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What is science?

How do we organize the natural world?

What makes a material world?

How do we obtain the energy we need?

How do different chemical environments

support life?

How do machines make our lives better?

Do you feel electric?

How do we pass on our inheritance?

What is our place in the Universe?

How do humans impact the environment?

How can we use science to make a better

future for all?
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Each chapter is framed with a Key concept, Related concept
and set in a Global context.

Welcome to Hodder Education's
MYP by Concepf Series! Each chapter
is designed to lead you through an
inquiry into the concepts of science
and how they interact in real-life
global contexts.

The Statement of lnquiry
provides the framework for
this inquiry, and the lnquiry
questions then lead us

through the exploration as

they are developed through

each chapter.

Key words are included to give you access to vocabulary
for the topic. Glossary terms are highlighted and,
where applicable, search terms are given to encourage
independent learning and research skills.

As you explore, activities suggest ways to learn through
action.
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Key Approaches to Learning skills for IVYP Sciences

are highlighted whenever we encounter them.
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ch.Pter: What E sci€n'e?

You are prompted to consider your conceptual understanding

in a variety of activities throughout each chapter.

We have rncorporated Visible Thinking - ideas, framework,

protocol and thinking routines - from Project Zero at the

Harvard Graduate School of Education into many of our

activities.

You can measure your conceptual understanding using the

summary problems at the ends of the chapters, organized

by level of difficulty"

Finally, at the end of the chapter you are asked to reflect back

on what you have learnt with our Reflection table, maybe to

think of new questions brought to light by your learning.

Questions we
asked

Factual

Conceptual

Debatable

Approaches to
learning you used

in this chapter

Learner profile
attribute(s)

Any further
questions now?

How well did you
master the skills?

Reflect on the importance of this learner
profile attribute for your learning in this
chapter.

｝」Φ
Ｑ
Ｘ
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EXTENS10N
Extension activities a‖ OⅥノyOu tO eXp10re a

topic further.

Answers we found
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Description - what
new skills did you
learn?

Φ
）
一＞
Ｏ
Ｚ

」Φ
⊂
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０
コ! While the book provides opportunities for action

and plenty of content to enrich the conceptual
relationships, you must be an active part of this
process. Guidance is given to help you with your
own research, including how to carry out research,

guidance on forming your own research question, as

well as linking and developing your study of science

to the global issues in our twenty-first-century world

Take action
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r Figure 1.1 How does a horse run? (a) Prehistorc running horse cave paintrng,
Lascaux, France; (b) Ihe 7821 Derby at Epsom, Theodore G6ricault (c.1821);
(c) photographic images of a galloping horse, Eadweard N,,luybrrdge (c.tB7B)

Find out what scientrsts do and how they try to make reliable
scientific knowledge.

Explore the way scientists work and the stories behind today's science

Take action to work out how to distinguish unreliable claims from
sc entific knowledge.

Factual: What measurement units
do scientists agree to use?

Conceptual: How do we design a

valid scientific inquiry? How can

we ensure that an experiment
is reliable? How do scientists

collaborate?

Debatable: What makes a claim

'scientific'? Has science always been

around?

Now share and compare your

thoughts and ideas with your
partner or with the whole class.
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Look at the images in Figure 1"'1. What do you see?

What does it make you think? What does it make

you wonder?

collaborate

control

environment

eth ica I

experiment

impact

inquire

publish

risk

test

A I lhe ilr;rg.o: n l gLtre l 1 shov't horses galloprng The f rst

pictur..,,vas p.rillcd rr prehisioric times on the wal of a cave

rn Iascaux, Fr-ancc Tire second picture is much rnoTe re cent,

pa nted rn 182'l by the French .rrt st Ger cault Drd you

notrce th.rt m bolh cases the horses appear to be rlnn ng

rryrth their front anil hrnd leqs oLrtstretched, as though th."y

were f lying throLrgh the a i Eac.l,,vc.trd Nluybridge actually

photographed a qaLopirg horse n lE78 usinq a basic'stop

rnotion' teclrn rlle (He pos t onecJ cameras rrutth trip wires

aionq a racc tr.rck ald Tan a horse n front of a white sheet)

When the photographs lvere developed, the posrtions of the

Irorse's eg5 corr d be seen clearly Can you find either of the

other tr,vo rraqes Ln \,4uybridqe's pictures?

Horses do not, ir iact, ever adopt thts'flyrnq'position when

they gaLlop So r,^,,1'y clrd people persist rn paintrng them

this way? We c-ar- specula[e that perhaps it was because it

seerr-.d r gl',i Ilrat horses ,,trctLtld do thrs and that an image

drