous. One is homozygous
for the dominant allele (RR). The other is homozygous for

Red-flowered
pea plants of the
F, generation
were crossed.

The cross produced
only red-flowered
pea plants.

F, generation

The cross produced plants in the proportion 3 red: % white.

DNA and genetics 1 9



When working out the possible characteristics of offspring, it

is important to refer back to meiosis and the movement of the
genes as gametes are produced. Figure 1.3.4 demonstrates how
gametes of a heterozygote end up with the different alleles of
the flower colour gene.

1 First the pair of
chromosomes with the
R and r line up on the
equator of the cell.

2 Then the pair separates
with the chromosome
with the R going to one '~ R
end of the cell and the
chromosome with the r
going to the other end
of the cell.

3 The nuclear membrane
reforms with one

chromosome in each
nucleus.

4 The nuclear membrane
breaks down again and
the chromosomes line
up on the equator again.
The R chromosome >
isinone cell. The r
chromosome is in the
other cell. Both these
chromosomes are
still double-stranded
chromatids.

5 The chromatids
pull apart.

3K

6 Four new cells form. In
two of them there is a
chromosome with the
R and in the other two
there is a chromosome
with the r.

The behaviour of chromosomes during meiosis
determines the alleles that end up in each of the gametes.
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Fertilisation then determines which characteristics are present
in each of the offspring.

Punnett squares—Ilike those shown in Figure 1.3.5—are one
way of showing all the possible types of offspring that could
result from a cross. You cannot assume that the offspring will
appear in exactly this order and in this exact ratio. It represents
a probability.

In a Punnett square the possible gametes produced by one
parent are shown across the top. The gametes from the other
parent are shown down the side. In each square is a possible
outcome of fertilisation.

Gametes from one parent
I

= =

Homozygous —=

R Rr Rr
Gametes Possible
from other outcomes of
parent R Rr Rr fertilisation

Heterozygous —s

R r
R RR Rr
r Rr rr
R alleles for
red-flowered pea
. alleles for
white-flowered pea

The top Punnett square shows the possible outcomes
of a cross between two homozygous individuals. The
bottom Punnett squares shows the possible outcomes
of a cross between two heterozygous individuals.

RR, rr and Rr represent the pea plants’ genotypes—the actual
genetic information carried by an individual.

The red or white colour of the flower is the phenotype—the
observable characteristics of the individual.

In the example in Figure 1.3.5, RR and Rr have different
genotypes but they both have the same phenotype—they
both have red flowers.

Shared genes

All the variation between humans is
caused by 0.1% of their DNA. The other

99.9% is identical no matter where you
come from or what you look like.

We also share about 98% of our genes
with chimpanzees and 90% with mice.




Predicting the results of a cross

It is possible to predict the results of a cross if you

know the:
. genotypes of the parents
. relationship between the alleles of the trait

(characteristic) of interest.

Consider two parents, P, and P,, who are both
heterozygous for the gene F. Gene F has two alleles
Fandf Fis dominant to f.

What are the expected outcomes of a cross between
P, and P,?
As both parents are heterozygous their genotypes are

both Ff and each can produce gametes containing an
F allele or an f allele

A Punnett square can help you predict the outcomes.

P, gametes
F f
F FF Ff
P, gametes
f Ff ff

From the table the expected genotypes are:

Y4 FF, V2 Ffand % ff

Because F is dominant to f the expected phenotypes are:
% trait F and % trait f

If P, and P, had 12 offspring, you would expect about

8 trait F' and 4 trait f.

WORKED EXAMPLE
Predicting the results of a cross

Problem

In the peas that Mendel studied, yellow colour is dominant
to green colour. A pea plant heterozygous for the gene for
colour is crossed with another pea plant heterozygous for
the gene for colour and 100 offspring are produced.

Predict how many of the offspring will be yellow and how
many will be green.

Solution

Step 1 Decide what letters you will give to the alleles for
yellow and green colour.

As yellow is dominant—Y, green is recessive—y.
Step 2 Deduce the genotypes of the parent plants.

As both are heterozygous, they will have one of each
allele and hence be Yy.

Step 3 Set up your cross in a Punnett square.

P, gametes
Y y
Y Y Yy
P, gametes
y Yy vy

Step 4 Write down the expected genotypes.
v YY, V2 Yy, Vayy

Step 5 Work out the expected phenotypes.
7YY + 2 Yy = % yellow
Yayy = V4 green

Step 6 Work out how many of the 100 offspring will be
yellow and how many will be green.
%4 % 100
Y4 % 100

=75 green
=25 yellow

Lie]

Incomplete dominance

Some genes do not have dominant and recessive alleles. Some
alleles show incomplete dominance, and the appearance

of a heterozygous individual results from a ‘blending’ of two
such alleles. A heterozygote will look different from both its
homozygous parents.

One example is in domestic chickens in which black
feathers are incompletely dominant to white feathers. The
heterozygous chicken has blue-grey feathers. The blue-grey
colouring of cockatiels (Figure 1.3.6) is also the result of
incomplete dominance.

The shorthand convention in this situation is to use uppercase
letters related to the two different alleles such as B for black
and W for white feathers. This is a reminder that neither allele
is dominant to the other.

Feather colour

in cockatiels is
inherited in the same
way as in chickens.
The blue-grey colour
of the feathers is the
result of incomplete
dominance.
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Sex determination

Your two sex chromosomes determine which sex you are.
Inheritance of these chromosomes can be seen clearly in
Figure 1.3.7. All of the eggs produced by a female will have
one X chromosome. Half the male’s sperm will carry an

X chromosome and the other half will have aY chromosome.
If a sperm containing an X chromosome fertilises an egg,
then the offspring will be a female (XX). If a sperm carrying a
Y chromosome fertilises an egg, then the offspring will be
male (XY).

female male

gametes
formed by
meiosis

zygote

Inheritance of the sex-determining chromosomes

Sex linkage

Some genes are found on the X chromosome and not on the
Y chromosome. These are called sex-linked genes because
they are present on one of the chromosomes that are also
responsible for the determination of sex.

The red-green colour-blindness gene is carried on the

X chromosome. Normal vision (N) is dominant to red-green
colour-blindness (n). Females who are heterozygous (X¥X")

for colour-blindness will still have normal vision because

the dominant allele masks the effect of the recessive allele.
However, they are carriers of the allele. Carriers are able to pass
the trait on to their children.

TheY chromosome does not carry a colour-blindness gene.
Therefore, the only possible genotypes for a male are XY and
X"Y. In the genotype XY, the recessive allele is the one that

is expressed in the phenotype and the male is colour blind.
Figure 1.3.8 demonstrates inheritance of the colour-blindness
gene.

The daughter of a colour-blind male and a carrier female has
a50% chance of being colour blind. Therefore, colour-blind
females are not common. If a normal female and a colour
blind male have only male children, then the boys will not be
colour blind and the disorder will not appear in subsequent
generations unless it is re-introduced.
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0 Female carrier

‘ Female normal vision

= | Male normal vision

m| Male colour blind

-

XY XNXN

XNXn XY
XNY XNXn
XNY XY XNXn XNXN

a The daughters are all carriers because they have
inherited the colour-blindness allele from their father.
However, their vision will be normal. The sons have
normal vision.

Figure

1.3.8

b Half the sons of a carrier mother will have normal vision.
The other half will be colour-blind. All the daughters will
have normal vision, but half will be carriers of the disease.

Haemophilia and Duchenne’s muscular dystrophy are two
other examples of sex-linked characteristics.

£
@

Chromosomal abnormalities

Sometimes mistakes happen during meiosis when the sex cells
are being produced and the information passed on to the next
generation is changed.

If the chromatids fail to separate during meiosis, the child will
be born with an extra chromosome or part of a chromosome.
This is called chromosomal abnormality. Examples include
Down syndrome and Klinefelter’s syndrome.

Mistakes can happen as DNA is copied. The base sequence is
changed and mistakes occur in the manufacture of proteins.
This type of change is called a mutation. Mutations may arise
spontaneously (by chance) or result from damage to a strand
of DNA. UV radiation, nuclear radiation and certain chemicals
such as nicotine and asbestos can cause mutations.

If the mutation occurs in the eggs or sperm, then there is a
chance that they will be passed on to the next generation.



Remembering

1 State what is meant by a pure-breeding line of plants.
2 Recall the term used to describe:
a alternative forms of gene
b anorganism with different alleles for a particular gene
c the observable characteristics of an individual
d anindividual with two copies of the same allele of
a gene.

Understanding

3 Predict the number of chromosomes that would be found
in the following human cells.
a ovum b  muscle cell
¢ skincell d sperm cell

4 Explain how sex is determined in humans.

5 Explain what is meant by sex linkage.

Applying

6 Use an example to explain the relationship between genes
and alleles.

7 Identify the option a—g that matches each description i-vii
in the table below.

SymboI/Name| Description

a Mm i Adominant allele
b XY ii A phenotype
c XY iii Genotype of a homozygous individual
iv Genotype of an individual heterozygous
dM z :
for dominant/recessive alleles
e PP v A recessive sex-linked characteristic
f Red flower | vi Genotype of a male individual

8 In guinea pigs, black coat is dominant to brown coat colour.
a Use an appropriate symbol to represent the alleles for
coat colour.
b Use aPunnett square to demonstrate the genotype
and phenotype of the offspring you would expect
from a cross between heterozygous black and a
homozygous brown guinea pig.

9 Use genotypes to demonstrate how a human female could
inherit the trait for red-green colour-blindness.

Analysing

10 Contrast:
a homozygous and heterozygous
b phenotype and genotype
¢ autosome and sex chromosome.

11 Analyse the following Punnett square where R is red and r
is white. Identify the:
a type of inheritance
b ratio of genotypes in the offspring
¢ ratio of the phenotypes and appearance in the

offspring.

R r

r Rr (g

r Rr rr
Evaluating

12 Deduce the genotype of the parents, given the
characteristics of the offspring.
a All the offspring for three generations had red flowers.
b  All the plants in the study were tall but when the next
generation came along about one-quarter of them
were short.

Creating

13 a Design an experiment that you could carry
out to determine the dominance or
recessiveness of black coat and white 2
coat in mice.
b  Explain why this experiment would provide the
evidence you need to make your decision.

14 Construct Punnett squares to show the F and F,
generations of a cross between a pure-breeding wild rabbit
(AA) and an albino (aa) rabbit. Show both the genotype
and phenotype of the offspring.

15 Construct a drawing of an imaginary animal or plant.
Decide on a characteristic for which there will be two
alleles. It could be something like flower colour or hair
colour. Decide on letters to represent these alleles. Now
make diagrams to represent the phenotype of your
creature in each of the following situations. Include the

genotype with each drawing.

* One allele is dominant to the other and the creature is
heterozygous.

e The creature is homozygous for the recessive
characteristic.

e The gene is carried on the X chromosome.

Inquiring

Research the symptoms and effects on the individual of the
following genetic diseases: Down syndrome, Klinefelter’s
syndrome, haemophilia, Duchenne’s muscular dystrophy,
cystic fibrosis, Huntington’s disease and phenylketonuria.
Present the results of your research in a table.




1.3 Practical activities

QChance variation

Purpose 4 Now create the gametes. Start with gene 1 for parent 1.

To model the variation in potential offspring. Toss the die. If an even number is tossed, then select the
. ‘Can roll tongue’ card from the evens list in Table 1.3.1.

Materials . ‘

. die If an odd number is tossed, then select the ‘Cannot roll

tongue’ card from the odds list in Table 1.3.1. Continue

* 20 cards about the size of playing cards in this way until one allele for each gene has been

* marker pen selected for the P, gamete. Place the cards for the gamete
* the information in Table 1.3.1 to one side. They will be used in step 6.
Table 1.3.1 5 Create the P, gamete by repeating step 4 with the other
Each gene is on a different chromosome. set of cards.
Gene | Allele 1 | Allele 2 6 Take the two gametes you have created and arrange the
Can roll tongue (T) Cannot roll tongue (t) cards into the pairs. They represent the genotype of the
2 Freckles (F) No freckles (f) first zygote. Copy Table 1.3.3 into your notebook and
3 Bent little finger (B) Straight little finger (b) record the genotype and phenotype of this zygote.
- Broad lips (L) Thin lips (1) 7 Sort the cards back into the original piles for P, and P,
5 Dimples (D) No dimples (d) and repeat the process of creating gametes and a zygote
Procedure Results

Copy and complete Table 1.3.3 by recording the genotype
and phenotype of the zygote.

1 Use the information in Table 1.3.1 to make two identical
sets of cards. Each card represents an allele on one of the
five pairs of homologous chromosomes. For example, Table 1.3.3
there should be two cards saying ‘Can roll tongue (T)’, Gene| Zygote
two saying ‘Cannot roll tongue (t)’. Follow this model
until there are two cards for every allele. You will have

20 cards. S| ol 8 g S| o &
- > > el >
2 The 20 cards represent five pairs of chromosomes from 2 ‘é 2 2 = ‘g‘ =
two individuals. Each pair of cards represents a gene for iJE:‘: 3 g .é:‘: bé‘: 3 g
a characteristic and there are two alleles for each gene.
1
Divide the cards into two sets of five pairs. These are the
parents—P, and P,. They are both heterozygous for each £
of the alleles. 3
3 Copy Table 1.3.2 into your workbook and record the 4
genotype and phenotype for each parent. Look carefully S
'at the' symbols used for the alleles to identify the type of Discussion
inheritance.
Table 1.3.2 1 Compare the zygotes you created.
Gene Parent 1 Parent 2 2 Explain why the zygotes were different when the

genotypes of the parents were identical.

(c] Ph G Ph
enotype enotype enotype ‘ enotype 3 In this model, you were looking at only five genes.

Predict the amount of variation that would result if twice
as many genes were modelled.

Each chromosome in your body carries more than
one gene. Deduce how that would affect variability in
offspring.

| |WIN|—=
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14 Gene technology
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As a young child, you probably played with building blocks like Lego®. Once you had worked out how
the blocks fitted together, you were able to move them around to construct objects that were different
from the pictures on the outside of the packaging. In a similar way, once scientists knew how the

genetic information in living things was constructed, they experimented with ways of modifying it that
were beneficial to humans; for example, to increase food production and improve human health.

Genetic modification

Scientists have developed gene technologies that enable plant
cells to be genetically modified. In genetically modified (GM)
organisms, the genetic information is changed by inserting new
genes. The new genes are then copied to all the daughter cells
when the parent cell divides by mitosis. These modified cells
will mature (grow up) into a completely new strain of plant.

Using genetic modification, desirable traits such as insect
resistance and increased nutrient value are added to plants.
This technology has benefits but it also causes controversy.

Canola

Canola, shown in Figure 1.4.1, is a crop that produces edible
oil. Western Australia is a major canola producer with exports
valued at $535 million in 2008-2009. By 2010, Western
Australia, Victoria and New South Wales allowed farmers to
grow GM canola. GM canola is resistant to herbicides that are
commonly used to control weeds. Farmers can spray herbicide
on the crop and kill the weeds but leave the canola unaffected. Canola is used to produce cooking oil and is an important
Production costs are reduced, enabling growers to compete in crop in Australia. Three Australian states allow cultivation
international markets. of GM varieties of canola.
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Rice

Rice is the main food source for more than half the world’s
population. White rice lacks essential minerals and vitamins,
including vitamin A. Vitamin A deficiency is a cause of
childhood blindness that affects up to 500000 children
worldwide each year. Golden rice-2 (Figure 1.4.2), is genetically
modified using genes from daffodils, corn and bacteria. The rice
contains beta-carotene, the chemical that gives carrots their
orange colour, and which the body converts into vitamin A.

The beta-carotene in Golden rice-2 makes it
appear yellow when compared with white rice.

About 225 grams of cooked Golden rice-2 would provide 50—

60% of the recommended adult dietary allowance of vitamin A.

Golden rice-2 was developed to help people in developing
countries where blindness due to vitamin A deficiency is a
problem. However, there has been significant opposition
from environmental and anti-globalisation groups to the
commercial production of Golden rice-2. At present, this GM
product is still grown for research but is not grown for human
consumption.

o
-

More food needed

On World Food Day 2009, the Federal
Government warned Australians that
world food production will have to
increase by 70% by the year 2050,
with the population expected to
boom to 9.1 billion.
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science 4. fun

Spliced vegetables

What happens when genes are spliced? @

Collect this...

e carrot

* parsnip or small potato with approximately the

same diameter as the carrot

¢ sharp knife

Do this...

1 Use a step-like cut to cut the carrot into two
parts across the middle.
Using the same pattern, halve the parsnip
or potato.
Join one half of the carrot to one half of the
parsnip or potato.
You have spliced the two vegetables together in
a similar way to the way genetic engineers splice
genes into chromosomes.

Record this...

Describe what the final ‘vegetable’ looked like.
Explain why it was important to have the cuts on
both vegetable a similar shape.

¥

Gene splicing

Bacteria have DNA in chromosomes but they also have
separate rings of DNA called plasmids. Using enzymes,
scientists can cut these plasmids open and splice (insert)
desirable genes into the plasmid. This process is called gene
splicing. The technology of combining DNA from different
genes is called recombinant DNA technology and the process
is shown in Figure 1.4.3. Recombinant DNA technology has
been used to splice the human gene that codes for insulin
production into bacteria. These bacteria are stored in vats
where they manufacture large quantities of human insulin for
use by people with diabetes.



@ 1 Plasmids are Human Genome PI’OjeCt

removed from

a bacterium. A genome is the genetic information carried by a haploid
set of chromosomes. The Human Genome Project was an

international project. It aimed to:

¢ identify all 20000-25000 genes in the human genome

¢ determine the sequence of the 3 billion base pairs that
make up human chromosomes (Figure 1.4.4).

2 Plasmids are
cut using an

This information would be made available for further study
enzyme.

and analysis. After working on the project for 13 years using
very fast computers, a rough draft of the human genome was
published in 2003. A more refined version followed in 2006.
Although the project is finished, analysis of the data will
continue for years.

All humans share about 99.9% of their DNA. Figure 1.4.5 on
page 28 shows variation caused by the other 0.1%. Scientists
have identified millions of locations that differ by only one
base from one human to another. These differences, known as
single nucleotide polymorphisms (SNPs), may be associated
with common diseases such as cardiovascular disease,
diabetes, arthritis and cancers.

3 DNA is removed
from a human cell.

4 DNA is cut using
an enzyme to
isolate a gene.

Seeesn i

5 Human gene is inserted into the
plasmid to form recombinant DNA.

6 The recombinant

DNA is put into a
\ bacterium.

7 Bacterial cells grow
and divide to produce
many copies of the
introduced gene.

Figure \ The genetic code appears as dark and light areas,
indicating the genes.

The process of gene splicing to create recombinant DNA
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Although people from different parts of the world may
look quite different, only 0.1% of their DNA causes the
differences.

Gene testing

Once the function of a gene is known, scientists are able to test
for the gene. Over 400 genetic tests are available in Australia
and people are using these tests for a variety of reasons.

Knowledge of your genetic make-up could help you avoid
diseases that are controlled by lifestyle as well as genetics.
For example, genetic testing could show that you were at risk
of heart disease or type-2 diabetes. You could make lifestyle
choices that may reduce your chances of developing these
diseases.

Genetic testing can tell if people are carrying specific disease-
causing genes that could be passed on to their children. Cystic
fibrosis, thalassemia and Huntington’s disease (Figure 1.4.6)
are examples of genetic diseases. Knowledge of their genetic
make-up can allow people to make decisions about whether or
not to have children.

Genetic testing detects a particular problem gene. However,
it cannot predict how severely the person carrying that gene

28 PEARSON science 10

Who owns your genes?

Gene technology has led to the situation
where biotechnology firms are trying to
patent genes and gene sequences.
These are used for medical research or
to develop drugs and other therapies.
Patents are a way of recovering the
costs of developing the treatments.
These patented genes may be yours!

Huntington’s disease is a genetic disorder that causes
degeneration in the brain. The symptoms do not usually
appear until the person is 35-50 years old. Before genetic
testing was available, an affected person could have had
children (possibly passing on the disorder) before realising
they had the disease.

will be affected. For example, some people with the gene for
cystic fibrosis have mild problems with their lungs; others may
have severe lung, pancreatic and intestinal problems that have
major effects on their quality of life and life expectancy.

Genetic testing can be used to diagnose genetic disorders in
fetuses. Examination of whole chromosomes can indicate
disease. For example:

¢ Down syndrome is the result of having an extra
chromosome 21

e Turner’s syndrome is caused when a female only has one
X chromosome

¢ Fragile X syndrome is the most common inherited cause
of mental retardation (Figure 1.4.7).



fragile
X chromosome

The defective end section of the fragile X chromosome
is the fragile area. The body cannot use information in
this area of the chromosome to manufacture a protein
essential for normal brain development.

With knowledge of genetic disease in the fetus, parents can
decide whether or not to continue with the pregnancy.

Other uses of genetic testing include:

¢ identification of a suspect in a criminal investigation by
comparing their DNA with DNA found at a crime scene

¢ testing to identify the biological parent of a child in cases
of adoption or disputed paternity (where the identity of the
father is not known)

e analysis of the DNA of both the donor and the recipient
(tissue typing) to reduce the chance of rejection in the case
of bone marrow or organ transplantation.

Drawbacks

There are some drawbacks to genetic testing. For example,
knowledge of genes that have the potential to cause disease
may affect a person’s ability to get life insurance cover. This
does not only affect the individual. It affects the whole family.

If someone has disease-causing genes, other members of the
family may carry the same genes. Family members then have
to decide whether to be tested and what they will do with the
knowledge once they get it.

Before getting tested and after receiving the results, individuals

and families are offered information on the nature of the tests
and counselling. This may help them to understand and cope
with the results.

Gene therapy

Gene therapy has the potential to cure genetic diseases. In
gene therapy, the defective gene is replaced with a normal
gene. The idea is simple, but gene therapy is still in the
experimental stage for most genetic diseases.

Cystic fibrosis is the most common genetic disease in
Australia. A person with cystic fibrosis is homozygous for a
recessive allele of a gene called CFTR. Cystic fibrosis has many

effects in the body. The main effect is on the lungs where
thick mucus clogs the airways, making gas exchange difficult.
Since 1989 when the CFTR gene was identified, scientists
have researched ways of transferring normal CFTR genes into
human lungs. So far they have not been successful.

Treating cancer

Cancerous tumours are fed by uncontrolled growth of abnormal
blood vessels. In 2008, researchers at the Western Australian
Institute for Medical Research discovered a gene that can be
switched off. This reverses the growth of blood vessels inside
tumours, making the blood vessels more normal in size.
This is shown in Figure 1.4.8. The hope is that being  /
able to control the blood vessels will eventually lead

. p33
to control of the tumour itself.

cancer cells

uncontrolled growth
of blood vessels

normal cell

reduced blood switch off gene

supply to the tumour

Figure | By switching off the RGSS5 gene, the blood supply to a
cancerous tumour is reduced.

Cancer

Cancer is not a single disease. It is many diseases
all of which have similar characteristics. Cancers
are uncontrolled cell growth that produces

tumours. The tumours grow into and destroy
nearby tissues. Cells break away from the tumours
and may spread (metastasise) to other parts of the
body through the lymphatic system.
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Nature and development of science

Figure \ Stem cells can become many
1.4.9 / different types of cells.

___________________________________________________________________________________________________________

When an embryo is a few days old, it contains cells that are pluripotent. Pluripotent cells are
capable of becoming any one of the 220 different cell types found in the human body. These cells

are known as embryonic stem cells.

5-7-day-old embryo

Embryonic stem cells

A/ / \\‘
A Blood cells
4 \
[ o

Cartilage

Figure \| Embryonic stem cells can differentiate to become
1.4.10 / any of the types of cells found in the human body.

In a late stage embryo, the cells have differentiated
(changed) and become fixed as skin cells, cardiac
muscle cells or nerve cells in the brain (Figure 1.4.10).
However, some cells in your body remain capable of
dividing to make new cells so that you can heal wounds
or replace worn-out cells.

Scientists experimenting with bone marrow for use in the
treatment of leukaemia discovered adult stem cells. These
cells allow you to regenerate and repair your tissues. For
example, these are the cells that help your bones repair
after being broken in an accident.

Adult stem cells lie deep within organs that need a
constant supply of new cells, such as the skin. They are
surrounded by millions of ordinary cells. Adult stem cells
are specialised to some extent. This means that they
are only able to make certain types of cells as shown in
Figure 1.4.11.

i Infants or adults
I

Adult stem cells
D
Blood cells
Cartilage

Cartilage Nerve cells

Tendon Blood cells

Fat cells

Blood cells

Figure \ Adult stem cells can only differentiate
to become certain types of cells.

Adult stem cells are found in the skin, the lining of the gut
and the brain. There is a limit to the types of cells that
they can differentiate into. For example, blood stem cells
give rise to the different types of blood cells and stem
cells in the skin regrow skin and hair.

Scientists believe that stem cells have potential to treat
and possibly cure diseases such as cancer, diabetes and
heart disease and spinal-cord injuries where cells have
been damaged. However, adult stem cells are not always
suitable and experimentation with embryonic stem cells
is not accepted by many sectors of the community.

ENDEAVOUR



In 2006, Shinya Yamanaka of the University of Kyoto in
Japan discovered a way of returning mature skin cells
from a mouse to their pluripotent state. An outline of

the process is shown in Figure 1.4.12. Yamanaka called
these cells induced pluripotent skin cells (iPSCs). Over
the last few years, other scientists have successfully
repeated Yamanaka'’s experiments.

More research is needed to make sure that these iPSCs
behave in exactly the same way as embryonic stem
cells. There have been times when the iPSCs have not
functioned correctly.

Once these problems are solved, scientists believe that
these cells have the potential to produce replacement
parts of cells or organs damaged by disease. For
example, they could replace nerve cells damaged
through accidents (Figure 1.4.13), by Parkinson'’s
disease and multiple sclerosis, or replace cardiac muscle
damaged by heart attack. There would be no problems
with rejection of the replacement tissue because it could
be made from the patient’s own cells.

Scientists have demonstrated that iPSCs can

cure the genetic disease sickle cell anaemia

in animals but there are many safety issues to uﬂ
deal with before there can be any human trials.

Many people who have suffered spinal injuries hope
that stem cell research will find a way of repairing the
damage.

Four genes are
introduced into
virus DNA.

The virus infects
the mouse skin
cell, introducing
the new genes into
reprogramming the mouse DNA.
genes

The proteins coded for by these genes
induce the mature skin cells to become
pluripotent stem cells (iPSCs).

Four genes were introduced into the skin cells of a mouse by a
virus. The genes become part of the mouse DNA and the genes
begin reprogramming the skin cell to become a pluripotent cell.

Figure
1.4.12




1.4 Unit review

Remembering

1 Name a genetically modified crop grown in Australia.

2 Name the circular DNA structure found in many bacteria
and used in gene splicing.

3 State how long it took for the complete human genome
to be mapped.

4 List three reasons why individuals would be given
genetic tests.

5 State in simple terms the concept of gene therapy.

Understanding

6 Define the term recombinant DNA.

7 Describe the advantages that genetically modified plants
have over other varieties of:
a rice
b canola.

8 a Explain what a single nucleotide polymorphism is.
b Propose ways that single nucleotide polymorphisms

can occur.
¢ Explain why single nucleotide polymorphisms may be
linked to human disease.
9 Describe four difficulties associated with successful gene

therapy.

Applying

10

a The DNA profile of an individual can be shown as a
series of bands. Use the DNA profiles in Figure 1.4.14 to
identify the two people who are most closely related.

b  Explain your choice.
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Analysing

11

12

The human genome is mapped, but is the project finished?
Discuss.

Compare the possible effect on an individual of knowing
that they have the genes predisposing them (making it
more likely) to type-2 diabetes and the dominant allele
that causes Huntington’s disease.

Evaluating

13

14

Creating

15

Reducing growth of blood vessels could be an effective
treatment for cancer. Deduce why.

Propose how a relative of a deceased soldier could be used
to identify a skeleton found in a wartime grave.

Construct a model demonstrating the process
of splicing a gene into a plasmid.

Inquiring

1

Investigate the arguments used against the introduction of
genetically modified plants such as Golden rice-2.

Research and present a report on the advances made in
genetic modification of animals for use in human organ
transplants.

Research the source of embryonic stem cells used in
medical research. Identify the arguments used for and
against the use of these stem cells and present a report on
your own ideas of whether embryonic stem cell research
should be allowed to continue.




14 Practical activities

Purpose

To increase knowledge and understanding of issues
surrounding GM technology and people’s ideas on
these issues.

Materials :
e resources such as textbooks, encyclopedias

and the internet 2
e questionnaire you have devised

Procedure

1 Inyour group, discuss what you know about genetic
modification of plants and animals and identify
questions as a starting point for your research.

2 Research genetic modification and through your
research identify the issues that appear to be most
controversial.

a Genetic technologies

Purpose

To discuss some genetic technologies and to
enable you to develop your own opinion on
the ethics of each.

Materials
¢ access to the internet and other reference materials

Procedure

1 You are going to discuss four aspects of gene technology
shown in the results table. You will be using a discussion
strategy called Jigsaw. The class forms into four groups
of approximately equal size. These groups are your
Home groups. Each person in the Home group is given a
number from 1 to 4. (There may have to be two students
with the same number.) Your teacher will then assign a
number to each of the technologies to be studied.

2 Students with the same number move into a group
together. With this group, you will study the technology
with the same number. This is the Expert group.

3 The job of the Expert group is to research and discuss the
technology. Identify the positives and negatives of the
technology. Record the number of people in the Expert
group who were in favour of the technology.

4 Report back to the Home group.

QGenetic modification—public opinion

3 Devise a questionnaire as a research tool for gathering
information from other community groups on this topic.
Your teacher can provide guidance on how to do this
from Pearson Reader

Results
Prepare a report on the topic of genetic modification. In the

report, present the arguments supporting both sides of any
issue and the results of the questionnaire.

Discussion
1 Analyse your own opinions of genetic modification and
write a short summary of them.

2 Justify your points of view.

Results

Each person in the Home group records what is said by the
Expert groups. The following table could be used to record
comments.

Decision:

Positives for/against

Technology

Negatives

Genetic
modification
of food crops
(plants)

Gene therapy

Gene testing

Stem cell

research

Discussion

1 a Identify the technologies supported by the majority
of the class.
b Propose reasons for this technology receiving the
support.

2 a Identify the technology that had least support.
b  Propose reasons for the lack of support.

3 Inaparagraph, discuss the technology that you are least
willing to support.




List the bases found in DNA.

2 Name the sugar found in DNA.

3 Name the following processes:

10

11

12

a adding genes into or removing genes from DNA

b replacing a defective gene with a normal gene

¢ selective breeding where offspring that show the most
positive traits and fewest negative traits are selected
and then crossed with one of the original parents.

Explain why the 46 chromosomes in the human body are
often described as 23 pairs.

Explain what makes one gene different from all other genes.

Predict the base sequence in the complementary strand of
DNA that has the base sequence ATGTTCCAGCGAAATG.

Predict what would happen if gametes were produced by
mitosis.

Explain why the research that created iPSCs is so exciting
for scientists.

Identify the parts of the
nucleotide labelled A,
B and Cin Figure 1.5.1.

4

Demonstrate how the number of cytosine molecules in
a DNA molecule can be used to predict the number of
guanine molecules.

Demonstrate how two homozygous parents could have a
heterozygous child.

Identify the correct definition in column B for each of the
terms listed in column A.

Gohoitie The chromosomes that are not sex
chromosomes

Meiosis Circle of DNA found in bacteria
The type of cell division that produces

Autosomes | gametes with half the number of
chromosomes of the parent cell

: The genetic information carried by a haploid
Elesoid set of chromosomes
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13

14

15

16

17

Discuss the necessity of having two types of cell division—
mitosis and meiosis.

Compare haploid and diploid cells.

Compare embryonic stem cells and adult stem cells.

Mules (male) and hinnies (female) are bred by crossing

a horse and a donkey. Horses have a diploid number of
62 chromosomes and donkeys have 64 chromosomes.
Propose why mules and hinnies do not produce gametes
and are sterile.

a Use the information in Table 1.5.1 to construct graphs
showing the change in amount of land planted with
three GM crops.

Table 1.5.1 Area of land planted with GM crops

| Area of land planted (millions of hectares)

GM crop
1997 | 1999 | 2001 | 2003 | 2005 | 2007 | 2009

Sweet corn 3 11 9 16 25 39 45
Canola 1 13 13510 155 || 18:51] 235 | 1265
Soy 5 26 46 50 64 72 82

18

b  Use the information in Table 1.5.1 and the graphs you
constructed to calculate the:
i crop that had the largest percentage increase in
area of land planted in the years 1997-2009
i years that showed the greatest increase in land
planted with GM canola
iii years that showed the smallest increase in land
planted with GM soy.
¢ Identify the crop that has not experienced a decrease
in the area of land planted.

Use the following ten key terms to construct a visual
summary of the information presented in this chapter.
nucleotides

bases
chromosome
DNA

meiosis

mitosis
replication
plasmid

gene splicing
recombinant DNA

g



Thinking scientifically

Q1

Q2

Q3

In budgerigars, green feather colour (G) is dominant
to blue feather colour (g). A blue budgerigar is mated
with a heterozygous budgerigar. Identify the most
probable genotypes of the offspring.

A All the offspring will be blue.
B All offspring will be green.
C % Gg: ¥2gg

D % GG: 2 gg

The following diagram is called a pedigree. The
individuals shaded blue have thalassemia, a disease
that is inherited according to the rules of dominant-
recessive inheritance. Based on the information in
the family pedigree, identify the option in which both
statements are true.

©—
0
=

0
QMO

1 1

k
0

s

8

A 3 and 7 are both carriers of the disease. 8 or 9
must be a carrier.

B 6 and 7 are both heterozygous for thalassemia.
3 and 5 are carriers of thalassemia.

C 5 and 6 are heterozygous for the condition. 10 and
12 must be carriers of the disease.

D 2 is homozygous for thalassemia. 3 and 4 must be
carriers of the disease.

In snapdragons, there are two alleles for the gene for
flower colour—red and white. Red flower colour is
incompletely dominant to white.

A snapdragon homozygous for the red allele is

crossed with a snapdragon that is heterozygous for

flower colour. Which one is the following is unlikely to

be correct?

A Half the offspring would be red and half the
offspring would be pink.

B Half the offspring would be red, one-quarter would
be pink and one-quarter would be white.

C The heterozygous parent had pink flowers.

D The homozygous parent had red flowers.

Q4

Q5

Identify the number of pairs of homologous
chromosomes in the following diagram.

A7
B 6
C5
D 4

Identify the small section of DNA that could be part of
the longer DNA strand:
TAGTAGTCATACCGAATTGCCGGAATACTAGTAGGATC
ATCATCAGTATGGCTTAACGGCCTTATGATCATCCTAG

A TACCGAATCCCGGAATTC
ATGGCTTAGGGCCTTAAG
B TACCGAATTGCCGGAATAC
ATGGCTTAACGGCCTTATG
C TACCGAATGCCGGAATAC
ATGGCTTACGGCCTTATG
D TACCGATGCCGCAATAC
ATGGCTACGGCGTTATC
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Thinking scientifically

Q6 The data in the table provides information on the costs A Some of the F, generation will have curly hair and
to farmers from four different states in India of growing some will have straight hair.
genetically modified cotton. B It is not possible for individual 9 to have straight
hair.
Performance advantage of GM C All of the F, generation will be different from their
cotton over non-GM varieties parents and have wavy hair.
(percentage) o )
D Individual 8 must have wavy hair.
(2]
5| @
‘E’ o Q8 Scientists involved with research into genetic
2 .g modification cut a piece of DNA using a particular
State in India °o| K restriction enzyme. The ends of DNA exposed are
Maharastra 32 29 | -44 15 56 shown below.
Karnataka 73 67 -49 19 172

Tamil Nadu 43 44 =73 5 229 — l T T

Andhra Pradesh -3 -3 | -19 13 | -40 e m E b ' I D ' .
National average | 34 33 -41 17 69

Analyse the data and decide which of the following m

statements is true.

A The state that made the greatest savings on
chemicals also had the highest yield and the
greatest profit.

B The states of Maharastra and Kamataka both saved

more than the national average on chemical costs From the four genes below, identify the gene that
and had a yield and profit above the national average. could be spliced into that piece of DNA.
C The state that had the greatest advantage in terms A = - - = _
of total income also had the greatest advantage in l ' ' . GENE . . . I
terms of total cost and yield. ——— S

D Andhra Pradesh made a loss because the farmers in
that state had to spend more on chemicals.

B W
o . . ' . I' GENE
Q7 Hair curliness is an example of incomplete dominance.

The diagram below illustrates a pedigree showing —
three generations of a family. The mother is
homozygous for curly hair. The father is homozygous

C I
for straight hair. Individual 3 marries into the family ' l ' l GENE . ‘ E . .
—

and his genotype is shown to be heterozygous. The
remaining phenotypes of the F, and F, generations are
not shown.

D
Identify which of the following alternatives is a true ' .
statement about the family shown. -

P O

1 2

0 Q0L
Y

: 7]
LU T T

F

I
&

8 9
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Unit 1.1

Unit 1.3

Chromosomes: thread-like structures in the nucleus.
Composed of DNA and proteins; contains the genetic
information in the form of genes

Complementary base pairs: a pair of bases that can join to
make the rungs of the DNA ladder—adenine and thymine,
guanine and cytosine

Deoxyribonucleic acid (DNA): a (
nucleic acid with deoxyribose sugar
and phosphate as the backbone;
the molecule that determines the
genetic characteristics of most living
things

Deoxyribose sugar: one of the parts
that make up a nucleotide

Gene: a section of DNA that carries
the genetic code for a particular
characteristic

deoxyribose
sugar

acid (DNA)

Deoxyribonucleic

Nitrogen-rich base: part of a
nucleotide; the four types are

adenine (A), guanine (G), cytosine
(C) and thymine (T)

Nucleotides: the building blocks of
DNA

Phosphate group: one of the parts
that make up a nucleotide

Unit 1.2

Nucleotlde

Autosomes: all the chromosomes in a cell other than the sex
chromosomes

Centromere: the pointon a
chromosome where the two
chromatids are joined together

Chromatid one of the strands of a
chromosome following replication

Diploid number: the number of
chromosomes in body cells; two sets
or 2N

Haploid number: the number of
chromosomes in gametes; one set
orN

Homologous chromosomes: chromosomes with genes for
particular characteristics at the same location

Chromatid

Meiosis: the type of cell division that produces gametes with
half the number of chromosomes of the parent cell

Mitosis: the type of cell division that produces two daughter
cells identical to the parent cell

Replication: the process of making copies of DNA

Sex chromosomes: the chromosomes that determine
the sex of an individual; in humans they are the X and Y
chromosomes

Alleles: different forms of the same gene

Dominant: the characteristic that is expressed in the
homozygous condition

Genotype: genetic information carried by an individual

Heterozygous: having two different alleles on homologous
chromosomes

Homozygous: having two identical alleles on homologous
chromosomes

Incomplete dominance: where the appearance of a
heterozygous individual results from a ‘blending’ of the two
alleles because one allele is not completely dominant over
the other

Mutation: a mistake that happens as DNA is copied, causing a
change to the base sequence

Phenotype: observable characteristics of the individual; the
way the genotype is expressed

Pure breeding: where all individuals have the same genetic
information for a characteristic generation after generation

Recessive: the characteristic that remains hidden in the
homozygous condition

Sex-linked genes: genes present on the sex chromosomes

Unit 1.4

Adult stem cells: cells that can make certain types of body cells

Differentiate: become different from others

Embryonic stem cells: cells found in the embryo that are
capable of becoming any cell type found in the body of a
complex organism

Gene splicing: the process used to add a gene into or remove
genes from DNA

Gene therapy: the process of replacing a defective gene with a
normal gene

Genetically modified: having the genes changed

Genome: the genetic information carried by a haploid set of
chromosomes

Human Genome Project: an international project that aims to
identify all the human genes and determine the sequence of
the base pairs that make up human chromosomes

Induced pluripotent skin cells (iPSCs): mature cells that
have been induced to revert to their pluripotent (capable
of becoming any type of human cell) state

Plasmid: ring of DNA found in bacteria

Pluripotent: capable of becoming any one
of the 220 different cell types found in the
human body

Recombinant DNA technology: technology
that allows DNA to be recombined with
other genes

Single nucleotide polymorphisms (SNPs): differences of only
one base between one human and another

DNA and genetics 37



K\ »u. P L £
7)) r‘ \ .‘ff
- =] -
3 & Na \
8 8 2 ! ~
(ned S E ..mm
- = C- © =
Ll D E R L
= - B8 FF .
wo 2 2 3 =X £ ;
W e 5 3 wwm '
At ke OSSR
OEwaﬁlm mww —— SN — u
et e SR .
Hif=plc 'S SRS D e ¢
>< 5> 8 5% 33 3 ~4
O S< 03 ©° ) ..\
< 20 23 £= £33 < —~ B
HWQ oF }'e ° ° ’w

Ime

't

Geologica

Wy :
SN
R L

After completing this chapter students

should be able to:



0 1 Fossils

What can you tell from fossils? @

Collect this...
* fossil kit

Do this...

Collect a fossil from the fossil kit. Handle it with care.

Record this...

Describe your fossil by sketching it and recording
its name and age.

Explain how fossils like this tell you a little about
past life.

What is a fossil?

Fossils are the preserved evidence in rocks or soils of
organisms that once existed on Earth. The fossil may be the
whole body of the organism, part of it or traces of its activities
such as its burrows, tracks or dung (faeces). To be preserved as
a fossil, the dead organism must not be eaten by scavengers
and it must then decay very slowly. These two conditions

are most likely to occur when dead organisms are covered in
sediment, which then turns to rock.

Palaeontology is the study of past life, especially fossils.
Palaeontologists are scientists who reconstruct past
environments using fossils and geology.

Formation of fossils

The fossil record is a list showing all the species of living
organisms that have been found as fossils as well as their
location and age. The record can be thought of as a timeline

of Earth, tracking the Earth’s development since its formation
4.5billion years ago. However, not all organisms are
represented equally in the fossil record. This is because the soft
parts of organisms decay much faster than the hard parts. For
this reason, it is extremely rare for soft parts to be preserved.



Organisms that are only composed of soft parts, such as
jellyfish, slugs, algae and mosses will be rare in the fossil
record. Hard objects such as skeletons, shells, teeth and wood
are most commonly found as fossils. Fossils of organisms with
hard parts, such as dinosaurs, giant kangaroos, crabs, shellfish
and trees, will be more common.

Being quickly covered by sediment will stop a dead organism
from being eaten and will slow or even stop its decay. These
conditions usually occur at the bottom of an ocean, lake or
river. Sediments in the water sink to the bottom and cover any
dead organism lying there. The sediment slowly builds up and
natural cements and the drying of the sediment eventually turn
it into sedimentary rock. This process is shown in Figure 2.1.1.

A similar process can also happen on land if windblown

sediment covers the dead organism.

Erosion and movements within the soil and rock can then
expose the rock layers containing the fossil or bring them to
the surface. Fossils are found in sedimentary rock and not in
igneous or metamorphic rocks. The heat and pressure needed
to form igneous and metamorphic rocks destroy any traces

of organisms in them. In contrast, sedimentary rock traps the
remains for possible future discovery.

1 An ammonite dies and falls to
the bottom of the sea. There
it is covered by sediments
and protected from being
eaten by other animals.

The soft parts of the
ammonite’s body decay,
leaving just the shell.

2 More and more sediment
covers and squeezes
the shell. The shell may
remain or be replaced with
minerals such as quartz or
limestone. These minerals
seep into it in solution
before the original shell
dissolves.

3 After millions of years,
movement in the Earth’s
crust may thrust the layer of
sedimentary rock containing
the fossil upwards to form
part of a mountain range.

4 Weathering and erosion
may eventually wear
away some of the rock to
expose part of the fossil.
Fossils are often found in
road cuttings or quarries.

Fossilisation can happen when the remains of an
organism are trapped in the layers of a sedimentary rock.
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Types of fossils

The many types of fossils are due to the different ways in
which they can form. The type of organism being fossilised
also affects what the fossil will eventually be like. There are
several different ways in which fossils can be classified,
including:

e original

e replacement

e carbon film

e indirect fossils.

Original fossils

Original fossils form when a part of the organism is
preserved, with its chemical composition being about the
same as it was when it was living. An original fossil could be
a complete skeleton, bones, a tooth (or teeth) or a shell. Bone
is composed of minerals (such as calcium carbonate) that are
resistant to decay and which scavengers find difficult to eat.
The flexibility of living bone comes from proteins within it.
These proteins normally quickly decay after death, leaving
behind the minerals as hard but brittle bones. Common
original fossils include:

¢ sea creatures that had shells, such as molluscs like scallops,
mussels and clams

» vertebrates, because they had teeth and a bony skeleton.
Examples are the remains of dinosaurs and of Australian
megafauna such as 3-metre-tall giant kangaroos, sheep-
sized echidnas, diprotodons, 3-metre-long wombats and
marsupial lions, a skull of which is shown in Figure 2.1.2.

This is an original fossil. It was found on the Nullarbor Plain
in Western Australia and is the remains of a marsupial lion
that died 45000 years ago. The fossil shows that it had
large dagger-like teeth for catching its prey.



science

Bendy bone

What is bone made of?

Collect this...
¢ chicken bone, cooked or fresh
® vinegar
e jar with lid or beaker
covered with cling film
¢ tongs
* rubber gloves

Do this...

1 Put the chicken

bone in the vinegar.
Leave it for 1-3 days
depending on the
thickness of the bone.

Wear gloves or
wash your hands
after handling raw
or cooked chicken.

Next day, use tongs to hold the bone under
running water to wash it thoroughly. Do not

touch the water run-off or the bone until it is
thoroughly cleaned.

Try to bend the bone. If the bone is thin enough,
try to tie a knot in it.

Record this...
Describe what happened.
Explain why you think this happened.

Turkana Boy

Original fossils of many
early humans have been
discovered, including
the Turkana Boy. The
fossil was found in Lake

Turkana, Kenya, in 1984.
This is a fairly complete
skeleton of a young boy,
his teeth indicating that
he was about 9-12years
old. He lived about

1.6 million years ago.

Replacement fossils

A replacement fossil forms when a part of the organism

is chemically changed into another mineral. This takes a

long time to happen so most of these fossils date back to

over 60 millionyears ago. Replacement fossils commonly
form when the calcium carbonate found in shells and bony
skeletons turns into another mineral such as silica, also called
silicon dioxide (SiO,). Silica is like sand. Sometimes the bone
or shell even turns into opal, another form of silica. This
means that the bone or shell is now a lump of solid silica or
opal. This is what has happened in Figure 2.1.3.

This plesiosaur backbone is a
replacement fossil. The bones have
slowly been replaced by silica, turning into opal.

If the material being replaced and fossilised is wood, then
scientists refer to the wood as being petrified. Sometimes
whole tree trunks or stumps are petrified, having been turned
into stone-like silica (Figure 2.1.4).

Fakel

Some structures look like petrified tree trunks
and roots but aren’t. Despite this the structures
at Cape Bridgewater (Victoria) and Cape
Northumberland (South Australia) are commonly
called ‘petrified forests’ when they are really just
interesting formations of sand and rock.

Petrified trees are the replacement fossils of ancient
trees. ‘Forests’ of petrified pine tree trunks exist near
Lake Macquarie in New South Wales, in Arizona, USA,
and on the island of Lesvos, Greece.

Carbon film fossils

Carbon film fossils occur when the dead body partially decays
and leaves a thin black deposit of carbon. These fossils are

also known as carbon trace fossils. Figure 2.1.5 on page 42
shows the carbon film fossil of an ancient fern. Plant fossils are
commonly carbon film fossils. The traces of carbon left are still
in the shape of the organism that decayed and often show its
finer details. Coal is formed by this process, although no traces
of the plants that were part of the coal can be identified in it.
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It is possible to have a mould of the inside of an organism.
This is referred to as an internal mould. For example, an
internal mould could form if the shell from a sea snail fills up
with mud, which then turns to rock. Then the shell breaks up
and dissolves, leaving the rock behind. This rock will be a copy
of the inside of the shell.

Good fossil footprints have been left behind by many
organisms such as crabs, lizards, dinosaurs and early humans.
One set of footprints found at Laetoli in Tanzania, Africa,
provides evidence that 3.6 million years ago early human-like
organisms walked upright on two legs, much as we do today.
You can see them in Figure 2.1.7.

A cast forms when an organism in rock decomposes and the
space in the rock fills with soil and turns to rock. This leaves
a copy of the outside of the organism in a solid piece of rock.
This is a positive image and is a three-dimensional ‘model’ of
what the organism looked like in life.

These are carbon film fossils of ancient fern fronds. o s . . .
Artificial casts can be made by pouring plaster into footprints

or into fossil moulds. This gives a more realistic 3D ‘positive’
version of the organism than the ‘negative’ provided by the
mould.

Indirect fossils

Indirect fossils are not part of the organism itself but instead
are preserved remains of things such as imprints of the body,
(such as footprints and tracks), fossilised dung and burrows.
Tracks, burrows and dung are also called trace fossils.

A mould is usually an imprint left in the rock showing

the outside of an organism. A mould is a ‘negative’ image,
meaning that it is a space where there is no body. Mollusc
shells commonly form moulds. To form a mould, the shell is
first covered in sediment, which then turns into rock. Then
the original shell is dissolved by acids or other agents, leaving
an imprint in the rock. This is common in the depths of the
ocean because calcium carbonate dissolves faster at the higher
pressures found there. Arthropods, such as crabs, lobsters
and prawns, can also leave moulds. A fossil of an arthropod is
shown in Figure 2.1.6.

These fossil footprints at Laetoli in Tanzania, which are
3.6 million years old, were left by an animal that walked
on two legs, much as humans do today.

These fossils are moulds of an ancient arthropod “Y. s
called a trilobite. The original animal has decayed and &
been lost. Only the imprint or shape is left in the rock. pa7 pa7
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Preserving environments

Hard parts such as skeletons and shells always have a better
chance of surviving as a fossil than the soft parts of an
organism. However, some environments will encourage the
preservation of soft parts. These preserving environments
include permafrost, amber, tar, peat and dry air.

Permafrost

Near the Arctic Circle, the land is permanently frozen. Bacteria
and fungi that cause decay cannot grow if the temperature

is below freezing. This has preserved some amazing original
fossils. The most famous are the fossil mammoths of Siberia,
Russia. In 2007, a baby one was found that had been preserved
in the ice for about 40000 years. You can see it in Figure 2.1.8.

Figure \ This baby mammoth was preserved in permafrost for over
40000 years.

Amber

Amber is solid plant sap or gum. Insects, spiders and even
small vertebrates such as frogs and lizards get caught in the
sticky sap, which seeps out of trees. When it sets and hardens,
it can perfectly preserve whatever

is entombed inside it,
including the spider
in Figure 2.1.9.

in the sticky plant sap,

This spider is preserved
in amber. It was trapped

which then turned solid.

Tar

Tar pits occur where oil seeps naturally out of the ground and
onto the surface. Tar pits are fairly rare, but the preservation

of animals in them is spectacular wherever it occurs. Some of
the best known have been found in the la Brea tar pits in Los
Angeles, USA. Many animals such as mammoths, bison and
sabre-toothed cats became stuck in the sticky tar. You can see a
sabre-toothed cat in Figure 2.1.10.

Figure
2.1.10

This sabre-toothed
cat was trapped
by tar, died and
was fossilised.

Peat

Peat is the partly decomposed remains of plants such as moss
and is commonly found in swampy areas or bogs. The layers
of peat can be very deep and oxygen and bacteria are often
absent in the lowest layers. This gives the soft tissue trapped
in these layers some chance of being preserved. The peat is
generally acidic and this dissolves the hard minerals in the
bone, making them very soft. In Europe, ancient human
bodies have been found preserved in swamps. Tollund man is
a good example. As you can see in Figure 2.1.11, his skin (and
even the hair on his face) is well preserved.

Tollund man was found in a peat swamp which was acidic
and had little oxygen. His remains were so well preserved
that they even indicated how he died: he was hung and
then thrown into the swamp in about 400 BCE!
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Dry air

Bacteria and fungi need moisture to survive. As a result,
extremely dry conditions can preserve a body too, since the
bacteria and fungi that decompose soft tissues cannot live
under these conditions. The dry air dehydrates the soft tissue,
which fossilises, and turns it into a ‘mummy’. This can occur
in hot deserts, but also in cold frozen places where there is ice
but no liquid water. The mummified skin then forms a mould
in sediments.

The fossil record is
incomplete

The fossil record is a list showing all the species that have been
found as fossils. The fossil record is more complete for some
organisms than others. Fossils form in sedimentary rock and
so the best chance of an organism being fossilised is if it lives
in water and if it has some hard body parts. Therefore, the
most likely organisms to be fossilised and have a good fossil
record are marine organisms with skeletons or shells. These
include molluscs, corals, arthropods and vertebrates.

Marine organisms with soft bodies such as jellyfish and worms
are unlikely to form fossils. They have delicate soft bodies,
which decay quickly and squash under pressure. Despite this,
there are some fossils of jellyfish and worm-like creatures in
South Australia, one of which is shown in Figure 2.1.12.

This fossil is thought to be of a flat worm from Ediacara in
the Flinders Ranges of South Australia. A new geological

period called the Ediacaran was named after these fossils.

Land organisms with soft bodies are extremely unlikely to
form fossils. This means that groups such as earthworms and
slugs would rarely be fossilised. Land organisms with hard
parts such as vertebrates (for example, mammals and reptiles)
and arthropods (such as insects and spiders) may become
fossilised if they die in water or where windblown

sediment could cover them. However, this would

not happen as often as water organisms dying and

being covered by sediment.
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Famous fossil sites

Famous sites with many fossils are:

e Ediacara, Flinders Ranges in South Australia

* thela Brea tar pits in Los Angeles, California, USA

 the Burgess Shale in Canada

* Chengjiang in China

* Solnhofen in Germany.

Ediacara and the Burgess Shales are particularly important
because together they provide two consecutive chapters in
the fossil record. The organisms of the Burgess Shales are very
simple and many bear little resemblance to those in the earlier
Ediacaran period and to those existing today. Figure 2.1.13
shows an artist’s impression of two such organisms.

/,'r',,
’ 7

This is an artist’s impression of two organisms from the
Burgess Shale, which has some very well-preserved
soft-bodied organisms.

Spot the relative

Opabinia was about

7 centimetres long, had five
eyes and a long proboscis
(snout) with spikes on the end.
It probably lived on the sea floor
where it used its proboscis to
hunt for animals hiding in the
sediments. Opabinia died out,
leaving no descendents. Pikaia
had bilateral symmetry and a
rod like structure running along
its body. It may be one of the
first chordates, the group to
which humans belong.
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Figure \ An artist’s impression of life 5§
in the Ediacaran period

Some fossil sites are famous for one or two
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Nature and development of science

Reg Sprigg and the Ediacaran fauna

very important fossils, such as the Laetoli

footprints, and the Turkana boy. Other fossil sites have a large range of different
species, which are important because they can give palaeontologists a picture of

what the environment was like in the past.

In Australia, the most famous site for a wide range of
fossils is the Ediacaran Hills in the Flinders Ranges of
South Australia. A South Australian geologist, Dr Reg
Sprigg (1919-94), discovered what is now believed to

be the oldest group of multicellular organisms that are
ancestors of all the life that followed. Artists’ impressions
of them are shown in Figures 2.1.14 and 2.1.15. Sprigg
found the fossils in 1946 when he was just 26 years old,
and published his findings.

In 2004, the International Commission on Stratigraphy
finally recognised a new geological period, which they
named the Ediacaran. The Ediacaran period is the first
new geological period to be named in the past 120 years.
It spans 635-542 millionyears ago and is the first ever

to spring from the Southern Hemisphere. The Ediacaran
Hills are now part of the Flinders Ranges National Park.
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Reg Sprigg’s contribution to palaeontology
is recognised on a 50-cent stamp.

This point in a rock is the ‘Golden Spike’ marking the
Ediacaran period. It is the reference point for defining
the period and is officially known as the Global
Stratotype Section and Point (or GSSP). Other sites
around the world have since been discovered with
similar fossils and these too are classified as Ediacaran.

el



Remembering

1 List four types of fossils and give an example of each.
2 State what a palaeontologist does.

3 Recall the contribution that Reg Sprigg made to
palaeontology.

Understanding
4 Define the term fossil.

5 Describe two environments which can preserve the soft
parts of organisms.

6 Describe conditions that assist in the preservation of bone
as a fossil.

7 Outline how fossils form in sedimentary rocks.

8 Explain why Tollund Man and the Siberian mammoths are
so well preserved.

9 Outline how a replacement fossil forms.

10 Explain why the fossil record is good for marine organisms,
but poor for many land organisms.

12 Imagine you found some worm burrows preserved in
rocks. Discuss whether they are fossils or not.

11 Explain the significance of the Ediacaran fossil finds.

Analysing
13 Compare moulds and casts by listing their similarities and
differences.

14 Compare tar and peat as environments that preserve the
soft bodies of organisms.

15 Wood can be preserved as a replacement fossil and carbon
film fossils.
a Compare these two methods of formation.
b  Describe how you would distinguish between the
fossils formed.

Evaluating

16 Seareptile fossils have been found in the opal fields in
South Australia. Palaeontologists believe that these fossils
are extremely old. Propose reasons for this conclusion

17 a For each of the following pairs of organisms, identify
which one is more likely to be fossilised.

i aswamp plant or a woodland plant

ii acatoranearthworm

iii aforestbird or a water bird

iv aclam or aseaslug

v ahuman or a frog

vi awhale orabat

b In each case, justify your answer.

PEARSON

18

The White Cliffs of Dover in England are limestone cliffs
thought to have been formed in a shallow sea rather than
the deep ocean. Propose what evidence leads geologists to
think this.

Creating

19

20

Construct a sign to be erected at the site of the Golden
Spike, identifying the importance of the Ediacaran fossil
site. Your sign should show a title, position of any diagrams
or photos, and where you would place the writing. Then
provide the written information you would put on the sign.

Design an investigation to determine whether
a fossil skeleton of a reptile is a replacement
fossil or an original fossil.

Inquiring

1

Research two human fossils from different environments,
such as ice or swamps, that preserved the soft tissues.
Name the places where these different fossils were found,
compare the appearance of the fossils and explain why
they were so well preserved.

Research an important Australian fossil site other than
Ediacara (such as Dinosaur Cove or Riversleigh) and
explain why it is an important site.

Research the fossil known as the Lake Turkana Boy.
Discuss where he was found, what fossils were found and
what palaeontologists think he looked like when he was
alive.

Western Australia was the first state in Australia to declare
a fossil emblem to represent the state. It chose the Gogo
fish. Research important fossils of your state or territory
and produce an A4 poster that justifies the choice of the
fossil as your state fossil emblem. If you live in Western
Australia, then think of a fossil emblem for Australia and
justify your choice.

The ‘fossilised’ remains of a few historic ships have been
found buried deep in the mud they sunk into when
catastrophe struck them. Research ships such as the Mary
Rose to find out what stopped its wood, leather and steel
from rotting and rusting away.




Practical activities

Q Making fossils

Purpose ; 4 Using the spatula, mix some plaster and water in the
To make fossil moulds N margarine container

Ty e
and casts. 5 Pour the plaster mix into the mould in the modelling

clay. Flatten the surface of the plaster.

Materials

+ modelling clay Do not mix 6 Leave the plaster to set. When the plaster is solid,

« plaster of Paris plaster with carefully remove it from the modelling clay. This is the

e margarine container your bare hands. cast.

« objects to mould, such It can cause skin 7 If you have time, make another mould and cast from a
as shells and bones irritation and burns. different object.

« petroleum jelly Wear safety glasses Discussion

 wooden spatula for and rubber gloves.

mixing plaster

1 Compare your plaster cast and mould with the original

Never tip plaster shell or bone, indicating if they are accurate copies.

down the sink.
e rubber gloves 2 Explain whether the cast and mould tell us what the

Procedure original organisms looked like.

3 Carefully describe how you think a mould could form

1 Soften the modelling clay into a flat sheet about
naturally.

1 cm thick.
4 Explain what would have to happen for a cast to be

2 Smear some petroleum jelly onto the shell or bone and
made naturally.

then press it into the modelling clay.
5 Explain what information a cast gives that a mould may

3 Carefully remove the shell or bone without breaking i
not give.

the modelling clay. This imprint in the modelling clay is
known as a mould

€@ Modeliing fossils
Purpose . ‘\ 7 ‘ Procedure

To model the formation of o 1 Think of a way to model the process of forming some
different types of fossils. fossils, using only the materials you have been given.
Each fossil has to be made in the plaster.

Materials
« modelling clay Do notm i.x 2 The fossils that you have to make in the plaster are a:
« plaster of Paris plaster with your e mould of the outside of one side of a leaf or shell
« blastic container bare hands. It can cause e cast of the outside of complete shell (such as
?or mixing skin irritation and burns. gastropod) or the outside of a eucalypt fruit (gumnut).
« stirring rod Wear safety glasses 3 Describe or draw how you will make each fossil. Show it
e varietv of obiects such and rubber gloves. to your teacher and then make the fossil if your teacher
v J Never tip plaster down agrees.
as shells, leaves, bones, the sink
and nuts ’ Discussion
* petroleum jelly 1 Assess whether your method worked well and if you
* newspaper for keeping could improve on it.
the desk clean 2 2 Identify the material that you are simulating with the

e rubber gloves plaster.




% Palaeontologists use a range of techniques to
- determine the age of a fossil. This is known
as dating the fossil. Some techniques use
physical properties such as radioactivity
while others depend on the location where
the fossil was found. Dating fossils allows
palaeontologists to construct a timeline
showing when each organism lived on Earth.
These fossils are of trilobites, a group of
organisms that can be used to compare

the age of rocks in different places.

Relative dating

Relative dating is a technique that compares the age of
one fossil or rock with another to determine which is older.
Relative dating relies on two basic facts:

e Sedimentary rocks form in layers.

* Fossils are the same age as the rocks in which they are found.

Layer by layer

Sedimentary rock forms in layers called strata. A single layer
is called a stratum. Sediment always settles and so the first
and oldest stratum is found at the bottom. Newer sediment
then settles on top. This means that lower strata are usually
older than strata above them. This gives a way of determining
which organisms lived earlier than others. The fossils from the
bottom layers of rock should be oldest.

Sometimes, however, the lowest stratum will not be oldest.
This is because the layers of rock have folded over each other
and been turned upside down by earth movements.
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Index fossils

Evidence from the fossil record and rock strata indicates

that most species only existed on Earth for a relatively short
time. Each fossil species is only found in a narrow band of

the rock strata in any one location. For example, a species of
arthropod that appears in a particular layer in the sequence
of rock strata in Victoria will also be found in a particular layer
in the sequence of strata in New South Wales. This fossilised
arthropod can then be used to compare the age of the two
strata in Victoria and New South Wales.

The fossilised arthropod only lived at a certain time in the
past and so rocks containing the same fossils must be of the
same age. This would be true even if the rocks are different,
such as limestone and shale. This is relative dating. It allows
palaeontologists to determine how old one fossil is relative to
another, but not the actual age for each.

Fossils that can be used to compare the ages of strata in
different locations are called index fossils. To be used as an
index fossil, the species must:

* have been fairly widespread in where it lived

* have lived in a fairly narrow period of time

* have been abundant (there were many of them)
* be easy to identify.

Index fossils allow rock layers in different locations

to be compared and dated. Comparing layers like
this is called stratigraphy.



Using stratigraphy

Deeper rock layers are usually older than shallower
ones. Index fossils within the rock layers can be used
to determine the relative ages of the fossils and the
rock layers they appear in.

In Figure 2.2.1, layers A3, B1 and Cb contain the same
long shell-like fossil species. Hence, these layers are
the same age.

Locality C has four layers above C5. This implies
these four layers are younger than Cb, with C1 being
the youngest.

The same round, shell-like fossil is in Ab and B4.
Hence, these layers are the same age.

Locality B has one layer below B4, implying that
B5 is older than B4 and A5 (which contains the
same species).

Hence, the oldest rock layer is Bb and the youngest

is C1.
Locality A Locality B Locality C
! ' = i /é
2 2 2
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Rock layers can be compared in different
places by using index fossils.

Examples of index fossils

There are many types of index fossil. Two animal groups

that make good index fossils are trilobites and ammonites.
Trilobites are now extinct, but are classified as arthropods
because of their external skeleton and jointed limbs. This
places them in the same phylum as current-day insects, crabs
and spiders. A reconstruction of what trilobites were like is
shown in Figure 2.2.2.

Not all structures are preserved in every trilobite fossil. The
legs and antennae are often not preserved because they were
so delicate. Many trilobite fossils do not seem to have any legs
or antennae because of this.

Three lobes
Trilobites have two furrows that run along their

bodies from head to tail. This makes them look as
though they were made from three lobes, so the
words tri and lobe were combined to name them.

Trilobite eyes
Scientists have discovered that trilobites were

the first organisms to have complex eyes.
X-ray images of these eyes show that they had
a special type of lens to help them focus.

antennae

segmented leg

posterior
appendage

Bottom view

antennae

Top view

posterior
appendage

Trilobites are useful index fossils.

Trilobites as index fossils

Figure 2.2.3 on page 50 shows the order in which different
trilobites lived. It was constructed by studying many different
rock strata around the world. These same trilobites kept
occurring in the same order, with Ceraurus and Isotelus
consistently lowest (and therefore oldest) in the rock strata.
Hence, rocks with Ceraurus in them can be considered to be
older than rocks with Dalmanites in them.
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Geologists have given each of the layers names, such as
Silurian and Devonian.

Dalmanites and Calymene occur in rocks in New South Wales
and Victoria, which were covered by an ancient sea at the time
when the trilobites were fossilised. The trilobites on page 48
belong to these species. Geologists finding rocks with these
trilobites in them would then classify the rocks as being the
same age. They would classify the rocks as Silurian.

System
299 million years ago
e ~—_ youngest
Pennsylvanian
Ditomo,
pyge 318
Mississippian Brachmetopus
359
.
Devonian g
N
8
g
' Phacops Odontocephalus
= 416
L . -
Silurian z I S
=3 S
Dalmanites Calymene
443
Ordovician
oldest
Isotelus Ceraurus
488
Cambrian

Trilobites are good index fossils because they were
relatively common, widespread and different species
existed at different times.
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Naming rock layers

The names of the rock layers came from
the places where the fossils were first
discovered. Devonian, for example, is

named after a part of England called
Devonshire. The Silurian is named after
an ancient Welsh tribe called the Silures,
because the rock strata were found in
Wales, now part of the United Kingdom.

Fluorine analysis

Fluorine dating is another relative dating method. It compares
the amounts of fluorine in different bones found in the same
rock. Bones absorb fluorine from the water in the surrounding
rock. This happens at a slow rate and depends on how much
fluorine is in the water surrounding the bone. The technique
was used to show that the famous Piltdown Man skull was a
forgery (Figure 2.2.4). The Piltdown Man consisted of bone
fragments collected in 1912 from a gravel pit at Piltdown,
England. The palaeontologists who discovered them claimed
that the bones were the fossilised remains of an early human.
Others were sceptical. In 1953, fluorine analysis proved that
the bones came from different layers of the rock, and therefore
could not be part of the same animal.

Fluorine analysis proved Piltdown Man to be a forgery.
These bones came from three different animals. No one
knows for certain who was responsible for the hoax.



Absolute dating

Dating methods that give the actual age of rocks and fossils are
called absolute dating methods. There are many methods of
absolute dating, including radioactive dating and tree rings.

Radioactive dating

Radioactive dating is a method that uses the natural rate of
decay (breakdown) of radioactive isotopes. The process is
shown in Figure 2.2.5. Isotopes are atoms of an element that
have different numbers of neutrons and so have different
atomic masses. For example, the element carbon exists as
three isotopes, each with six protons but a different number of
neutrons. Almost all carbon is carbon-12, with a small amount
being carbon-13 and even less being carbon-14. Carbon-14 is
radioactive, but carbon-12 and carbon-13 are not. Likewise,
naturally occurring potassium is made up of potassium-39
(93%), potassium-40 (0.012%) and the rest potassium-41.

Potassium-40 is radioactive, but the other two isotopes are not.

small particle
° (radiation)

parent atom splits

daughter atom
(new element)

Radioactive elements break down to form
new elements and release radiation.

1 |—

B
A

Amount of “°K parent remaining
nN

Radioactive elements decay at a known rate and release particles
that form radiation. This radiation can be detected by equipment
such as Geiger counters. The elements that decay turn into new
elements, the amount of which can then be measured.

This decay allows scientists to estimate how long ago the rock
was laid down. There are many elements that can be used,
depending on the type of fossil and the type of rock. Radioactive
potassium-40 is found mainly in rocks containing volcanic ash.
Potassium-40 decays into argon, which can be measured. By
measuring how much argon has been formed in the rock and
how much potassium-40 is left, you can calculate an age for the
rock. This can be done by using a graph called a decay curve.
You can see the potassium-argon decay curve in Figure 2.2.6.

From a decay curve, you can estimate the element’s half-life.
The half-life is the time it takes for half of a radioactive sample
to decay. For example, the half-life of potassium-40

is 1251 millionyears. Carbon-14 has a much shorter
half-life of 5730years, so carbon-14 radioactivity (
disappears much more quickly from a fossil than \ - /]
potassium-40. &

Carbon dating uses the decay of carbon-14 to determine the
age of organic matter. Organic matter is made of chemicals
that contain a very small amount of radioactive carbon-14.

A fossil may still retain some of the original chemicals from its
body tissue and so the amount of carbon-14 remaining can be
used to measure the age of the fossil. Carbon dating is useful
as far back to less

than 40000 years. However, beyond that, the

method is not reliable as the amount of carbon-14

remaining is too small to measure.

WORKED EXAMPLE

Problem

If the potassium to argon ratio in a sample of rock
containing a fossil was 0.8, how old is the fossil?

Solution

Using the graph in Figure 2.2.6, run a horizontal line across
from 0.8 on the vertical axis. Where it meets the plotted
line of the graph (the green line), draw a vertical line down
to the horizontal axis. This gives an answer somewhere
between 400 and 450 million years.

The potassium-argon decay curve:

4K — “0Ar + radiation. Each half-life is equivalent to
1251 million years. After three half-lives (373 million
years), one-eighth of the original K is left. After
four half-lives (5004 million years) 11—6 is left.

Number of half-lives

4 5
5004 Million years
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Tree rings

A useful method of absolute dating for wood is tree
ring dating. This method can give a date to several
thousand years ago. Tree ring dating involves
counting growth rings in the woody trunks
of trees. Many woody trees grow by adding
layers on the outside of the stem each
year. This leaves a line in the wood that
is easy to see. Tree rings (like those

in Figure 2.2.7) are visible whenever
you cut down a tree or cut off a
branch or if you drill through the tree
to form a cross-section of the piece
of wood.

In this way, the growth rings in
pieces of old or fossilised wood
can be compared with a standard
scale of growth rings. The standard
scale is constructed by analysing
many different trees in a particular
region and devising a pattern to show the
growth rings. The process is shown in
Figure 2.2.8. This method can only be used

by comparing wood with trees from the

same climatic region, because the climate
affects how trees grow. For example, a piece of
wood from Australia cannot be dated by using
tree growth rings from another country. You could
not even compare a piece of wood from Victoria with
one from the Northern Territory because they have
different climates and so different growth rates.

Growth rings in the trunk of a tree.
A new ring is laid down each year.

Tree rings

1960 1980 2000

newly cut tree

beam from
a house

beam from
an older house

Growth rings are compared to find an age. By starting with a piece of

wood of known age, similar spaced rings in different samples of wood
can be matched and overlapped. In this way, a continuous record can
be produced that extends back many thousands of years.

Figure
2.2.8
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Remembering

1
2
3

List two types of relative dating.
Name two animal groups commonly used as index fossils.

List three characteristics a fossil must have to be useful as
an index fossil.

List two types of absolute dating.

5 State the meaning of half-life in radioactive decay.

Understanding

6

10

Define the terms:

a relative dating
b stratigraphy

c absolute dating.

Explain why fossils in the lower layers of rock are usually
older than ones in higher layers.

Outline how trilobite fossils could be used to compare the
relative ages of two rock layers from different countries.

Explain how fluorine analysis is useful in relative dating.

Explain how radioactive isotopes can be used to date the
age of arock.

Applying

11

12

Use Figure 2.2.3 on page 50 to identify two trilobites which
lived towards the end of trilobite history.

Figure 2.2.9 shows a trilobite called Ptychagnostus atavus.

This is one of the earliest trilobites yet discovered. It

was only a few millimetres long and was blind because

it had no eyes. Scientists have concluded that it lived

in the depths of the ocean. Fossils of this species have

been found in Australia, Vietnam, China, Korea, Russia,

Scandinavia, Great Britain, Greenland, Canada and the

US. Dating by stratigraphy placed the first appearance of

this species to 506 million years ago. In 2005, scientists

agreed to make this trilobite an index fossil for this time in

the Earth’s history. The species was shown to only occur in

strata from 500-506 million years ago.

a Use Figure 2.2.3 on page 50 to identify the name of the
time period in which this species lived.

b Identify two trilobite species that appeared in the
fossil record not long after this species.

¢ List the rules for index fossils and demonstrate how
they apply to this trilobite species.

Ptychagnostus atavus

Analysing

13 At Emu Bay on Kangaroo Island, South Australia, is a
world-famous well-preserved Early Cambrian fossil
site. One species called Anomelocaris is identical to
those found at the Burgess Shale and Chengjiang in
China. Several trilobites found at Emu Bay also occur at
Chengjiang. However, Emu Bay also has some unique
trilobites that have not been found anywhere else. They
are called Emuella and are shown in Figure 2.2.10.

Figure
2.2.10

Emuella polymera
fossil

a Analyse the information here and discuss how Emu
Bay could be dated.

b Critically analyse the information and comment on
whether Emuella could be used as an index fossil.




14 Compare tree ring dating and radioactive dating as
possible methods for wood preserved as a:
a carbon film fossil
b replacement fossil.

Evaluating

Location x Location y Location z

4

=
A
7z

15 a Deduce the strata that are of the same age in
Figure 2.2.11.
b  Explain how you decided this.
¢ Deduce the layers in order from the oldest to the
youngest.

16 Justify why trilobites are suitable as index fossils and birds

and humans are not.

17 Propose a suitable method of dating for each of the
following situations.

a Showing that two bones were not from the same cave

b  Proving a piece of wood was about 30000 years old
¢ Dating a wooden box found in an Egyptian tomb
d

Dating a primitive looking stone tool found in a rock

layer near an extinct volcano

e Showing that the skeletons of two suspected murder

victims buried in the same place had been there for
different amounts of time

f  Comparing two rock layers from different countries
that cannot be radioactively dated but which
contained fossils such as trilobites and ammonites

PEARSON

18 Propose reasons why all trilobite fossils would not look
like Figure 2.2.2 on page 49.

19 Propose why tree rings may not be able to be used to date
wood found in an ancient sunken ship.

Creating

20 Artefacts are objects made by humans, such as stone tools,

ceramic containers and paintings. Index artefacts have
been identified and are regularly used to determine the
age of human remains. For example, stone tool cultures
such as Mousterian and Acheulian are used for indexing.
a Identify what you think could be used as an index
artefact for the 21st century. Imagine that many
thousands of years into the future another civilisation
will look back at us and use the artefact to place our
time on a scale compared with earlier centuries. Your

index artefact needs to have the same requirements as

index fossils.
b  Construct an argument for your artefact as an index
artefact for the 21st century.

Inquiring

1 Research the ammonites as a group of animals. Describe
what they looked like and explain how they are useful as
index fossils.

2 There is a primitive crablike creature alive today called

a horseshoe crab. Find images of the crabs and compare
them with trilobites. Research any features these groups

share and discuss whether palaeontologists think trilobites

may be related to the horseshoe crab.

3 Pollen can be a good index fossil. Petroleum geologists use
it to find new oil and gas. Research and explain how they
do this.

4 Design a way of determining the age of a twig
or a small branch from a tree. 2




5 9 Practical activities

Q Radioactive decay

Purpose 2 Collect results from the whole class and obtain a class
To simulate radioactive decay and draw a decay curve. average for the table.
3 Use the class results to construct a line graph with
Time number (0, 1 etc.) on the horizontal axis and
Per cent undecayed on the vertical axis (from 0 to 100).

Materials

e 100 counters or similar with one side marked
e container to shake up counters o ]
Your graph should be similar to Figure 2.2.12.
e graph paper

Decay of radioisotopes

Procedure 120~
1 Shake up your 100 counters in your container so that
they are thoroughly mixed. Tip the counters onto the 1004
bench. Spread them out so that none is being covered 5 804
by another. %
2 The counters that have their marked face showing are é 60-
decayed atoms. Put these in a pile on a piece of paper 5
labelled ‘Time 1. On your piece of paper write the R 407
number of decayed atoms and the number of undecayed 20
atoms. Because there are 100 counters, this figure will be
a percentage. 0 T T T T T ? * 1
0 1 2 3 4 5 6 7 8
3 Leave the decayed atoms on the paper until the end of Time
the experiment. Return the remaining counters (the
undecayed atoms) to your container and shake them
thoroughly again. Repeat step 2 but put this pile of
counters on a different sheet of paper labelled ‘Time 2.
Again record how many decayed and undecayed atoms . .
Discussion

there are on the paper.
. 1 In this experiment, identify what represents a decayed
4 Repeat these steps until all atoms are decayed. P fy p iy

atom.
Results 2 a Describe the shape of your graph.

1 Copy and complete the following table by writing in b  Compare its shape with Figure 2.2.6 (page 51).
your results from the record shee‘Es. The fi'rst two entries 3 Use the graph to estimate how many throws it took for
should be 0 and 100. Your table will start like the one half (50%) of your atoms to decay. This is the half-life of
shown here, but have many more rows. your radioactive source.

Time % Undecayed 4 The half-life in this experiment should have been one

unit of time (i.e. 1 throw), because every counter had a

¢ 100 50% chance of decaying. So half of the counters should
1 have decayed. Compare your estimate from the graph
2 with what was expected.

5 Propose how you could make this experiment more
accurate.
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Creating a time scale

Palaeontologists have constructed a time scale showing the
sequence in which all the different fossil species are found in
strata throughout the world. This time scale of past life and
geology is called the geological time scale. By constructing it,
scientists have tracked the history of life on Earth.

The geological time scale was constructed by combining
relative and absolute dates.

PEARSON science 10

Relative dates: Stratigraphy and the index fossils of many
different plants and animals (including the trilobites) were
used to first construct a continuous sequence of rock strata
back into the past. The particular time span covered by each
set of index fossils was referred to as a geological period.
Each period was given a name that referred to the place
where that group of fossils was originally discovered.

¢ Absolute dates: the development of techniques such as

radioactive carbon dating allowed palaeontologists for the
first time to calculate the actual age of each index fossil and
the rocks they were found in. These dates were added to the
sequence of geological periods. The periods were further
organised into sets based on major events such as dramatic
changes in climate, which tied them together. The sets were
referred to as eons, eras and periods.



The combined information from both dating methods became
the geological time scale. You can see a simplified version of it
in Figure 2.3.1. The scale starts at the bottom, which represents
the formation of planet Earth itself 4.5 billion years ago.

Geological era

The Jurassic
The name Jurassic refers to the Jura

mountains in Europe, where the fossils of
the period were first named and described.

Cenozoic ; Quaternary Holocene (current) Some mammals disappear. Modern humans. 0.015
? periods Warmer climate
Pleistocene Ice ages. Large mammals. Primitive humans 2
Tertiary Pliocene Life as we know it develops—birds and 5
periods Miocene mammals increase 23
Oligocene Huge reptiles disappear 36
Eocene Flowering trees and shrubs replace giant ferns 53
! Paleocene and mosses 65
Dinosaurs become extinct
Mesozoic Secondary Cretaceous Flowering plants 145-65
Jurassic Reptiles dominate—dinosaurs. First 200-145
birds and mammals. Widespread lowlands
Triassic Vertebrates replace invertebrates 251-200
Reptiles increase in number
Palaeozoic Primary Permian Many plants and ferns 299-251
periods Dinosaurs evolve
Carboniferous Tropical coal swamps formed 359-299
Giant insects dominate
First reptiles
Devonian Vertebrates colonise the land. First insects 416-359
Development of amphibians
Land supports large tree plants
Silurian Primitive animal life 443-416
First land plants
Ordovician Sea invertebrates (starfish, coral) 488-443
Primitive fish
Cambrian First abundant fossils—trilobites, 542-488
molluscs, sponges
Precambrian Many periods here 630 mya Ediacaran fauna—worms and jellyfish 2500-542
’“. * Lﬂ Life develops: stromatolites and blue-green bacteria | 3600-2500
Formation of crust. No life 4500-3600

The geological time scale is divided into eras and
periods based on the types of fossils found.
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The earliest organisms

The geological time scale shows that there was a time in the
Earth’s history for which there are no fossils. This may be
partly due to the difficulty of fossilising tiny, delicate creatures
but it is more likely that it indicates that no life existed at all at
that time.

Despite a lack of fossil evidence, palaeontologists have
concluded that the very first forms of life on Earth would have
been single-celled organisms like bacteria.

All the oldest fossils found have been from the oceans, leading
scientists to believe that life began there. The most ancient
organisms for which there are fossil records were a type of
bacteria called cyanobacteria (blue-green bacteria). They lived
in the shallow waters of early seas, where they appear to have
formed structures called stromatolites. These are circular
rocky structures which grow as columns. Some are shown in
Figure 2.3.2. These structures are found mainly in Western
Australia, the most ancient preserved ones coming from the
Kimberley region. Scientists have found living structures similar
to stromatolites in several places in Western Australia at Shark
Bay, Bunbury and Lancelin. These ‘living relatives” have helped
palaeontologists understand how the early stromatolites may
have formed. These significant locations are recognised as
world heritage sites.

Living stromatolites at Shark Bay. Stromatolites are some
of the most primitive life forms ever to exist on Earth.

One study in 2006 claimed that the fossil stromatolites from
the Kimberley are the most ancient life form discovered

so far. The rocks are over 3400 million years old. You can

see a cutaway section of a stromatolite in Figure 2.3.3.
Palaeontologists have concluded that the black carbon layers
are carbon film fossils of the bacteria that formed the layers.

The next major event on the geological time scale is the
Ediacaran, followed by the appearance of the more complex
Cambrian life forms such as the Burgess Shale communities.
The Cambrian period and Burgess Shale were discussed in
Unit 2.2.
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Carbon film fossils
of cyanobacteria

A cutaway section through a stromatolite

Vertebrate fossil history

Vertebrates are animals with a bony inner skeleton and
include fish, amphibians, reptiles, birds and mammals.
The earliest known vertebrate ancestors are primitive
fish from the Cambrian era dated at about (’/
525 million years. These were found at the \
Chengjian fossil site in China.

)
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Moving from water to land

The first land plants such as Cooksonia appeared in the fossil
record in the Silurian period, about 416 million years ago. This
was an extremely important event because it allowed life to
spread from the sea to the land. The fossil record shows that
animals such as insects and vertebrates followed soon after
these first land plants.

Many fish belonging to a group called the lobe-finned fish
have been discovered from the Devonian period about
400millionyears ago. Tiktaalik is one example. Lobe-finned
fish had bones in their fins similar to land animals. One
example is Eusthenopteron, (shown in Figure 2.3.4). The
current view is that some of these fish may have been able to
pull themselves up onto land with their fins at least for a brief
time. These fish probably had a lung, much like the modern-
day lungfish. They are likely to have lived in shallow water
in estuaries or rivers. Palaeontologists are fairly sure that the
lobe-finned fish are the ancestors of the group of life forms
that finally made the move to land.

Coelacanths and lungfish

Not all lobe-finned fish lived in the shallows of
rivers or estuaries. Two different species of
lobe-finned fish of the group called
coelacanths exist today. One lives in undersea

caves off the Comoro Islands off Africa and the
other is from Indonesia. This indicates that not
all the lobe-finned fish moved onto the land.
Lungfish are also lobe-finned fish and there are
some species alive today. One species lives in
the Mary River in Queensland.
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Extinct

Eusthenopteron el

Dinosaurs dominated the Earth in the Mesozoic era.

Birds

Bird-like animals appear in the Jurassic period around

200 millionyears ago. The oldest true birds date from about

110 million years ago. Birds shared many features with a small
group of dinosaurs called theropods. These similarities have led
most scientists to believe that birds probably developed from the
dinosaurs. There are several different early bird-like creatures,
which are like dinosaurs with feathers.

An extinct lobe-finned fish called Eusthenopteron.

Lobe-finned fish are important because some of One early example was Archaeopteryx (which means ‘ancient

them probably represent ancestors of organisms wing’), an amazing organism known from eleven fossils found
such as lungfish. in Germany. As Figure 2.3.7 shows, Archaeopteryx had feathers
and a wishbone in the chest. Both these features are important
Land vertebrates for flight in modern birds.

The first land vertebrates in the fossil record were amphibian
ancestors something like Ichthyostega shown in Figure 2.3.5.
These early amphibians were the first of the group called
tetrapods (meaning they have four limbs). Living tetrapods are
now are classified as amphibians, reptiles, birds and mammals.
Palaeontologists are searching for more fossils to

fill in gaps in the fossil record to increase their

understanding of how the change from land &a‘/

to water may have occurred.

Ichthyostega was an early amphibian-like animal.

The fossil record shows reptiles appearing after the amphibians
at around 315millionyears ago in the Carboniferous period.
The reptiles became the dominant animal group in the fossil
record through the Triassic, Jurassic and Cretaceous periods

of the Mesozoic era. This is when dinosaurs (Figure 2.3.6)
appear and they were the dominant animal group from about This Archaeopteryx fossil shows the imprint of feathers.

250 million years ago until about 65 million years ago.
Geological time 59




Figure 2.3.8 shows how similar Archaeopteryx was to a modern bird.
However, Archaeopteryx had teeth, a long tail of bones and fingers
at the tip of its front limbs. So this creature had features of both
reptiles and birds. It probably could not fly as a modern bird can.
Archaeopteryx is currently classified as the oldest known bird.

There are many more ancient bird fossils being found
in China. These are much more like modern birds
than Archaeopteryx, and yet they also clearly have
some dinosaur-like features as well.

pigeon

The earliest mammal-like fossils appeared in the Triassic period
190 million years ago. Hadrocodium is the oldest true mammal
yet discovered. It is closely related to living mammals.

Humans

Humans belong to the order of mammals called primates. Other
members of this group are apes, monkeys and gibbons. The oldest
known primate fossils date to about 60 million years ago. The earliest
members of the human sub-tribe date to about 4 millionyears ago
from Africa. These are ape-like creatures called Australopithecines
(which means ‘southern ape’). There are many other similar
creatures found in the fossil record from around this time, one of
which may well be our ancestor. The oldest known fossils of our
species, Homo sapiens, date to over 130000years ago in Africa.
Figure 2.3.9 compares the skulls of some primates.

& .‘_..
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Archaeopteryx

Figure \ Archaeopteryx skeleton
compared with a modern bird

=

Some fossil primate skulls, including members of
the human family. The abbreviation mya stands
for ‘millions of years ago’.

Adapis (early Australopithecus Homo ergaster (2.5-1.7 mya) Homo sapiens
lemur 50 mya) africanus (2.9-2 mya) (22000 years old)

Proconsul - Homo sapiens (modern
(early monkey/ape 23-15 mya) Homo habilis (2.4-1.4 mya) human, 92000 years old)
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TV shows often

reconstruct what
dinosaurs might
have looked like.

SCIENCE AS A

“HUMAN

" ENDEAVOUR

Nature and development of science

Reconstructing dinosaurs

Palaeontologists use evidence to reconstruct the appearance of organisms. TV
documentaries often show how dinosaurs moved, what they ate, how they raised
their young, who ate who and if they were ‘warm blooded’ or not. Some critics
suggest that these representations are just made up. However, there is evidence
to support much of what is portrayed about dinosaurs.

Appearance

The techniques used to reconstruct a dinosaur are
similar to those used in forensic science. The dinosaur’s
appearance can be predicted from its skeletal structure.

One problem in reconstruction is missing bones. This
can sometimes be overcome if there is a similar bone
on the other side of a skeleton. For example, a missing
legbone such as a femur can be copied from the other
leg. Another technique is to study living species that are
related to the specimen and use their bones as a guide.
Anatomists can relate bone size to body mass using
well-known research data. For example, bones become
larger and stronger as body size increases.

When as much as possible of the skeleton is present, it
is arranged in a posture suggested by the bones. Then
the bones are carefully studied for marks left by muscle
attachment. This can indicate how large the muscles
were and where they were positioned. This is shown in
Figure 2.3.11. The muscle bulk of living relatives can also
be used as a guide.

Skin is then placed on the muscle masses and a texture
and colour pattern given to it, or the fur or feathers that
covered it are reproduced. That is done by studying the
colour patterns of the nearest living relatives. The skin
covering is known for some dinosaurs. A few dinosaurs
had feathers, and some were slightly furry. Fossil moulds
indicate that some dinosaurs had leathery skin.

Constructing dinosaurs using clues from the
skeleton to work out muscle size and position
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This dinosaur baby had just hatched out
of the egg when it died and was fossilised.

Reproduction

Dinosaurs laid eggs. Scientists know this because many
eggs and nests have been found. Intact eggs can be
studied with X-rays. There are some examples of eggs
just hatching. You can see one in Figure 2.3.12. Some
fossils even show parents guarding nests.

Movement

Estimates of how fast dinosaurs could move are based
partly on their fossilised footprints (Figure 2.3.13). They
are also based on computer simulations. By measuring
the distance between footprints and comparing this
with body size, scientists can estimate the dinosaur’s
running speed.

The distance between
dinosaur footprints
enables an estimate of
their running speed.

Body temperature

There is disagreement on whether dinosaurs were able
to control their body temperature like mammals and
birds can. Some dinosaurs (most likely the small, fast-
moving ones or large predators) may have been warm
blooded. Fossilised bone structure is inconclusive

at present, although the bone does look more like
warm-blooded birds and mammals than reptiles. More
research needs to be done in this area before we will
know for certain.

Social behaviour

Dinosaur tracks are a good guide that many dinosaurs
lived in groups. There are some very good fossil sites
that show a herd of dinosaurs’ footprints.

Diet

Teeth are a good guide to diet. Carnivores have many
sharp teeth, whereas herbivores generally have flatter
teeth to grind plant material. So scientists are fairly
sure what type of food each dinosaur ate. Another
guide to diet is the fossilised dung of dinosaurs, which
is known as coprolites. These showed that herbivorous
dinosaurs mainly ate plants called gymnosperms. The

carnivorous dinosaurs often ate
each other, according to fossil
sites showing dinosaurs that died
in a battle with each other.

(=)




Remembering

1 State the term that means ‘the time scale of life and
geology in the past.
2 State what geological eras are divided into.

3 State two possible reasons why the early part of the
geological time scale does not show any living organisms.

4 List the sequence and time of appearance in the fossil
record for the current classes of vertebrates.

Understanding
5 Explain how the geological time scale was constructed
6 Define the term stromatolite.

7 Explain why stromatolites are important in the history
of life

8 Explain why lobe-finned fish are important in the history
of life.

9 Explain why scientists think some dinosaurs and birds
are related.

Applying
10 Archaeopteryx would not be a useful index fossil.
Demonstrate why:.

Analysing

11 Use Figure 2.3.8 on page 60 to compare the skeletons of
Archaeopteryx and modern birds, listing their similarities
and differences.

Evaluating

12 Propose why plants would need to spread to the land first
before animals could live on land.

13 Some major differences between amphibians and reptiles
are their method of respiration, how the young are born
and what the body is covered with.

Amphibians are thought to be the ancestors of reptiles.
Use the table below to propose why reptiles were

successful in moving into a wide range of habitats on land.

Feature | Amphibian

Respiration

Creating
14

Construct a notice to be posted at the Shark Bay
stromatolite site detailing reasons why tourists should
protect the area.

In a group, construct a timeline for geological time

on A3 paper or butcher’s paper. Use a scale of 1 mm to

1 millionyears. Make the paper at least A4 width (about
30cm) and at least 9 A3 pages long (about 3.7 metres).

On your timeline add the names of the geological eras

and periods. Write the major fossil groups for each era or
period and highlight important events such as life on land.
Add diagrams or drawings of some of the major fossils.

Inquiring

1

Live in water as young and breathe by gills.
Develop lungs as adults and breathe air

Research the living coelacanths and lungfish and explain
why they are so important.

Research the latest finds of fossil birds and bird-like
dinosaurs in China, describing the fossils and what they
tell us about the origin of birds.

Research the primitive fish from the Cambrian era dated at
about 525 million years ago, which have been found at the
Chinese fossil site called Chengjian. Explain why they are
considered important fossils.

Research three theories about the extinction of the
dinosaurs. Rate which one you think is most likely to
be true.

Imagine you found some moulds of footprints of a bipedal
dinosaur in mudstone. They are about the size of a human
footprint. The tracks go for 50 metres. Design a .
method you could use to determine its speed.

Check your method with your teacher and run 2
your experiment if you get their approval.

‘ Reptile

Live on land and breathe by lungs

How young are born

Eggs with thin membrane easily dehydrated.
Laid in water and hatch into water

Eggs with waterproof flexible membrane.
Hatch in air

Body covering Thin moist skin

Thick leathery scaly waterproof skin
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activities

QVertebrate skeletons

Purpose
To compare different vertebrate skeletons.

Materials
e skeletons of human, cat, bird, frog, bony fish and lizard

o [factual skeletons are not available, then there are
excellent images on the internet.

Procedure

1 Copy Tables 1 and 2 shown in the Results section into
your notes.

2 Carefully observe each specimen and complete Table 1
by placing a tick in the table if the feature is present.

3 Use Table 1 to complete Table 2 in your notes. You can
observe the animals again if necessary. Record the
animals that are most alike and least alike for each of
the features.

Results

Table 1 Vertebrate skeletons

Vertebral
column

Discussion

1

Front limbs

Using Table 2, deduce which two animal skeletons seem
to be most alike, and which two are least alike.

Fish live in the ocean and the rest of these animals live
on land. Look very carefully again at the specimens and
note how the fins and limbs are attached to the rest of
the skeleton. Propose how the large differences in these
parts of the skeletons are related to the environment in
which these creatures live.

Most of these animals have remarkably similar skeletons.
They have many bones that are in the same places and
doing the same jobs. Describe some examples of this.

Propose why these animals have skeletons which are
so similar.

If fossil bones from the limbs of these creatures were
discovered, then discuss whether you think you could
easily identify which of these creatures the bones
belonged to.

The fish fins were very different from the frog limbs.
Discuss whether there is any evidence of fish fins having
bones in them as land animals do.

Rear limb
girdle

Front limb

Rear limbs girdle

\ Skull

Human

Cat

Bird

Frog

Bony fish

Lizard

Table 2 Comparing vertebrate skeletons

Feature
Skull

| Most alike

l Least alike

Vertebral column

Ribs

Front limbs

Rear limbs

Front limb girdle

Rear limb girdle

PEARSON
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List the sequence of appearance for the vertebrate groups
in the geological time scale.

Name a major event from the geological record for each of
the following.

a Ediacaran b Cambrian

¢ Devonian d Permian

e Triassic f  Jurassic

g Cretaceous h Pleistocene

Define the following terms.
a fossil

b index fossil

¢ radioactive dating

d geological time scale

Describe five different types of fossils and how they form.
Explain why the fossil record is incomplete.

Describe how the age of a fossil or rock can be
determined.

Explain how the geological time scale was constructed
using absolute and relative dating methods.

Describe how a replacement fossil of a trilobite may form.

Outline how you could reconstruct the appearance of
a dinosaur from a fossilised skeleton, but with half the
bones missing.

Modify the following statements to make them correct.

a Only a preserved body part can be considered a fossil.

b Palaeontologists cannot interpret fossils to determine
the appearance of an organism.

¢ There is no way to tell how long ago a particular fossil
was formed.

d All species lived at all times throughout the history of
the Earth.

e All species were equally distributed over the Earth in
the past.

f  The fossil record would be complete if all the
sedimentary rocks with the fossils could be exposed.

g Palaeontologists should stop looking for fossils
because they already know the history of life on Earth.

h The geological time scale will not change as new
fossils are discovered.

11

12

13

14
15

16

17

18

Some scientists have estimated that only 25% of the
dinosaurs that existed have been discovered as fossils. Use
your knowledge of fossils to explain why we will never find
examples of all the dinosaurs.

Use the decay curve for potassium to argon in Figure 2.2.6
on page 51 to calculate the age of a fossil that had
one-tenth of its potassium-40 remaining.

Birds and bats that fly over swamps can sometimes be
exposed to poisonous gases. Analyse how this may affect
their chances of being fossilised.

Compare relative and absolute dating.

Contrast a fossil mould and a cast.

Scientists have extensive knowledge of trilobites,
ammonites, molluscs, coral and fish, but know very little
of ancient marine worms, earthworms, bats and desert
plants. Propose reasons why.

a Refer to Figure 2.3.1 on page 57 and assess which are
the ten most important events in the history of life on
Earth.

b  Justify your choice.

Use the following ten key terms to construct a visual
summary of the information presented in this chapter.
fossil

preserving environments
fossil record

absolute dating

relative dating

index fossil

stratigraphy

geological time scale
vertebrate history
dinosaurs

g
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Thinking scientifically

Q1 In which of the following environments are soft-bodied Which layer found in location B appears to be missing
animals least likely to form fossils? from location D when it would have been expected to
be found at D?
A In a peat swamp
) A B1
B In arain forest
i B B2
C In the ice of the tundra C B3
D In dry deserts which have strong winds and dust D B4

storms
Questions 2 to 5 are based on the following diagram Q5 Which is the youngest layer in the four sites?
showing ten strata in three different locations, A, B and C. A A1
The strata are numbered. B B4

C Ct
D D1

The following information applies to questions 6 and 7.

The half-life for a radioactive substance is the time it takes
for half of the original radioactive material to break down.
The half-life for dating using carbon-14 is 5730 years.
Carbon-14 decays to form nitrogen-14. For the decay of
potassium-40 to argon, the half life is 1251 million years.
Fossil birds date from about 150 million years ago. House
roof beams are usually no older than a few hundred years
even if the timber is recycled.

Q2 Which of the following strata are the same age?

A Al1,B1,C1 B A3,B4,C3 Q6 Which of the following is a correct deduction using the
C A1,B4,C2 D A2 B3.C3 above information?

A Potassium-40 decays faster than carbon-14.

@3 Which is the oldest layer of the ten strata? B Potassium-40 could not be used to date rocks

A A3 B B4 older than 500 million years.
C C3 D Bf C Carbon-14 could not be used to find the age of the
oldest fossil bird discovered.
Q4 At location D, the following strata and fossils were D Carbon-14 would not be useful to date wooden
discovered. beams from a house.
D Q7 How many years would it take before a 1 gram sample

of carbon-14 decayed to a mass of less than 0.1 gram?

A less than 11460 years

-~
B between 11460 and 17190 years

2 ‘ C between 17190 and 22920 years
D more than 22920 years

66 PEARSON science 10




Unit 2.1

Carbon film fossil: when the
dead body partially decays and
leaves a thin black deposit of
carbon

Cast: when an organism in rock
decomposes and the space
in the rock fills with soil that
turns to rock

Ediacaran: time period on the
geological time scale when
complex life forms were
developing

Fossil record: a list showing the
classification of all the species
that have been found as fossils

Fossils: the preserved evidence
in rocks or soils of organisms
that were once alive

Indirect fossils: preserved
remains of things such as
imprints of the body (such as
footprints), fossilised dung
and burrows

Fossils

Mould: an imprint of the outside of the body in rock

Original fossils: when a part of the organism such as a
skeleton is preserved and remains in its original form

Palaeontologist: scientist who
studies prehistoric life

Palaeontology: the study
of prehistoric life

Petrified: when wood is replaced
by minerals and fossilised

Replacement fossil: when a part &
of the organism is changed into
another mineral

Unit 2.2

Absolute dating: a way of determining the actual age of rocks
and fossils

Fluorine dating: finding a relative age
for two bones from the same area by
comparing the amount of fluorine
in them

Hadrocodium: the oldest true
mammal yet discovered

Half-life: the time it takes for half of a
radioactive sample to decay

Index fossil: fossil that can be used
to compare the relative age of rock
strata in different locations

Isotope: different forms of the same
element with different numbers of

neutrons, and so different atomic
Organic matter: chemicals such as

masses
proteins that were made by a living

>
-
thing @ &

Relative dating: ing th
elative dating: comparing the age Stratigraphy
\

of one fossil or rock against another
to see if one is older or younger e
than the other

Strata: layers of sedimentary rock

Stratigraphy: comparing strata in
different locations to determine
their relative ages

Tree ring dating: counting growth
rings in the woody trunks of
trees to find their age

.
Unit 2.3

Archaeopteryx: bird-like dinosaur that had feathers

Coelacanths: ancient group of fish related to the lobe-finned
fish ancestors of the amphibians

Geological time scale: a scale showing the history of life and
geology

Ichthyostega: early amphibians which were the first of the
group called tetrapods

Lobe-finned fish: fish with bones in their fins similar to land
animals

Lundfish: relatives of the lobe-finned fish that made the move
from sea to land

Primates: order of mammals to which humans belong

Stromatolite:
circular rocky
structures thought
to be the earliest
evidence of living
organisms called the
cyanobacteria

Tetrapods: land
animals with
four limbs. Living
tetrapods are
now classified as
amphibians, reptiles,
birds and mammals

Theropods: a dinosaur
group closely related
to birds and from
which birds probably
developed

Stromatolite

Tetrapod
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Natural selection
and evolution

HAVE YOU EVER
WONDERED

where humans or dinosaurs
came from?

¢ if humans have always looked
like we do?

=

¢ how organisms became e
adapted to their environment? ([

¢ why your skeleton is so - .
similar to an ape’s? .\% '
e why early fossils are simple &

organisms and later ones
are more complex? /

7 | P
‘n\ l \" - ‘ g

After completing this chapter students should be able to:

s

outline the processes involved in natural selection, including variation, isolation and selection

describe biodiversity as a function of evolution

investigate changes caused by natural selection in a particular population as a result of
specified selection pressure

describe the relationship between genetic characteristics and survival and reproductive rates

evaluate and interpret evidence for evolution, including the fossil record, chemical and
anatomical similarities and geographical distribution.




Changes over generations

The discovery of dinosaur fossils thrilled the public of the 1800s and museums
would display the latest wonders for people to view. Scientists tried to explain where
such organisms had come from. Their early studies of fossils, the anatomy of living
organisms and the breeding of plants and animals led to the revolutionary view that
a species can change over many generations.

F oS si Is an d evo I uti on FDossils.of the l.obe-finned fish and amphibia.ns .of the
evonian period (see page 57) show many similar bones
Fossils have shown that birds and one branch of the dinosaurs in the limbs. However, these limbs also have more than
(the theropods) have many similarities in their structure just bones in common. They also show a gradual change in
(Figure 3.1.1). They are so similar that biologists are the structure of the whole limb over geological time. Each

now convinced that theropod dinosaurs were the 4 different species seemed to have small changes in its general
ancestors of birds. « 5. structure, such as bone shapes and the number and position
: of toes.

This apparent change in species over time is called evolution.
Evolution is defined as a genetic change in the characteristics
of a species over many generations, resulting in the formation
of new species. A generation is the time between the birth of
an individual and when that individual produces their own
offspring.

The fossil history of the horse is a good example of changes
occurring over many generations. Fossil skeletons have been
found of a horse-like animal that was about the size of a

small dog. The scientific name of the genus of this animal is
Hyracotherium (Figure 3.1.2 on page 70). It is not classified as
a horse, but is similar enough that biologists consider it to be a

Fossilised feathers on a dinosaur called Anchiornis discovered
in China in 2009. These fossil feathers were so well preserved likely ancestor of horses. Radioactive dating methods show that

that scientists could determine what colour the feathers were. Hyracotherium lived about 52 million years ago.
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Hyracotherium is a likely ancestor of creatures that
became horses, but is different enough not to be
classified as a horse.

The fossil skeletons of at least 17 different genera and many
more species of horse have been found and dated. All these
different types of horse form a complex family tree with many
side branches. Some of these branches lead nowhere. These
represent the development of new types of horses that then
died out, becoming extinct. Other branches evolved with
species steadily changing into another. Despite the complexity
of the horse family tree, palaeontologists have been able to
trace a path through it that leads to the modern horse. In this
way, they have established its family line and the genus and
species of its ancestors. One of those ancestors is Mesohippus,
a genus of horse that lived around 40 million years ago.
Mesohippus is recognised as a direct ancestor of the modern
horse. You can see its skeleton in Figure 3.1.3.

Mesohippus is an ancestor of the modern horse.
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There seems to be a gradual change in many parts of the
skeletons of all the different fossil horses. Some obvious
changes are that the body increases in size, the legs become
longer and the number of toes decreases. Figure 3.1.4 shows
key features of some different types of horse.

The change in the number of toes is of particular interest

to scientists. Hyracotherium had four toes on its front legs.
Mesohippus appears fairly early in the horse family, at about
40million years, and had three toes. Compared with those of
earlier horse genera, the middle toe of Mesohippus clearly
seems to be thicker while the side toes are smaller.

At about 20 million years ago, a genus called Merychippus
appeared in the fossil record. Merychippus also had an
enlarged middle toe. Many other genera and species appeared
after this and eventually the genus Equus, which includes the
modern horses, zebras and donkeys, appeared in the fossil
record about 3.5 million years ago.

On your toes

Modern horses run on one large ‘toe’ on each
foot. This toe is comparable to your middle

finger. Biologists think the loss of the other
‘toes’ is an adaptation that allows faster
running while supporting a large body.

Structure and relationships

When organisms are classified on the basis of their structure,
some groups seem very similar. An example is cats and lions.
Others, such as cats and jellyfish, seem quite different. The first
biologists who studied evolution over 150 years ago proposed
that organisms that were very similar in structure must be
related. This view was based on the knowledge that organisms
seemed to inherit their characteristics from their parents.
However, at that time nothing was known about genetics.

Genetics has since shown us that species with the same basic
structure have many genes the same or genes that are similar
in their effect. It is the genes that control structure and function
in organisms. Organisms with some identical genes must

be related. This is because particular genes are copied from
previously existing genes during meiosis. The obvious inference
is that two species that share genes must have had the same
ancestor at some stage. Many of the same genes have then
been passed down to both species.

Hox genes

Most species contain Hox genes, a group of
genes that control where body parts such as
the head and legs occur. The amazing thing

about these genes is that they can be taken
out of one species, such as a chicken, and
put into another, such as a fly, where they
work in exactly the same way. Scientists see
this as evidence that all life is related.
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The fossil record of horses shows that the structure of the skull, jaw and feet changed over millions of years.

Homologous structures

In related species, characteristics that have the same basic
structure are called homologous characteristics. Biologists
have discovered that these are controlled by particular
inherited genes. For example, the foot bones of the different
fossil horses are homologous. A cat’s paw and a lion’s paw are
considered homologous, but a cat’s paw and an insect’s foot
are not homologous. A cat’s paw and an insect’s foot may have
the same function, but their structure is very different.

In the last few decades, scientists have been able to isolate
genes and study their chemical structures and how genes
function. It has been discovered that the more alike two
organisms are, the more genes they share. As you move from
higher levels of classification to the lower levels, the more alike
those genes become.

A homologous structure does not necessarily have the same
function in all the groups that share it. For example, humans,
whales and bats all have five digits at the end of their limbs.
Humans have five digits (fingers and toes) on each of our hands
and feet. Their function is to grip things and to get traction
when walking. Five digits also form the bony structure of each
of a whale’s flippers, which are used to propel themselves
through water. In contrast, the five digits that make up each
of a bat’s wings form the structure of their wings,

allowing them to fly. A human hand, -

whale flipper and bat wing are i

homologous structures, despite e

having different functions.
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Analogous structures

Not all similar structures are homologous structures. For
example, the dolphin and shark in Figure 3.1.5 have similar
streamlined bodies and similar dorsal fins on their backs.
However, these are not homologous structures because
different genes are involved in their inheritance. Dolphins
and sharks differ in most other structures. This shows that
these animals are not very similar other than at the simplest
(phylum) level—the fossil record shows that sharks evolved
over 460 million years ago, while dolphins evolved about

10 million years ago.

Dolphins and sharks have similar body shapes and fins
because they evolved in similar marine environments.
Structures that look similar on genetically very different
organisms are known as analogous structures.

Sharks and dolphins are not closely related but look
similar due to evolving in similar environments.

Dolphin ancestors

Dolphins are air breathers, and scientists
think their ancestors must have been

land-living animals that went back into the
water. That probably explains why they
have lungs and breathe air.
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Artificial selection

For many centuries, humans have selectively bred different
animals and crossed different plants to gradually change the
features of a species.

Artificial selection is the process by which we choose to breed
particular organisms with desirable features. One example is
breeding of budgerigars. Wild budgerigars are green and yellow.
You can see one in Figure 3.1.6.

The wild budgerigar
is green and yellow.

All the different pet budgerigars we have today have come
from this wild type of budgerigar. Figure 3.1.7 shows some of
the different colours. The different colours and patterns are the
result of breeders choosing particular budgerigars as parents
and breeding from them. They used wild budgerigars that
showed small differences in colour, patterning and body size.
These variations in the wild budgerigar population were all
originally the result of mutations.

These budgerigars were all
bred by artificial selection.



3.1.8

Occasionally new mutations occurred that the breeders had
not seen in the wild birds. These were selected by the breeders
and passed on to the offspring. For example, the blue colour
in some budgerigars originated as a mutation of the gene
controlling the green feather colour. All wild budgerigars

are green, although occasionally blue ones are born, and
sometimes all yellow ones are born. In this way, many new
features were developed in pet budgerigars and they are
markedly different from the original wild birds.

Artificial selection only happens over generations. The
breeders cross (mate) the selected parents and then have to
allow the offspring to reach maturity before selecting which
will be bred.

The different colours in pet budgerigars have been produced
in only about 100years of artificial selection.

There are hundreds of other examples of species being
changed by artificial selection. Domestic dogs are all one
species (Figure 3.1.8), as are domestic cats. The different
breeds in these two species have come from artificial
selection.

Big and smaill

The biggest dog breed is
the Irish wolfhound, and the
smallest is the chihuahua.

Both are the same species
and the differences in them
have been developed by
artificial selection.

Figure Different breeds of dog are all one species and were produced by artificial selection.

Selective breeding methods

Selective breeding is used in two main ways. The first method
is called cross-breeding. This is the process of combining

in the offspring a desirable feature of one individual with

a different desirable feature from another individual. An
example is the creation of the dog breed called labradoodle.
This is a cross between a labrador and a poodle, combining the
features of both dogs. You can see a labradoodle in Figure 3.1.9.

labradoodle

labrador + poodle =

The labradoodle is the result of a cross between a
labrador and a poodle.

Another method of selective breeding is inbreeding, or line-
breeding. In this process, related individuals are allowed

to mate. This method is not often used in animal breeding,
as there can be health issues in the offspring. Deformities,
sterility and genetic disease can be caused by inbreeding.

In plant breeding, there do not seem to be as many problems
with breeding closely related plants, but this can depend on
whether the species is self-pollinating or cross-pollinating.
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Nature and development of science

Breeding a better lupin

Lupins are used as animal feed on farms.

Figure
3.1.10

Lupins are plants used as animal feed on farms (Figure 3.1.11). Wild lupin plants originated in the
Mediterranean region and were exported around the world. There were some problems with the
original plants, so selective breeding was used to improve them.

The original wild lupin seeds (Figure 3.1.10) had a
rather bitter taste, so animals generally only ate the
leaves. The seed pods also shattered and scattered
their seeds, so farmers found it difficult to harvest the
seeds for planting at a later time.

John Gladstones is a plant breeder from Western
Australia. He thought he might be able to change

lupins to make them into a better animal stock feed.

He particularly wanted to produce seeds that animal
stock would eat, and that would be easier to harvest.
Gladstones began his research by searching through
fields of lupins, looking for mutants that didn’t have
shattering pods. He eventually found two plants in which
the seed pods had only partially shattered.

ENDEAVOUR



Studies of these two plants showed that pod shattering
was controlled by two independently inherited recessive
genes. These genes affected the seed pods in different
ways to stop them shattering. Gladstones cross-bred
these two plants and managed to produce a plant with
completely non-shattering pods.

However, these lupins still had bitter seeds, which
animals did not eat. So he crossed the bitter-seeded,

non-shattering plants with lupins that had sweeter tasting
seeds, but shattering pods. As Table 3.1.1 shows, some
of the offspring were plants that had non-shattering pods
and sweet seeds.

Gladstones then crossed these plants with lupins that
had white flowers. He wanted to be able to easily spot
the sweet-seeded non-shattering plants if they became
mixed up with others. He finally succeeded in producing
lupins that had non-shattering pods, sweet seeds

and white flowers. This resulted in a stock feed that
was worth many millions of dollars to farmers around
Australia.

Wild lupin pods shatter but artificial
selection produced non-shattering pods.

Table 3.1.1 Steps in selective breeding of lupins

' Offspring included
| desired phenotype

Partially shattering pod x N )
. partially shattering pod Heaa-shatterng pod

Non-shattering pod with
bitter seeds x shattering pod
with sweet seeds

Step ’ Plants crossed

Non-shattering pod
Sweet seeds

Non-shattering pod with

sweet seeds and blue Non-shattering pod
flowers x shattering pod Sweet seeds

with sweet seeds and white | White flowers
flowers

In terms of evolution, the story of lupins is important
because it shows that the characteristics of a species can
be changed by selecting which individuals breed. Selecting
the phenotype (appearance) of the individuals

means selecting their genotype (genetic

make-up). In this way, the genetic make-up

of a species can be altered by selection.




Remembering

1 List some changes shown by fossil horses over
geological time.

2 List some examples where artificial selection has
changed a species.

3 Recall the fossil group that birds are most closely
related to and the characteristic that these groups
can share.

Understanding

4 Define the following terms.
a evolution
b generation
¢ homologous

5 Explain how fossils can provide evidence for changes
in the structure of a species over geological time.

6 Using an example, explain how artificial selection can
alter a species.

7 Explain why scientists consider that species with the
same basic structure are related.

8 a Describe what John Gladstones found when he

searched through fields of wild lupins.

b  Explain where the genes for non-shattering pods
would have come from originally.

¢ Explain how this story of lupin breeding is similar

to the one about breeding budgerigars.

Applying

9 Demonstrate that organisms whose appearances are very

similar are not always closely related.

Analysing

10

11

For the different species of horse shown in Figure 3.1.4 on

page 71, compare:

a
b

foot structure
head structure.

Use examples to contrast homologous and analogous
structures.

PEARSON

12 ‘Homologous structures do not have to perform the same
function in different species.’
Use a bat limb and a mouse limb to justify
this statement.

13 Compare the processes of cross-breeding and inbreeding.

Evaluating

14 Breeders have bred blue budgerigars. Propose how they
did this given that the wild population is commonly green
and yellow.

15 Justify the view of palaeontologists that birds and
dinosaurs are related.

Creating

16 a Design a series of steps for changing a rose
with dark pink flowers and thorns into one
with white flowers and no thorns. 2
b  Explain the processes used at each step.

Inquiring

1 Research the fossil history of vertebrates, discussing
some evidence that fish evolved into amphibians and
amphibians into reptiles.

2 Research the fossil history of mammals, discussing the
evidence that mammals are related to reptiles.




3.1 Practical activities

QSigns in the skeletons

Purpose Results
To compare vertebrate limbs and propose reasons for their Complete your results table for each animal.
similarities.
Discussion
Materials 1 Using your table, identify:
* skeletons of human, cat, bird, frog, fish and lizard a the two animal skeletons that are most alike in their
Procedure limb structure.

b  two that are least alike.
1 Copy the table below into your workbook. o thatatefeastatie

2 a Identify animals that you think may have
homologous limb bones.
b Identify the particular bones involved.

2 Use the labelled diagram in Figure 3.1.14 of the human
arm to identify the same bones in the human skeleton.

3 Move around to the various specimens and carefully

. ) 3 Explain how these animals could have skeletons that are
observe their front and rear limbs.

so similar.
4 Identify any bones that are similar to the human forearm

or leg. List similarities and differences between the
different animals and the human.

4 The bony fish is a vertebrate, but an extremely distant
relative of these other vertebrates. Discuss evidence
in the skeletons that fish are related to these other
vertebrates, but very distantly. (Hint: Look for other
homologous structures.)

Animal | Description of front limbs Description of rear limbs

Human

Cat

Bird

Frog

Fish

Lizard

metacarpals
carpals

radius humerus
ulna

phalanges




3.2 Natural selection
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In 1858, the English biologist Charles Darwin / ' j:y Y—,’,l /4
proposed a process by which species change ‘ T ¢
over many generations. Darwin called his 7

process natural selection. He had no knowledge Foses
of genetics because it had not been discovered

at the time. Since then genetics has provided
evidence to support natural selection as the
most likely process by which evolution occurs.

Darwin’s ideas of natural
selection

The following example will help you understand what Charles
Darwin (Figure 3.2.1) meant by natural selection.

Consider a population of mice being preyed upon by owls. The
mice have two different coat colours, dark brown and light brown.
These colours are inherited. The owls swoop down to catch mice
that are in the fields.

Imagine that there are equal numbers of dark-brown and light-
brown mice. In areas where the ground colour is dark brown,

the owls would find the light-brown mice easier to see. The owls
would catch a greater number of light-brown than dark-brown
mice. As a result, there will be more dark-brown mice surviving
and breeding. The next generation would have more dark-brown
mice than light-brown mice.

The dark-brown mice have been ‘naturally selected’ by the owls, as
opposed to artificially selected by humans. Darwin meant that the
selection was done by ‘nature’, not humans. The dark-brown mice
had been selected to breed, but it was not intentional. They were
favoured by selection to produce the next generation of offspring.
Over many generations, this process would continue and the
population would gradually become all dark brown and therefore
better adapted to its dark brown environment.

This story of the mice shows natural selection at work. Different
studies of mice have shown that natural selection also works on
real mice, changing their population and characteristics.
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Charles Darwin (1809-1882) photographed in 1860,
aged 51



In Arizona, USA, a study was performed to find out why
rock mice living there has certain coat colours. It was
found that by preying on mice that were easiest to see,
owls were influencing particular coat colours in different
locations. The end result was that each population
became better adapted to its environment.

Natural selection defined

Natural selection is the process where an environmental
factor acts on a population and results in some organisms
having more offspring than others.

Biologists call the environmental factor that acts on the
population the selective agent. The effect of natural selection
on the population is referred to as ‘selection pressure’. The
selective agent in Figure 3.2.2 is the owl. The selective agent
may be a biotic factor (another living thing), such as predation,
bacterial infection or competition, or a physical factor, such as
temperature, water, soil nutrients or fire (Figure 3.2.3).

Fire is a selective
agent in Australia.
Trees with thicker
bark may better
survive a fire as the
bark can protect the
living tissue
beneath.

Many selective agents act by killing individuals. Such
individuals are often less suited to surviving and are referred to
as ‘poorly adapted’ or ‘less fit. For example, predators may find
them easier to catch because they are slower runners, have
poorer eyesight or are more easily seen. For example, light-
coloured mice are less fit to survive on dark soil.

Selective agents do not always act by killing. For example,
female birds often select brighter coloured males for breeding.
Those males will produce more of the offspring in the next
generation (Figure 3.2.4). Darwin called this sexual selection,

because he thought of natural selection as being something
that kills. But nowadays sexual selection is considered to be
an example of natural selection because both change the
characteristics of a species through selection.

This male great frigate bird with his air-filled throat pouch
is trying to attract the female. Females are attracted to
males with the most prominent red pouch.

The individuals that are favoured by the selective agent pass
on their features to the next generation. So the next generation
inherits those selected features. One outcome of natural
selection is that the species gradually becomes better adapted
to its environment. For example, the whole population of mice
becomes more like the colour of the ground it lives on.

Variation

Darwin concluded that natural selection could only act if there
is variation (natural differences) in the population. However,
genetics was unknown in his time and so he did not know how
or why this variation happened.

Since then, scientists have shown that variation is caused by
differences in genes, which result in different characteristics.
Since genes are inherited, so too are the characteristics they
carry. Hence, variation is inherited too. Variation in most
organisms is relatively easy to see. For example, humans show
variation in height, nose shape, hairiness, baldness, leg length,
and hair, eye and skin colour (Figure 3.2.5).

Variation in different people is due to inherited differences.
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science 4

Observing variation

Do this...

| Go outside into the garden or the
bush. Try to find many plants of the

same type (species).

Choose a particular feature such as flower
structure or colour; leaf shape, size and colour;
or fruits (seed cases).

Study many examples of your chosen feature,
looking for any variation you can see in it.

Record this...
Describe any differences you observed.
Explain what you observed.

Genetics and natural
selection

A more modern definition of natural selection can be expressed
in terms of genetics. Natural selection is the change in proportion
of a particular genetic make-up (genotype) of a species over
many generations due to environmental selection of a particular
characteristic (phenotype). In simpler terms, this means the
proportion of a particular characteristic (phenotype) in a species
changes because individuals with a particular genetic make-up
(genotype) within it are being favoured to breed.

Evidence for natural selection
The peppered moth

One of the first studies to collect evidence for natural selection
was conducted earlier last century in England. Henry Bernard
Kettlewell studied the peppered moth, which existed in two
forms. The normal colour was white with black specks, although
occasionally all-black mutant moths were born.

Kettlewell found that in the cities, almost all the peppered

moths were black. In rural areas, they were almost all white. He
concluded that this difference was due to a selective agent acting
on the populations. The selective agents he observed preying on
the moths were birds such as the flycatcher and nuthatch.

Kettlewell explained the process as follows:

¢ In the cities, all the building and tree trunks had been
blackened by soot from over 150 years of industrial pollution.
Any white moths resting on the trees could be seen more
easily than the black moths (Figure 3.2.6). So the birds
removed white moths faster than they removed the black
ones. Black moths produce black offspring and so the
population eventually became mainly black. So, the black
form was considered to be better adapted to its polluted city
environment.
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Black and white peppered moths on a dark background

Black and white peppered moths on a light background

e Inrural areas, the air was cleaner and tree trunks were of
a lighter colour. This made the white moths harder to see
(Figure 3.2.7). The black moths were eaten more often and
so the population eventually became nearly all white. Now
the white moths were better adapted to their environment.

Kettlewell carried out experiments where he placed the two
different colours of moths on tree trunks and then observed
birds feeding on the moths. He counted the numbers of light
and dark moths eaten. His results showed that the birds ate
mostly the dark moths on the light-coloured tree trunks and
light-coloured moths on dark tree trunks. Some results are
shown in Table 3.2.1.



Table 3.2.1 Natural selection of moths by birds

Place and Number |Percentage | Percentage
background colour | of moths | dark eaten | light eaten
observed

Birmingham wood—

dark tree trunks o8 26% 4%

Dorset—light tree

e 190 86% 14%
This experiment supported Kettlewell’s Vil 1
observations made earlier in the country. /

p84

Since Kettlewell’s experiments, examples of

camouflage against background colour have been

found in many places around the world in species as varied

as mice, snakes and snails. In England, over 100 species of
moth demonstrate the same colour changes as observed by
Kettlewell. Several of these studies have shown that the dark
form of moth has declined in numbers in cities where pollution
controls have been in force.

Natural selection highlights how much the environment
affects living organisms, causing the characteristics of a
species to change over many generations. Natural selection
has been demonstrated more recently in many organisms
such as bacteria, insects, snakes and cane toads.

For example, many bacteria have become

resistant to antibiotics and many insects

are now resistant to insecticides.

The diamond backed moth is a pest in vegetable crops
such as cabbage and broccoli. It was the first crop pest
in the world to develop resistance to the insecticide DDT.
The moth is now resistant to all insecticides used before

Natural selection of insects the mld-1980s.

In the middle of last century, agricultural scientists developed

chemical insecticides. These were sprayed onto crops to kill The resistance that developed in insects was due to several
insects (Figure 3.2.8) and reduce crop damage caused by mechanisms. One was that some insects could destroy the
them. The scientists thought they would kill all the insects poison in their bodies. They had inherited cell chemistry that
and that food production would rise greatly. However, these could do this. So there was variation in cell chemistry.

insecticides were only effective for a few years, requiring
farmers to increase the concentrations of the insecticides

they used. Also, not all the insects that were sprayed with
insecticide died. Eventually the sprays had no effect, and none
of the insects died. The scientists called this ability of insects
to survive the poison spray resistance (Figure 3.2.9).

The resistant insects survived when the population was
sprayed, but the non-resistant insects all died. The resistant
insects then bred and produced offspring, most of which
inherited resistance. Every time all the farmers sprayed,
there would be a larger proportion of resistant insects on the
crops. As many farmers sprayed over a large area, the insect
Although triggered by humans, the development of resistance population quickly became all resistant. This process is

to insecticides by insects is an example of natural selection. shown in Figure 3.2.10.

1 Some insects have a 2 Plants are sprayed. 3 Other insects move into 4 When plants are sprayed
natural resistance to Only the resistant the area. These breed with again, more resistant
pesticides. insects survive. the resistant ones. Some of the insects survive.

offspring are resistant.

Figure Insects become resistant to insecticides by natural selection.

3.2.10
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Natural selection in bacteria

Bacteria are microscopic single-celled organisms. Some cause
infectious diseases such as cholera, typhoid and pneumonia.
In 1928, Scottish scientist Alexander Fleming found a way

to kill bacteria. He discovered that some fungi make special
chemicals to defend themselves against bacteria. The
chemicals were given the name antibiotics. The first one to be
isolated was called penicillin. Many more types of antibiotic
have since been discovered.

Doctors sometimes prescribe antibiotics to kill any bacteria
that are infecting you. This practice became widespread in
medicine in the last few decades of the 20th century, and
several types of antibiotics lost their effectiveness against
many different bacteria. The bacteria had become resistant to
them. You can see this in Figure 3.2.11.

Bacteria became resistant to antibiotics by natural selection.
In the millions of bacterial cells infecting a person, some may
have inherited cell chemistry that can destroy the antibiotic
molecules, or may resist the antibiotic in some other way. This
is similar to the resistance insects developed to pesticides.
When you take the antibiotic, it kills all the bacterial cells

that are not resistant. Any resistant ones may survive and
reproduce, forming resistant offspring.

Bacteria reproduce by dividing in half, producing two copies of
themselves. Each half divides again, often within 20 minutes.
Hence, every 20 minutes or so the number of bacteria inside
you could double. Eventually there will be enough resistant
bacteria to make you ill. At this stage, taking more of the
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antibiotic will not work. You will need a different antibiotic,
one to which the bacteria is not already resistant.

One very dangerous type of bacteria is golden staph,
Staphylococcus aureus, seen in Figure 3.2.12. Golden staph is
resistant to many antibiotics, and is very difficult to kill.
It became resistant because of the widespread use of
antibiotics in hospitals. Constant antibiotic use in
hospitals kept selecting the resistant bacteria to
survive. Eventually the species became resistant.

L]

Staphylococcus aureus bacteria
and a surgical wound infected
with Staphylococcus aureus

This antibiotic had
almost no effect.

Cloudy zone of
living bacteria

This antibiotic had
the most effect.

Testing antibiotics on bacteria growing in a dish. Each
white disc contains a different antibiotic. The clear zone
around a disc shows that the antibiotic killed the bacteria
growing in the dish. The antibiotic at the top right had no
effect because the bacteria were resistant to it.



Remembering

1 Name the process proposed by Charles Darwin that
explained how a species can change over many
generations.

2 List four different selective agents.

3 List five examples of variation in humans.

Understanding

4 Modify the following statements to make them correct.

a Natural selection is the process where an individual
is acted upon by its environment and produces more
offspring.

b  Aselective agent acts on a population and improves
the survival of some individuals more than others.

5 Modify the following definition of natural selection to
make it correct.

Natural selection is the change in proportion of a
particular phenotype of a species over many generations,
due to environmental selection of a particular genotype.

6 Explain what is meant by variation.
7 Define resistance to insecticides or antibiotics.

8 Explain how light-coloured peppered moths gradually
died out in the cities where pollution had changed the
environment.

9 Explain why variation is necessary before natural selection
can occur.

Applying

10 Consider the examples of natural selection in insects and
bacteria in this unit.
a Identify the selective agents in each case.
b Identify the inherited variation in each case.

Analysing
11 Compare natural selection and artificial selection.

12 In his famous book On the Origin of Species, Charles
Darwin said: ‘This preservation of favourable variations
and the rejection of injurious variations, I call Natural
Selection.” Compare his definition with the one given on
page 79.

Evaluating

13

14

15

16

17

Analyse the data in Table 3.2.1 (on page 81) and justify the
conclusion made by Kettlewell.

Propose what would happen to populations of dark- and
light-coloured mice living on light-coloured soil.

Evaluate whether humans have been and are still subject
to natural selection.

Evaluate whether an individual can become adapted
during its lifetime.

Spraying crops with pesticides has caused the

development of pesticide-resistant insects. This is given as

an example of natural selection at work despite humans

being involved in the spraying.

a Identify the agent for natural selection in this case.

b  Assess whether the example would be better classified
as an example of artificial selection.

¢ Justify your answer.

Creating

18

19

Construct a story based on natural selection that could
explain how one of the following developed by natural
selection: warning colouration in poisonous insects,
venom in snakes, wings on dinosaurs.

Several early science fiction movies showed humans
several million years in the future. They showed us with a
huge brain and a head about twice as big. Construct an
argument opposing this point of view.

Inquiring

1

Research Charles Darwin and discuss his contribution

to the understanding of evolution by natural selection. If
possible, read the first few pages of Chapter 4 of his book,
On the Origin of Species. It is available free online.

Research and discuss the evidence of evolutionary change
in Australian snakes and other predators due to the spread
of the cane toad in Australia, and evidence that the toad
has evolved to spread faster.

Research the famous Australian scientist Howard Florey

and explain his contribution to fighting infectious
diseases.

Research Batesian and Mullerian mimicry in butterflies
and moths. Explain the difference between them by using
examples such as the monarch or wanderer butterfly.




3.9 Practical

activities

Q Natural selection modelled

Purpose

To use a model to investigate natural selection and the effect
of camouflage.

Materials

¢ 2 different-coloured A3 sheets of paper

¢ 2 sets of 20 toothpicks of two different colours, to match
the sheets of paper

e stopwatch

e tweezers

e cup

e bubble wrap or muslin material

Procedure

Part A

1 Work with a partner. One person is the experimenter and
the other is the subject. The subject copies the table in
the results section into their workbook.

2 The experimenter mixes up the coloured toothpicks
and spreads them evenly over one of the sheets of paper
while the subject is copying the table. Place a cup 50 cm
away from the edge of the paper.

3 The subject stands up. They will have 20 seconds to use
the tweezers to pick up as many of the toothpicks as they
can, one at a time. Pick them off the paper and put them
in the cup at the side of the paper. The experimenter will
say when to start and when to stop.

4 When the time is up, the experimenter must count the
number of each colour of toothpick the subject picked
up. Write the results in your table and on the board.

5 Repeat the experiment with the other coloured sheet
of paper.

PartB

6 Repeat the experiment but the subject must put bubble
wrap or muslin material over their eyes to reduce their
ability to see clearly.

Extension

7 Design and conduct a different method of
testing out the effect of camouflage on natural
selection, but outside the classroom. Make
use of natural objects such as leaves, twigs
and flowers.

PEARSON

Results

1

3
4

Complete the following table.
Toothpick Percentage

different

colour from

paper

Colour A | Colour B

Good vision

Paper colour A

Paper colour B

Poor vision

Paper colour A

Paper colour B

Your teacher should put a class results table on the
board. Enter your results and calculate a class average
for each set.

Copy the class results into your workbook.

If you carried out the extension, report your results.

Discussion

1

In part A, identify which was picked up more often:
toothpicks the same colour as the background paper,
or toothpicks a different colour from the paper.

In part B, identify which was picked up more often:
toothpicks the same colour as the background paper,
or toothpicks a different colour from the paper.

Compare the effect of good vision and poor vision on the
results.

Discuss how this experiment models the effect of
camouflage on natural selection.

Evaluate whether this experiment was effective in
modelling the effect of camouflage on natural selection.

If you carried out the Extension, draw a conclusion
based on your results.




Speciation and evolution

The theory of evolution by natural selection
proposes that all species are related. Some
species are more closely related than others,
but ultimately all life should be able to be
traced back to one original species. An
important process in evolution is speciation—
the formation of new species. These nine
species from the kingfisher family show that
some are more closely related than others.
All these species descended from a single

ancestral kingfisher.

Evolution

Charles Darwin proposed that natural selection could result
in the formation of new species. In his book On the Origin of
Species, he called this ‘modification by descent’ rather than
evolution. The term evolution was applied to his work by
other scientists.

The theory of evolution states that similar species must be
closely related to each other. For example, the kingfishers
labelled 6 and 9 above are in the same genus Ceyx and so they
are closely related to each other. Kingfisher 4 is from another
genus (Alcedo) but is classified in the same sub-family as
kingfishers 6 and 9. So kingfisher 4 is related to kingfishers

6 and 9 too. These three species are commonly called river
kingfishers and their similarities suggest that they had a
common ancestor at some time in the past. The other six
species of kingfishers are more distantly related to the river
kingfishers. This suggests that these six species separated into
a different breeding line at a different time.

The earliest hints of Darwin’s theory can be found in his first
book The Voyage of the Beagle, written in 1845. This book

describes his epic journey around the world between 1831 and
1836. On this voyage, Darwin studied many different species in
many different environments, including the Andes Mountains,
the coast of Australia and the Galapagos Islands. It was on these
islands that he studied differences in the beak shapes of finches.
Some of his results are shown in Figure 3.3.1. Each of the fifteen
finch species seemed to have come from a common ancestor
but had beaks that were different. It was as if the different beaks
had been selected for the different food sources (such as seeds,
honey and insects) found on the different islands.

ORNITHOLOGY. 457

2. Geospizs fortis,
4. Certhidea olivacea,

1. Geospiza magnirostris,
3, Geospiza parvula,

This illustration from Darwin’s book The Voyage of

the Beagle shows the finch beaks that started him
thinking about species being able to change.
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What is a species?

It is impossible to determine whether two organisms are

the same species from their anatomy. In the past, the test

for a species was to see if two organisms could interbreed to
produce fertile offspring under natural conditions. They were
only considered to be the same species if they could produce
fertile offspring. An example is the mule. A mule is produced
by crossing a horse and a donkey. The mule produced is always
sterile and so the horse and donkey are different species.

This interbreeding test can still be used to classify living
organisms at the species level. However, these days biologists
study DNA and also identify the similarities in the amino
acid arrangement in the proteins they make. Since proteins
are made by genes, identical proteins must mean identical
genes (or at least genes that are very similar). Fossil DNA and
proteins are also being analysed to help define relationships.
There are now laboratories that specialise in analysing DNA
samples from ancient bones.

R0y 1 19
science

Types of eucalypt

Collect this...

* several flowers of at least three
different eucalypts

Do this...
Look for differences between the flowers.

Record this...

Describe what you observed.
Explain any similarities and differences.

Speciation

Speciation is the process by which one species splits into two
or more separate species. Speciation is responsible for the
formation of any new species that appear in the fossil record.

Speciation has resulted in the high level of biodiversity on
Earth. Biodiversity refers to the number and range of different
species that exist, either on the whole Earth or in any of Earth’s
ecosystems.

The process of speciation occurs in three basic steps:
e variation

¢ isolation

¢ selection.

Step 1. Variation

There must be variation in the population or speciation
cannot occur. This is because natural selection is involved,
and selection can only act on variation that is already present
in the population.
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Step 2. Isolation

The formation of new species requires isolation. This means
that different groups of the population are prevented by some
mechanism from interbreeding. Isolation prevents gene

flow throughout the population, stopping any differences

in one population from reaching the other population. For
example, any new genes that arise by mutation in one isolated
population cannot spread to the other isolated population. An
example of one way in which speciation can occur is shown in
Figure 3.3.2.

1 Single population able to interbreed

2 Geographical
barrier of water

separates the
population into
two.

Any genetic
differences or
mutations in one

group cannot
reach the other.

3 One island
becomes
warm and dry.
Selection by The other
climate means island becomes
light colours cold and wet.
Selection

are favoured

because they favours dark

colours that

absorb less

heat. Population absorb heat
gradually faster.
becomes all light

coloured.

4 The geographical barrier is
removed by rising sea level.

The two populations have become
different enough to not interbreed.

Speciation is the formation of new species from
a common ancestor.

Isolation into separate populations occurs in several ways, for
example by a geographical or climatic barrier. Geographical
barriers are oceans, rivers, mountain ranges and gorges.
Climatic barriers include rainfall, temperature, salinity, ocean
currents and sunlight.

Step 3. Selection

Once isolated by barriers, natural selection affects the
genotype and causes changes that prevent the groups breeding
even if they came back together again at some time in the
future. There are many possible changes. A few examples are:

e courtship behaviour—animals may develop different
breeding songs, displays and rituals

e breeding seasons—animals may breed at a different time
of year

e sterility— animals may breed but the offspring are sterile
(like mules)

e chemical barriers—sperm may be killed by the chemistry
of the female.



Evidence for evolution Comparative anatomy

Comparative anatomy compares the structures of organisms
of both living species and fossils. Homologous structures fit
into this category. Homologous structures

such as pentadactyl limbs provide strong Ié)‘

evidence for evolution from a single
Early fossils are of fairly simple organisms and later ones are vertebrate ancestor (Figure 3.3.4).

increasingly complex. This makes sense in terms of genetics
because new alleles and genes develop from existing genes by
mutation. It seems unlikely that complex organisms (with many
different genes) would develop first and become simpler (with
fewer genes).

The theory of evolution by natural selection is supported by a
great deal of evidence.

Fossils
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The fossil record also shows that there is an increasing number
of species that have lived on Earth. Many of these species
became extinct along the way, such as the dinosaurs, the
diprotodons and marsupial lions. The increasing number

of species (increased biodiversity) supports the theory of
evolution because that is what you would expect if species
continually split into two or more other species over time.

Fossils showing transitional forms have also been found.

For example, there are transitional forms that show that a
group of small dinosaurs had feathers. Archaeopteryx and
Anchiornis (Figure 3.3.3) are examples. Their fossils suggest
that one group was in the process of changing from dinosaurs
to birds. Transitional forms are hard to classify because they

have features of two different groups. In the case of feathered 32;??;‘3; horse
dinosaurs, they have the features of both reptiles (class 5 (il
Reptilia) and birds (class Aves).

G

Lobe-finned fish are another transitional fossil group that are
part fish and part amphibian. They suggest a way in which life

moved from the sea and onto the land.
The pentadactyl limb of vertebrates is a homologous

structure that provides evidence for evolution.

An artist’s impression of
the feathered dinosaur
Anchiornis. Studies of
fossilised feathers
enabled scientists to
decide what colour the
feathers would have
been in life.



DNA and protein structure

All living cells have the same basic DNA structure and use the
same genetic code. Proteins produced from genes all come
from the same set of amino acids.

Comparing sections of DNA in different species has shown
that even organisms that seem to be very different, such as
bacteria and humans, have large sections of identical DNA.
For example, one of our genes for cell energy release, makes
the enzyme cytochrome c. This gene has over 50% of its code
identical to the gene in some fungi, and 70% identical to the
gene in moths.

Organisms that seem to be fairly similar, on the basis of
comparative anatomy, show more genes in common than
organisms that are less alike. For example, 96% of the genes

in humans and chimpanzees are identical. This is strong
evidence supporting evolution: you would expect that two
species and their common ancestor would have much of their
DNA the same. Fossil DNA can also be compared with that of
living species.

Protein amino acid sequences can also be used to compare
how closely related species are. This is mostly done with living
species, but proteins from fossils can be analysed as well.

Proteins are made out of amino acids like beads on a chain.
The sequence of these amino acids is controlled by genes.
Cytochrome c is a protein found in all living organisms.
Comparing how many of the amino acids are in the same
positions on the protein chain can provide some idea of how
closely related two species are. For example, humans and
monkeys only have one position on the chain where they
differ in the amino acid. Humans and moths have 31 positions
where they are different. However, studying only one protein
like this is unlikely to give a definite answer about how closely
two species are related. Many more proteins need to be
studied to make such judgements. You can see some of these
comparisons in Figure 3.3.5 and Table 3.3.1.

Table 3.3.1 Number of positions with differences in the
amino acid present in cytochrome c protein

Kangaroo
Chicken

o

w

Human

Monkey

Kangaroo

Chicken

Turtle

Tuna

Moth

Distribution of current species

Scientists call a map of all the places where a species occurs
the distribution of the species. When studying distributions,
it is very obvious that many unique species occur on isolated
islands. With evolution, you would expect to find unusual
species on particular islands because isolation is necessary
before speciation can occur.

The surface of the Earth is made of tectonic plates. These
tectonic plates slowly and continually move. On these
tectonic plates are the continents, such as Australia, Africa
and Antarctica. As the tectonic plates move, so do the
continents. One of the pieces of evidence that convinced
scientists that continents moved was the distribution of
fossils of particular species.

Moving continents helps explain why Australia has most of the
world’s marsupial mammals and the only two monotremes.
These are the platypus and echidna (Figure 3.3.6). Evidence from
plate tectonics shows Australia has been isolated from all other
landmasses from about 40 million years ago, providing plenty of
time for the evolution of these major groups of mammals.

Cytochrome ¢ comparisons (104 amino acids)

Chimp GDYEKGKK | F IMKOSQOHT YEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAANKNKGI IWGEDTLMEYLENPKKY | PGTKMIFYG IKKKEERADL I AY LKKATNE O

Rhesus GDYEKGKK | F I MKOSQOHT YEKGGKHK TGPNLHGLFGRKTGQAPGYSYTAANKNKGI HWGEDTLMEYLENPKKY IPGTKMIFYG IKKKEERADL | AYLKKATNE 1

Patas monkey GDYEKGKK | FIMKOSQOHTYEKGGKHKTGPNLHGLFGRKTGQAFGYSYTANKNKGI IWGEDTLMEYLENPKKY | PGTKMI FYG IKKKEERADL I AY LKKATNE 1
Whale GDYEKGKK I FEKOHQOHTYE KGGKHKTGPNLHGLFGRKTGQA*HSYTHANKNKGI ETLMEYLENPKKYIPGTKMI FHG | KKKHERADLIAYLKKATNE 10

Turtle GDYEKGKK FEKOHQOHTYE KGGKHKTGPNLGLIGRKTGQAHGHSYTHANKNKGI I/VGETLMEYLENPKKYI PGTKM | FHG | KKKHERADLIAYLKHAT%H 15
Bullfrog GDYEKGKK FEKOHQOHTHE KGGKHK!GPNLGLIGRKTGQA!GHSYT BANKNKG | H\IVGEDTLMEYLENPKKYI PGTKMIFAG I KKKHERaDL | AYLKaAaaH 18

Tunafish GDYHKGKKIFHKOHQOHTYEHGGKHKiGPNL

GLFGRKTGQA!SYSYTIANK KG I DTLMEYLENPKKY IPGTKMI F QG | KKK ERaDLiAYLKaATaH 21

Lamprey GDYEKGKKIFiKOSQOHTYE KHGKHKTGPN LEGLFGRKTGQAPGSYT ANKﬁKG | iV\NT LYLENPKKY IPGTKMI FHG | KKEHERaDL IAYLKKaTHE 20
I I I I I I I I I I

Same as human

Il Different from human Total number of differences from human —I

The amino acid sequences in cytochrome c are shown here for eight
different vertebrates. The letters stand for different amino acids.
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echidna

The platypus and echidna are the only living monotremes. They evolved in Australia at
about the time when it separated from Antarctica and became an isolated continent.

Embryology

Embryology is the study of the development, structure, and
function of embryos (Figure 3.3.7). Comparisons of vertebrate
embryos show striking similarities in the early stages of

their development. For example, there is a time during the
embryonic development of fish, lizards and humans when
there are branchial arches. These are arch-shaped structures
in the throat region. Many other similar structures are also
present, such as a ‘tail’.

branchial
arches

Human embryo at 4 weeks, showing the
branchial arches typical of vertebrate embryos

In humans, the parathyroid glands (endocrine glands in your
neck) develop from the branchial arches. Two of the arches
grow into the bones in your middle ear. In reptiles, their
lower jaws grow from one of the arches. In fish, a gene called

Gcem-2 controls the development of the branchial arches into
gills. If the gene mutates (or if scientists prevent it working)
in embryonic development, the gills fail to develop. In chick
embryos, the Gem-2 gene turns two of the arches into the
parathyroid gland. If scientists prevent the gene from working,
the parathyroid gland fails to develop. So vertebrate embryos
have structures that appear to be homologous on the basis
of anatomy, and studying genes shows the same gene has
produced different effects in two different species. Somehow
the Gem-2 gene has changed in its effect on the branchial
arches from one species to another.

So the development of mammals, reptiles, birds and fish are
linked to the branchial arteries. Biologists long ago proposed
that fish evolved into amphibians, which evolved into reptiles,
which evolved into birds. Evidence from studying embryos
including branchial arches supports this idea.

The evidence in brief

In summary, the evidence for evolution is:

o fossils—there is increasing complexity in species, changes
over geological time in a lineage and transitional forms

e comparative anatomy—homologous structures can be
identified at many different levels of classification, such as
the limb bones in classes of vertebrates

* DNA—species that have similar anatomy have been shown
to have many common genes

¢ protein structure—closely related species have more
similarities in amino acid sequences in particular proteins

¢ distribution of species—isolated islands have unusually
high proportions of unique species; continents now
separated by oceans and containing identical fossil species
were once connected in the past

¢ embryology—embryos with similar anatomy share some of
the same genes for development of the embryo. These same
genes can exert different effects in different species.
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HUMAN

Part of an autoradiogram

ENDEAVOUR 2

Nature and development of science

DNA profiling and evolution

The genome of a species is the entire genetic information of that species. It is only in the last
decade or so that scientists have been able to determine the genome of a species.

Genomics is the study of the genome structure and
function. Comparing the genomes of different species
has given biologists a better understanding of evolution
and the classification of organisms.

Genomics uses many techniques, one of which is DNA
profiling, also known as DNA fingerprinting. The process
of DNA fingerprinting is very complex, but a simplified
version is shown in Figure 3.3.9.

In evolutionary studies, DNA profiling enables scientists
to obtain a DNA fingerprint showing fragments of DNA
that have been cut at the same place. Then the DNA
fingerprints of different species are compared. From the
results, common sequences of DNA including genes can
be isolated and compared and evolutionary relationships
between species can be tested. These evolutionary
studies are in their early stages, but genomics has
already shown the following.

¢ Different species possess similar genes associated
with the same traits.

Similar species must be closely related to each other
because they share many similar genes.

Genes are not the whole story in inheritance; other
factors such as gene regulators (DNA sections that
control genes) are also important and these affect
evolution.

Distantly related species often share stretches of
DNA that do not appear to code for any protein.
The function of these DNA sections is currently
being studied.

DNA is not the only evidence that is needed to
decide evolutionary relationships; studies of anatomy,
behaviour and development are also helpful.

The process begins with a
blood or cell sample from
which the DNA is extracted.

The DNA is cut into

fragments using a DNA samples
restriction enzyme. placed in wells
The fragments are

then separated into

bands using a

technique caI[ed conducting
electrophoresis. solution

DNA samples move and
separate in electric current

The DNA band pattern
is transferred to a
nylon membrane.

A radioactive DNA probe
is introduced. The DNA
probe binds to specific 2 y
DNA sequences on the
radioactive probe
nylon membrane.
The excess probe material is washed away,
leaving the unique DNA band pattern.

The radioactive DNA pattern is transferred
to X-ray film. When developed, the resultant
visible pattern is the DNA fingerprint known
as an autoradiogram (Figure 3.3.8).

The steps involved in DNA fingerprinting




Remembering

1 Name the term now used for the process that Charles
Darwin called ‘modification by descent’.

2 List three ways of determining if two organisms are the
same species.

3 List the three main steps in the process of speciation.

4 List four reasons why two very similar animals might not
be able to mate.

5 Specify homologous structures in fish and bird embryos
that have been shown to be affected by the gene called
Gcm-2.

Understanding

6 Explain three methods used to determine if two
organisms are in the same species or not.

7 Explain what is meant by genetic isolation.

It has long been known that horses and donkeys are
different species. Explain the evidence that shows this.

9 Discuss how fossils support the theory of evolution.

10 Explain why a barrier is necessary before speciation can
occur.

11 Explain how the Gecm-2 gene observed in fish and bird
embryos supports the theory that birds are related to fish.

Applying
12 Use the model of speciation to explain why isolated

islands often have a high proportion of species not found
elsewhere, even on neighbouring islands.

13 Some early lobe-finned fish are difficult to classify into
fish or amphibians, because they have features of both.
Demonstrate how such difficulties support the theory of
evolution,

14 Use the concept of speciation to demonstrate how
biodiversity developed on Earth.

Analysing

15 Distinguish between:
a evolution and natural selection
b speciation and natural selection
¢ evolution and speciation.

Evaluating

16 There is no difference in the sequence of amino acids
on the cytochrome c molecules of humans and apes.
However, monkeys and humans have one difference, while
humans and kangaroos have ten differences.

17

a Based on this, identify the more recent common
ancestor of humans: apes, monkeys or kangaroos.
b Justify your answer.

Scientists studying vertebrates in the 1800s and 1900s
proposed that they had a common fish ancestor. They
proposed that lobe-finned fish evolved into amphibians,
which evolved into reptiles, while mammals and birds
both evolved from separate branches of the reptiles.
Refer to Table 3.3.1 on page 88 and evaluate whether this
more recent evidence supports the proposal of the early
biologists.

Creating

18

19

Construct a series of steps by which two different
species of mice could develop from one species after the
formation of a deep canyon.

Construct a diagram showing a series of steps by which
two different species of frogs could develop after the
formation of the desert of the Nullarbor Plain. Both
species came from one species that was originally spread
from Western Australia to Victoria (Figure 3.3.10).

Nullarbor
Western Plain

Australia

Victoria

Figure \ The Nullarbor Plain separating the original distribution
3.3.10 / of a frog species (in blue) into two groups.

Inquiring

1

Research the story of the giant Galapagos tortoise and
what it tells us about evolution.

Research how flowering plants evolved at a time when
Gondwana was breaking up and how this affected which
plant families ended up in different countries.

Research the FOXP2 gene in mammals (including early
humans) and what it can tell scientists about evolutionary
relationships.




3.3 Practical activities

a Family relationships

Purpose 4 Explain why classifying a plant into this family on the
To compare the structure of flowers from different genera in basis of its flower structure also suggests that it is related
the family Myrtaceae. to the other members of this group through inheritance.

. 5 Explain why the genera in this family would have some
Materials p yHies v

. . genes the same.
e specimens from genera in the

family key shown right M '
* hand lens or stereomicroscope Key to some genera in family Myrtaceae

e Stanley trimmer for cutting

. la Ovary with between 3 and 10 sections. Goto2.
through fruits
f Be careful 1b Ovary with 1 section. Goto8.
o forceps .
handling blades.
e Petridish 2a Stamens separate. Go to 3.
o . Wash your hands . o
e books with illustrations or photos after handling 2b Stamens in 3-5 bundles, joined for
of m'embers of the Myrtaceae plant material. part of length of stamen. Goto7.
family 3a Flowers with no stalk. Stamens no
* access to the internet longer than petals. Go to 4.
Procedure 3b Stamens longer than petals, in two rows. Goto 5.
1 Your task is to use the key shown right to identify the 3c Stamens longer than petals, in single row. Kunzea
name of the genus to which each of the plants belongs. 4a Leaves in pairs and opposite each other. Baeckea
This will involve cutting into some flowers and fruits. b L 1 . L
Your teacher will show you how to do this, or will display eaves alternating. eptospermum
cut sections for you to observe. You will be using the 5a Flowers with no stalk, in a cylindrical
hand lens or microscope to observe flower parts. You column. Fruit woody. Shrubs. Callistemon
will need to know the names of the parts of a flower to 5b Trees with flowers at ends of
do this activity. branches and each with a stalk. Go to 6.
2 Collect one specimen from the selection at the front of 6a Flower with petals. Trees. Angophora

the room. Note down its number. You must write down
each of the choices you make for the specimen as you

proceed through the key. Finally, write down the name
of the genus for the sample. 7a Flowers with no stalk and in cylindrical

heads or ball shaped heads. Stamens
in five bundles joined at the base for
less than % length of the stamen. Melaleuca

6b Flower bud covered by a cap which
falls off when flower opens. Trees. Eucalyptus

3 Use the books or internet to see if your specimen looks
like the images shown for that genus. If you appear to be
incorrect, go back over your choices to see if you made

an error. 7b Flowers with stalks growing

. from leaf base. Trees. Tristania
4 Repeat steps 2 and 3 for as many other specimens as you

can in the time you have. 7c Stamens joined over % length.

. . 3-4 stamens per bundle. Small shrubs.  Beaufortia
Discussion .
8a Flowers waxy and in open groups

of 2-4 each with stalks at tip of
2 Propose some characteristics of flower structure that branches. Shrubs less than 2 m. Chamelaucium
members of this family share. 8b

1 Explain what is meant by a family, genus and species.

Flowers in terminal heads often
3 Assess whether any of these genera seem to have more covered by petal-like coloured bracts. Darwinia
in common with some genera than with others.
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3.4 Human evolution

Primates

Humans are classified into the class Mammalia, order
Primates, family Hominidae, genus Homo. Primates include
the lemurs, tarsiers, monkeys, apes, gibbons and humans.
There is no one specific feature that puts an animal into this
order. However, most of them have ‘grasping’ hands, nails
rather than claws and forward-facing eyes. You can see a
typical primate in Figure 3.4.1.

Do this... @

If you have a cat or dog at home,
carefully observe its face and describe
where its eyes are.

Observe the paws and describe where the toes
are and what is on the toes.

Compare these with your own features.

Record this...
Describe what you observed.

Explain why these features might be similar
or different.

A lemur shows the
typical primate
features of forward-
facing eyes, nails
and grasping hands.




The living animals most like humans are gorillas and
chimpanzees, which live only in Africa. On the basis of our
similar anatomy, Charles Darwin predicted that the best place
to find fossils of human origins would be in Africa, because the
ancestors of apes and humans should be found there. Darwin’s
prediction was supported when many fossils were found in
Africa that were classified into the family Hominidae.

Dud genes

Not all genes you inherit actually function. For
example, all humans inherit the GULOP gene, which §
(1]

would allow us to make vitamin C if it functioned.
But it is defective and has many mutations within it.
Some distant cousins of humans, the more
‘primitive’ primates such as lorises, galagos and
pottos, still have a working GULOP gene. No higher
primates have a GULOP gene that works.

Humans and apes

Our species is classified into the family Hominidae, along with
chimpanzees and gorillas. However, humans and these two
apes have differences mainly in the way they stand and walk.
Humans are placed in a level of classification called a sub-tribe.

The key features that place a species in the human sub-tribe
involve walking upright on two legs. These features are in the
skull, vertebral column, pelvis, femur, knees and feet. There are
other characteristic features as well, such as the shape of the jaw
and the hand structure. Figure 3.4.2 shows these comparisons.

Chimp Modern human

big brain

short, wjde
¥ no waist upper hips

tall, narrow carrying angle

upper hips
no carrying angle
knees straight

shins bow out

Some of the y.
distinguishing features
of humans and apes
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Australopithecines

One early group that most anthropologists are fairly sure is
ancestral to our genus Homo is the genus Australopithecus.
This group contains at least six species, who are often referred
to as ‘ape-men’. Species belonging to Australopithecines lived
in Africa about 3.7 million to 1.8 million years ago. Among them
is probably the group that were ancestors to our genus Homo,
but more fossils are needed of early Homo to better identify
this link. The most likely candidate for the ancestor of the
genus Homo is Australopithecus afarensis (see Figure 3.4.3).

Australopithecus afarensis is the earliest known
likely ancestor of humans. The fossilised footprints
shown here are about 3.7 million years old.

Australopithecus afarensis lived in East Africa between
about 3.7 million and 2.5 million years ago. They were about
1.3 metres tall and weighed about 30kg. Their brain, at
410cm?, was about the size of a chimpanzee’s, but they had

a much smaller body weight. Australopithecus afarensis
walked upright on two legs as shown by the shape of their
pelvis and the carrying angle of the femurs. The carrying
angle is the inward slope of each femur towards the knee. A
carrying angle means that the knees are closer together than
the hips, making upright walking more efficient. This upright
walking on two legs placed them on the path towards being
human. At present, scientists are searching for more fossils
of species that existed around this time to help decide which
Australopithecus, if any, may have given rise to genus Homo.

Early genus Homo

The earliest known member of our genus Homo dates from
about 2.4 million to 1.4 million years ago. This is a species
called Homo habilis (Figure 3.4.4). A comparison of Homo
habilis with Homo ergaster and modern Homo sapiens
suggests that Homo ergaster is a much more likely candidate
as an ancestor of our species than Homo habilis. If both these
species lived at the same time, they cannot both be ancestral
to our species.



Homo habilis may be ancestral to our species, but more
fossils are needed to test this view.

A skull labelled KNM 1470 and given the name Homo
rudolfensis is a possible candidate to have been on the line
from Australopithecines to humans. However, there is only one

skull and no other bones. This makes classification of it difficult.

By about 1.9 million years ago, a new species of human had
evolved in Africa. It has been called Homo ergaster (also
known as Homo erectus). An example of this species is the
amazing specimen labelled KNM WT 15000, and referred

to as the Turkana Boy (Figure 3.4.5). This specimen is about
1.5million years old. Turkana Boy was about 9-12 years of age
when he died. He was 1.6 metres tall and may have reached
1.85metres as an adult. Almost 90% of his skeleton was
recovered. The Turkana Boy had a tall, slender body adapted
for walking long distances. He had a more human-like face
than Homo habilis, with a nose that projected outwards and
a larger space for the brain at 880 cm®. His brain would have

probably reached around 910 cm?® when he reached adulthood.

Homo ergaster migrated out of Africa around 1.9 million
years ago. This is the Turkana Boy fossil. Most scientists
call the fossils of this species found outside Africa
Homo erectus.

Another fossil group that may be part of the line to modern
humans is Homo heidelbergensis (Figure 3.4.6). This group
may have evolved from Homo ergaster and also migrated
out of Africa into Europe. There pa—

it seems to have evolved into 4

Homo neanderthalensis. y '
Homo heidelbergensis o ‘
may have evolved in < '” : \\

Africa into Homo
sapiens. Homo
sapiens migrated
out of Africa and
around the whole
Earth, replacing all
other forms of Homo
that existed elsewhere,
such as Homo

neanderthalensis. .
Figure

3.4.6

Homo heidelbergensis. European populations of this early
human species were the ancestors of the Neanderthals.
African populations probably gave rise to our own species.
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Out of Africa

At the present time, the most widely accepted view among
scientists of the origins of our species is the Recent African
Origin model. This is also known as the Out of Africa

model. This model proposes that a common ancestor of all
modern humans evolved in East Africa between 200000 and
100000 years ago. Around 60000 years ago, a small subgroup
left Africa and ended up colonising the whole Earth. By about
15000years ago, all the continental landmasses (apart from
Antarctica) were colonised by our species.

The Out of Africa model is supported by evidence from
mitochondrial DNA testing and Y chromosome testing of
modern humans. Mitochondrial DNA (mtDNA) is DNA
contained within the cell mitochondria. This mtDNA is
only passed from a mother to her children. As Figure 3.4.7
shows, mitochondria separate into each gamete (sex cell)
during meiosis (division of the nuclear DNA) in the ovary.
This mtDNA is not shuffled around between cells like the
chromosomes are. The only changes that occur in mtDNA
are mutations. These mutations are used to track the
migration routes of our ancestors. Using mtDNA analysis
andY chromosome analysis, scientists have concluded that
all human beings can trace their ancestry back to a small
group who lived in Africa less than about 60 000 years ago
(Figure 3.4.8).

mitosis—

mother’s mitochondria

separate to each
daughter cell

chromosome

mutation in
mitochondria

normal
mitochondria

father’s
mitochondria

paternal mitochondria
destroyed after
fertilisation

cell division in
developed embryo

Mitochondrial DNA stays in the cytoplasm and generally does

not affect the genes in the nucleus. The mtDNA is copied to
each egg and to each cell when it divides in mitosis.

Neanderthal DNA

Mitochondrial DNA extracted from
Neanderthal bones show that they were quite
different from Homo sapiens, but more like us
than chimpanzees. The scientists concluded

that Homo sapiens and Homo
neanderthalensis became separate species
approximately 400000years ago. Recent
studies of ancient nuclear DNA from a
Neanderthal bone suggest that there was
some interbreeding with Homo sapiens.

96 PEARSON science 10

\'/A/USTRALIA
ol

Migration routes out of Africa using Y chromosome
analysis (red lines) and mtDNA analysis (blue lines)
traced in the Genographic Project. The letters M and
the numbers represent mutant genes. For example,
M91 occurred about 60000years ago in Africa.

Signs in the skulls

When the skulls of all the different likely members of the

human family are compared, there appear to be some striking

changes that have occurred during their evolution. Figure 3.4.9

shows some of these changes clearly.

The apparent changes are as follows:

e The face becomes ‘flatter, meaning more vertical.

e The lower jaw shortens and does not project out as much.

e A chin develops.

e The forehead becomes more vertical.

e The cranium (brain space) enlarges and becomes more
rounded.

e The cranial capacity (brain size) increases.

Australopithecus

africanus
Homo sapiens

Iz;g:;e A range of important fossil skulls in the human family



3.4 Unit review

Remembering Evaluating
1 List terms used to classify modern humans from class 13 Justify why at this time biologists should not make too
to species. many judgements about where Homo rudolfensis stands
2 Name ten primates other than humans. in the story of human evolution.
3 List the characteristics of primates. 14 Justify the Out of Africa model.
4 Name three species in the family Hominidae. 15 1In 2001, some fascinating fossils were found in Georgia,
5 Name the two living species most closely related to between tl'le Black Sea and th.e Caspian Sea. These qusﬂs
humans were classified as a new species named Homo georgicus.
) The almost-complete skull had a cranial capacity of about
. 600 cm?, and the body height was about 1.3 metres. The
Understanding . yoesn
fossils were dated to 1.77 million years ago.
6 Describe the Australopithecines. a Propose a possible origin for this species
7 Outline the Out of Africa model. b  Justify your decision.
8 Explain how mitochondrial DNA (mtDNA) is passed on. ‘ ' 1

Applying
9 Identify the person from whom you received your mtDNA.

10 In 2003, Australian scientists discovered fossils of nine
individuals of a tiny species of human on the island of
Flores in Indonesia. They classified it as a new species,
Homo floresiensis. It had a brain volume about one-third
the size of that of modern humans, and a height of about
109 cm. Apply the Out of Africa hypothesis to discuss the
possible origins of this species. -

Figure
3.4.11

Homo georgicus

16 Deduce whether upright stance or increased brain size
was the first feature that evolved in the lineage (line of
descent) that led from apes to humans.

Creating

17 Construct an argument that could explain how Homo
habilis evolved from Australopithecus afarensis.

Inquiring

1 Research the species commonly called Neanderthal man,
discussing their characteristics and possible origins.

2 Research the mtDNA orY chromosome evidence for the

migration of humans out of Africa, including National
Figure\ 11omo floresionsic Geographic’s Genographic Project wh.ere you can trace
3.4.10 your own ancestral journey out of Africa.

3 Research the DNA analysis of ancient Neanderthal bones
and what this tells us about our relationship to Homo

Analysing neanderthalensis.

11 Compare Homo ergaster with Homo sapiens. 4 Research the stone tools of the Oldowan, Acheulian,
Mousterian and Magdalenian cultures and compare these

12 Contrast the origins of your nuclear DNA and mtDNA.
with Australian Aboriginal stone tools.
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3.4 Practical

a Hand adaptations

Purpose
To identify some adaptations of the human hand.

Materials

e human skeleton
e hand X-rays

e ruler

e pencil

Procedure

1 Hold your left hand out in front of you palm face down
and fingers spread out. Observe the position of the
thumb compared with the fingers. Write a description
of the differences.

2 Turn your left hand palm upwards. Touch each of
the four fingertips on this hand with your left thumb.
Observe carefully how the thumb can move. Describe
how your thumb moves across the palm.

3 Grasp a ruler with your left hand the way you would hold
a hammer. This is called the power grip. Describe how
the thumb assists in holding the ruler.

4 Hold a pencil for writing. This is called the precision grip.
Describe the difference in the position of the thumb and
fingers in this grip compared with the power grip.

5 The trapezium bone enables you to move your thumb
to touch your little finger. Hold your left hand palm
upwards, with fingers together and thumb out to the
side. Move your thumb across to touch your little finger.
Describe which way the thumbnail points before and
after moving your thumb.

Discussion
1 Propose the reasons for the names power grip and
precision grip.
2 Look at Figure 3.4.12. Use it to locate the position of the

trapezium on your own hand. Show your partner where
you think this bone is.

PEARSON
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phalanges

adductor
pollicis

metacarpals

trapezium

carpals

;izu:: Bones of the human hand and thumb muscles

3 Using Figure 3.4.12, identify the muscles involved in
moving the thumb, and what role each has in moving
the thumb.

4 Discuss the adaptations of the human hand for object
manipulation.

5 Propose how the human hand may have evolved from
the hand of an ape ancestor.




a Foot adaptations

Purpose
To compare the human hand and foot structure as
adaptations of homologous structures.

Materials
¢ human skeleton

e X-rays of hands and feet
e ruler
e pencil

Procedure

1 Remove your shoe and sock from your left foot. Describe
the position of the big toe and other toes.

2 Observe the instep of your foot (or someone else’s foot).
Describe the shape of the foot from the heel to the toes.

Left foot from above Right foot from below

3 Observe a skeleton and X-rays of the foot. Describe how
it looks from the side.

4 Observe the heel and the toes of the skeleton and X-rays.
Compare the size of the toes and describe the heel.
Discussion

1 Compare the position of the thumb with that of the
big toe.

2 Using Figure 3.4.13, propose how the heel, first
metatarsal and big toe could be considered adaptations
of the foot for walking.

3 Discuss how the same homologous structure could
evolve into a hand and a foot.

Right foot from instep side
(medial view)

4 Big toe leaves
ground last.

fibula

7 big toe

3 Weight travels

along first
) . metatarsal and
‘ || first big toe.
\| " metatarsal
) \ tarsal bones .
\ tarsal 2 Weight transfers tibia
AP bones across foot to metatarsal
g metatarsal of of big toe
big toe.
1 Heel strikes
. ground first.
heel Weight travels
2 (calcaneus) along outside big toe heel (calcaneus)
of foot.

Figure

3.4.13




10

11

12

Name the first person to propose the process of natural
selection.

List the steps involved in speciation.

List the evidence that supports the theory of evolution.

Modify the following statements to make them correct.

a Homologous structures have to perform the same
function in different species.

b  Any differences in the position of amino acids in a
protein show that species are not related.

¢ Organisms that look similar must have the same genes
causing the similarity.

d Allvariation in a species is caused by natural selection.

e Natural selection acts on the genes in an organism.

Explain how fossils support the theory of evolution.

Natural selection has been demonstrated in organisms

in recent times.

a List two organisms in which these changes have
been obvious.

b  Explain how natural selection caused the change.

Explain how domesticated animals and plants were
altered through artificial (directed) selection.
Explain the important role of genetic isolation in evolution.

Discuss some evidence supporting the Out of Africa
model.

Demonstrate how an adaptive feature, such as coat colour
in mice, can change when the ‘selection pressure’ (natural
selection) changes.

Use the fossil record of birds and dinosaurs to demonstrate
that transitional forms occur between levels of classification.

Humans, lemurs, monkeys, gorillas, chimpanzees and
tarsiers are classified into one group. Identify three structural
features they all share that place them in this group.

—

Gorillas, lemurs and chimpanzees are primates.
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13

14

15
16

17

18

19

20

21

22

Compare changes in the vertebrate pentadactyl limb over
geological time.

Compare the importance of variation in both artificial
selection and natural selection.

Contrast homologous and analogous structures.

The flying possums of Australia are able to glide from tree
to tree because of a thin webbing of skin between their
front and back legs that catches the air like a parachute.
Despite being very different animals, there are some flying
lemurs and squirrels elsewhere in the world that have
similar webbing. They too glide from tree to tree. Classify
the webbing as a homologous or analogous structure.

Propose a reason why natural selection is more likely to be
visible in organisms such as bacteria and insects than in
kangaroos and humans.

Justify the conclusion that species with the same basic
structure are related.

Australopithecus and Homo are both classified into
the same sub-tribe. Propose what features placed
Australopithecus in the same sub-tribe as us.

There is much more variation in domesticated species
such as budgerigars than in the wild species. Propose why
there is less variation in the wild.

Construct a story explaining how natural selection
resulted in human beings becoming more intelligent over
our geological history.

Use the following ten key terms to construct a visual
summary of the information presented in this chapter.
natural selection

selective agent

evolution

homologous

speciation

fossils

DNA

primates

comparative anatomy

embryology



Thinking scientifically |l

Questions 1 and 2 refer to the following information.

A biologist was studying a population of mice that lived in
an area with few trees and scattered low shrubs separated
from each other by large areas of bare soil. He found that
the mice had two genes that controlled their coat colour.
One tended to give the coat a dark-brown colour, while the
other produced a lighter yellowish brown colour.

The area contained three different soil types: dark red

clay, pale yellow sand and light grey sand. Studies of the
proportion of mice with the different coat colour were done
and are shown in the table. The area was a very dry semi-
desert climate. The mice were preyed upon by hawks that
hunted mainly in the morning and late afternoon.

Site Soil colour Per cent of Per cent of
mice with mice with
brown coat yellowish coat

1 Red 82.0 18.0

2 Light grey 52.0 48.0

Pale yellow 41.0 59.0

Q1 Which of the following is a fair interpretation of the data?

A There are more brown-coated mice than
yellow-coated mice in the population.

B Brown coats are more suited to red clay than they
are to light-grey sand.

C VYellowish coats are more suited to the light-grey
sand.

D Brown-coated mice are moving from pale-yellow
sand and light-grey sand to the red clay.

Q2 Considering the information in the table, which of the
following conclusions is likely?

A Hawks always prefer to eat mice with a yellowish
coat colour.

B The climate is selecting for lighter coloured mice
because they will absorb less heat.

C The coat colour provides the mice with camouflage
protection from the hawks.

D Lighter colour soil selects for the yellowish coat
colour.

Q3 Domestic dogs were originally bred from ancestors
of the wolf. There are now hundreds of different
dog breeds with characteristics varying from tiny
chihuahuas to the massive Irish wolfhounds. Natural
selection acts to allow survival of offspring most suited
to their environment. The environment of the wolf is
forests of the Northern Hemisphere. The environment
of domestic dogs is the homes of people around the
world, where they are cared for and fed by their owners.

Qa

Q5

Consider the following suggestions. Which most
likely explains why there are many different breeds of
domestic dog and only one species of wolf, which is
fairly alike over the whole Northern Hemisphere?

A Not all variations would be suited for survival in the
wolf’s environment.

B Wolves are artificially selected.

C Domestic dogs are not being selected by the
environment.

D Natural selection acting on the wolf made it evolve
into many different types of dog.

o
~

Consider the following diagram.

island 1

mainland

> 7

island 3 island 4

Which of the following is the most likely evolutionary
pathway to form the four species of birds on the islands?

Bacteria divide asexually approximately once every
20minutes in ideal conditions. Fruit flies reproduce
sexually in a life cycle of about 11 days. Why might an
experimenter choose bacteria rather than fruit flies in
an experiment on natural selection?

A Asexual reproduction cannot produce any genetic
change so bacteria are useful as a control in
experiments

B Variation, isolation and selection can not occur in
bacteria so there will be no speciation

C There will not be any variation in the bacteria for
natural selection to act on

D A short generation time means any evolution in the
species should occur faster
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Unit 3.1

Unit 3.3

Analogous: structures that appear similar or have the same
function but are controlled by different genes

Artificial selection:
the process by which
people choose to
breed particular
organisms with
desirable features;
also known as
selective breeding or
directed selection

e

(

Cross-breeding:
selective breeding
by combining a
desirable feature of
one individual with
another in the offspring

Artificial selection

Evolution: change in the characteristics of a species over many
generations

Generation: the time between the birth of an individual and
when they produce their own offspring

Homologous: structures that are controlled by some of the
same inherited genes

Inbreeding: selective breeding in which closely related
individuals are allowed to breed

Unit 3.2

Antibiotics: chemicals made by organisms such as fungi to
defend them against bacteria

Natural selection: the process where an environmental factor
acts on a population and results in some organisms having
more offspring than others

Resistance: inherited ability of a species to withstand
chemicals such as pesticides

Selective agent: the environmental factor that acts on the
population during natural selection

Sexual selection:
a special case of
natural selection
where the
environmental
factor is the
selection of a mate

Variation: differences
in characteristics
due to different Pag s & 3
genes Sexual selection
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Biodiversity: the number and range of different species that
exist on Earth or in an ecosystem

Distribution: a map of all the places where a species occurs

Embryology: the study of
the embryos of different
species

Isolation: keeping
interbreeding groups
apart by some barrier
or mechanism

Species: group of
organisms that can
interbreed to produce
fertile offspring under
natural conditions

Speciation: the process by which one species splits into two or
more separate species

Transitional form: fossils that have features of two or more
different groups

Unit 3.4

Australopithecus: a genus in
the family Hominidae that
is probably ancestral to our
genus Homo

Hominidae: the family 7
to which humans 2
and the extinct genus i
Australopithecus belong ~——7 |

s
e

Embryology

Homo: the genus to which
human beings, and several "
other extinct species, | \X 3 )
belong 2 T
Mitochondrial DNA (mtDNA): ﬁ
DNA contained within »
the cell mitochondria and ‘;
passed from mother to sons ?
and daughters ¢
Out of Africa model: model f
(hypothesis) proposing a ‘_;ﬁ

common ancestor of all
Australopithecus

modern humans evolved
in Africa and then migrated
out to colonise the whole Earth

Primates: order of animals with ‘grasping’ hands, nails rather
than claws and forward-facing eyes



SCIENCE
TAKES YOU
PLACES

Look who is using science

AGRONOMIST

My name is Dugald Spenceley. |
studied agricultural science and

am now a business manager

with Syngenta Crop Protection in
Australia. The focus of our business
is agronomy—the study of crop
production.

| work with the company’s sales
and marketing teams and help to
develop the strategies we use to
sell our products. This requires me
to have a good understanding of
what is happening in the market
and the suitability of our products
for a variety of crops under
different growing conditions.

Studying agricultural science has
enabled me to work in different
fields, such as land management,
agronomy, marketing and business
management. My science
background has helped me to
understand the relationships that
exist in the farming environment
and how my company can best
use our products to increase
crop production. Crop production
is becoming more and more
important to ensure that we are
able to feed an ever-growing
global population.

TECHNICAL
OFFICER

| am Helen Gore and | work as a
palaeontology technical officer in the
Department of Earth and Planetary
Sciences at a state museum.

Every day my work brings a new
challenge. For example, | often
prepare fossils for research. Some
days I'll be picking tiny ancient
sharks’ teeth from sedimentary
rock deposits so that the

species can be identified and

the geological age of the rock
determined. Other days, I'll be
stabilising (repairing) an extremely
fragile fossil.

| also act as a curator (manager)
of the museum’s fossil collection,
which now has more than a million

specimens. The collection gives
us great insight into the Earth’s
evolutionary history over the
last 3000 million years. We often
lend fossil material to scientists
throughout the world for research.
An important part of the work

is preparing fossils for safe
transport, and tracking loans to
ensure they are returned to the
collection.

No two days at the museum are
the same, and it’s particularly
exciting when a new fossil
species, previously unknown to
science, is discovered.

PLANT BREEDER

| am Dr Warwick Stiller, a plant
breeder with CSIRO Plant Industry.
My work involves developing new
varieties of cotton that have higher
yields, better disease resistance
and higher fibre quality and use
less water.

~

| use conventional breeding
methods as well as genetically
modified technologies. Some

of the more interesting work is
identifying useful traits in some of
Australia’s native cotton species
and other wild species that could
be transferred into the cotton
varieties that we grow.

Being a plant breeder means

that | get to make a real impact
on farmers’ livelihood and the
prosperity of rural Australia, as
well as enjoying a diverse range
of tasks from out in the field to the
laboratory.
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The periodic table
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HAVE YOU EVER
WONDERED ...

e why the periodic table is
important?

¢ why the periodic table has
rows and columns?

¢ how atoms join together
to form substances such
as water?

¢ how to predict
After completing this chapter students chemical reactions?
should be able to:

describe the structure of atoms in terms of
electron shells

explain how the electron structure of an atom
determines its position in the periodic table and i
its properties :

outline the development of the periodic table
and how this was dependent on experimental
evidence at the time

explain why elements in the same group of the
periodic table have similar properties

outline trends in the chemical activity of metals.




Collect this...

¢ 1 bingo card from your teacher
* 1 pencil, pen or highlighter
* access to a periodic table

Do this...

Your teacher will call out clues that will allow you
to identify elements of the periodic table.

If you have the symbol of that element, then
highlight or circle it.

When you have a complete row, column,
diagonal or card, call out ‘Bingo!’

Record this...

Describe how this activity helps you learn the
symbols of the elements.

Explain why this might occur.

o

Atoms

Atoms are the particles that make up all the substances in
the universe. Atoms are so small that you can't see them with
normal microscopes. Only a powerful scanning tunnelling
microscope (STM) allows them to be seen. A typical STM
image is shown in Figure 4.1.1 on page 106. However, even
an STM is unable to show the smaller protons, neutrons and
electrons that make up atoms. Although these particles are
‘invisible’, scientists have gathered evidence from which
they have deduced that the particles exist and how they

are arranged in the atom. This type of evidence is known as
indirect evidence and does not involve direct observation of
the particles themselves.



gold atoms

carbon atoms

An STM image of some gold atoms (yellow and brown)
on a graphite layer made up of carbon atoms (green)

The nucleus

At the centre of each atom is its nucleus, a tight, dense
bundle of protons and neutrons. Neutrons are slightly heavier
than protons and both are roughly 1800 times heavier than
electrons. For this reason, almost all of an atom’s mass is in

its nucleus. Protons carry a positive charge (+) while neutrons
are neutral, having no charge. The positive charges of all those
protons in the nucleus give the nucleus a positive charge too.

Electron shells

The electrons spin around in the space around the nucleus.
This is shown in Figure 4.1.2. Electrons are negatively charged
(-) and are attracted to the positive nucleus. This attraction
keeps them from wandering too far from the nucleus but is not
enough to pull them in completely.

Atoms are electrically neutral and so the number of electrons
is always the same as the number of protons. That is:

Number of electrons in an atom = number of protons

Electrons don’t just spin anywhere but spin around the
nucleus in regions known as electron shells or energy levels.
The first electron shell is the closest to the nucleus and so
the attraction between the nucleus and first-shell electrons
is the strongest. This is the lowest energy level for electrons.
Electrons in the outermost shell have the highest energy.
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electrons

nucleus

electron
shells

An atom has a heavy core called the nucleus. Around
this are fast-moving electrons, arranged in shells.

The first shell is relatively small and can only hold a maximum
of two electrons. Being a little further out, the next electron
shell is a little bigger. It can hold eight electrons. The next two
shells are bigger again and so are capable of holding even more
electrons. The maximum number of electrons that a shell can
hold is given by the formula 2n?, where n is the number of the
shell. This is shown in Table 4.1.1.

Table 4.1.1 Maximum number of electrons held in each shell

Shell | Maximum number of electrons (= 2n?)
n =1 (innermost) 2
n==2 8
n=3 18
n=4 32

Electron configuration

Electrons are attracted to the nucleus and this attraction is
strongest close to the nucleus. Hence, electrons fill the first shell,
then the second shell and so on. When filled in this way, the
atom is in its lowest energy state. This is called its ground state.

Electron configuration shows how the electrons are arranged
in the shells of an atom when it is in its ground state. For
example, a sodium atom has 11 electrons. Its electron
configuration is 2,8,1. Two electrons are in shell 1, eight are in
shell 2 and the remaining electron is in shell 3. Shell 4 is empty.
You can see this arrangement in Figure 4.1.3.

Na 2,8,1

Shell 1 has 2 electrons.

Shell 2 has 8 electrons
arranged in pairs.

Shell 3 has 1 electron.

Sodium’s electrons are arranged in its shells according
to the electron configuration of 2,8,1. Note that
electrons pair up once there are four of them in a shell.



Fireworks

The explosive heat

of fireworks causes
electrons in the atoms to
jump from one shell to
another. As the electrons
return to their ground
state, energy is released
as light. Different metallic
elements release different
amounts of energy so
each give the fireworks

a different colour. This
occurs because there are
different numbers of
protons in atoms of
different elements and
therefore the attraction of
the protons for electrons
in the shells is different.
So the energy difference
between the shells varies.

Elements

The number of protons in the nucleus determines what
element the atom belongs to.

There are 118 different elements. Twenty-six of these are not
found naturally on Earth but are synthetic, having been made
in the laboratory. The periodic table in Figure 4.1.8 on page 109
shows all of the known elements. Elements can be thought of
as the building blocks from which all substances are made.

The chemical formula of a compound tells you what elements
make it up and in what proportions. For example, a molecule of
water (H,0) is made of two atoms of the element hydrogen and
one atom of the element oxygen. The formula for the ionic lattice
structure of common salt (sodium chloride, NaCl) indicates that
there are equal numbers of ions of the element sodium and the
element chlorine.

Atomic number

The number of protons in the nucleus of an atom is known as
its atomic number.

Atomic number = number of protons

Each element has a characteristic and identifying atomic
number. For example, all carbon atoms have six protons and
so all have an atomic number of 6. All oxygen atoms have eight
protons (atomic number of 8), while all uranium atoms have
92 protons (atomic number 92). This makes uranium atoms
some of the heaviest known and helps explain why they are

unstable and radioactive (Figure 4.1.4). In contrast, a hydrogen
atom has only a single proton in its nucleus. Its atomic number
is 1, making hydrogen the smallest of all the atoms and the
lightest of all the elements. This fact was used in airships like
the one in Figure 4.1.5.

Uranium is the heaviest natural element. Its extreme size
makes its nuclei unstable. When these nuclei break apart,
massive amounts of energy are released, as is evident

in this 1958 atomic bomb test.

Hydrogen is lighter than air and so was

used in many early airships. Unfortunately,
hydrogen is also very explosive, which led to 3
the 1937 Hindenburg disaster shown here. \p112,
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Element symbols

names or two ‘logical’ letters from them. This makes
their symbols relatively easy to predict. Table 4.1.2
shows some of them.

that seem illogical. This is because their symbols are
based on their original Latin or Greek names. These

‘illogical’” symbols are the ones you need to remember.

Three of these elements are shown in Figure 4.1.6.

The symbols of iron (Fe), copper (Cu) and
lead (Pb) are based on their respective Latin
names ferrum, cuprum and plumbum.

The symbols of most elements use the first letter of their

However, a handful of metallic elements have symbols

Table 4.1.2 Examples of element symbols

Oxygen O

Fluorine F
Sulfur S
Chlorine Cl
Magnesium | Mg

Uses first letter

Uses two ‘logical’
letters

Calcium Ca

Sodium Na
Gold Au
Tin Sn

Ununoctium | Uuo

Based on their original
Latin or Greek name

Temporary

Don’t bother remembering these!

A few heavy, synthetic elements are so radioactive that they
only stay around for one-thousandth of a second or so. This

makes confirmation of their discovery extremely difficult.
Until confirmation happens, they are given temporary
symbols of three letters. You don’t need to remember these.

In 1996, a particle accelerator like this
one was used to discover an element
with the atomic number 112. It was
given the temporary name ununbium
(Uub). In 2009, the existence of the
element was finally confirmed. It was
then given the name copernicium (Cn)
after the famous astronomer Nicolaus
Copernicus (1473-1543).
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The periodic table

The periodic table is a list of all known

elements (and those still awaiting

confirmation). As Figure 4.1.8 shows, the

table is arranged:

e in order of increasing atomic number

¢ inrows (called periods) and columns
(called groups)

¢ with the metals to the left of the table,
the non-metals to the far right and the
metalloids in between.
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4.1 Unit review

Remembering

1 Name the particles in the:
a nucleus
b  space around the nucleus.

2 List the following in order from smallest to largest:
atom, electron, proton, neutron.

3 Aparticular atom has 8 protons, 8 electrons and
9 neutrons. State its atomic number.

4 State the element symbols for:

a oxygen

b chlorine

Cc magnesium
d iron.

5 Name the following elements.

a F
b Ca
c Na
d Pb
6 State the electric charge of each of:
a aproton
b anelectron
C aneutron
d anucleus
e anatom.

7 State the number of electrons that can fit in each of the
first four electron shells.

8 State how many electrons are in an atom that has an
electron configuration of 2,8,8.

Understanding

9 Define the following terms.
a STM
b indirect evidence
¢ atomic number

10 Explain why most of an atom’s mass is due to its nucleus.

11 a Youare watching a replay of a football match on TV.
You cannot see the sky but immediately deduce that it
was a day match. Describe the indirect evidence that
would lead you to this conclusion.

b  Another replay comes on and you know that this
match was a night match despite not being able to see
the sky or light towers. Describe the indirect evidence
that now suggests it is night.

PEARSON

Applying

12 Use the formula 27 to calculate the maximum number
of electrons held by shell 5 (n = 5).

13 Demonstrate how to write electron configurations by
writing them for the following atoms.
a lithium (with 3 electrons)
b carbon (with 6 electrons)
¢ sodium (with 11 electrons)
d chlorine (with 17 electrons)

14 Identify the type of atoms and the number of each type

in a single molecule of:

a methane, CH,

b nitric acid, HNO,
¢ glucose, CH O
d

6771276

ethanoic acid (vinegar), CH,COOH.

Analysing
15 Compare a proton with a neutron by listing their
similarities and differences.

16 Use the periodic table on page 109 to contrast an atom
of aluminium with an atom of carbon.

Evaluating

17 Propose a meaning for the term subatomic particle.

Creating

18 Construct simple diagrams showing how the electrons are
arranged in shells for the atoms listed in Question 13.

19 Construct a way of remembering those element symbols
that don’'t seem to match their names.

Inquiring

1 Curie, Mendeleeyv, Einstein, Rutherford, Roentgen and
Nobel all have elements named after them. Research what
important work these scientists did, write a few sentences
on their achievements, state which elements were named
after them and write their element symbols.

2 Research what the term isotope means. List the isotopes
of hydrogen, carbon, oxygen, chlorine and uranium.




4.1 Practical activities

Q Firework colours

Purpose I / S— Results
To observe the colours \»\,‘.... ';.».N Copy the following table into your workbook. List all the
that metal salts produce solutions you tested.
when heated.
Turn the Bunsen S Solution | Formula | Colour | Metallic Non-

Materials
¢ Bunsen burner, bench
mat and matches

burner to the yellow tested of flame | element in | metallic

flame or off when not using it.

solution element in
solution

& Yo Tie long hair back. Distilled
. g 5 Do not allow the icy-pole stick water H,0 None H, O
wooden icy-pole sticks .
Tl to catch fire. z
soaked overnight in _ Barium BaCl Ba CLH, 0
distilled-water.or Do not point the spectroscope chloride 2 B2
deionised water and directly at the Sun.
solutions of barium
chloride, copper chloride, potassium chloride,
sodium chloride and strontium chloride Discussion
* spectroscope (optional) 1 Modern fireworks include metal salts to colour them.
Identify which of the metal salts would make a firework:
Procedure -
1 Use tongs to hold the icy-pole stick soaked in water in b green
the hottest part of a blue Bunsen flame. Hold it there for ¢ blue-green.

a few seconds only and remove it before it can catch fire. 2 AsFigure 4.1.10 shows, the grains in fireworks that spray

2 Observe what colour the stick gives to the flame and out and give colour are made of starch soaked in the
record the colour in a table like that shown in the results appropriate salt. Construct a diagram of a grain that
section. would burn and give the colours:

3 Repeat steps 1 and 2 for the other sticks. a blue-green, then purple

Extension b red, then green.

4 Point a spectroscope towards a bright portion of the sky grains of starch covered with
(not the Sun). Sketch the spectrum you see. explosive black powder

llant
5 Observe each of the coloured flames through the Prope el

spectroscope (Figure 4.1.9). Record what you see.

spectroscope

look for colour

A firework ‘grain’

Firework colours continued on next page




41

Firework colours continued

3

Firework colours come from electrons changing energy
levels. Heat gives electrons energy to jump from one
energy level to another. Describe where they get this
energy from.

When the electrons jumped back to their original shells,

they released all that energy. State the evidence that
energy is released.

a Properties of elements

Purpose

To

Materials

compare the properties of metals and non-metals.

samples of sulfur,
aluminium, carbon,
silicon, tin, zinc, lead,
magnesium, iron

Turn the Bunsen

burner to the yellow

flame or off when not using it.

steel wool

3 or 4 test-tubes

and rack
Tie long hair back.

power pack or
battery (about 2V)
wires with alligator clips

light globe

Procedure

1

Use the periodic table in Figure 4.1.8 on page 109 to
determine whether the element you are testing is a metal
or a non-metal.

Record the appearance of each sample in a table as
shown in the results section.

‘Polish’ each sample with the steel wool. Record its
appearance now.

Try and bend the sample. Record whether it bends or
crumbles.

Place some of the sample in a test-tube with water.
Record whether it floats or not and whether any change
is obvious. For example, does it dissolve or react?

Use a circuit similar to the one in Figure 4.1.11 to test if
the sample conducts electricity.

PEARSON

Practical activities

Results

Identify the purpose of the stick soaked in water only.

Explain why distilled water or deionised water was used
rather than tap water.

The non-metallic element did not add colour to the
flame. Outline the evidence that supports this statement.

ammeter

material to
be tested

switch

alligator clip

Construct a table in your workbook like the one below.

Metal or non-metal
Appearance when
polished

Bends or crumbles
Float or sinks

Action with water
Electrical conductivity

Element

Discussion

1

Metals share certain physical properties. From your
observations, list them.

List the properties that were common in all the
non-metals you tested.




4.9 Arranging the elements
-~ F L

The periodic table is a list of all the elements,
arranged in order of their atomic numbers.
The table’s structure allows you to predict the
properties of a particular element and what its
atoms are likely to do in a chemical reaction.

Columns and rows

The periodic table lists all of the known elements in order of
increasing atomic number. Having only one proton (atomic
number 1), hydrogen is the first element. Ununoctium is the
last, with 118 protons (atomic number 118). This list of elements
is arranged according to atomic number and in columns
depending on the number of electrons in the outer shell.

—_

Periods

The horizontal rows in the periodic table are called periods.
They are shown in Figure 4.2.1. The period number of an
element is the same as the number of shells occupied by the Periods are the horizontal rows of the periodic table.

electrons in its atoms.
The periodic table 1 1 3

Periods
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Groups

Groups are the vertical columns in the periodic table and are
numbered from 1 to 18. An older way of numbering groups
was to use the roman numerals I-VIII (Figure 4.2.2). From the
group number of an element, you can work out the number of
electrons in the outer shell of its atoms.

When using the group numbers 1 to 18, the last digit is usually
the number of electrons in the outer shell. So group 12 has two
electrons in the outer shell while group 18 has eight.

Groups
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

gl

5 5
< Older system of
F numbering groups

O

Groups are the vertical columns of the periodic table.

Placing elements in periods and groups

The electron configuration tells you the period and the group
of an element. For example:

¢ Sodium (element symbol Na) has 11 electrons and an
electron configuration of 2,8,1. This configuration shows
that sodium atoms have three occupied shells, with one
electron in their outer shell. For these reasons, sodium is
placed in period 3, group 1.

¢ Nitrogen (N) has an electron configuration of 2,5. It has
two occupied shells and has five outer-shell electrons. It is
therefore placed in period 2, group 15.

¢ Fluorine’s (F) electron configuration is 2,7, so it is placed in
period 2, group 17.

The connection between electron configuration of the first

18 elements and their position in the periodic table is clear in

Table 4.2.1. By arranging the elements this way, the metals are

to the left of the periodic table and the non-metals to the right.

Table 4.2.1 Electron configuration of the first 18 elements

_ crow
| 2 [ 13 ] 14

Period

21 |22 (23 |24 (25 |26 (2,7 |28

Na Mg |Al Si P S Cl Ar
281 (282 (283 (284 (285 |2,86 |2,8,7 12,88
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The odd
one out!

These balloons

contain helium

atoms. Each

helium atom

has two

electrons

occupying a

single shell.

Helium should be

in group 2 but is

placed in group 18
because of its properties,
which are far more like
those of group 18 elements
than group 2 elements.

Special blocks

As Figure 4.2.3 shows, the periodic table has three blocks of
elements known as the transition elements, the lanthanides
and actinides. The placement of elements in these blocks is
also based on their electron configuration but is too complex
to discuss here.

o

La lanthanides Lu

The transition elements, the lanthanides and actinides, are
placed in special blocks. Their placement is also based on
electron configuration.

p118 p119
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The ancient Greek philosopher Aristotle thought that there were only four elements: earth, water,
air and fire. Although scientists now know that these aren't elements, Aristotle’s idea began a

long search for what substances are made of. As scientific techniques advanced, so did the list

of known elements. As more elements were discovered, scientists looked for ways to organise them.

Chemists had long known that certain elements behaved Fifty-five elements had been discovered by 1829. Some
similarly to one another in chemical reactions and in elements had very similar properties and seemed to
their physical properties. This pattern provided a way of be related. For example, chlorine, bromine and iodine
constructing the periodic table that is now used by all (shown in Figure 4.2.5) reacted with other chemicals
chemists worldwide. in a similar way. For this reason, the German chemist
Johann Dobereiner (1780-1849) bunched them together
The first tables into a family of three. Other related elements were also
bunched into threes. Dobereiner called his bunches
‘triads’. Lithium, sodium and potassium formed a triad,
while calcium, strontium and barium formed another.

In 1789, the French chemist Antoine-Laurent de
Lavoisier (1743-93) separated the known elements

into metals, non-metals and ‘earths’. However, his list
of 33 elements also included light and a liquid called
‘caloric’ that was thought to carry heat from hot to cold
bodies. Caloric is now known not to exist. Light does
exist but is not an element. In 1808, the English chemist

John Dalton (1766-1844) went further by giving each of o o
the 36 known elements its own chemical symbol and

organising them in order of their mass. You can see his

symbols in Figure 4.2.4.

Dalton’s eyeballs

Dalton was colour blind and

suspected that it was because

his eyes were filled with blue

liquid! He instructed his doctor

to dissect his eyes after death

to determine if they were. No

blue liquid was found but in

1995 the gene that leads to

colour-blindness was isolated The properties of chlorine, bromine and iodine are so
from his preserved eyes. similar that Dobereiner placed them in the same triad.



ENDEAVOUR

In 1864, the English scientist John Newlands (1837-98)
arranged the 60 known elements in order of their mass,
forming a table of seven columns. Every eighth element
was placed on a new row and so his arrangement was
known as the law of octaves (Figure 4.2.6). However,
some boxes in his table ended up with more than one
element in them.

Musical notes repeat every eight notes. Newlands
organised his elements in a similar way, with a new
‘octave’ starting every eight elements.

Success

In 1869, the Russian chemist Dmitri Ivanovich Mendeleev
(1834-1907) constructed a table of rows and columns
like those of his favourite card game, called solitaire

or patience. Each element had its own box. He placed
them horizontally according to their atomic masses and
vertically according to their properties. He believed in the
periodicity (repetition) of the properties of the elements
and this arrangement placed elements with similar
properties in the same columns. He then realised that
some atomic masses were wrong and instead placed
those elements where their resemblance to other elements
suggested they should go. He also left gaps in his table
for undiscovered elements and predicted what their
properties might be. For example, he predicted that ‘eka-
silicon’ would eventually be discovered. When isolated in
1886, eka-silicon’s properties compared remarkably well
with Mendeleev’s predictions. Eka-silicon is now known
as germanium. Table 4.2.2 compares its predicted and
measured properties. Similarly, the properties he predicted
for eka-aluminium, eka-boron and eka-manganese were
close to those of gallium (isolated in 1875), scandium
(1879) and technetium (1937) respectively.

Table 4.2.2 Comparing eka-silicon with germanium

Germanium:
properties as
measured

Eka-silicon:
Mendeleev’s
predictions

Physical property

Colour Grey Grey-white

Atomic mass 72 72.61

Melting point (°C) High 947

Boiling point (°C) Below 100 84

Density (g/cm?) 55

An eccentric scientist!

Figure 4.2.7 shows Mendeleev’s
extravagant hair and beard, which he only
trimmed once a year. Mendeleev (and his
mother) hitch-hiked over 6000 km in 1848
to get to his first day of university in

St Petersburg. While there, he spent some
of his time perfecting the perfect vodka!

Dmitri lvanovich Mendeleev constructed the first
modern periodic table.

A similar table to Mendeleev’s was constructed in
1868-69 by the German chemist Lothar Meyer (1830-95).

Our modern table

Mendeleev and Meyer arranged the elements in order
of increasing atomic mass. To construct his table in
1913, the English physicist Henry Moseley (1887-1915)
used atomic numbers instead. An extended version of
Moseley’s table is still used today.

The discovery of electrons by English scientist

J.J. Thomson (1856-1940) in 1897 and the discovery
of electron configuration around 1920 eventually led to
the periodic table being arranged according to the way
electrons were arranged in their shells. Amazingly, this
version was identical to the earlier table based

on physical and chemical properties! This led

scientists to realise that chemistry was largely a
about electrons and how they behave @_/
(particularly the outer-shell electrons).




4.9 Unit review

Remembering

1 List five:

group 15 elements

b period 2 elements

¢ common transition elements
d lanthanides

e actinides.

[V

2 List the elements that Dobereiner organised into
three triads.

3 State how many elements were known in:

a 1789
b 1808
c 1829
d 1864

e 2011, the year this book was published.

4 Name the element that was once called eka-silicon.

Understanding

5 Outline how the electron configuration of an element
determines its position in the periodic table.

6 Explain why Dobereiner organised selected elements
into triads.

7 Newland’s periodic table ended up having more than
one element in some of its boxes. Explain why this is
not possible.

8 Explain why Mendeleev left gaps in his original table.

Applying
9 The electron configurations of different elements are given

below. Identify in which period and group they should be
placed.

a 23

b 287

c 2882

d 2818,6

e 2,818,8,2

10 Use the periodic table to identify the elements whose
electron configurations are listed in Question 9.

11 Use the periodic table to help you predict the electron
configuration for:
a silicon (Si)
b  helium (He)
¢ nitrogen (N)
d magnesium (Mg).

12 Identify the period and group that these atoms would
belong to.
a Ne
b anatom with atomic number 13
¢ anatom with 7 electrons.

13 Use the periodic table to determine the electron
configuration of an atom in:
a period 2, group 16
b period 3, group 18.

14 Use the periodic table to determine how many electrons
in an atom:

with eight protons

with 18 protons

with an atomic number of 3

with an atomic number of 19

in period 2, group 17

in period 3, group 2

of phosphorus

of potassium.

Q@ ™0 Q0 T o

Analysing

15 Compare the elements H, Li and Na by listing the
similarities and differences in their electron configurations
and placement in the periodic table.

16 Compare two properties that Mendeleev predicted for
eka-silicon with those of germanium.

Evaluating

17 Propose reasons why Dalton’s symbols for the elements
would be difficult to use today.

Creating

18 Construct a scale timeline showing important years in the
development of the periodic table.

Inquiring

1 Research Mendeleev, Lavoisier or Dalton and construct
a biography outlining their lives, achievements and
contributions to the development of the periodic table.

2 Find a version of Mendeleev’s original periodic table and
compare it with the one used today.

3 Find alternative versions of the periodic table that are used
today for different purposes.




4.9 Practical activities

alnvestigating a metallic element

Purpose Step 1 Step 2
To make crystals of the 039
metallic element silver. sample agar solution
. o \ folded with dissolved
Materials stirring rod : paper sample
e 250mL beaker 05
) ) .5 g agar

* hotplate or Bunsen Silver nitrate in 40 mL

burner, tripod, gauze stains skin, water zinc

mat and bench mat clothing and benchtops and sheet

a7

Petri dish @

e 1em x4cm clean lead nitrate is poisonous.

zinc strip Wear safety glasses and
gloves at all times when

e 0.3 gsilver nitrate (this : -
dealing with them.

could be pre-weighed)

Turn the Bunsen burner to
yellow flame or off when not
using it.

e stirring rod '29;': Making an agar plate
e 0.5gagar powder (this -

could be pre-weighed) ) )
Tie long hair back.

e 40mL distilled or Results
deionised water 1 Sketch or photograph the pattern produced by the
e 100mL measuring cylinder crystals.
* Petridish 2 Ifyou observed the crystals under the stereomicroscope,
* stereomicroscope (optional) then draw the shape of an individual crystal.
Procedure Discussion
1 Fold a small piece of paper in two and then open it out. 1 Propose areason why the crystals were grown in agar

2 Place the paper onto the electronic balance and measure and not a liquid.

out 0.5g of agar onto it. 2 Describe the colour of the agar after the silver nitrate
dissolved in it. (This is also what happens if silver nitrate

3 Use the measuring cylinder to measure out 40 mL of
comes into contact with your skin.)

distilled or deionised water.

4 Pour the water into the beaker and sprinkle the agar 3 Identify the atomic number and period for silver.

into it as shown in step 1 of Figure 4.2.8. 4 Identify which of the following would be the most likely
5 Gently warm the beaker over the hotplate or Bunsen electron configuration of silver.

burner, stirring until all of the agar is dissolved. '; 47

511

6 Carefully remove the beaker from the hotplate or Bunsen C 281819

bur.ne.zr .anq add 0.3 g of silver nitrate to the beaker. Stir D 2818181

until it is dissolved.

o o 5 Name the special block in which silver is located in the
7 Pour the agar solution into a petri dish and gently .
periodic table.

place the zinc strip in the centre as shown in step 2
of Figure 4.2.8.

8 Place the lid on top of the Petri dish and allow the agar
to cool in a dark place (perhaps inside a cupboard).
The agar should set into a jelly.

9 Inspect the metal crystals that form over the next few
days. If available, use a stereomicroscope for a better view.

PEARSON




a Investigating a non-metallic element

Purpose
To determine how much oxygen is in air.

Materials
* non-soapy steel wool (cleaned first with methylated
spirits, rinsed in water and dried)

e large (50mL) test-tube

¢ plastic container (such as a take-away food container)
¢ retort stand, bosshead and clamp

e marking pen

¢ 10mL measuring cylinder

e access to a calculator

Procedure

1 Add water to the plastic container and place it on the
base of the retort stand.

2 Insert a 2-3cm wad of steel wool in the bottom of the
test-tube. Scrunch it up or add a little more so that it
stays in place when inverted.

3 Wet the steel wool, then invert the test-tube and clamp so
that it as shown in Figure 4.2.9. Make sure that the mouth
of the test-tube is well under the surface of the water.

4 Mark where the water level is on the test-tube.

5 Leave the test-tube for at least 2 days. Mark the new
water level in the test-tube.

6 Remove the test-tube from the clamp. Leave the
steel wool in place and pour water into the test-tube
until it reaches the line you marked at the end of the
experiment. Empty the water into the measuring
cylinder and record its volume in the results table.

7 Pour water into the test-tube until it reaches the line
you marked at the start of the experiment. Pour it into
an empty measuring cylinder and record its volume
(column 2).

wet steel wool

clamp

%_

retort stand

J Inverting the
— ~— test-tube

Results

1 In your workbook, copy the table below. Record your
volumes in columns 1 and 2.

2 Gather the results from another four groups in your class.

Column1 |Column2 |Column3 |Column 4
Volume of | Total Volume of |Percentage

air after 2 |volume of |air ‘used |of air ‘used
days (mL) | air at start |up’ (mL) up’
(mL)

1

2
3
4
5

Average

3 Calculate the amount of air ‘used up’ in the rusting of the
steel wool. Calculate this volume by subtracting:
column 2 — column 1. Record this volume in column 3.

4 Calculate the percentage of air ‘used up’ in the

experiment.

1 3
% of air used up = ggﬁ% x 100

5 Calculate the average of all the groups’ measurements.

Discussion
1 Compare the results obtained from the different groups.

2 Identify the errors in this experiment that will naturally
contribute to some variation in the results.

3 Explain the advantages of taking multiple
measurements in a practical activity.

4 a Airisabout 21% oxygen. Compare this percentage
with the percentage of air ‘used up’ in this
experiment.

b  Assess whether the two percentages should be the
same or not.
¢ Justify your answer.

5 For oxygen, state its:
a atomic number
b period and group numbers
¢ electron configuration.
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Atoms rarely exist by themselves. Instead,
most bond with other atoms to form small
molecules or large lattices. There are three
types of bonding: metallic, ionic and covalent.
The type of bonding that occurs depends on

whether the atoms bonding are metals or
non-metals.

Atoms that bond and atoms
that don’t

Most atoms join with other atoms to form small groupings
called molecules or large, regular arrangements called lattices.
The links between these atoms are called chemical bonds.

However, one group of atoms tends not to bond. These are the
atoms of elements in group 18, commonly called the noble or
inert gases. The atoms of noble gases are extremely stable and
rarely bond with other atoms. Instead, they are monatomic,
existing as single atoms. This stability is because of their
electron configuration. Helium (He) atoms have two electrons
filling their outer shells, while neon (Ne) atoms (like those in
the tubes of the advertising sign in Figure 4.3.1) have eight
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electrons filling their outer-shells. Argon (Ar), krypton (Kr),
xenon (Xe) and radon (Rn) also have eight electrons in their
outer shells.

All other atoms in the periodic table react, gaining, losing

or sharing electrons as they do so. This results in particles
with full outer shells or outer shells that hold eight electrons.
This gives the particles the same electron configuration and
stability as a noble gas. This transfer or sharing of electrons is
how bonds form.

Bonding types

The types of bonds formed depend on the type of atoms that
are bonding.

Metallic bonding occurs between metal atoms.

Ionic bonding occurs between metal atoms and non-metal
atoms.

Covalent bonding occurs between atoms of non-metals.

To understand metallic and ionic bonding, you must first
understand what ions are.



lons

Ions are atoms (or groups of atoms) that have become charged
because they have had electrons removed from them or because
they have removed electrons from other atoms. Atoms are
neutral (no charge) because they have equal numbers of protons
and electrons. The transfer of electrons destroys this balance.

Number of electrons in an ion # number of protons

This imbalance gives ions a charge.

* DPositively charged ions (+) have more protons than electrons.
They form when metal atoms lose their outer-shell electrons.

* Negatively charged ions (-) have more electrons than protons.

They form when atoms of non-metals gain electrons.

The ions now have the same electron configuration and
stability of noble gases.

The neon gas used in this sign is a noble gas. Like all
noble gases, neon is stable and so doesn’t bond or take
part in chemical reactions.

Metallic bonding

Metal atoms have a weak hold on their outer-shell electrons.
This gives the outer-shell electrons the freedom to move
throughout the metal without being bound to any one

atom. Each metal atom becomes a positively charged ion.
Opposite charges attract and this electrostatic force provides
multidirectional bonding between the positive ions and the
‘sea’ of loose electrons surrounding them. This bonding holds
the metal together and is known as metallic bonding (Figure
4.3.2). As Figure 4.3.3 on page 122 shows, metallic bonding
explains all the physical properties characteristic of metals.

-
N

7 4
,,I-.
»FE e
LS50

‘sea’ of
free-moving
electrons

Metal atoms are bonded to each other because of the
attraction between the lattice of positive ions and the
electron ‘sea’ surrounding them.

The periodic table 1 21



applied
to shift
metal ions ~g

Metals are malleable:
metallic bonding allows
the ions and electrons
to stay together and >
not break apart when

hammered or bent.

O AN
11® ® @
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0.0 0.0
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free moving electrons relocate,
bonding remains unbroken

& Metals are ductile:
metallic bonding allows
the metal to stay in
one piece while being
stretched into wires.

Metals are conductors of
heat: the ‘sea’ of free electrons
rapidly transfers heat.

O
® 6 0

Metals are conductors of
electricity: the ‘sea’ of free
electrons allows metals to
carry electrical currents.

Each metal ion is attracted to the ‘sea’ of outer-shell electrons released from all the
metal atoms within the lattice. This mutual attraction bonds the metal together.

lonic bonding

Ionic bonding occurs when metallic elements bond with
non-metallic elements. Metal atoms have only a weak hold
on their outer-shell electrons. In contrast, non-metallic atoms
have a strong hold on their own electrons, and tend to remove
outer-shell electrons from any metal atoms nearby. This
causes ions to form.

Electrostatic forces pull the positive and negative ions together
to form a strong ionic bond. Each ion is surrounded by ions of
the opposite charge, building up a three-dimensional structure
called a lattice. The process is shown in Figure 4.3.4.

The ionic bonding model explains all the important properties
of ionic substances, including how they conduct electricity.
When solid, ionic substances don’t conduct because the ions

Step 1

Sodium has 1
outer-shell electron.

Chlorine has 7
outer-shell electrons.

The chlorine atom rips the single
outer-shell electron off the sodium atom.

Figure

4.3.4
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lonic bonding holds table salt (sodium chloride, NaCl) together.

are bonded within their
lattice. When molten or
dissolved in water, these ions

separate from one another.
This allows the ions to
conduct an electric current.
This current can then light
up a globe as in Figure 4.3.5.

lonic substances only
conduct electricity when
molten or dissolved in water.

Step 2

Both become ions with
8 outer-shell electrons. + - ¥

/\

\ =/ \ / 26 ¢

Positive and negative ions attract,
holding them together.

D--9--C
//é\ %599

Attraction is in all directions
so ions form a lattice.



Predicting charges

g - of positive ions

Positive ions form when a metal atom
loses its outer-shell electrons to obtain
the electron configuration of a noble gas.
For the metals in groups 1, 2, 13 and 14,
their charge is the same as the last digit
in the group number.

For example, sodium is in group 1 and

S0 it loses its single outer electron when

it becomes an ion. This gives it a single
positive charge (+1). Its symbol is Na*.
Likewise, calcium is in group 2 and forms
Ca?*ions, while tin is in group 14 and forms

need to remember them.

Table 4.3.1 Predicting charges of metal ions

- T
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Lithium Li 1 2.1 1 electron +1 | Lithium ion Li*
Beryllium Be 2 2,2 | 2electrons | +2 |Berylliumion Be**
Sodium Na 1 2,8,1 1 electron +1 | Sodium ion Na*
Magnesium Mg | 2 | 2,82 | 2electrons | +2 |Magnesiumion Mg*
Aluminium Al 13 | 2,8,3 | 3electrons | +3 |Aluminiumion Al

Sn*ions. Other examples of metal atoms forming ions are shown in Table 4.3.1.

The metal atoms of groups 3-12 generally form ions with a charge of +1 or +2. Some, like copper and iron, form multiple
charges; for example, Cu* and Cu?*, Fe** and Fe®**. Unfortunately, these charges cannot be predicted and so you just

Predicting charges
of negative ions

Table 4.3.2 Predicting charges of non-metal ions

= ©
Negative ions form when atoms of 3 s g
non-metals remove electrons from metal - § - ® S 2
atoms. The number of electrons they S S| 83 o g
. 5 o
remove is always enough to form an outer GE, § e "g g =
shell of 8 electrons. i G | Wwo (3] o
For example, sulfur is in group 16 and so it Carbon C 14 2,4 | 4electrons | -4 |Carbide ion C*
gains an additional two electrons, giving it Nitrogen N 15 25 | 3electrons | -3 |Nitride ion N*
- . o
a Ch"_ﬂge of -2.The IOI_l s new symbol is S Oxygen O 16 2,6 2 electrons | -2 |Oxide ion O*
and is now called sulfide. 7 z
) Fluorine F 174 2,7 1electron | -1 |Fluoride ion F~
Other examples of non-metals forming : YT
ions are shown in Table 4.3.2. Figure 4.3.6 Phosphorus P 15 | 2,8,5 | 3electrons | -3 |Phosphideion P
summarises the Cha]_'ges formed by various Sulfur S 16 2,8,6 | 2 electrons -2 | Sulfide ion S*
positive and negative ions. Chlorine CI 17 | 2,8,7 | 1electron | -1 |Chloride ion CI-
1 2 13 14 15 16 17 18
-4
Transition elements
Figure
@ 4.3.6
O
E
1| 42 *31 4 5 The group number
= e of an element can
e be used to predict
8 the charges of any
ions formed.

The periodic table
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Covalent bonding Figure

4.3.10
Covalent bonding happens when non-metallic atoms bond
with each other. Non-metals have the ability to remove Carbon’s ability to form
electrons from metals but they can’t do this to other non- four covalent bonds

metals. Instead, they share some of their outer-shell electrons. allows it to form the
Covalent bonds happen when two non-metals share one or :
more pairs of outer-shell electrons. If one pair is shared, then
one electron from each atom forms the bond. The shared grip
on these electrons holds the two atoms together. It’s a little like
what is happening in Figure 4.3.7.

incredibly strong
structure of diamond.

Covalent bonding is a bit S(zien(}e ‘l fl.l I1

like two people struggling
for the same chair. When
both are of the same

strength, neither will be A rough dlamond

able to take the chair off What does the structure of diamond @
the other. Instead both look like?

will continue to hold the Collect this...

chair, indirectly joining
them together.

¢ |ollies such as fruit pastilles or raspberries
¢ toothpicks
Non-metals only share enough electrons to fill their outer * heavy book

shell or to have eight electrons in it. For example, three Do this...

additional electrons would fill the outer-shell of nitrogen 1 Insert four toothpicks into a lolly so that they
(electron configuration 2,5). Therefore, a nitrogen atom must form a tetrahedron or triangular pyramid like
pair up three of its electrons with three electrons from other that shown below.

non-metallic atoms. This results in three covalent bonds. Attach more lollies and toothpicks until you
Figure 4.3.8 shows that nitrogen can form these three bonds have diamond!

in different ways. Once built, place the book on top of your
structure and push lightly down.

Ammonia Nitrogen gas

Figure
4.3.8
Nitrogen needs three
extra electrons and so
forms three single
covalent bonds or a
NH, N,

triple covalent bond.

Covalent bonding usually results in the formation of discrete
groupings of atoms known as molecules. Figure 4.3.9 shows
just two of the molecules in which oxygen is bonded covalently.

Figure
4.3.9

Oxygen needs two

Water Oxygen gas
extra electrons
and so forms two

single covalent G %

bonds or a double
covalent bond. H,0 0,

Record this...
Describe how strong your structure was.
Explain why you think this happened.

Although carbon forms the basic backbone of millions of
different types of molecules, it can also use covalent bonding
to form extended lattices of graphite and diamond, shown in
Figure 4.3.10.
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Predicting the number of covalent bonds
Non-metals form covalent bonds in order to obtain the same electron configuration as a noble gas. Therefore, the
number of covalent bonds formed is equal to the number of electrons they need. This is shown in Table 4.3.3.
Table 4.3.3 Predicting number of covalent bonds
Element Group Electron Number of Number of covalent Example
number configuration electrons needed bonds formed
Methane H
CH, |
Carbon C 14 24 4 4 C
H // N
H
H
Ammonia
NH,
7 N
Nitrogen N 15 25 3 3 H/ \H
H
Oxygen gas
02
Oxygen O 16 2,6 2 2 0=—0
Fluorine gas
F2
Fluorine F 17 2% 1 1 F —F
Silicon E
tetrafluoride
SIF, |
Silicon Si 14 2,8,4 4 4 Si
F // ™
F
F
Phosphorus trichloride
PCI,
P
Phosphorus P 15 28,5 3 3 cl 7 N
Cl
Cl
Sulfur monoxide
SO
Sulfur S 16 2,8,6 2 2 S=0
Hydrogen chloride
(hydrochloric acid)
HCI
Chlorine CI 17 28,7 1 1 H—Cl

The periodic table 1 25



Remembering

1 State whether the following elements have a high or low
attraction for outer-shell electrons.
a metals
b non-metals

2 Recall the different types of bonding by matching them
with the correct combination of elements.
a metallic i
b ionic ii
¢ covalent iii

metal/non-metal
non-metal/non-metal
metal/metal

3 Recall the different types of bonding by matching them
with the term that best identifies them:
a metallic i
b ionic ii
c covalent

shared electrons
electron sea
ili charged atoms

4 Below are eight fragments of sentences. Arrange them to
form two complete sentences that recall the formation
of ions.

Metal atoms ...
Non-metal atoms ...

... gain electrons ...
... lose electrons ...

... to form positive ions, ...
... to form negative ions, ...

... which have more protons than electrons.
... which have more electrons than protons.

5 Name the ions formed from the following atoms.

a sodium
b chlorine
c oxygen

6 Name two forms of carbon that are lattice structures.

Understanding

7 Define the term monatomic.
8 Explain why the noble gases tend not to form bonds.
9 Explain why metals are good electrical conductors.

10 Define the terms:
a malleable
b  ductile.

11 Outline how sodium and chlorine atoms eventually form
a lattice of sodium chloride

12 Explain why molten and dissolved sodium chloride
conduct electricity but solid sodium chloride doesn'’t.

PEARSON

4.3 Unit review

13

14

Explain why sodium chloride is neutral with no overall
charge despite it being constructed of charged ions.

Explain why ionic substances form lattices instead of
molecules.

Applying

15

16

17

18

19

20

21

Use the metallic bonding model to explain why metals
don'’t tend to break when bent.

Use the structure of diamond to explain why it is
S0 strong.

Use the following electron configurations to predict the
likely charges of ions formed from the following atoms.
a Mg(282)

b fluorine (2,7)

c lithium (2,1)

d phosphorus (2,8,5)

Use the periodic table to predict the likely charges of ions
formed by atoms of the following elements.

a Br
b Sr
c Se
d Fr
Identify the missing information to complete the
following table.
— — —
3] S ., 0 o
5 52 | 85 5
] 8 9 o 5 £
E E3 | EB S ¢
z z2 | 29 <SS
8 6 10
10 10 10
13 15 10
18 18 -1
19 20 +1 K’

Use the ionic bonding model to explain why ionic
substances conduct electricity when molten but not
when solid.

Use the periodic table and group number to predict
the number of covalent bonds formed by the following
non-metals.

a O
b N
c
d Si




Analysing d H
22 (lassify the following diagrams as representing an atom, |
amolecule or a lattice.

: |

€  clI==cl

25 You don't need to worry about the number of neutrons when
calculating the charge of an ion. Propose a reason why.

Inquiring

Research the noble gases, their uses and their discovery.
2 Within the shells are subshells named s, p, d and f.

o 1
They explain the existence of the transition elements,
¢ lanthanides and actinides. Find diagrams of what these
subshells look like.
3 Research the bonding that takes place in graphite and use
it to explain why graphite is an electrical conductor.

23 Molecules of hydrogen, oxygen and nitrogen all have two
atoms in them. Their formulas are H,, O, and N,. Compare
the bonding in these molecules by listing their similarities
and differences.

Evaluating

24 Assess whether the following molecules are likely or not by
counting the number of bonds in them.

a H
o)
/
HES \H
H
b Br—— Br
c N
n” Ny

These three electrodes are made up of graphite and
have just been removed from an electric arc furnace
used to make steel.

Figure
4.3.11




4.3 Practical activities

aModeI building

Purpose
To construct models of molecules and lattices.

Materials
e chemistry atomic model kit

Procedure

1 Use the model kit to construct lattices of the following.
Then test the structure as suggested.

Diamond, C

e Useidentical pieces that have four ‘pegs’ arranged in

a tetrahedron.

e Test howrigid the structure is by lightly squashing it.

Graphite, C

e Use identical pieces that have three ‘pegs’ arranged
as a three-point star.

e Test how easy itis to slide one layer over another.

Sodium chloride, NaCl
e Use two colours and pieces that have six ‘pegs’.

e  Test how rigid the structure is by lightly squashing it.

2 Use the model kit to construct molecules of the
following.

Water, H,0

e For the O atom, use a piece with four ‘pegs’, but only
use two of them.

e For the H atoms, use a piece with one ‘peg’ only.

PEARSON

Ammonia, NH,

e For the N atom, use a piece with four ‘pegs’, but only
use three of them.

e For the H atoms, use a piece with one ‘peg’ only.

Methane, CH,
e For the C atom, use a piece with four ‘pegs’.
e For the H atoms, use a piece with one ‘peg’ only.

Extension

3 Use the model kit to design and construct 2
different molecules. Make sure you use every
peg or hole in every piece you use.

4 Write the chemical formula for each of the molecules
you construct.

Discussion

1 Describe how the lattice structure of diamond makes it
incredibly strong.

2 Use the periodic table to propose another element that
could be expected to form a similarly shaped and strong
lattice as diamond.

3 Atoms bond to obtain the same electron configuration
as a noble gas. To do this they form bonds and electron
pairs. State how many electron pairs should be around
most atoms in the molecules you constructed.

4 The pieces chosen to represent hydrogen only had one
‘peg’ and not the four suggested for other pieces in the
molecules. Use electron configuration to explain why.
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Similar but different

The elements of any particular group in the periodic table all
have the same number of outer-shell electrons. For this reason,
they tend to form ions of the same charge or have the same
number of covalent bonds when forming a molecule. This
causes most compounds constructed from them to be similar.

For example, every element in group 2 is a solid metal. When
bonding with a non-metal, each forms an ion carrying a charge
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of +2. For this reason, they all form similar ionic compounds
with chlorine, with the same 1:2 ratio of metal to chlorine. This
is shown in their formulas MgCl,, CaCl,, SrCl, and BaCl,.

Likewise, each of the elements of group 17 form the same
number of covalent bonds and therefore form similar
molecules, such as HE HCI, HBr and HI.

However, the elements in each group are not the same. This is
because every new period represents a new shell being added
to the atom. Therefore, the outer electrons are a little further
out from the nucleus and held less tightly. Hence, a gradual
change in physical and chemical properties is observed as you
move down through the atoms in each group.
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Predicting chemical equations

Elements of the same group tend to react in
very similar ways and so a balanced chemical
equation for one element can be used to predict
the reactions for other elements in the group. For
example, the balanced formula equation for the
reaction of fluorine with hydrogen sulfide is:
F,+HS—S+2HF
The other group 17 elements will react in similar
ways and so it can be expected that their
balanced formula equations will be similar too.
Hence, you can predict that their reactions will
most likely be:
CL+H,S — S+ 2HCI
Br,+ H,S — 5+ 2HBr
L+H,S — 5+ 2HI

Groups 1 and 2—alkali
metals and alkaline earths

The group 1 elements shown in Figure 4.4.1 are known as the
alkali metals. The group 2 elements are known as the alkaline
earths. All the alkali metals:

e form +1 ions

e are far too reactive to be found naturally in their pure forms
¢ have typical metallic properties

e display similar extreme chemical behaviour.

o _ m

Be

Na|Mg
K |Ca

Rb| Sr

stivity increases

Cs|Ba

Fr |Ra

Figure \ The alkali metals are group 1 and alkaline earths are
group 2.

Lithium, sodium and potassium are light enough to float on
water and are so soft that they can be cut with a knife. They all
react with chlorine gas (and the other group 17 elements) and
produce similar white salts. For example, lithium reacts with
chlorine gas to form lithium chloride. This can be written as
the balanced formula equation:

2Li + Cl,— 2LiCl
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From this equation, you can predict the equations for the
other alkali metals and other group 17 elements. These
equations are:

2Na + Cl,— 2NaCl
2K + Br2 — 2KBr
2Li + F,— 2LiF

All alkali metals react violently with water, producing an
alkaline or basic solution and hydrogen gas, which sometimes
ignites due to the heat produced. This is what has happened in
Figure 4.4.2. For sodium, the balanced formula equation is:

2Na +2H,0 — 2NaOH +H,

The other alkali metals will do much the same:
2Li + 2H,0 — 2LiOH + H,
2K +2H,0 — 2KOH + H,

An accident in which sodium was accidentally dropped
into water. Reactions of this type become even more
violent as you move down group 1.

Trends in chemical activity of metals

Metal atoms have a weak hold on their outer-shell electrons.
As you move down a group, extra shells are added and so this
hold gets even weaker. This makes the metal more unstable
and more reactive. Lithium atoms are the smallest in group

1 and lithium metal fizzes when put in water. Sodium atoms
are a little bigger and can react explosively with moisture in
the air. Reactions with moisture become even more violent as
you move down group 1. To avoid this happening accidentally,
alkali metals are usually stored in paraffin oil to

keep them moisture-free. l&
Group 2 metals all act in a similar, but \ihiat
slightly less reactive, way to group 1. =



Group 14

The elements of group 14 display a wide range of properties
(Figure 4.4.3). The group begins with the non-metal carbon,
moves through the metalloids silicon and germanium and
finishes with the metallic elements tin and lead.

Figure Group 14 elements
4.4.3

Pure carbon exists in several different forms or allotropes, the
most common being amorphous carbon (charcoal), diamond,
graphite and buckyballs. The molecular structures of the four
allotropes of carbon are all different.

Carbon is also in molecules in every living thing on Earth, and
anything that was once living such as wood.

A carbon atom forms four covalent bonds when it joins with
other carbon atoms or the atoms of other non-metals. This
gives carbon the ability to form an amazing range of molecules.
Substances that have carbon skeletons like those in Figure 4.4.4
are known as organic substances and their molecules are

Organic molecules form living things

all fossil fuels and all plastics.

organic molecules. Organic molecules make up all living things,
fossil fuels and plastics (more correctly known as polymers).

C

Silicon is found as silicon dioxide and metal silicates. Together
they make up 75% of the Earth’s crust—sand, clay, asbestos
and quartz contain silicon as do many gemstones (like the one
in Figure 4.4.5). Silicon is the major component of glass.

Mendeleev predicted the existence of germanium 15years
before its discovery, naming it eka-silicon. Germanium is
used as the catalyst in fluorescent lights and its oxides are
used in the production of lenses for optical instruments
such as microscopes. Both silicon and germanium -
are semiconductors and are widely used in =
electronic components.

Tin and lead are metals and
have characteristic metallic
properties. They are
malleable (able to be
bent), ductile (able

to be stretched into
wires), lustrous (shiny
when polished) and
electrical and thermal
conductors.

Silicon dioxide is the
main component of
many precious and
semiprecious gemstones
such as this amethyst.

fossil fuels

plastics

Figure \ There are more compounds of carbon than any other element on Earth. Organic compounds form the basis for all life on Earth,
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Group 17—the halogens
]

reactive

Figure The halogens
4.4.6

The group 17 elements shown in Figure 4.4.6 are known as the
halogens. Atoms of halogens:
¢ form ions with a charge of -1
e are not found in nature in their pure form but are found
in various types of salts, including sea salt
¢ get bigger and become less reactive as you move
down the group
¢ all form molecules, each being made up of two atoms
(F,, CL, Br,and L). You can see this in Figure 4.4.7
¢ have coloured and poisonous vapours (Figure 4.4.8).

- C.00-0

atoms get larger

Figure | Although the halogens have similarities, their different
sizes result in some differences in their properties.

Halogen lamps are filled with a noble gas with a trace of
a halogen such as iodine or bromine. Halogen lights are
much brighter than normal globes.
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Figure

4.4.8

All of the halogens convert hydrogen sulfide (H,S, known as
‘rotten egg’ gas) into sulfur (S). These reactions also form very
similar gases composed of hydrogen and the halogen, such as
hydrogen chloride. These reactions can be written as balanced
formula equations:

F,+H,S — S+ 2HF
CL+H,S — S +2HCI

As Figure 4.4.9 shows, they also react in a similar way with iron.

gas out

iron wool

chlorine
gasin

Hot steel wool glows brightly when
chlorine passes over it. Brown
smoke and brown solid form.

bromine
liquid

The iron glows
less brightly when
bromine is used.
Brown smoke and
brown solid form. heat

iron

crystals
The iron glows of iodine
even less brightly

with iodine. Brown
smoke and brown

solid form.

Quiet children!

Bromine forms the bromide ion, the
salts of which were used as sedatives
in the 19th century. Bromide salts were
given to some children by providing
them with their own saltshaker at
dinner time. That kept them quiet!



Group 18—the noble gases

Figure
4.4.10

The noble or inert gases

The noble gases of group 18 (shown in Figure 4.4.10) are
colourless and occur naturally in the atmosphere. Distillation is
used to separate them from liquid air. They are incredibly stable
and react only under rare and extreme circumstances. Helium is
safe and light enough to be used for party balloons and

for airships (unlike the alternative hydrogen, which

is explosive). Balloons of the other noble gases get

progressively heavier. This is shown in Figure 4.4.11.

I-d

atoms get larger

rises
quickly

rises
slowly
falls
slowly
falls
. Noble gases get quickly
Figure bigger and heavier as
4.4.11 -
you move down their group. falls

very quickly

Squeaky voices

Your voice goes high and squeaky
when you breathe in helium from a
party balloon. Your vocal cords

vibrate more quickly in helium
because it is lighter than air, making
the pitch go higher. Don’t try this,
though. People have died from

The transition metals

The transition elements (groups 3-12) are all metals and include
many of our most useful, colourful and valuable ones such as
iron, copper, zinc, gold and silver. Their salts and solutions are
also colourful—some are shown in Figure 4.4.12. The transition
metals have very similar properties. For example, they all tend to
be relatively hard with high melting points. Likewise, the period
4 metals iron, cobalt and nickel are all magnetic, despite being in
different groups.

Scandium, agent Sc-46!

The East German secret police
(the Stasi) regularly sprayed
opponents of the government
(dissidents) with radioactive
scandium, 3;Sc. The unknowing
dissidents were then traced with
a Geiger counter strapped under
the armpits of Stasi agents.
Vibrations alerted the agent that
their trace was nearby. The Stasi
also used radioactive silver
bullets that could be safely shot
into the tyres of cars they
wanted to track.

Figure \ These solutions of transition metals show how
4.4.12 / colourful transition metals can be.

breathing in gases such as helium.
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4.4 Unit review

Remembering

1 State the group number of the following ‘families’
of elements.
a alkali metals
b alkaline earth metals
¢ halogens
d noble gases

2 Name the alkali metal that would be the:
a smallest atom
b mostreactive.

3 Name an element that has similar properties to:
a potassium (K)
b calcium (Ca)
¢ oxygen (0O).

4 Name three allotropes of carbon.

State the chemical formulas for molecules of fluorine
and molecules of chlorine.

6 Name the separation method that is used to separate
noble gases from air.

Understanding

7 Explain why helium is used instead of hydrogen in
airships.

8 Carbon has a unique ability to form the backbone of many
long chain-like molecules. Describe the feature of carbon
atoms that enables it to do this.

Applying
9 Use the electron configuration of oxygen and sulfur to
explain why they form similar molecules such as H,0
and H,S.

10 Use family resemblances and the balanced formula
equations given in this unit to predict the reactions of:
a sodium (Na) and water (H,0)
b  rubidium (Rb) with water (H,O)
¢ lithium (Li) with iodine (I,)
d sodium (Na) with bromine (Br,).

11 Identify the chemical formulas missing from each of the
following balanced formula equations.
a F,+HS—..+2HF
b 2Na+Br,—2...
¢ 2Na+2...—2NaOH+H,

PEARSON

Analysing
12 The noble gases and halogens are non-metals yet are very
different from each other. Contrast these two groups.

13 Compare the alkali metals with the alkaline earths by
listing their similarities and differences.

Evaluating

14 All the noble gases except radon (which is radioactive)
could be used in party balloons but helium is the best.
Propose a reason why.

15 Tin acts like a non-metal below 13°C. In 1913 Captain
Robert Scott and two fellow explorers froze to death in
Antarctica after they ran out of heating fuel that was stored
in tins. Use the properties of metals and non-metals to
propose reasons why they unexpectedly ran out.

Creating

16 The melting and boiling points for each of the halogens
are shown below.
a Identify which halogens would be solid, liquid or gas
at the following temperatures.
i 20°C
ii  100°C
i —199°C
iv. 150°C
b Use a spreadsheet or graph paper to construct
accurate line graphs of the:
i  melting point versus period number
ii  boiling point versus period number.

Period Group 17 Melting point | Boiling point
number | element (°C) (°C)
2 Fluorine F -220 -188
3 Chlorine Cl =101 -35
4 Bromine Br -7 59
5 lodine | 114 185
Inquiring

1 a Research the uses for the alkali metals, alkaline earths,
halogens and/or noble gases.
b Construct a table to summarise your findings.

2 Some metals such as lead and mercury are known as
cumulative poisons. Research what this means, the
symptoms of cumulative poisoning and how you might
come into contact with these metals.




4.4 Practical activities

QThe alkaline earths

Purpose -

To investigate the reactivity “%
of group 2, the alkaline

earth elements.

Do not handle

calcium metal with

your bare hands because
it reacts with moisture.

Materials
e 2 test-tubes and rack

e 1 rubber stopper with

hole and glass tubing
Wear safety glasses at

¢ 1rubber stopper with .
all times.

no hole
e 250 mL beaker
¢ Bunsen burner, tripod, bench mat and matches
¢ distilled or de-ionised water
¢ 1x5cm strip of magnesium
¢ steel wool or emery paper
¢ phenolphthalein solution
¢ small sample of calcium
* tweezers

Procedure

Part A

1 Clean the magnesium strip with steel wool or emery
paper and then form it into a coil.

2 Place the coil in a test-tube and cover it with distilled
water.

3 Watch very carefully over the next 5minutes. Look for
bubbles.

4 Ifnothing happens, heat it gently over a yellow flame
(Figure 4.4.13).

5 When finished, add 1 drop of phenolphthalein to the
solution. Record the colour.

distilled
water

coil of Mg

Bunsen
burner

Phenolphthalein

- =

distilled water

Part B

Put about 5 cm of distilled water into the other test-tube.

Using tweezers, add a piece of calcium. Immediately
stopper the test-tube with the single-holed rubber
stopper and collect any gas generated as shown in
Figure 4.4.14.

Once the inverted test-tube is filled with gas, remove and
stopper it.

Light a match, remove the stopper and place the match
near the opening of the test-tube filled with gas. Record
what happens and use the following guide to identify
the gas.

e Ifthe match pops, then the gas is hydrogen.

e Ifthe match goes out, then the gas is carbon dioxide.
e If the match flares up, then the gas is oxygen.

Add one drop of phenolphthalein to the test-tube that
contained the water and calcium. Record the colour.

test-tube filled
() s with water

L __— beaker filled
with water

calcium

Discussion

1 From your observation, state whether Mg or Ca is

more reactive.

Describe what happens to reactivity as you move down
group 2.

Group 1 metals are more reactive than group 2 metals.
Propose a reason why reactions of group 1 metals

are rarely performed in class except as teacher
demonstrations.




a Making casein plastic

Casein was an early plastic that is still used for buttons and
some wood glues. It is hardened industrially with formalin.

Purpose
To make a simple plastic and test its properties.

Materials

» full-cream milk

e vinegar

¢ hotplate or Bunsen burner,
bench mat, tripod and gauze
mat

Turn the Bunsen
burner to the
yellow flame

* 100 mL measuring cylinder

e 2x250mL beakers or off when

* thermometer not using it.

e glass stirring rod Tie long S

* elastic band hair back.

e coarse cloth for straining

e paper towel/filter paper

¢ assorted moulds (such as bottle caps, moulded
chocolate trays)

* fine sandpaper

* tongs

Procedure

1 Place 100 mL of milk in one of the beakers. Warm it gently
over the hotplate or Bunsen burner until the milk reaches
50°C as shown in Figure 4.4.15. Do not overheat it.

thermometer

250 mL beaker

100 mL milk

PEARSON

4.4 Practical activities

Add 10 mL of vinegar and stir it with the stirring rod.
Record what happens.

The milk should curdle to form white lumps of (casein)
and yellowish liquid called whey. Record what it looks
and smells like.

Secure the piece of cloth tightly over the other beaker
and strain through the curds and whey.

Carefully remove the cloth and squeeze it to remove as
much liquid as you can.

Empty the curds (casein) onto the paper towel/filter
paper. Pat them dry, then firmly press into moulds. Leave
the casein to dry in the sun.

After a couple of days, remove the mould and polish the
casein with the sandpaper.

Use tongs to hold a small amount of the dry caseinina
Bunsen flame. Record whether it melts, burns or chars
(goes black).

Extension

9 Casein can be used to make a glue that will stick wood

together. Search the internet for a procedure that uses
casein to make wood glue. Show your teacher your
procedure. Once you obtain their permission to
proceed, carefully follow your procedure,

make your glue and use it to stick two

pieces of timber together (for example, 2
two icy-pole sticks).

curds

}
filter paper




Results
Record your observations at each step of the practical activity.

Discussion

1 Propose a reason for adding the vinegar to the milk in
step 2.

a Halogen precipitates

Precipitates are insoluble solids that sometimes form when
solutions are mixed.

Purpose
To compare the precipitates formed when lead combines
with different halogens.

Materials

¢ disposable gloves - . = =

* white tile or spotting — .:) <
tray (tray with small
indents)

¢ dropping bottles of
saturated solutions
of lead nitrate,
potassium fluoride
(KF), potassium
chloride (KCI),
potassium bromide
(KBr) and potassium
iodide (KI)

¢ marker pen

Lead is toxic. Do not
get any of its compounds
on you.

Wear disposable gloves and
safety glasses at all times.

Wash your hands well after
the activity.

Procedure
1 Put your disposable gloves and safety glasses on.

2 Place 3drops of potassium fluoride solution in one
indent of the spotting tray or on one corner of the
white tile.

3 Use the marker pen to label this sample with KE

4 1Inthe each of the other indents or corners, place 3 drops
of potassium chloride, potassium bromide or potassium
iodide solutions. Label them KCI, KBr or KI respectively.

2 Plastics can be classified as thermoplastic or
thermosetting. Thermoplastics melt when heated
while thermosetting plastics burn. Classify casein as
thermoplastic or thermosetting.

3 Plastics such as casein are organic compounds that
contain carbon. Propose possible sources of the carbon
in this experiment.

5 Add 3drops of lead nitrate to each of the samples as
shown in Figure 4.4.16. Record your observations.

4

7

/// -—— lead nitrate
://

G

spotting tray
or white tile

Figure

4.4.16

Results
Construct a table to display your observations.

Discussion

1 The solid formed was a precipitate. Describe what a
precipitate is.

2 The precipitates formed were lead fluoride, lead
chloride, lead bromide and lead iodide. Compare the
precipitates formed by listing their similarities and
differences.

3 Describe the changes in the colour of the precipitates as
you moved down group 17 from fluorine to iodine.




State how many different elements are currently known.

Name the following elements.
a F b Ca ¢ Na d Pb

Name the ions formed from the following atoms.
a sulfur

b aluminium

c phosphorus

4 List the symbols for the group 18 elements.

5 State the likely charges of the ions that belong in groups

10

11

12

13

1,2 and 13-18.

Explain why atoms are neutral, despite containing
particles with positive and negative charges.

Define the following terms.
a malleable
allotrope

b lattice
d organic molecule

c

a Helium could be placed in group 2. Explain why.

b Explain why helium is normally placed in group 18
instead.

Outline how a sodium ion forms.

Explain why atoms in the same group have similar
properties.

Identify the following metals.

a the only metal that is a liquid at 25°C
b those in period 3

¢ thosein group 14

Identify a non-metallic element that:

a isingroup 15

b isinperiod 2

¢ hassimilar properties to chlorine

d would have atoms of a larger diameter than those of
oxygen.

Identify which type of bonding would most likely happen

between:

identical metal atoms

metal and non-metal atoms

atoms of non-metals

Na and O

NandF

Mg and Mg.

- 0 QO 0 T O
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14

15

16

17

18
19

20

21

22

Use the group number of the following elements to
predict the likely charges of the ions formed by:

a sulfur b aluminium

¢ potassium d nitrogen.

Use the periodic table to predict the number of covalent
bonds formed by:
a P b S d Br.

Carbon is a group 14 element that forms a compound CH,.
Use this information to predict the formula of compounds
formed from hydrogen and the other four elements of

c Si

group IV:

a silicon b germanium

c tin d lead.

Chlorine reacts with hydrogen sulfide in the reaction:
Cl,+H,S — S +2HCl

Use this equation to predict the balanced formula
equation for the reaction of the following halogens with
hydrogen sulfide (H,S).

a bromine (Br,) b iodine (I,)

Contrast ionic bonding with covalent bonding.

Analyse whether the following ions are likely to exist or not.
a Br~ b Sr* c Se* d Fr

Plumbing pipes were once made of lead. Use the symbols
of the periodic table to propose where the words ‘plumber
and ‘plumbing’ came from.

Construct a simple outline of the periodic table, labelling
the direction the groups and periods go, the important
‘family’ groups and the important other blocks.

Use the following ten key terms to construct a visual
summary of the information presented in this chapter.
row

period

group

column

electron configuration
atomic number
protons

electrons

shells

periodic table

g



Thinking scientifically N

The periodic table below will assist you in answering these Q4 Atoms in the same group of a periodic table tend to
questions. form similar molecules. Carbon and chlorine form the
molecule CCl,. Use this information and the periodic
Q1 State which of the following is the correct symbol for talile to identify which of the following molecules could
sodium. not occur.
A So B Sm A CN, B CBr,
C Na D NA C CF, D SiCl,
Q2 State which of the following statements is incorrect. Q5 Atom; in the Sar_ne, group of the periodic table te”‘?‘ to
react in a very similar way to each other. The reaction
A Chlorine is in period 3. between lithium and chlorine is:
B Chilorine is in group 17. 2Li + Cl, - 2LiCl
C Chlorine has the atomic number 17. Use this information and the periodic table to identify
D Chlorine would react in a similar way to O, N, C which of the following reactions could not occur.
and B. A 2Mg + CI, - 2MgCl
. B 2Na + Cl, — 2NaCl
Q3 Every new period represents another electron shell 2
being added to an atom. From this information, C 2Na+ Br, — 2NaBr
identify the statement below that is definitely true. D 2K+ 1, = 2Kl
A Helium is the biggest of all the group 18 elements.
B A sulfur atom is bigger than an oxygen atom.
C A sulfur atom is bigger than a phosphorus atom.
D A sodium atom is bigger than a potassium atom.
Group
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 2
Period 1 H He
hydrogen helium
3 4 5 6 7 8 9 10
Period 2 Li Be B C N (o] 7 Ne
lithiwm berylum boron carbon nitragen oxygen fluorine neon
11 12 13 14 15 16 17 18
Period 3 Na Mg Al Si P S Cl Ar
sodium | magnesium aluminium siicon | phosphorus | sulfur chioring argon
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
Period 4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium | caiclum | scandium titanfum Iron cobalt nicke! copper zinc gallum | germanium |  arsenic selenium | bromine Krypton
37 38 39 40 41 42 43 a4 45 46 47 48 49 50 51 52 53 54
Period 5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
rubidium strontium yitrium Zirconium | niobium hodium palladium silver cagmium indiwm tin antimony | tellurium logine xenon
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Period 6 Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caesium barium lanthanides | hafnium tantalum tungsten rhenium osmium Iridium platinum qgold mercury thallium lead bismuth polonium astatine radon
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Period 7 Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uug Uup Uuh Uus Uuo
francium radum actinides dubnium | seaborgium |  bohdum hassium ium | copemicium i i i i
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanides La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
cerium aseod) ewopium | gadofinium | frebium dysprosium | holmivm erblum thullum ytterbium lutefium
89 20 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinides Ac Th Pa u Np Pu Am Cm Bk Ctf Es Fm Md No Lr
actinium thorium profactinium |  uraniem i | Wi curism I fremium nobelum
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Unit 4.1

Unit 4.3

Atomic number: number of protons in an atom

Atoms: the particles that make up all materials; the smallest
part of an element that can take part in a chemical reaction

Electron configuration:
arrangement of electrons
in electron shells

Electron shells: also
known as energy levels,
the regions surrounding
the nucleus where
electrons may be found

Element: a substance
composed of atoms with e
the same atomic number;

. Electron shells
118 are known to exist

Energy levels: also known as electron shells, the regions
surrounding the nucleus where electrons may be found

Ground state: the lowest energy arrangement of an atom’s
electrons in energy levels (shells)

Indirect evidence: evidence that does not involve direct
observation

Nucleus: heavy core at the centre of the atom, made of
protons and neutrons

Unit 4.2

Actinides: a special block of metallic elements with atomic
numbers 90-103

Groups: vertical columns of the periodic table; group number
is equal to the number of electrons in the outer shell of
atoms of the elements in that group

Lanthanides: a special block of metallic elements with atomic
numbers 58-71

Periodic table: alist [ . ... ... .. ........)
of all the known -
elements, arranged
horizontally in
order of increasing
atomic number and
vertically according
to the number of
electrons in the
outer shell

Periodic table
Periods: horizontal rows of the periodic table; period number
of an element is equal to the number of electron shells

Transition elements: a special block of metallic elements
covering elements from groups 3-12

1 40 PEARSON science 10

Bonds: links that join atoms together

Covalent bonding: the sharing of electrons between atoms of
non-metals

Inert gases: also known as noble gases, group 18 elements
known for their stability (lack of reactivity)

lonic bonding: attraction of positive and negative ions formed
from the transfer of electrons from metallic to non-metallic
atoms

lons: ‘charged atoms’ (or groups
of atoms) formed by electrons
being transferred from one E
atom to another O—

Lattices: a regular arrangement 1O ~
of particles. In ionic lattices, O“—‘
the particles are ions; in i\
solid molecular lattices, the
particles are molecules; and
in diamond and graphite, the
particles are atoms

!
O
I\

Metallic bonding: a mutual attraction between a lattice of
positive metal ions and a sea of delocalised, outer-shell
electrons

Molecules: discrete groupings of atoms covalently bonded
together

Monatomic: atoms that
exist on their own, without
bonding with others

Noble gases: also known
as inert gases, group 18
elements known for their
stability (lack of reactivity)

Unit 4.4

Noble gases

Alkali metals: group 1 elements
Alkaline earths: group 2 elements

Allotropes: forms of the same element that have different
molecular structures and therefore different properties

Halogens: group 17 elements

Organic: compound that is or was part of a living thing;
contains carbon

Organic molecules: molecules that have a backbone of carbon

Allotropes



T S, Y SRS
Chemical reactions 4

~—d

" HAVE YOU EVER : ’
WONDERED. ..

what makes a bullet
explode?

e how a candle stays alight?

¢ where a battery gets its

energy from?
. -l

After completing this chapter students should be
able to:

e why you put milk in
the fridge?

use word and formula equations to represent chemical reactions
predict the products of different types of simple chemical reactions

describe how chemistry can be used to produce a range of useful
substances such as fuels, metals and pharmaceuticals

explain the effect of a range of factors including temperature,

surface area, concentration, agitation and catalysts on the rate
of chemical reactions.



51 Chemical equations

Every time you light a candle, bake a cake, take a breath or even
think, you start a chemical reaction. You may not always notice
them, but chemical reactions are going on constantly around
you and inside you. By understanding how chemical reactions
work, scientists are able to use and control chemical reactions
to improve our quality of life. Chemists have developed their
own way of describing and explaining what happens during a
chemical reaction. They do this by writing chemical equations.

What is a chemical equation?

Chemical equations are one of the most basic tools for
describing what happens during a chemical reaction.

A chemical equation can communicate detailed information
about any chemical reaction in a single line. The general
structure of a chemical equation is:

reactants — products

where the arrow (—) means ‘rearrange to form'.

Word and formula equations

Replacing the reactants and products with their chemical names
gives a word equation. For example, when calcium carbonate
(CaCO,) reacts with sulfuric acid (H,SO,), it produces calcium
sulfate (CaSO,), water (H,0) and carbon dioxide gas (CO,). In this
reaction, you have:

Reactants = calcium carbonate, sulfuric acid
Products = calcium sulfate, water, carbon dioxide gas
So the general form of an equation:

reactants — products
becomes the word equation:

calcium N sulfuric N calcium " carbon

: e + water
carbonate acid sulfate dioxide gas

This is much simpler than trying to explain the chemical reaction
with sentences. However, word equations are still quite long.

+ +
calcium carbonate + sulfuric acid —— calcium sulfate + carbon dioxide + water
CaCO, + H,SO, —_— CaSo, + CO, + H,0

The atoms from the calcium carbonate combine with the atoms from the
sulfuric acid to produce calcium sulfate, hydrogen and carbon dioxide.
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Scientists can write the equation much more effectively by
replacing the chemical names with their chemical formulas.
The chemical equation for the previous example then becomes:

CaCO, + H,50, — CaSO, + CO,+ H,0

This type of chemical equation is known as a formula equation.
The formula equation is shorter to write and contains more
information. It shows exactly what atoms (or ions) are involved
in the chemical reaction. Figure 5.1.1 shows how the reactants
in the equation above rearrange to form the products.

Showing states

The reactants and products in a chemical reaction can be

in one of four states—solid, liquid, gas or aqueous solution
(dissolved in water). Chemists give these states the symbols:
e (s) for asolid

e (1) for aliquid

e (g)foragas

e (aq) for an aqueous solution.

The symbols can be added to the formula equations to give
even more information about the chemical reaction. In the
previous example, calcium carbonate and calcium sulfate are
both solids, sulfuric acid is an aqueous solution, water is a
liquid and carbon dioxide is a gas. All of this information can
be included in the formula equation by writing the symbol for
the state next to the formula name:

CaCO,(s) + H,SO,(aq) — CaSO,(s) + H,0() + CO,(g)

The states are always written after the formula name in
brackets.

Balanced chemical equations

The formula equation for the reaction of calcium carbonate
with sulfuric acid is a balanced equation. This means that it
has the same number of atoms of each element on both sides
of the equation. You can easily check this by counting the
number of atoms in the reactants and products:

Reactants= 1xCa,1xC,7x0,2xH,1xS
Products= 1xCa,1xC,7x0,2xH,1xS

Balanced equations are consistent with the law of
conservation of mass. This law states that:

During a chemical reaction, atoms cannot be
created or destroyed.

“w e

hydrogen gas +
H, + 0,

oxygen gas

You cannot create or destroy atoms in a chemical reaction. But
you can rearrange them. As a result, the number of atoms in
the reactants must equal the number of atoms in the products.
Also, the mass of the reactants must equal the mass of the
products. This is shown in Figure 5.1.2.

The total mass of these beakers does not change
despite a chemical reaction having taken place. The law
of conservation of mass says that the total mass of the
reactants and the total mass of the products must be
the same.

However, not all formula equations will be balanced when
you first write them. For example, when hydrogen gas reacts
with oxygen gas, the product is water. The word and formula
equations for this reaction are:

hydrogen + oxygen — water
H,(g) + 0,(g) » H,0()

Counting the number of atoms on both sides of the equation
shows that the equation is not balanced.

Reactants= 2x H,2x 0O
Products= 2xH,1x0

This means that if one molecule of hydrogen reacts with one
molecule of oxygen, then an oxygen atom is left over.
This is shown in Figure 5.1.3.

+
— water + an oxygen atom
—_— H,O + O

A single hydrogen molecule will not react with a single oxygen molecule

because there would be an extra oxygen atom left over.
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hydrogen gas +
2H + O

2

oxygen gas

2

— water
—_— 2H,0

It takes two hydrogen molecules for each oxygen molecule, and this produces two water molecules.

However, if two hydrogen molecules react with one oxygen
molecule, then the atoms can rearrange to produce two
complete molecules of water. This is shown in Figure 5.1.4.
Chemists represent this reaction as a balanced formula
equation by writing:

2H,(g) + 0,(g) — 2H,0()
Placing a 2 in front of the chemical formula for hydrogen and
water indicates that the reaction uses two hydrogen molecules
and produces two water molecules. Re-counting the number
of atoms in the reactants and products shows that this
equation is now balanced.

Reactants=4xH,2x O
Products=4xH, 2x0

Consider another chemical reaction in which calcium metal
(Ca) reacts with oxygen gas (O,) to produce solid calcium
oxide (CaO). The reactants in this reaction are calcium and
oxygen gas. The only product is calcium oxide. Therefore,
the general equation:

reactants — products
becomes the word equation:

calcium + oxygen — calcium oxide

Big burners

The fuel tanks that supply fuel to power space rockets into
orbit do not use petrol. Some use oxygen and hydrogen
that react explosively to produce large amounts of energy.

The equation is:
2H,(g) + O,(g) — 2H,0())
This creates the enormous plume of exhaust gases that exit

from the rocket motors. The rockets accelerate the massive
weight to reach escape velocity of about 11 km/s.
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Replacing the chemical names with their formulas gives the
formula equation:

Ca+0,— CaO
Adding the states to the formula equation gives:
Ca(s) + O,(g) — CaO(s)

Checking the atoms of each element on both sides shows that
the equation is unbalanced:

Reactants=1xCa, 2x 0O
Products=1xCa, 1 x0O

However, it will be balanced if two calcium atoms react with
one oxygen molecule to produce two CaO molecules. So the
final balanced equation can be written as:

2Ca(s) + 0,(g) — 2Ca0(s)




Balancing equations
Balancing chemical equations can be tricky, but if you follow some simple steps you should arrive at the right answer. Let’s
look at the reaction between potassium carbonate (K,CO,) and nitric acid (HNO,), which produces potassium nitrate (KNO,),
water (H,0) and carbon dioxide (CO,).
1 Write the word equation.
potassium carbonate + nitric acid — potassium nitrate + water + carbon dioxide
2 Write the unbalanced equation by replacing the chemical names with the chemical formulas.
K,CO, + HNO, — KNO, + H,0 + CO,
3 Balance each element one by one.

Potassium (K): There are two on the left and only one on the right, so put a 2 in front of the potassium nitrate (KNO,).
This is sensible because you cannot destroy atoms—if you start with 2, you must end up with 2.

K,CO, + HNO, — 2KNO, + H,0 + CO,

Carbon (C): There is one on the left and one on the right, so you don't need to change anything.

Oxygen (O): There are six on the left (three from the K,CO, and three from the HNO,). However, there are nine on the right:
= 1 from the H,O

= 2 from the CO,

= 6 from the 2KNO,

Putting a 2 in front of the HNO, solves the problem:

K,CO, + 2HNO, — 2KNO, + H,0 + CO,

Now everything balances. (Note that, when trying to balance by adding numbers, this adds multiple lots of everything in
the formula. For example, adding a 2 in front of the K,CO, would also balance the oxygen atoms but it would unbalance
the potassium and carbon atoms.)

Hydrogen (H): There are now two on the left and two on the right, so this balances.

Nitrogen (N): There are now two on the left and two on the right, so this balances.
4 Double check the numbers of atoms on both sides of the equation.

Reactants =2 x K, 1xC,9x0,2xH,2xN

Products =2xXK,1xC,9%x0,2xH,2xN

The equation is now balanced.

& B

N p148 y N p148 4
In the limelight

Solid calcium oxide (CaO) is also known
as lime or quicklime. When it is heated to
2500°C it begins to glow with an
extremely bright light. For this reason, it
was used in theatres for lighting before
the discovery of electricity and is the
origin of the term ‘in the limelight’.
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Nature and development of science

Moving atoms

An STM image of silicon atoms that
make up the surface of a crystal

+ During chemical reactions, atoms are rearranged to form different types of chemical compounds. ;
i Recently, scientists have discovered how to rearrange atoms one by one, using a special type of E
i microscope know as a scanning tunnelling microscope (STM). E

Scanning tunnelling microscopes Moving atoms
Scanning tunnelling microscopes are the only type of

microscope that can create images of atoms like those A \ - ' i ;
in Figure 5.1.5. To create an image of atoms, the STM 62 W 3.
scans the surface of a crystal with a very sharp tip. The AL T W -~ PR

sharp tip senses the atoms as bumps on the surface. ¥ : i

This is similar to the way in which a sight-impaired \ Sty Professor Donald
person senses the bumps of Braille on a page. In this g & < Eigler was the first
way, the STM can build up an image of the atoms on the person to show
surface line by line, as shown in Figure 5.1.6. Scientists that atoms could
use this technique to get a better understanding of atoms be moved around

and how they make up crystals. with an STM.
In 1989, American nanoscientist Professor Donald

Eigler (Figure 5.1.7) showed that the STM could be used
to move atoms around one by one. To achieve this,
Professor Eigler put iron atoms on a copper surface. He
then used the STM tip to push the atoms around the

surface and create very precise geometric shapes such
as circles, triangles and squares (Figure 5.1.8). Since
then, other people have also used the STM to construct
designs atom by atom. These include using

atoms to write the Japanese characters for

the word atom as well as the world’s

smallest stick-figure man.

Using an STM tip,
Professor Don
Eigler was able to
move iron atoms
into perfect
geometric shapes.

The STM builds up an image of the surface
by sensing the atoms with a very sharp tip.




Remembering

1 State the general name given to the chemicals that:
a take partin a chemical reaction
b produced by a chemical reaction.

2 State what — means in chemical equations.
3 State the law of conservation of mass.

4 State the meaning of the symbols (s), (1), (g) and (aq).

Understanding

5 Explain how the law of conservation of mass applies to
chemical equations.

6 Ifachemical equation contained the formula 2CH,,
explain the meaning of the number 2 and the number 4.

7 Describe the difference between NaCl(s) and NaCl(aq).

Applying
8 a Useword equations to describe the following reactions.
b Identify the state of the reactants and products.
i When copper is added to dilute nitric acid, copper
nitrate, nitrogen monoxide and water are formed.
ii  If sulfuric acid is poured onto solid sodium
carbonate, bubbles of carbon dioxide are
produced, as well as water and sodium sulfate in
solution.
iii Magnesium burns easily in oxygen gas, producing
magnesium oxide.
iv. When sodium metal is placed in water, it reacts to
produce sodium hydroxide and hydrogen gas.

9 Identify the chemical formula for each of these
substances. Include the appropriate state: (aq), (), (s), (g)
at room temperature and pressure.

carbon dioxide

dilute sulfuric acid

hydrogen

potassium carbonate crystals

dilute nitric acid

f calcium

® O 0 T o

10 Identify the equation that is not balanced.

A 4Al+30,— 2AL0,

B Mg+ 2HCl - MgCl, + H,
C 2Zn+0,—27Zn0

b CH,+80,— CO,+6H,0

Analysing
11 Calculate the correct number of reactants and products to

balance the following equations.
a P,+0,-P0,

b KCIO,—KCl +O0,

¢ BaO+HNO,— Ba(NO,), + H,O

d Pb,0O,-PbO+0,

e Pb(NO,),—PbO+NO,+0,
Evaluating

12

13

Jessica heated some blue copper(Il) nitrate crystals in a
test-tube. She noticed that brown nitrogen dioxide gas
was produced. When a glowing splint was held at the top
of the test-tube, it relit, proving that oxygen gas was also
produced. A fine black solid, copper(Il) oxide, was left in
the test-tube.

a Determine the reactants and products of the reaction.
b Deduce the word equation for this reaction.

¢ Deduce the balanced chemical equation.

David added dilute hydrochloric acid to solid calcium
carbonate in a beaker. When he weighed the beaker after
the bubbling had stopped, he noticed a reduction in mass.
Propose why his results did not appear to agree with the
law of conservation of mass.

Creating

14

Juan burns different masses of magnesium metal (Mg)
with oxygen (O,) to form magnesium oxide (MgO). He
measures the mass of the reactants and product before
and after, as shown in the table.

Mass of Mass of oxygen Mass of
magnesium reacting (g) magnesium oxide
reacting (g) produced (g)

2.00 0.70 2.70

3.00 1.04 4.04

4.00 1.39 5.39

a Construct a word equation for this reaction.

Construct a balanced chemical equation.

¢ Modify the equation to include the states of the
reactants and products.

d Explain how the above results demonstrate the law
of conservation of mass.

o

Inquiring

1

Investigate the chemical reactions for photosynthesis and
respiration. Write the word equations, formula equations
and balanced equations for these reactions.

Research acid-base reactions. Write the general word
equation for acid-base reactions and then three balanced
formula equations showing three examples of acid-base
reactions.




5.1 Practical

activities

Q Reactions with modelling clay

Purpose
To simulate the conservation of mass in chemical reactions
using modelling clay models.

Materials
» 3 different colours of modelling clay
e atomic model kit

Procedure

1 Use the atomic model kit to make models of methane
(CH,), oxygen (0O,) and ethane (C,H,).

2 Use the modelling clay to create models of the three
molecules. Your models should be spheres stuck together
to simulate chemical bonds.

3 Without adding, subtracting or splitting any modelling
clay atoms, try to simulate how the atoms rearrange
according to the unbalanced chemical reaction for
burning methane in air:

methane + oxygen gas — carbon dioxide + water
CH + 0] - CcO + H,0

4 2 2

aConservation of mass

Purpose
-

To investigate conservation of =
mass in a chemical reaction. ﬁ%
Materials

Barium nitrate S

e 20mL barium nitrate
solution is toxic,

(BaNO,) solution
¢ 20mL of sodium sulfate

so avoid contact with
eyes, skin and mouth.

(NaSO,) solution
¢ 2x50mL beak

x 50mL beakers Wear safety glasses, lab
coat and gloves.

e access to an electronic
balance

Procedure

1 Pour approximately 20 mL of barium nitrate into one
beaker and approximately 20 mL of sodium sulfate into
the other.

2 Measure the weight of each beaker and record your
results in the table in the results section.

3 Pour the barium nitrate in beaker 1 into beaker 2.

PEARSON

Construct one methane molecule and two oxygen
molecules and simulate the balanced chemical reaction:
methane + oxygen gas — carbon dioxide + water

CH, + 20 - CcO + 2H,0

4 2 2

Perform the same simulation for the combustion
of ethane (C,H,) in oxygen by first simulating the
unbalanced equation:
ethane + oxygen gas — carbon dioxide + water
CH, + (0) - CcO + H,0

2 2

Simulate the balanced equation with the plasticine models:
ethane + oxygen gas — carbon dioxide + water
2CH, + 70 - 4CO + 6H,0

2 2

Discussion

1

Mass before
reaction (g)

Describe what happened when you tried to simulate
the unbalanced reactions, listing any excess atoms and
those you did not have enough of.

Explain how a balanced equation gives an accurate
description of what is going on during a chemical reaction.

Remeasure the weight of each beaker and record
your results.

Results
Copy and complete the following table.

l Beaker 1 | Beaker 2 | Total

Mass after
reaction (g)

Discussion

1

Describe what happened when the two solutions were
mixed.

The products of this reaction are solid barium sulfate
and a sodium nitrate solution. From this information,
construct a word equation and balanced formula
equation for this reaction.

Assess whether your results agree with the law of
conservation of mass. Explain your assessment.




Decomposition reactions

When a single reactant breaks apart to form several products,
the reactant is said to decompose. The general form of a
decomposition reaction can be written as:

XY ->X+Y

An everyday example of a decomposition reaction is the
chemical reaction that puts the fizz in soft drinks like the one
shown in Figure 5.2.1. Soft drinks contain dissolved carbonic
acid (H,CO,). When carbonic acid decomposes, it forms water
(H,0) and bubbles of carbon dioxide gas (CO,). The carbon
dioxide gas formed by this reaction remains dissolved in the
soft drink until the lid is removed.

The balanced equation for the decomposition of carbonic
acid is:
carbonic acid — water + carbon dioxide
H,CO,(aq) —H,0)+  CO,(g

The decomposition reaction of carbonic
acid gives carbonated water its fizz.

carbon
dioxide gas




Combination reactions

Combination reactions occur when two reactants combine to
form a single product. The general equation for a combination
reaction can be written as:

; X+Y—->XY
Can you create a lava lamp with @
a decomposition reaction? Combination reactions are important in industry. For example,
Collect this... a combination reaction is used to create hydrochloric acid
« clear fizzy drink such as lemonade or tonic water for industry and laboratories. First, hydrogen gas (H,) and
e raisins chlorine gas (Cl,) are combined to form hydrogen chloride gas
e clear glass or bottle (HCI) in large chemical plants like the one in Figure 5.2.3.

Do this... The balanced equation for the combination of hydrogen and
Pour the lemonade into the clear glass or bottle. chlorine is:

Add several ralsins. hydrogen gas + chlorine gas — hydrogen chloride gas

Record this... H,(g) + CLg - 2HCl(g)
Describe what you saw.

Explain why you think this happened.

The hydrogen chloride gas that is produced is then bubbled
through de-ionised water to produce hydrochloric acid.

Thermal decomposition

Some substances will only decompose when heated to high
temperatures. This is known as thermal decomposition. Metal
carbonates and metal hydrogen carbonates both undergo
thermal decomposition.

Thermal decomposition of sodium azide (NaN,) is a chemical
reaction that saves lives every day by inflating vehicle airbags
like the one in Figure 5.2.2. When sodium azide is heated,

it decomposes into sodium metal and nitrogen gas. The
balanced equation is:

sodium azide — sodium + nitrogen gas
2NaN,(s) — 2Na(s) + 3N,(g)
Just 100 grams of sodium azide can produce around 56 litres

of nitrogen gas in under 0.03 seconds. This reaction rapidly
inflates the airbag in the event of a collision.

/ - -
¢ ~
-~
-

"uwuwu

&
FO43050202
The decomposition of sodium azide ‘ m Hydrqchlorlc acid '_S manufact-ure(fi at )
(NaN,) saves lives every day. \_p159. chemical plants using a combination reaction

between hydrogen gas and chlorine gas.
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Precipitation reactions

Occasionally when two clear solutions are mixed together, they
react to form a solid. The solid is said to precipitate out of the
solution. As shown in Figure 5.2.4, most precipitates quickly
fall to the bottom of the beaker. These types of reactions are
known as precipitation reactions. For example, the scale that
builds up in kettles, taps and pipes is solid calcium carbonate
(CaCO,) that has precipitated out of the tap water.

Precipitation reactions occur when two
aqueous solutions react to produce a solid.

Painful precipitates

Your body is full of dissolved compounds. However,
sometimes these compounds precipitate out as
hard deposits in the kidneys.
These deposits, called
kidney stones, are

extremely painful.

Usually kidney

stones will pass

out of the body

with urine. However,

in severe cases, the

stones may have to be
removed surgically or
shattered by intense soundwaves.

kidney stones

Precipitation reactions and solubility

A precipitation reaction occurs when two soluble reactants
combine to form an insoluble product known as the
precipitate. A substance is said to be soluble if it dissolves. For
example, sugar is soluble in water. A substance is insoluble if it
does not dissolve. For example, chalk is insoluble in water.

When a soluble substance is dissolved in water, the particles
that make up the substance are spread thinly throughout the
solution. The particles are so small and so thinly distributed
that they cannot be seen with the naked eye. As a result, the
solution appears transparent (clear, not cloudy or murky). It
may be coloured like food colouring in water, but you can see
through it clearly.

For example, when table salt or sodium chloride (NaCl)
dissolves, it breaks apart into positive sodium ions (Na*) and
negative chloride ions (Cl) as shown in Figure 5.2.5. This is
because table salt is an ionic compound.

Dissolved sodium and
chloride ions are spread
evenly throughout the solvent
and are invisible to the eye.

) (4]
(®) ° © o solvent
<t ©
() . ) sodium chloride (NaCl)

crystal lattice

When sodium chloride dissolves, the lattice breaks
apart and the ions distribute through the solution.

lonic compounds

Ionic compounds are crystalline substances that are made up
of a crystal lattice of positive ions (cations) and negative ions
(anions). Ionic compounds are
usually hard, brittle and can
be brightly coloured like

the ones shown in

Figure 5.2.6.

w \.)‘

G "\'

There are many

different types of

ionic compounds such

as salts that come in a wide
variety of colours.
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The cations that make up the crystal lattice are atoms (or Polyatomic ions are ions with more than one atom. Examples

groups of atoms) that have lost electrons and therefore have are NH,* and SO,*. The chemical symbol of these ions is put

a positive charge. Anions are atoms (or groups of atoms) that inside brackets when more than one is needed for a balanced
have gained electrons and therefore have a negative charge. formula. For example, the chemical formula for calcium

Table 5.2.1 lists common cations and anions. hydroxide is Ca(OH),. This indicates that there are two hydroxide

. . ions (OH") to balance the charge of each calcium ion (Ca?).
Table 5.2.1 Common cations and anions

Predicting precipitation reactions

Hydrogen ion He Scientists use the solubility rules in Table 5.2.2 to predict if a
Lithium ion Lt precipitation reaction will occur when two ionic solutions are
mixed.
0 Sodium ion Na*
electro Potassium ion K+ Table 5.2.2 Solubility rules
Ammonium ion NH,* Negative ions Positive ions Solubility of
Copper(l) ion Cu* (anions) (cations) compounds
. Calcium ion Ca* Acetate, CH,COO- Wl Soluble
Magnesium ion Mg** All Li*, Na*, K*, Rb*, NH,* | Soluble
alectr Barium ion Ba** Chloride, CI- Ag*, Pb?, Hg?, Cu* Low solubility
Copper(ll) ion Cu* Bromide, Br
ironiil) lon For lodide, I All others Soluble
0 Iron(lll) ion Fe** Li*, Na*, K*, Rb", NH;, Soiub
ole v = . - Sr** Ba? oluble
0 Aluminium ion APF Hydroxide, OH )
Fluoride F- All others Low solubility
Chloride Cr Nitrate, NO, All Soluble
Bromide Br GOGELETCHIS el Lit, Na®, K*, Rb*, NH,* | Soluble
o lodide I Carbonate, CO,> WIS Low solubility
Hydroxide OH- Ca*, Sr*, Ba*, Pb* Low solubility
X Sulfate, SO *
Nitrate NO, All others Soluble
Anio Hydrogen carbonate HCO, Li*, Na*, K*,Rb*, NH,*,
; - Be?*, Mg*, Ca*, Sr*, Soluble
Oxide c Sulfide, S* B
ained Sulfide S% =
i 5 All others Low solubility
" R o Using the solubility rules, it is possible to predict that
sing the solubility rules, it is possible to predict that a
Carbonate CO.> & ; . y ’ p : p ] .
KR i potassium chloride solution and a silver nitrate solution will
itride S

react to form a silver chloride precipitate and leave behind
Phosphate PO, a potassium nitrate solution (Figure 5.2.7). The balanced
equation for this reaction is given by:

Naming ionic compounds
The name of an ionic compound is simply the name of the potassium silver N potassium silver
cation together with the name of the anion. For example, chloride nitrate nitrate chloride
barium sulfate (BaSO,) is made up of the barium cation (Ba*) KCl(aq) + AgNO,(aqg) — KNO,(aq) + AgCl(s)
and the sulfate anion (SO,*). In the cases where an atom can
have more than one type of ion (such as copper(I), Cu*, and
copper(Il), Cu?*), aroman numeral is included in the name of
the compound. For example, copper(I) hydroxide (CuOH) or
copper(II) sulfate (CuSO,).

white silver chloride
precipitate

Ionic compounds are always charge neutral. This is
represented in the chemical formula by ensuring that the total
charge on the cations balances the total charge on the anions.
For example, sodium oxide is made up of sodium ions (Na*)
with a charge of +1 and oxide ions (O*) with a charge of -2.
Therefore, the symbol for sodium oxide is Na,O. This formula
indicates that there needs to be two sodium ions for every
oxide ion in the crystal lattice to balance the charge.

1 52 PEARSON science 10

Silver chloride precipitates out as a
white solid when potassium chloride
is mixed with silver nitrate.




The solubility rules state that all potassium ionic compounds
are soluble and therefore potassium chloride (KCI) is soluble.
The rules also state that all nitrates are soluble. Therefore,

be soluble because all potassium ionic compounds and all
nitrates are soluble. However, the solubility rules show that
silver chloride is only slightly soluble in water and

therefore it must precipitate out of the solution as
a solid. Using these rules, scientists can predict
the outcome of any precipitation reaction.

silver nitrate (AgNO,) must be soluble. Together, these
solutions can combine to create potassium nitrate (KNO,)
and silver chloride (AgCl). Potassium nitrate (KNO,) must

[ W
)
\ y

A" \p1 69//1‘
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Predicting precipitation reactions

It is possible to predict the outcome of mixing two solutions by considering the solubility of all the possible combinations of
cations and anions. Consider a mixture of solutions of magnesium sulfate (MgSO,) and barium nitrate (Ba(NO,),).

Step 1: Swap the cations and anions of the reactants to get the possible products.

Product 1 = Magnesium nitrate (Mg(NQ,),)

Product 2 = Barium sulfate (BaSO,)
Step 2: Check the solubility of the possible products in Table 5.2.2.

Product 1 = Magnesium nitrate is soluble because all nitrates are soluble.

Product 2 = Barium sulfate is insoluble because all sulfates are soluble except Ba?*, Ca**, Sr*+, Pb.
Step 3: Write the chemical equation for the reaction showing that barium sulfate is a solid precipitate.

barium mtrate + magnesium sulfate N barium sulfate + magnesium nitrate

solution solution solid solution
Ba(NO,),(aq) + MgS0,(aq) - BaSO,(s) + Mg(NO,),(aq)

Oxidation and reduction
reactions

Oxidation and reduction reactions include a wide variety of
reactions. However, it is not always obvious when an oxidation
and reduction reaction has taken place.

Oxidation reactions

If a substance combines with oxygen during a chemical
reaction, then you can be sure that an oxidation reaction has
occurred. Two familiar examples of oxidation reactions are
combustion and corrosion.

During combustion reactions, substances burn rapidly in
oxygen and produce large amounts of heat and light. Lighting
amatch, burning gas on a stove top, igniting fuel in car
engines and burning coal in an electrical power station are all
examples of combustion (Figure 5.2.8).

When methane gas is burnt in oxygen on a gas stove or Bunsen
burner, the chemical combustion reaction is:

methane + oxygen — carbon dioxide + water

CH,(® + 20, — CO,(g + 2H,0()

In this reaction, the methane is oxidised because it
combines with oxygen in the air to form carbon
dioxide and water. The oxygen is referred to as

the oxidising agent because it has caused the
methane to oxidise.

Figure \ Combustion is a chemical reaction used every day to
cook, provide warmth, run cars and produce electricity.
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Can a flame travel along candle fumes?

Collect this...

e candle
* box of matches

Do this...

Light the candle
and let it burn for a
couple of minutes.

Strike another match
and then blow out
the candle.

Put the flame of the

lit match in the fumes
coming from the unlit

Be very careful when
using matches and
candles. Be careful

to blow matches out
and rinse with water
to make sure they are

candle. out before disposing

The candle should of them.

reignite as if by
magic. See how far
you can get the flame to jump.

Record this...
Describe what you saw.
Explain why you think this happened.

Corrosion occurs when metals react with oxygen to form metal
oxides. For example, when iron is exposed to oxygen in the
presence of water, it forms rust or iron(Ill) oxide (Fe,O,). You
can see it in Figure 5.2.9. The equation for this reaction is:
iron + oxygengas — iron(IIl) oxide
2Fe(s) + 30,(g) - 2Fe203(s)

In this case, the iron metal is being oxidised and the oxygen
gas is the oxidising agent.

Rust is the product of an oxidation reaction, more
specifically called corrosion.
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Reduction reactions

Reduction reactions are the opposite of oxidation reactions. If
a compound loses oxygen atoms, you can be sure a reduction
reaction has taken place. For example, when copper oxide is
heated to very high temperatures in the presence of carbon,
the copper(Il) oxide loses its oxygen and forms copper metal.
The chemical equation for this reaction is:

copper(Il) oxide + carbon — copper + carbon dioxide

2CuO (s) + C(s) — 2Cu(s) + CO, (@

Here, the copper oxide is reduced and carbon is the reducing
agent. However, you could also say that the carbon is oxidised
and that the copper(Il) oxide is the oxidising agent.
Oxidation and reduction reactions always occur in
pairs. Therefore, they are commonly referred to as

. \_p161
redox reactions. - i

Redox reactions and electrons

Redox reactions do not always involve oxygen. Redox
reactions also include any chemical reaction where electrons
are transferred from one substance to another substance. The
substance that loses its electrons is said to be oxidised. The
substance that gains the electrons is said to be reduced. An
easy way to remember this is by the mnemonic OILRIG:

Oxidation Is Loss Reduction Is Gain
In short:
Oxidation is the gain of oxygen or the loss of electrons.
Reduction is the loss of oxygen or the gain of electrons.

Identifying redox reactions is not always easy. For example,
precipitation reactions are not redox reactions. There is

no exchange of electrons even though the charged ions in
solution come together to form a crystal lattice. Similarly,
neutralisation reactions between acids and bases also are not
redox reactions because there is no exchange of electrons
between atoms.

Metal displacement reactions

Metal displacement reactions are simple redox reactions that
involve only the transfer of electrons from one metal atom to
another. For example, when zinc metal is placed in a solution
of copper sulfate, the zinc atoms form zinc ions (Zn?*) that
dissolve into solution. At the same time, the copper(Il) ions
(Cu?*) form solid copper crystals on the zinc as shown in
Figure 5.2.10. Here, the zinc is said to displace the copper
from solution.

The chemical equations for this reaction are:
copper(Il) ions + zinc — copper + zincions

Cu**(aq) + 7Zn(s) —» Cu(s) + Zn*(aq)



Activity series

Displacement reactions do not work for every combination of
metal and ionic solution. For example, if you put copper metal
in a solution of zinc sulfate (ZnS0O,), then nothing happens.
Whether or not a displacement reaction occurs depends on
which atom is better at holding onto its own electrons.

The tendency for metals to react is summarised by the activity
series shown in Table 5.2.4.

Table 5.2.4 Activity series for common metals

copper

crystals
Metal Method of
extraction
Lose electrons More Potassium K
easily reactive Sodium Na
Calcium Ca Electrolysis
Magnesium Mg
Aluminium Al
Zinc Zn
Iron Fe
Nickel Ni Carbon |
Tin Sh reduction |
Lead Pb
Copper Cu
Hold on to i
electrons more Less Silver Ag ;
tightl reactive Native
ightly Gold Au metals

Metals closer to the top of the activity series lose their electrons
easily. Metals at the bottom of the activity series hold on to
their electrons more tightly and can remove electrons from
atoms above them. Therefore, a metal displacement reaction
will only occur if the solid metal is higher on the activity series
table than the metal ions in solution.

copper sulfate
solution

According to the activity series, zinc is more likely to lose
electrons than copper. Therefore, a copper(II) ion can remove
electrons from a zinc atom. But a zinc ion cannot remove
electrons from a copper atom.

Figure \ When zinc metal is placed in a copper sulfate solution,
5.2.10 / crystals of pure copper begin to form on the zinc metal strip.

Extraction of metals

Remembering the mnemonic OILRIG, you can see that the

zinc atoms are being oxidised in this reaction because the zinc The activity series plays an important role in determining
atoms lose their electrons to the copper(Il) ions. Similarly, you how metals are extracted. Metals that are low on the activity
can see that the copper(Il) ions are reduced in this reaction series rarely form compounds. Therefore, metals like gold and
because they gain electrons from the zinc atoms. silver may exist in their elemental form naturally. Metals in the
In this redox reaction, electrons have been transferred from middle of the activity series tend to form compounds. These
the zinc atom to the copper(Il) ion. Therefore, the zinc has compounds can be reduced via a redox reaction to produce
been oxidised and the copper(Il) ion is the oxidising the pure metal. Metals at the top end of the activity series have
agent. In contrast, the copper(Il) ions are reduced Ea a very high tendency to form compounds or ions. Therefore,
by the zinc atoms. So the zinc is the reducing agent. L_/ the ions of these metals can only be reduced by electrolysis.

Electrolysis uses an electrical current to push electrons onto
the ions and force them to reduce to the pure element.
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Native metals

Pure metals that can be found in nature are known as native
metals. Gold is a native metal, as is silver. Therefore, chemical
extraction is not required. This is why it is possible to pan for
gold or find gold nuggets, as shown in Figure 5.2.11.

Gold is a native metal, which means it can
be found in nature in its elemental form.

However, the fact that gold is not chemically reactive poses a
challenge for gold mining companies. These companies must
find physical processes for separating the gold from the sand

and other minerals. One method is to crush the rocks and sand

into a very fine powder. The powder is then put into a tank of
water with a chemical similar to washing detergent. When air
it bubbled through the liquid, the gold particles stick to the
bubbles and float to the surface. The sand and rocks settle to
the bottom to be removed as waste. This process of separation
is known a froth flotation.

Gold and mercury

Liquid mercury is one of the few chemicals
that can dissolve gold and remove it from
crushed ore. The mercury is then heated to
evaporate it, leaving the gold behind.

Mercury is toxic to humans, so its use in
gold mining is banned in many countries,
including Australia. However, many poorer
countries still use this method, putting
workers and people living nearby at risk.

Carbon reduction

Unlike native metals, most other metals exist in nature as
compounds. Naturally occurring compounds that are used
in the production of pure metals are known as ores. Some
common ores are listed in Table 5.2.5.

1 56 PEARSON science 10

Table 5.2.5 Common ores and the metals extracted from them

Ore name | Chemical formula | Metal extracted
Zinc blende ZnS
Zinc Zn

Calamite ZnCO,
Haematite Fe,O,
Magnetite Fe,O, Iron Fe
Iron pyrites FeS,
Galena PbS Lead Pb
Copper pyrites CuFeS,

3 Copper Cu
Malachite CuCO,.Cu(OH),
Cinnabar HgS Mercury Hg

The pure metals can usually be extracted from their ores
through chemical processes such as carbon reduction.

In carbon reduction, the ore is heated to very high
temperatures with a source of pure carbon, usually coke. In the
blast furnaces used for extracting iron from iron ore (Fe,0,),
the carbon reduction occurs as a two-step process as shown in
Figure 5.2.12.

coke, iron ore

{ and limestone

iron ore is reduced
to iron metal

by the carbon
monoxide (400°C)

exhaust gas

carbon is oxidized
by oxygen in the
air to form

carbon monoxide

limestone
combines
with impurities
in the ore to
form the slag

hot air =5 )
blast ! [/} -
-—— : =~ ‘hot air
blast
molten slag i
molten iron

A blast furnace produces liquid iron by heating iron
ore, carbon and limestone to a high temperature.



The iron ore is fed into the top of the blast furnace with coke
(pure carbon) and limestone. The carbon is initially oxidised
by oxygen in the air to produce carbon monoxide, according to
the reaction:

carbon + oxygen gas — carbon monoxide gas
2C6) + Ol - 2CO(g)

The carbon monoxide then reduces iron ore to produce the
iron metal and carbon dioxide.

iron(IIT) carbon . carbon
. + X — iron + .7,
oxide = monoxide gas dioxide gas
Fe,0,(s) + 3CO(g) — 2Fe(s) + 3CO,(g)

The limestone reacts with the sand and dirt in the ore to form
waste known as slag. The slag floats to the top of the molten
iron metal and can be drained off separately.

This process of using heat and carbon to extract a metal
from its ore is known as smelting.
Smelting can be used to extract
the metals from a wide
variety of ores such as
zinc blende (ZnS),
malachite (CuCO,.
Cu(OH),), galena
(PbS) and tin oxide
(Sn0O).

' g
*.\

= — Molten iron being poured
- ..—:' o — from a blast furnace
- - . ,

Electrolysis

Carbon reduction is not suitable for the more reactive metals
such as sodium, calcium, potassium and magnesium. The
most economically viable way of extracting these highly
reactive metals is by electrolysis.

Electrolysis is the process in which an electric current is
passed through the molten ore (in the liquid phase) in which
metal ions are free to move. The electric current pushes
electrons onto the metal ions, reducing the ions to atoms of
the pure metal. In the mining industry, electrolysis is also
called electrowinning.

Electrolysis could be used to extract any metal from its ore.
However, the process uses huge amounts of electricity and
therefore is very expensive. For this reason, electrolysis is
used only when cheaper methods (such as carbon reduction)
won't work. Common metals extracted by electrolysis are
aluminium, sodium, magnesium, calcium and potassium.

Sodium metal is extracted by placing positive and negative
electrodes into molten sodium chloride (NaCl) as shown in

Figure 5.2.14. Melting the sodium chloride crystal
breaks apart the sodium ions and chloride ions,
which are then free to move towards the electrodes.

2CI — Cl, + 2e~ Na’ + e-— Na
chlorine Na' ions
gas take back
Cl, fe} electrons
O i to form
e oo Na metal
o ° Cl .
o [+]
o
2 o <‘F. *
° 0O 0° Na*
-9 [0 @
Ol P <@
(o0 °

Molten Na*Cl-

Overall 2NaCl(l) — 2Na(s) + Cl,(g)

Figure | Pure sodium metal can be extracted from molten
5.2.14 / sodium chloride through the process of electrolysis.

The positive sodium ions (Na*) are attracted to the negative
electrode, which is charged because of an excess of electrons.
When the sodium ions come into contact with the negative
electrodes, the excess electrons are pushed onto the sodium
ions and the ions are reduced to sodium metal atoms. This
can be expressed by the equation:

sodium ion + an electron — sodium

Na*(aq) + e — Na(s)

This is a reduction reaction because the sodium ions have
gained electrons. An oxidation reaction occurs at the other
electrode. The negative chloride ions are attracted to the
positive electrodes, where each chloride ion loses one electron.
This causes the chlorine atoms to combine into pairs and form
chlorine gas (CL). The gas is chemically stable and bubbles off.
This reaction can be expressed by the equation:

chloride ion — chlorine gas + electrons
2Cl(aq) —» ClL® + 2e

This is an oxidation reaction because the chloride ions have
lost electrons. Together, the two equations complete the full
redox reaction for the electrolysis of sodium chloride:

sodium chloride — sodium + chlorine gas
2NaCl(l) — 2Naf(s) + CL(g)
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Remembering

1 List two examples each of combination, decomposition,
precipitation and redox reactions.

2 Name two metals that are:
a native
b extracted by carbon reduction
¢ extracted by electrolysis.

Name a positive ion that is non-metallic.
List names and symbols of three polyatomic ions.

State whether nitrates are normally soluble or insoluble.

o a O

Name the following ionic compounds.
a RbBr b KS

¢ BeO d NaN
e NHCI f LiOH
g AgCO, h  ZnSO,

Understanding

7 Explain why oxygen is written as O, in chemical reactions
rather than just O.

8 Explain why combination and decomposition reactions
could be considered the reverse or opposite of each other.

9 Describe what happens when sodium ions come in contact
with the negative electrode in a cell used for electrolysis.

10 Describe what observations may be made when a
precipitation reaction occurs.

Applying
11 Identify a combination reaction that occurs in a blast
furnace.

12 Apply rules for formula writing to write the formula for
calcium chloride.

13 Identify if the following reactions are combination,
combustion or decomposition reactions.
a 2KClO, — 2KCI + 30,
b CH,+20,— CO,+2H,0
c 0,+2H,0-2H,0,
14 Use formula equations to rewrite the following word
equations.
a carbon + oxygen — carbon dioxide
b  copper(l) carbonate — copper(Il) oxide + carbon
dioxide
¢ propane (C;H,) + oxygen — carbon dioxide + water
15 Use word equations to rewrite the following formula
equations.
a 2Mg+0,—2MgO
b 2H,0—-2H,+0,
¢ CaO+H,0— Ca(OH),

PEARSON

16 Use Table 5.2.2 on page 152 to predict the precipitate
formed when these solutions are mixed.
a silver nitrate and sodium chloride
b mercury(Il) nitrate and potassium iodide
¢ calcium nitrate and lithium carbonate
d barium nitrate and sodium sulfate

17 Use word and formula equations to describe the following
redox reactions.
a aluminium corroding
b magnesium combusting in oxygen to form
magnesium oxide
¢ magnesium metal displacing nickel ions from solution

Analysing
18 Discuss ways in which combustion is important in our

everyday lives.

19 Calculate the number of each type of atom in the
following chemical formulas.
a (NH,),SO,

b KCr,0,
¢ Ca(OH),
Evaluating

20 Evaluate how learning to classify reactions into types has
helped you to better understand reactions.

Creating

21 Construct a table to summarise the different reaction
types in this unit. Use your own headings to help you
clarify the typical reaction and examples.

Inquiring

1 Explain why the decomposition of mercury oxide (HgO)
was a very important reaction for 18th-century chemists
Carl Wilhelm Scheele, Joseph Priestley and Antoine-
Laurent Lavoisier.

2 Research the ingredients used in gun powder and how the
chemical reaction works. Identify which reactants might
be oxidizing agents and which might be reducing agents.

3 Research car airbags and find out what heats the sodium
azide in a collision.

4 a Design an experiment to determine the
contents of three unlabelled beakers, )
containing a solution of either sodium
chloride, barium nitrate or potassium 2
nitrate.
b Describe what you expect to observe.
¢ Write balanced formula equations for each.




5.9 Practical activities

QHeating metal carbonates

Purpose 2 Fit the test-tube with the stopper and delivery tube.
To investigate the effect 3 3 Use the bosshead and clamp to secure the test-tube on
of heat on metal an upward angle with the delivery tube pointing down as
carbonates. shown in Figure 5.2.15.
Materials Wear safety glasses. ® 4 Half-fill the second test-tube with limewater and clamp
+ 2large test-tubes Do not stop heating it to the retort stand so that the delivery tube dips into
« stopper for test-tube the copper carbonate for the limewater.

with a delivery tube more than abv_:)ut 10 secqnds 5 Use the Bunsen burner to heat the copper carbonate
e 2 retort stands _(Wh'le t_he delivery tube is gently at first and then more strongly.

in the limewater) or the . .

o 2bossheads 6 Record your observations but remove the delivery tube

limewater will be pushed into

and clamps the hot test-tube with copper from the1 }1mewater as soon a}sl the ?eat is stopped to
e Bunsen burner carbonate and it will shatter. prevent limewater rising up the delivery tube.

and mat One team member must Discussion
* spatula satch this.during.the heating. 1 Assess if a chemical reaction has taken place.

¢ limewater (calcium

2 Propose whether the mass of the substance left in the
hydroxide solution Ca(OH),)

test-tube after heating would be greater or less than the

* 5gcopper(ll) carbonate mass of copper carbonate put into the test-tube originally.
Procedure 3 Research how limewater acts as an indicator for carbon
1 Use the spatula to put about 5g (or about 2 cm depth) of dioxide. Construct a word equation for the reaction that

takes place in the limewater when carbon dioxide is

copper(Il) carbonate (CuCO,) in one of the test-tubes.
bubbled through it.

copper(ll) carbonate

limewater /




5.2 Practical activities

a Precipitation reactions

Purpose

To predict and then test particular precipitation reactions.

Material

e Table5.2.2 (page 152)

¢ 0.1 M solutions of

silver nitrate, sodium

carbonate, sodium
hydroxide, barium
nitrate and copper

Solutions from this
experiment must not

sulfate (all in ‘dropper’ = be washed down the sink.

bottles)
e 10 small test-tubes
and test-tube rack
e gloves

Procedure

They should be placed in a
clearly marked waste bottle.

Wear gloves and safety
glasses at all times.

1 Construct a table like the one in the results section. You
need 11 rows to record 10 tests.

Solution A

Solution B Prediction of
precipitation

(yes/no)

2 Inyour table, enter all possible combinations of two of
the test solutions.

3 UsingTable 5.2.2, predict what should happen in each
tube and write your prediction in the table.

4 For your first pair of solutions, place 10 drops of solution
Ain a test-tube, and then add 10 drops of solution B to
the same test-tube. Place the tube in a test-tube rack and
record your observations.

5 Repeat step 4 for each pair of solutions.

Results
Copy and complete the table below—you will need 11 rows.

Discussion
1 Analyse the solubility rules in Table 5.2.2 on page 152 to
work out what has precipitated from each solution.

2 Construct word equations and formula equations
to describe what is happening in each case where a
reaction occurred.

Observations Observations Name of
before mixing after mixing precipitate (if any)

Silver nitrate

Sodium carbonate

PEARSON




e Carbon reduction

Purpose
To use carbon reduction to extract a metal.

Material . —
e crucible and lid b ] M
* Bunsen burner, tripod WS

and bench mat
e pipe clay triangle
e copper oxide Be very careful
with the hot
crucible and pipe
clay triangle.

¢ powdered carbon
¢ tin can with top and

bottom removed
Wear safety glasses at

* 2teaspoons all times.

e icy-pole stick
* tongs

e stereomicroscope

Procedure

1 Place about one teaspoon of the copper oxide into your
crucible.

2 Use a different spoon to add about half a teaspoon of
carbon powder. Do not mix up the two spoons.

3 Use the icy-pole stick to thoroughly mix the two together.

4 Use the first spoon (for carbon) to add another teaspoon
of carbon to the crucible, but do not mix it. Use the icy-
pole stick to spread the carbon into a layer over the top
of the mixture in the crucible. Do not mix it with the
lower layer.

tin can with
top and bottom
removed

crucible

pipe clay
triangle

5 Putalid on the crucible and stand it in a pipe clay
triangle on a tripod stand. Place the tin on the tripod
so that it surrounds the crucible. The setup is shown in
Figure 5.2.16.

6 Light your Bunsen burner and heat the crucible with a
hot flame for about 10 minutes.

7 Let the crucible cool for several minutes. Using the
tongs, tip the contents of the crucible onto a tin lid or
other container that will not melt. Allow it to cool.

Results
Observe the contents of the crucible under a
stereomicroscope or hand lens, and record your observations.

Discussion

1 Describe the contents of your crucible before and after
heating.

2 Construct a word equation and a formula equation to
describe what happened in the crucible.

3 Carbon reduction using this method works with copper
in alaboratory, but not very well with iron. Propose a
reason for this difference.

4 Another way of using carbon reduction to extract copper
from copper oxide is using equipment like that shown in
Figure 5.2.17. Predict what would happen to the carbon
block and the copper oxide powder.

clamp —retort stand | blowpipe

mixture of ore
and carbon

Bunsen
burner

carbon block

Alternate way of extracting copper




Fast and slow chemical
reactions

The speed at which a chemical reaction proceeds is
known as the rate of reaction. Some chemical reactions
that proceed quickly are explosions and combustion
reactions (Figure 5.3.1), when vinegar is mixed with
bicarbonate of soda and the burning of gas in a Bunsen
burner. These reactions are said to have a fast rate of
reaction. Chemical reactions that proceed slowly are said
to have a slow rate of reaction. Rusting, ripening and the
fermentation of wine (Figure 5.3.2) are examples.
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Welders use the rapid combustion of acetylene to produce the
extremely hot flame required to weld and cut metals.



The slow chemical reactions that ferment wine and give it
its flavour mean that it can take years before the wine is
ready to drink.

Controlling the rate of
chemical reactions

The rate of almost every reaction can be increased or
decreased. For example, when you run a race and then
breathe deeply, your heart pumps faster to speed up the rate
of respiration. In contrast, the rate of respiration slows down
when you're calm and relaxed. Scientists examine how each
chemical reaction works to determine the best method for
controlling its rate of reaction.

Factors that affect the rate of reaction are:

e temperature

e concentration of the reactants

» surface area (if the reactants are in lumps or fine powder)
e agitation (mixing and stirring)

e catalysts (chemical helpers).

By changing these variables, scientists can control how fast or
slow a chemical reaction proceeds.

Temperature

Increasing the temperature will normally increase the rate of a
chemical reaction. This occurs for two reasons.

First, increasing the temperature increases the speed of the
particles in liquids and gases. As a result, particles collide
more frequently, so more chemical reactions occur in a shorter
amount of time.

Second, increasing the temperature gives the particles
more energy. So, when the molecules collide,

chemical bonds are more likely to break and / ﬁ\
the atoms in the reactants can rearrange more [u\ s
easily to form products. ~

There are many reasons for using heat to increase the rate

of areaction. When you bake a batch of biscuits, you place
itin the oven to increase the rate of chemical reactions that
convert your dough into biscuits. However, you can'’t increase
the temperature too much or the rate of reaction will be so fast
that the biscuits will burn before they are cooked all the way
through. This is what has happened in Figure 5.3.3.

Biscuits must be baked at the right temperature.
If the temperature is too high, the reaction is so
fast that they burn before they are cooked inside.

Sometimes you may want to decrease the rate of reaction by
lowering the temperature. When you place a carton of milk in
the fridge, it slows the rate of the chemical reaction that turns
milk sour. Similarly, fruit farmers will transport their produce
in refrigerated trucks to stop the fruit ripening before it gets
to market.

Putting life
on hold

Through the process
of in-vitro fertilisation
(IVF), human egg
cells can be fertilised
and frozen for later
use. Freezing the
eggs stops the
chemical reactions
that cause the
embryo to develop.
Today, one in 33
births in Australia is
the result of IVF.
That’s almost one in
every classroom.

Frozen human eggs
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Concentration

The term concentration refers to the amount of reactants
present in a particular volume of liquid or gas during the
reaction. For example, if you put 20 teaspoons of sugar in a
litre of water, then the concentration of sugar is high. The
solution is concentrated. However, if you put 1 teaspoon of
sugar in a litre of water, then the concentration of sugar is low.
The solution is dilute. Concentrated and dilute solutions are
shown in Figure 5.3.5.
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concentrated dilute

A concentrated solution has a large number of sugar
molecules in the beaker of water. A dilute solution has
very few sugar molecules in the same volume.

Increasing the concentration of the reactants will increase the
rate of reaction. This is because the particles are more likely to
collide and react when they are highly concentrated. Collisions
between particles are necessary to allow the bonds to break
and new bonds to form.

Increasing the concentration of reactants is a very common
way of increasing the rate of reaction. You concentrate the
reactants whenever you turn up the gas knob on a
heater or stove like in Figure 5.3.6, add more wood
to a fire, add more sugar to a breadmaker or drink ~ / @ X
20mL instead of 10 mL of antacid to relieve

heartburn.

When you increase the flow of gas on a gas stove, you
increase the concentration of reactants to produce a
bigger flame and more heat.
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It is also common to reduce the concentration of reactants in
order to slow the rate of some reactions. When you place food
in a zip-lock bag or air-tight container, you are limiting the
concentration of oxygen and therefore limiting how quickly
the food can go stale. A similar principle is used to protect
some iron structures from rusting. Iron is often coated with
paint to limit the amount of oxygen that can react with the
surface to form iron(II) oxide (rust).

Agitation

Stirring reactants can also increase the rate of reaction. Stirring
is known scientifically as agitation. Agitation ensures that

the reactants are kept in contact, by removing build-up of
products around the reactants. For example, if a solid piece

of calcium carbonate is dropped into the bottom of a beaker
of sulfuric acid, it will react with the acid to produce calcium
sulfate, water and carbon dioxide gas. The word equation for
this reaction is:

carbon
dioxide

calcium
sulfate

calcium sulfuric

! + water +
carbonate acid

and the formula equation is:
CaCO,(s) + H,S0,(aq) — CaSO,(aq) + H,0() + CO,(g)

Although the carbon dioxide bubbles off as a gas, the other
products—calcium sulfate and water—build up around the
calcium carbonate as shown in Figure 5.3.7. The products
surround the calcium carbonate, which means less sulfuric
acid contacts the calcium carbonate to react. Agitating

the reaction flushes the products away from the calcium
carbonate, and allows the sulfuric acid to attack the

surface of the calcium carbonate. Magnetic stirrers

(Figure 5.3.8) are used in the laboratory to / m :
constantly agitate reactions and ensure the s /
maximum rate of reaction. ~

reactant 1
__I Products form a
barrier that slows
the reaction.
reactant 2

When a solid reacts with a liquid, the products build up
around the solid, slowing down the rate of reaction.
Agitation removes the build-up of products to maximise
the rate of reaction.



In the laboratory, scientists use magnetic stirrers to
constantly agitate and ensure maximum rate of reaction.

Figure
5.3.8

Surface area of reactants

The rate of reaction between calcium carbonate and sulfuric
acid can be increased further if the calcium carbonate is
crushed into a powder rather than used as one solid piece. If
the calcium carbonate is placed in the acid as a single, solid
lump, the sulfuric acid can only react with the outside of

the lump, as shown in Figure 5.3.9. However, if the lump is
broken down into smaller pieces, then particles originally on
the inside of the lump are now exposed and can react with
the acid. This means more particles are reacting at the same
time, so the reaction is faster. Dividing up solid reactants
into smaller pieces creates a much larger surface in contact
between the reactants.

Having a large surface area is important in the delivery of
medicines in the form of capsules. The capsules contain
powdered medicines so that when the capsule breaks apart in
your stomach, the powdered medicines can be absorbed into
your bloodstream more quickly.

Liquid reactant can
only react with the
outside of the block.

Liquid reactant can
react with more of
the solid reactant.

Slower rate of reaction Faster rate of reaction
If the solid reactant is divided into smaller

pieces, more of the solid is exposed to the liquid
reactant and the rate of reaction is increased.

Catalysts

Catalysts are chemicals that speed up reactions but are

not consumed (used up) during the reaction. They can be
considered ‘chemical helpers’ that help the reactants to form
the products. Catalysts can do this in two ways:

¢ They reduce the amount of energy that is required to
convert the reactants into products

e They make it easier for reactant molecules to collide and
form products.

For example, a catalytic converter in a car exhaust system uses
platinum metal as a catalyst to help convert the poisonous

gas carbon monoxide (CO) into
the less toxic carbon dioxide
(CO,). Normally, carbon
monoxide and oxygen
would not react fast
enough to form
carbon dioxide

(Figure 5.3.10).

Figure

Catalytic converters 5.3.10

in car exhaust systems
prevent toxic chemicals from
being released into the environment.
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However, in a catalytic converter the carbon monoxide and
oxygen molecules both stick to the platinum catalyst and move
around on its surface. When they finally collide, the platinum
helps the reactant molecules to rearrange and form carbon
dioxide, which then leaves the surface of the platinum and is
flushed out via the exhaust. Catalytic converters also remove
some dangerous nitrogen oxides.

Carbon monoxide
poisoning

Carbon monoxide is a
colourless, odourless gas that
is produced when petrol is
burnt in a limited supply of
oxygen. Haemoglobin is the
molecule in red blood cells
that transports oxygen around
your body. However, carbon
monoxide binds to
haemoglobin more strongly
than oxygen does. This leaves
no space for the oxygen, so
your cells quickly become
starved of oxygen and die.

Jellied enzymes

How do the enzymes in pineapple
affect jelly?

Collect this...
e jelly powder

e water 4
¢ fresh pineapple

e apple

® banana

¢ 4 small containers to set the jelly 5
e kettle

e refrigerator

Do this...

Record this...
Describe what you observed.
Explain why you think this happened.

Enzymes

Enzymes are biological catalysts. Enzymes are natural molecules
that hold reactant molecules together until they rearrange to
form products. Many enzymes are at work in your body right
now. One of the first processes of digestion uses an enzyme
called amylase, which is found in your saliva (Figure 5.3.11).
Similar enzymes are secreted by your pancreas and small
intestine. Amylase is responsible for breaking down

the starches in complex carbohydrates, such as in

breads and potatoes, into simple sugars for easy

absorption into the body.

Saliva uses the enzyme amylase to break down starches
into simple sugars.

Cut up the fruit into small pieces, about 1-2cm cubes.
Dissolve the jelly in hot water according to the instructions
on the packet.

Divide the jelly mix evenly between the four small containers.
Allow the jelly to cool in the fridge for a few hours, but not
set. Place the pineapple in one container of jelly, the apple in

the second and the banana in the third. Don’t put any fruit in
the fourth.

Place the containers in the refrigerator and wait for them
to set.

\
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; Enzymes are natural catalysts that control biological processes such as digestion, respiration
+ and photosynthesis. Scientists are constantly finding new ways to apply enzymes in industrial

processes, such as the production of renewable, environmentally friendly fuels and the development
of new pharmaceutical drugs.

Pharmaceuticals
The field of medicine has also benefited greatly from

Biofuels
As the world’s fossil fuel resources start to run out,

scientists around the world are looking for alternative
fuels and resources. Biofuels are a new type of fuel that
promises to be a renewable resource. The biofuel can
be manufactured by fermenting the sugars in crops
such as sugar cane, potato and corn. The fermentation
process uses enzymes in microorganisms such as
yeast to convert the sugars into ethanol according to
the reaction:

glucose + enzyme — ethanol + carbon dioxide
CH,,0, + zymase — 2CHO + 2CO

2

This is one of a
new generation
of vehicles that
use biofuels.

Ethanol is found in alcoholic drinks, but also makes up
to 25% of the petrol used in cars around the world.

scientists’ deeper understanding of enzymes. One of the

most revolutionary discoveries has been the synthesis of

penicillin, which is the world’s most widely used antibiotic
and has saved countless lives.

The process for producing penicillin involves the use
of two different enzymes to combine three different
biochemicals into the wonder drug. These enzymes
occur naturally in the

Penicillium fungi, in

which the drug was first

discovered by Scottish

scientist Alexander

Fleming in 1928.

However, it was Australian

scientist Howard Florey

(Figure 5.3.14) and

his colleagues Ernest

Chain and Norman

Heatley who discovered

how to produce large

quantities of the drug

in the laboratory. Their

discoveries earned Florey,

Fleming and Chain a

Nobel Prize in 1945.

In 1945, Howard Florey won Australia’s
second ever Nobel Prize for his work
on the mass production of penicillin.

Figure
5.3.14



Remembering
1 List three examples each of fast and slow reactions.

2 State the five ways that the rate of reaction can be
controlled.

3 State the name given to chemicals that speed up a
chemical reaction but are not used up during the
chemical reaction.

Understanding

4 Define the term rate of reaction.

5 Explain why you need to choose the right temperature
when baking a cake.

6 Scientists use magnetic stirrers to maximise the rate of
reaction. Explain how continually stirring the reaction
helps to make it go faster.

7 Explain how a catalyst increases the rate of reaction.

8 Explain why particles must collide before they can react.

Applying
9 a Identify two examples of reactions at home that you
speed up.
b Identify two examples of reactions at home that you
slow down.
¢ Foreach case, describe what you do to change the rate.

10 To remove a stain faster, Jenny applies more stain remover.
Identify which of the methods of increasing the rate of
reaction Jenny is using.

11 The advice on headache tablet boxes is that adults can

take two, but a child should only take one. Identify a factor
affecting reaction rate that is relevant to this advice.

Analysing
12 Distinguish between the terms chemical change and
chemical reaction.

13 Discuss two other examples where the word rate is used
in everyday life. Assess what this word means in each
context.

14 Compare the similarities in how increasing agitation and
increasing the surface area of reactants increase the rate
of a reaction.

Evaluating

15 Propose the effect of the following changes on a wood
fire heater. Justify your predictions.
a The wood is chopped into smaller pieces.
b  The ventis closed so that less air can get in.

PEARSON

16 Athletes use altitude training to increase their numbers
of red blood cells and hence the concentration of oxygen
in their bloodstream. Propose how this might help them
during a race.
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Creating

17 Construct a labelled diagram showing how the
concentration of hydrochloric acid increases the rate
that it reacts with a block of calcium carbonate.

Inquiring

1 Research metabolism to answer the following questions.
a What is metabolism and what is meant by your
metabolic rate?
b How can you change your metabolic rate?
¢ How does metabolic rate change as you get older?

2 Investigate metabolism in ectothermic (cold-blooded) and
endothermic (warm-blooded) animals and how the rate of
metabolism is controlled in each case.

3 Research the role of enzymes in digestion. Write a
paragraph about their role in digestion and the types
of enzymes that exist.

4 Design an experiment to investigate the effect
of temperature on the rate of reaction between
calcium carbonate and hydrochloric acid.




53 Practical activities

Q Rate of reaction: The effect of temperature

Purpose Discussion
To determine how temperature affects the light intensity of 1 State what evidence there is that a chemical reaction is
light sticks. taking place inside the light sticks.

2 State what changing the temperature has done to the
rate of reaction. Justify your answer based on your
observations.

Materials
o 2light sticks

e 2 beakers
3 Light sticks work by a chemical reaction between

hydrogen peroxide and a chemical called an ester. A
product of this reaction then causes a dye to emit light.
Procedure Explain how temperature may be affecting the reaction.

e iced water
¢ hot water

1 Start the light sticks glowing and darken the room as
much as possible.

2 Place one light stick in a beaker of iced water and one in
a beaker of hot tap water as shown in Figure 5.3.15.

light stick light stick

e o o
iced = 1 hot
water — = \ F water

Results

Record your observations

;i_gf‘:z A light stick glowing




9.3 Practical activities

Purpose 2
To examine how the concentration of hydrochloric acid
affects the rate at which it reacts with marble chips.

Materials
e marble chips

e 20mLof0.5M

a Rate of reaction: The effect of concentration

Set up the rest of the apparatus as shown in

Figure 5.3.17. Fill the tray with water, fill the large
test-tube with water and place it horizontally in the
tray then invert the test-tube. Make sure the mouth of
the test-tube remains submerged and then clamp the
test-tube as shown.

] o 3 Carefully pour 20 mL of 0.5M hydrochloric acid into
hydrochloric acid in . .
one of the test-tubes containing marble chips then
a small beaker Wear safety . . .
. immediately connect it to the rubber stopper and hose.
e 20mLof2M glasses at all times.
C 4 Start the timer and let the reaction run for 5minutes.
hydrochloric acid in
a small beaker 5 Record how much water was displaced in the inverted
« 3large test-tubes test-tube in the table in the results section.
« rubber stopper with flexible delivery tube 6 Set up the apparatus again so that the inverted test-tube
« large deep tray is filled with water.
o retort stand with test-tube clamp 7 Repeat steps 3-5 using 2M hydrochloric acid.
* timer Results
e ruler Copy and complete the following table.
* water
Acid | Displaced water (cm)
Procedure

0.5 M hydrochloric acid

1 Place a few marble chips in two of the large test-tubes.
Make sure the amount of marble chips is the same in

2 M hydrochloric acid

each test-tube.

. Discussion
delivery tube
retort stand 1 Marble chips are a form of calcium carbonate. When
G\ they react with hydrochloric acid, they produce calcium
chloride, carbon dioxide and water. Construct word and
| test-tube full formula equations for this reaction.
of water .

2 Compare the rate of reactions for the 0.5M and 2M

hydrochloric acid.
water 3 Explain your observations.

4 Discuss other factors that should be kept constant
during this experiment to ensure that only the
concentration of the acid affects the rate of reaction.

\&sl) 5 Evaluate your experiment.

\ marble chips

PEARSON




e Rate of reaction: The effect of agitation

Purpose

To

see the effect of stirring on the rate at which chalk

dissolves in hydrochloric acid.

Materials '

2 x 5mm pieces of chalk
2 x 250mL beakers
stirring rod

e 1M hydrochloric acid Wear safety
« stopwatch glasses at
P all times.
Procedure
1 Fill both beakers with 50 mL of hydrochloric acid.

2

Place one piece of chalk into each beaker of acid at the
same time.

3 Start the stopwatch.

Stir one beaker with the stirring rod continuously while
leaving the other standing still.

5

Record the time that both pieces of chalk finish reacting
in the table in the results section.

Results

Copy and complete the following table.

Reaction ] Time for reaction to complete

Still reaction

Agitated reaction

Discussion

1

State what indicates that a chemical reaction is taking
place.

Discuss anything you observed that suggested one
chemical reaction was going faster than the other.

Identify which reaction was faster. Justify your choice.

a Rate of reaction: The effect of surface area

Purpose

To

determine how changing the surface area

design and conduct an experiment to

of a reactant changes the rate of reaction.

Materials ?
. chalk ‘%
e 1M hydrochloric acid
e beakers
e timers Wear safety
o rulers glasses at
+ marking pens all times.
Procedure
1 To design your experiment you should consider the

following.

e How will you measure the rate of reaction?

e What one factor will you change in each of your
samples?

e What factors will you try and keep the same for each
sample?

2

4
5

Assess how you will carry out your experiment, how you
will collect your data and a list of equipment you will need.

Construct a diagram of your experimental
apparatus. Show this to your teacher before you start
experimenting.

Carry out your experiment and collect your data.

Assess the safety aspects of this activity

Results
Present your data in a suitable way and answer the
discussion questions.

Discussion

1
2

Describe any pattern or patterns you found in the data.

Summarise the relationship between surface area and
rate of reaction.

Explain the relationship between surface area and rate
of reaction.




State the law of conservation of mass.

List five different types of chemical reaction.

3 State the meaning of the symbols (s), (1), (g) and (aq) in

a chemical equation.

Name the gas given off when calcium carbonate
undergoes thermal decomposition.

Recall the two-step process for the reduction of iron ore
in a blast furnace by writing the chemical equations.

List ways in which the speed of a chemical reaction can
be controlled.

7 Define the term rate of reaction.

10

11

12

13

Describe what distinguishes redox reactions from other
chemical reactions.

Identify types of ionic compounds that are almost always
soluble and list any exceptions.

Identify two reactions that should be slowed down and
how they are slowed down.

Demonstrate the action of heat on a metal carbonate
using word and formula equations.

Calculate the correct number of reactants and products
to balance the following equations. Include any missing
states.

a H,(g+0,@—HO0

Na + Cl, — NaCl(s)

CaCO,(s) — CaO(s) + CO,

CH,(g) + 0, » CO, + H,0()

HNO,(aq) + Ca — Ca(NO,),(aq) + H,

® Q 0 T

Classify each of the following reactions as decomposition,

combination, combustion or precipitation.

a Ba(NO,),(aq) + Na,SO,(aq) — BaSO,(s) + 2NaNO,(aq)

b  Magnesium carbonate is heated to produce
magnesium oxide and carbon dioxide.

¢ methane + oxygen — carbon dioxide + water

d Hydrogen gas (H,) and chlorine gas (CL,) are reacted
together to produce hydrogen chloride (HCI).
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14

15

16

17

For each of the following reactions, deduce the:
a word equation
b balanced formula equation, including states.

i  Dilute sodium hydroxide solution is added to
dilute sulfuric acid. Sodium sulfate and water are
produced.

ii  Clear silver nitrate solution is mixed with a clear
sodium chloride solution. White silver chloride
precipitates out, leaving behind a clear solution
of sodium nitrate.

iii Hydrochloric acid reacts with calcium metal.

A solution of calcium chloride is produced,
through which rise bubbles of hydrogen.

Refer to Table 5.2.2 on page 152. Assess which of the
following substances would be soluble in water.

a BaSO,
b LiNO,
c CaCo,
d MgCl,

Hydrogen peroxide breaks up slowly by itself to form
oxygen and water. When some manganese(IV) oxide
(MnO,) is added to it, there is a sudden increase in

the production of oxygen gas. However, none of the
manganese(IV) oxide seems to be used up in the reaction.
Propose why the manganese(IV) oxide has this effect.

Use the following ten key terms to construct a mind map.
balanced equation
chemical reaction
chemical equation
combination
combustion
corrosion
decomposition
metal displacement
precipitation

redox

g



Thinking scientifically

Q1

Q2

pH

Scientists use molecular formulas as short-hand
notation for describing the structure of molecules. The
formulas can be used to communicate which types of
atom are in the molecule and how many of each type
there are. For example, the chemical formula for water,
HQO, says that in every water molecule, there are two
hydrogen atoms and one oxygen atom.

Shown here is a molecule of the compound ethanol.
Which of the following molecular formulas best

describe this molecule?
‘ Carbon C

. Oxygen O
‘ Hydrogen H

C

¢
A CH,0
B C,HO
C CHO
D C,H,0,

The law of conservation of mass states that during

a chemical reaction, atoms cannot be created or
destroyed. From this law, it follows that during a
chemical reaction, the total mass of the reactants and
products:

A always increases

B always decreases

C may increase or decrease

D always stays the same.

Q3

Qa

The term solubility is used to describe how well a
compound dissolves. A compound that dissolves well
is referred to as soluble, while a compound that does
not dissolve is referred to as insoluble. Scientists use
solubility tables like the one below to predict whether
a compound will be soluble or insoluble in water.

Type of compound | Solubility | Exceptions

Nitrates NO," Soluble None

Chlorides CI-

Bromides Br- Soluble Ag*, Hg*, Pb?*
lodide I

Sulfates SO * Soluble Ca®, Ba*, Pb*, Ag*
Carbonates CO,* Insoluble Li*, Na*, K*, NH,*
Phosphates PO,* Insoluble Li*, Na*, K*, NH,*

Use this solubility table to determine which of the
following compounds is insoluble.

A NaNO,
B MgCl,
C K,CO,
D PbSO,

Scientists use the pH scale (shown below) to measure
the concentration of acids and bases. The pH scale
ranges from 0 to 14. Substances with a pH less than 7
are acidic, while substances with a pH greater than 7
are basic.

The pH of a substance can be measured by an
indicator. An indicator is a chemical that changes colour
depending on the pH. Indicators change colour because
they react with the acid or base. Universal indicator is
made up of a combination of several of these chemicals
so that it changes colour many times as the pH changes
from 0 to 14. Below is a chart that shows the colour of
universal indicator over the full pH range.

Lemon juice has pH 2.3. It is most likely to turn
universal indicator:

A red-orange

B yellow

C vyellow-green

D green.

8 9 10 11 12 13 14
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Thinking scientifically

Q5 Michelle performed five experiments to see how
different factors influence how quickly hydrochloric
acid reacts with blackboard chalk.

Experiment 1: 1cm of chalk in dilute hydrochloric acid
at room temperature

Experiment 2: 1cm of chalk in dilute hydrochloric acid
heated to 80°C

Experiment 3: 1 cm of chalk in dilute hydrochloric acid
with a magnetic stirrer

Experiment 4: 1cm of chalk crushed and put in dilute
hydrochloric acid

Experiment 5: 1cm of chalk in concentrated
hydrochloric acid

1 2 3 4 5
e e ] ]

hot

dilute Nt

/HCI 4

dilute HCI magnetic crushed concentrated

chalk stirrer chalk HCI

In each case, Michelle collected and measured the
volume of carbon dioxide gas (CO,) produced in
5minutes. Her results are tabulated below.

Experiment Volume of CO, produced (mL)

1 5
2 10
3 30
4 50
5 10

From her data, Michelle can conclude that:
A increasing the temperature had no affect on the
rate of reaction

B increasing the concentration of the acid increased
the rate of reaction more than stirring the reaction

C stirring increased the rate of reaction the most

D crushing the chalk increased the rate of reaction
the most.
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Q6 Wasim is developing a new chemical reaction for

converting iron ore into iron metal. He wants to
determine how adding a catalyst changes the rate of
reaction. To do this, Wasim measures the amount of
iron metal produced by the chemical reaction every
minute for the first 5minutes. He has plotted the
results in the graph below.

80 Production of iron with and without catalyst

70

With catalyst
60 /
50 /
w0 o
o

20}

Iron produced (g)

Without catalyst

10

0 1 2 3 4 5
Time (minutes)

From his graph, Wasim can conclude that the catalyst:

A has no effect on the rate of reaction
B halves the rate of reaction

C doubles the rate of reaction

D triples the rate of reaction.



Unit 5.1

Aqueous solution:
a solution of a
substance dissolved in
water
Balanced equation: a
chemical equation
in which the number
of each type of atom
is the same on both
sides of the equation
Chemical equation:
a short-hand notation that scientists use to communicate
what happens during a chemical reaction

Aqueous solution

Formula equation: a chemical equation where the reactants
and products are identified by their chemical formulas

Law of conservation of mass: the law that states that atoms
cannot be created or destroyed during a chemical reaction

Product: a substance produced by a chemical reaction
Reactant: the initial substance of a chemical reaction

Word equation: a chemical equation where the reactants and
products are identified by their chemical names

Unit 5.2

Anion: a negatively charged ion

Carbon reduction: a chemical process of separation of metals
from their ores using carbon

Cation: a positively charged ion

Combination reaction: a
chemical reaction where
two reactants combine to
form one product

Combustion reaction: any
chemical reaction where
a substance burns in
oxygen to produce heat
and light

Decomposition reaction: a
chemical reaction where
one reactant breaks
apart into two or more
products

Electrolysis: a technique
for reducing the ions of
highly reactive metals
by using an electrical
current to force electrons
onto the ions

Combustion reaction

Electrowinning: A process of extracting metals from solutions
using electrolysis

Froth flotation: a physical process of separation of metals
from their ores

Insoluble: does not dissolve

lon: an atom that has gained or lost electrons to become
electrically charged

lonic compound: a substance made up of positive and
negative ions

Oxidation: when a substance gains oxygen atoms or loses
electrons
/

Polyatomic: having
many atoms

Precipitate: the
insoluble product of a
precipitation reaction

Precipitation reaction:
when two clear
solutions react to
produce an insoluble
solid

Redox: an abbreviation
for oxidation and
reduction pairs of
reactions

Reduction: when a
substance loses
oxygen atoms or gains
electrons

Soluble: able to dissolve

Smelting: a chemical method of extracting a metal from its
ore in which the ore is heated with a reducing agent such
as carbon

Unit 5.3

Agitation: stirring

Catalyst: a chemical that
helps to speed up a
chemical reaction but is
not used up during the
reaction

Concentration: the
amount of a chemical
in a certain volume of
water

Precipitation reaction

Enzyme: a natural
occurring catalyst

Rate of reaction: how
fast a chemical reaction
proceeds

Agitation
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Global systems

HAVE YOU EVER
WONDERED. .

what happens to dead plants
and animals in nature?

e why the weather is not the same
every year?

* how climate and weather are different?

e why Australia gets droughts and floods

e why there is so much concern
about burning fossil fuels?

e why some people are worried
about climate change? y

After completing this chapter students
should be able to:

use models to explain the natural cycling of matter in
the biosphere, including carbon, nitrogen and water

use models to explain factors influencing the Earth’s
climate including ocean currents

explain how sea ice, glaciers, fossils and sea levels are
used as evidence of climate change

discuss potential impacts of climate change on
ecosystems and biodiversity

compare the cause and effects of the ‘greenhouse
effect’ and the ‘enhanced greenhouse effect’

discuss the evidence that world climates have changed
in the past and will continue to change in the future

discuss the evidence that measurable changes in the
Earth’s atmosphere in the 20th century are related to
human activity.




The biosphere

The biosphere includes all parts of the Earth’s surface and
atmosphere where living things exist. It is the sum of all
ecosystems. The biosphere is where other spheres of the

planet interact. The land (lithosphere) interacts with the water
(hydrosphere). The land and air (atmosphere) interact. Living
things interact with the land, water and air. Part of the interaction
is the natural recycling of water and elements such as carbon and
nitrogen. Natural recycling has enabled natural ecosystems to

be sustainable (self-renewing). An example is the wetland shown
in Figure 6.1.1. Sustainable ecosystems are ecosystems that are
diverse and provide for the needs of the organisms that live there.

Wetlands ecosystems are important parts of the biosphere.
A large variety of organisms live in wetlands or use them
as a resource during migration. Many wetlands hold flood
waters, removing silt from them before the water flows out
to the oceans.

Recycling in nature



carbon dioxide (CO,) =
/ R & \ Combustion of fossil fuels

Burning of forests,
fuel wood and
organic debris

Photosynthesis
(aquatic f°°d chains)

- formation of
limestone and
dolomite

carbon stored

in animal tissu fl .. t s

Formation of
fossil fuels

The carbon cycle moves carbon between the living and non-living parts of ecosystems.

Carbon cycle

The carbon cycle is essential for life on Earth. Carbon is found
in all living things, and in their dead bodies and wastes. It is
part of the carbohydrates, fats, proteins, vitamins and DNA
found in cells, tissues and organs. Carbon is also found in the
atmosphere as carbon dioxide (CO,).

Carbon dioxide is used in photosynthesis when plants
combine it with the hydrogen from water to form glucose.
Animals and other consumer organisms obtain the carbon
they need from the food they eat. However, there is not an
endless supply of carbon. Carbon is recycled through the soil,
through living things and the atmosphere in the carbon cycle,
shown in Figure 6.1.2.

As part of this cycle, the process of photosynthesis in green
plants incorporates carbon into living things. Respiration
releases carbon back into the atmosphere and hydrosphere

as carbon dioxide, where it again becomes available for
photosynthesis. Organisms release carbon into the soil in
wastes such as faeces, urine and fallen leaves. These wastes are
used as food by decomposer organisms. As the decomposer
organisms respire, carbon is released into the atmosphere,
water and soil.

Fossils are the preserved remains of once-living organisms.
Fossil fuels such as coal and oil contain the carbon of plants
and animals that died and were preserved millions of years
ago. Burning coal and oil releases carbon that has been
unavailable to the carbon cycle for millions of years. Burning
wood releases carbon stored for hundreds or maybe even a
thousand years.

Earth’s largest and oldest long-term store of carbon is calcium
carbonate (CaCO,). This chemical is found in limestone,
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Recycled carbon

All the carbon on Earth and in the
atmosphere is cycled and recycled. The

carbon in your body may once have been
part of a dinosaur, or even part of a famous
person such as Leonardo da Vinci.

a sedimentary rock usually made from the shells of molluscs
and other marine organisms.

Nitrogen cycle

The nitrogen cycle is an important natural cycle for living
things, because nitrogen is an important element in proteins.
Air is 78% nitrogen, but most living things cannot use nitrogen
when it is in the form of a gas. Plants use nitrogen compounds
from the soil. Animals are consumers that obtain their
nitrogen by eating plants or other animals.

Figure 6.1.3 shows that when an organism dies, bacteria in the
soil cause nitrogen to be released into the soil as ammonia
(NH,). A second, different group of bacteria get their energy
from ammonia. In the process they release water-soluble
nitrates back into the soil. Plants take up both the ammonia
and the nitrates through their roots.

A third group of bacteria known as nitrogen-fixing bacteria
absorb nitrogen from the air trapped in soil. Nitrogen-fixing
bacteria convert nitrogen into ammonia and then into nitrates.

The actions of a fourth group of bacteria, called denitrifying
bacteria, are opposite to those of nitrogen-fixing bacteria.
Denitrifying bacteria obtain their energy from the

nitrates and convert them back into gaseous

nitrogen (N,). This is then released back into gg_/
the atmosphere.



nitrogen-fixing
bacteria living in
legume root nodules

atmospheric nitrogen (N,)
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denitrifying
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nitrates (NO,)

(aerobic and anaerobic
bacteria and fungi)

@ Nitrifying bacteria

Ammonification l nitrification I

ammonium (NH,?) _@

Nitrifying bacteria

@ nitrites (NO,")

nitrogen-fixing soil bacteria

The nitrogen cycle shows how important different groups of
bacteria are in the recycling process. Sometimes the work
done by one group of bacteria is undone by another group.
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Natural recycling
What happens to the leaves and fruit that fall off trees in the
natural environment?

oo

label

Collect this...
¢ natural materials such as leaves and fruit
¢ 4 flower pots (an area of the garden could

be used instead of pots)
e garden soil
* icy-pole sticks as labels

leaves

Do this.. Wash your hands and
1 Divide the materials collected into four thoroughly after fruit

identical groups.

2 Fill the four flower pots three-quarters full
with garden soil. Alternatively, mark out
four small plots in the garden and scrape
away about 4 cm of soil.

working with soil.
Do not inhale dust.

3 Photograph the fruit and leaves.

4 Place one set of materials in each of the pots and cover them with
4cm of soil.

Label the pots (or plots) ‘1 week’, ‘2weeks’, ‘3weeks’, ‘4 weeks'.
Ensure that the soil remains moist but not waterlogged.

At the end of the relevant time period, clear off the top 4 cm of soil.
Photograph the materials to record any changes.

(3]

Record this...
Describe what happened.
Explain why you think this happened.

7
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Rain and storms

During electrical storms like the one in Figure 6.1.4, the energy
of lightning breaks nitrogen molecules (N,) in the atmosphere
into nitrogen atoms. The nitrogen atoms combine with oxygen
in the air, forming nitrogen oxides. These dissolve in rain to
form nitrates that enter the soil with the rain. The nitrates are
then available for plants to use.

During lightning storms, nitrates are produced in the
atmosphere and dissolve. The falling rain adds these
nutrients to the soil.

Leguminous plants

Plants that produce seeds in pods such as peas, beans,

clover and wattles (Figure 6.1.5) are known as legumes or
leguminous plants. They live in a symbiotic relationship
with Rhizobium bacteria. Both the plant and the bacteria
depend on each other for survival. Rhizobium bacteria

are a type of nitrogen-fixing bacteria. The bacteria live in
nodules in the roots of the leguminous plant (Figure 6.1.6).
Rhizobium bacteria take nitrogen gas from air in the soil and
manufactures nitrates. The nitrates pass into the cells of the
plant and the plant uses them to build proteins.

4 PO )
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Australian wattles
are leguminous
plants. They perform
the vital role of
making nitrogen
available to native
food webs.

Rhizobium bacteria
in root nodules gain
protection and
glucose from the
plant. Leguminous
plants gain nitrates
and contain more
protein than other
plants.
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The water cycle

Water is one of the most precious resources on Earth and is an
essential part of all living things.

The water on Earth is recycled continuously in the water cycle.
Energy from the Sun causes water to evaporate from moist
surfaces such as oceans, soil, plants and animals. The largest
amount of water vapour comes from the oceans because they
are the largest bodies of water on Earth. The water cycle is
summarised in Figure 6.1.7.

The water cycle
describes the
endless cycle of
water evaporating
from Earth’s surface,
condensing to form
clouds, falling as
rain, and the run-off
returning it the
oceans it originally
came from.

evaporation



6.1 Unit review

Remembering Evaluating
1 Name the process that takes carbon into food chains. 14 a Classify the type of biological relationship between
2 Name the biological process that removes oxygen from Rhizobium and leguminous plants.
the atmosphere. b Justify your answer.
3 State the form in which nitrogen can be used by plants. 15 Grass grows well when it is provided with nitrogen-rich
fertiliser. Deduce the reason why grass that has been
U nderstandi ng provided with plenty of water appears to grow better after

a thunderstorm.
4 Define the terms:

a Dbiosphere
b sustainable ecosystem.

16 Nitrifying bacteria in the soil and Rhizobium in root
nodules both convert nitrogen in the air to nitrates.
Propose reasons why plants are able to use a greater
proportion of the nitrates produced by Rhizobium than
nitrates produced by nitrifying bacteria in the soil.

5 a Carbonis amajor part of all living things. Explain how
the carbon gets into living things.
b Explain what the carbon is used for in the bodies of

living things. 17 During extended periods of dry weather many gullies are dry.

When significant rain falls, water flows through these gullies.

6 Explain how decomposers return carbon to the . ..
P p However, after the rain has stopped, water often remains in

atmosphere. these gullies and continues to flow for some time.
7 Explain how nitrogen from the air is made available a Deduce where this water comes from.

to plants. b  Use a diagram to help you justify your answer to part a.
8 Explain where the carbon in coal and oil came from. 18 In the cooler climates of
9 a Explain what is meant by long-term stores. southern Australia some

b Name two stores of carbon. farmers plant lupins

c Explain why these stores of carbon are considered to (aleguminous plant) in

be long-term stores. their fields. The lupins are

10 Explain why plants can suffer from a lack of nitrogen ploughed into the ground

despite being surrounded by air that is 78% nitrogen. before the next crop is
panted. Propose a reason

11 Explain what is meant by for the farmer doing this

the cartoon in Figure 6.1.8.

&

Wil Creating
Made enfirely from

19 Use information about the processes involved in the
recycled materials i )
J)v))l carbon cycle diagrams to construct a diagram to

show how oxygen cycles in the environment.

. 20 Design an investigation into the benefits for
Applylng future crops of growing leguminous plants. 2
12 Use a diagram to demonstrate how the carbon cycle ..

would change in an area if a forest was replaced by an Inq uiring
urban area.

1 Research how teams of scientists are involved in analysing
An alys| ng environmental contamination in soil and/or water. Explain

. s . Lo . how the contamination could affect the cycling of matter.

13 Nitrogen-fixing bacteria and denitrifying bacteria are both ) ]
part of the nitrogen cycle. Contrast the part they play. 2 Research the cycling of phosphorus in natural ecosystems.

3 Investigate the effect of mining coal and its impact on the

biosphere.




6.1 Practical activities

a Nitrogen cycle game

Purpose

To simulate the nitrogen cycle. Alr
Materials
¢ 5 containers labelled ‘Plant’, ‘Animal’, ‘Decomposer’,
‘Soil’, ‘Air’ Animals Plants
e 4 or 5 cards for each container, as described in step 1 of
the procedure

Procedure Denitrifying
bacteria

Nitrogen-fixing

Decomposers ;
P bacteria

1 Asaclass, construct the following 22 cards for the game.
Plant
Eaten by animal — animal

Plant waste — decomposer Soil

Plant death — decomposer

STAY in plant (2 cards) 5 Take a card from the container, read the card and return
it to the container. Mix the cards around before the next
student takes a card. For all cards except those that say

Animal waste — decomposer ‘STAY’, record what it said and move to the next station.

Animal death — decomposer If you pick a ‘STAY’ card, record ‘stay’, put the card back
in the pack, then go to the back of the queue at the

Animal

STAY in animal (2 cards)
Decomposer

Nitrates in the soil — plant
Nitrates in the soil — soil

STAY in decomposer (2 cards)
Soil

Nitrogen-fixing bacteria — plants
Denitrifying bacteria — air

STAY as nitrates in the soil (2 cards)
Air

Nitrogen-fixing bacteria — plants
Lightning storm — soil

STAY in air (3 cards)
Place the cards in the relevant containers.
2 Copy Figure 6.1.9 into your workbook. This diagram of
the nitrogen cycle should take up half a page.

3 To play the game, set up five stations around the room.

Label them ‘Plant’, ‘Animal’, ‘Decomposer’, ‘Soil’, and ‘Air".

Place the relevant cards at each station.

4 Start at any one of the stations and record the name of
the station.

PEARSON

station before you pick your second card.

6 You should have a record of the card you picked each
time at each stop.

7 The game is complete when you have made 15 visits
to stations.

Results

1 Onyour diagram of the nitrogen cycle, record the
pathway that you took through the cycle. Use arrows to
show the direction you moved.

2 Draw a square around any part of the cycle where you
had to ‘stay’. There should be a separate square for each
‘stay’ card.

Discussion

1 Compare the nitrogen cycle you have constructed
with Figure 6.1.3 on page 179 and give reasons for any
differences.

2 Identify the areas where nitrogen did not move quickly
on to another part of the cycle.

3 Identify the parts of the cycle where nitrogen moved
rapidly on to the next stage.

4 Discuss the aspects of the nitrogen cycle that you
understand better as a result of taking part in the
simulation.




Natural influences on climate

of an area. To understand climate change, you first have to
understand what influences climate and the particular factors
that affect Australia’s climate.

Weather and climate

Weather describes the state of the atmosphere in terms

of temperature, wind, cloud cover and precipitation

(Figure 6.2.1). Weather is created by interactions between
the hydrosphere (all the water on Earth), the lithosphere
(Earth’s land masses) and the atmosphere (the layers of gases
surrounding the planet). Weather changes from day to day
and sometimes there are extreme events.

Climate is the long-term averages of weather conditions.
Average statistics using 30 years of weather records and Rain is a form of precipitation and is one aspect of weather.
including extreme events are used to describe the climate




Influences on climate

The Sun is the ultimate source of energy for most living things,
and it keeps the planet warm enough to support life. Energy
from the Sun is a major influence on climate. However, other
factors also influence the world’s climate.

Surface of the Earth

Characteristics of the Earth’s surface determine how much
of the energy from the Sun is reflected back into space. This
is shown in Figure 6.2.2. Clouds and the ice of the Arctic and
Antarctic reflect most of the energy coming in from the Sun.
Ice reflects about 84% compared with the dark green forests,
which reflect 14%. If all the Earth was covered in forests, a lot
more of the Sun’s energy would be absorbed and the Earth
would be warmer than it is today.

The white and red areas indicate more reflection of the
Sun’s rays. In the green and yellow areas, more of the
energy from the Sun is absorbed.

Gases in the atmosphere

The energy that comes from the Sun is short-wave radiation.
It is absorbed by clouds and the Earth’s surface and radiated
back out into space as long-wave radiation (heat). Nitrogen
and oxygen are the gases that make up most of Earth’s
atmosphere, and they have no effect on the radiation coming
in from the Sun or on the radiation going back out into space.
However, the same is not true for a number of other gases in
the atmosphere.

Water vapour, carbon dioxide, methane, nitrous oxide and
ozone all allow the incoming short-wave solar radiation to
pass through. However, they absorb the out-going long-wave
radiation (heat). They re-emit the heat in all directions. Some is
radiated back to the Earth’s surface. These gases have the effect
of trapping heat close to the Earth’s surface, keeping it warmer
than it would be if these gases were not present. These gases
are known as greenhouse gases and the effect they have on
warming the Earth is known as the greenhouse effect. Figure
6.2.3 shows what happens in a greenhouse. Greenhouses

(or glasshouses) heat up because the short-wave solar
radiation can pass through glass into the greenhouse, where

it is absorbed by the air, soil and objects in the greenhouse.
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The heat that is re-radiated is long-wave radiation and

cannot pass through glass. It causes the temperature inside

to increase. Figure 6.2.4 illustrates the effect of greenhouse
gases on the Earth’s atmosphere. Without the protection of the
atmosphere, the days would be hotter and the nights colder.
Without the greenhouse effect, the Earth’s average -
temperature would be around —-18°C rather than
15°C. This would affect weather conditions, plant
growth and animal survival.

Short-wave radiation
passes through glass.

N\

Long-wave
radiation cannot
pass through glass.

How a greenhouse heats up

20% absorbed
SUNLIGHT by atmosphere infrared emitted
by clouds and
Vi gases

=,

22% reflected

by atmosphere \ _greenhouse
A AP WL
17% R e & 2

escapes .
in atmosphereé’ —

83% held and
recirculated

infrared
20% absorbed radiation
by surface

I;i’g::'e The effect of greenhouse gases on the Earth’s atmosphere



Orientation of the Earth

The Earth is roughly spherical. It orbits the Sun and rotates

on its own tilted axis. Figure 6.2.5 demonstrates how the tilt of
the axis and the Earth’'s movement around the Sun cause the
seasons. If the tilt of the Earth was different, the characteristics
of the seasons would also be different.

I

I
Arctic Circle I northern tip
! of Norway

Equator

G
PR
—

Brisbane

Antarctic
Circle :
I
I

The diagram shows the northern summer. Radiation from
the Sun is reaching a larger proportion of the northern
hemisphere than the southern hemisphere.

As the Earth rotates, the atmosphere and the waters of the
oceans are dragged around with it. This movement influences
the circulation of the air and water on a global scale. However,
the major factor influencing circulation of water in the oceans
is temperature.

Differences in the temperature of the oceans in different parts
of the world have a major impact on Australia’s climate.

Ocean currents

Ocean currents are continuous movements of ocean water.
They can flow for great distances and cause water to circulate
continuously around the whole of the Earth. This circulation
plays an important part in determining the climate of many of
the Earth’s regions.

Currents can be at the surface or deep in the ocean. The main
causes of currents are:

e wind

* temperature

* variations in salinity (salt levels)

 the rotation of the Earth on its own axis

e the gravitational pull of the Sun and Moon.

science 4. fun

Spinning oceans
Does the spinning of the Earth really @
drag the water with it?

Collect this...

* large circular container such as a saucepan or
baking bowl

e water

¢ wooden dowel for stirring

¢ food colouring

Do this...
1 Fill the container with water.

2 Stir the water in the centre only until a good
current is achieved (see diagram). Stop stirring.

Use dowel 1o stir the
centre of the water.

Rdd two or three drops of
food colouring to the
middle of the water.

%

-
!
saucepan /

Add two or three drops of food colouring into the
centre of the container.

Observe the way the food colouring spreads
through the water.

Record this...
Describe what happened.
Explain why this happened.

Major surface currents

The major surface currents of Earth are caused by wind. Wind
pushes the surface water along until it reaches land. Then the
water has to flow left or right or sometimes downwards. In the
major ocean basins, the currents form the circular patterns
shown in Figure 6.2.6 on page 186. These circular patterns,
called gyres, flow in a clockwise direction in the northern
hemisphere and anticlockwise in the southern hemisphere.
The circular pattern of gyres is caused by the rotation of the
Earth.

Deep currents

Deep currents begin at the poles, where extremely cold water
is found. They flow through the ocean, carrying very cold water

along the bottom.
Global systems 1 85
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Currents and climate

Surface currents and deeper currents interact. Water cycles
from deep currents to surface currents, and then back to the
deep again, forming the thermohaline circulation (thermo
means temperature, haline means salt). The thermohaline
circulation is very slow, taking around 1600 years to complete
just one circuit! Scientists commonly call the thermohaline
circulation the global conveyor belt. It is shown in Figure 6.2.7.

The global conveyor belt is important because it distributes
heat around the globe. By distributing heat, the global
conveyor belt affects the climates of the Earth.

deep current
formation

deep current
formation

surface
current

deep
current
deep current formation

The global conveyor belt of interconnected ocean currents
distributes heat around the Earth and affects its climates.

The Gulf Stream

The Gulf Stream is part of the global conveyor belt. It is a current
that makes western Europe much warmer in winter than any
other region at the same latitude. For example, northern United
Kingdom and Norway are much warmer than Greenland and
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Canada. A computer-enhanced image of the Gulf Stream is
shown in Figure 6.2.8. The Gulf Stream flows from the warm
Caribbean Sea carrying heat across the North Atlantic Ocean
towards Europe. The Gulf Stream feeds into the North Atlantic
Drift and the Norwegian currents and into the Labrador and
Greenland seas. Very cold Arctic winds then cool the water of
the Gulf Stream, increasing its density. The denser water sinks,
pushing away water below it and creating a deep current. This
cold deep current flows all the way south to Antarctica.

G

Figure

The Gulf Stream
is a warm ocean
current. In this
image orange
indicates the
warmest water.
Blue is coldest.

Australia’s climate

Australia is a land of contrasts—Queensland can be in drought
while Victoria is experiencing floods. The causes of these
extremes of weather are two climate phenomena:

* the Southern Oscillation, which gives rise to the El Nifio and
La Nina effects

* the Indian Ocean Dipole.

As climatologists and meteorologist gain greater understanding

of these patterns, they can use them to make more accurate
predictions of what to expect in particular seasons.



Southern Oscillation

The Southern Oscillation is a sequence of changes to the way
the atmosphere and water circulate across the Pacific Ocean
and Indonesian islands. In most years, a cold current flows
northwards along the coast of South America, then westwards
along the equator, where it is warmed by the Sun. This ‘normal’
situation is shown in Figure 6.2.9. The result is a temperature
difference of 3°C to 8°C between the cooler eastern Pacific and
the warmer western Pacific.

Asi 7& T -‘\§’ o

a e =

»ﬁ{/ 3 \ * North -
: J ; {«merica
. B\

high
Tahiti pressure

In normal conditions where there is no El Nifio or La Nina,
the trade winds blow strongly from the western Pacific
Ocean to the east. This brings average rainfall to northern
Australia.

Figure
6.2.9

The Southern Oscillation Index (SOI) is a measure of the
atmospheric and ocean conditions across the Pacific Ocean.
It is calculated using the difference in air pressure between
Tahiti and Darwin. Under ‘normal’ conditions, the SOI is
close to zero (Figure 6.2.10). During El Nifio events, the SOI is
strongly negative. During La Nifia, the SOI is strongly positive.

30 Southern Oscillation Index
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3 Changes in the SOI can be used to predict good rains
Figure \ ong droughts for Queensland and New South Wales.
6.2.10 Negative SOl values indicate periods of drought.

El Nifio is the best known extreme of the Southern
Oscillation and is probably one of the most important
influences on the climate in Australia, particularly in
Queensland and much of New South Wales. Figure 6.2.11

shows that in El Nifio years there may be little or no
difference in temperature between the western and eastern
Pacific. With little temperature difference, there is also little
air pressure difference. The trade winds that normally blow
strongly from South America weaken and the winds carrying
a lot of moisture do not reach Australia. Cool air descends
over Australia bringing little rainfall.

The opposite of El Nifo is La Nifia. As Figure 6.2.12 shows,
during a La Nifia, the central and eastern Pacific Ocean
becomes much cooler than normal. The trade winds blow
more strongly than usual and Australia

experiences more cloud and —
wetter-than-normal conditions, “IN
especially in the north. La Nifia events
usually last for more than one year.

The rainfall over the western Pacific
decreases and it becomes dry enough
to become a drought in Australia.

i~

The air is pushed
upwards above the
warm water of the
eastern Pacifc,
increasing the rainfall
over the Pacific.

The eastern

Pacific becomes
warmer than the
western Pacific.

Wind patterns
reverse. The winds N
and ocean current flows

east across the Pacific.

Cooler ocean
Warmer ocean

Figure \ During an El Nifio event, large areas of Australia may
experience drought.

The air is pushed
upwards, clouds
form and it rains.

Surface winds and ocean current
flow west towards Australia.

Wind flows high in
the atmosphere
back towards Peru.

The cooler air
sinks downwards
to the ocean
surface and the
cycle continues.

Normal air
circulation: the
western Pacific and
north of Australia

is warmer than the
eastern Pacific

and Peru Cooler ocean

Warmer ocean

Figure

When La Nina takes over, there are often floods.
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Indian Ocean Dipole

Weather in the southern parts of Australia is influenced by the
Indian Ocean Dipole (IOD). The IOD is a cycle of change in
the water temperature between the eastern and western areas
of the Indian Ocean, near the equator. The change is not a
regular one. It does not happen every year or at the same time
of year.

Figure 6.2.13 shows the cool sea temperatures in the Indian
Ocean near Australia that leads to poor rainfall in central and
southern Australia. In this case, the IOD is positive, meaning
temperatures are higher in the western Indian Ocean and
lower in the east near Australia.

v

Pacific
hy
« ™y Ocean

Indian
Ocean

decreased
rainfall
v Q/;VJ

Figure \ A positive IOD causes drought in central
6.2.13 / and southern Australia.

Figure 6.2.14 illustrates the opposite situation. Warm waters
near Australia cause a negative I0OD, causing increased rainfall
in central and southern Australia.

Pacific
%, . Ocean

S

decreased
rainfall

Ry
&

increased v
rainfall

Figure \ There is a good chance of rain in the southern
6.2.14 / states of Australia when the IOD is negative.

An 10D event usually starts in May or June and peaks between
August and October. The amount of difference between the sea
temperatures and how long this difference exists determines
the length of droughts in southern Australia. Figure 6.2.15
illustrates the changes in the IOD from 2005 to 2009.
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A positive 10D indicates less than usual rainfall for the
southern states. This graph shows that in the early years
of the 21st century, southern Australia was affected by
several positive IOD events.

Figure

6.2.15

Changing climate

There is evidence that Australia’s climate has been very
different in the past from the climate experienced today.

More than 62 million years ago, the land mass that became
Australia was still joined to Gondwana. Then Australia
experienced a warmer and wetter climate. As you can see in
Figure 6.2.16, there have been many cycles of cooling and
warming in the Earth’s history. About 2.5 million years ago,

an ice sheet covered Tasmania (Figure 6.2.17) and southern
Australia. Cycles of warming and cooling followed. Then about
20000 years ago, the current period of warming began.

last interglacial period
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In the history of the Earth, there have been many periods
of cooler conditions when ice covered large areas
(glaciation). These periods of glaciation varied in length
and intensity. There have also been periods when the
world’s climate was warmer.

Figure

6.2.16

Figure
6.2.17

The rocks on the top
of Mt Wellington in
Hobart, Tasmania,
were shattered during
the last ice age.



As an ice age approaches, the ice caps at the north and south
poles expand and the amount of liquid water on the Earth
decreases. Sea levels fa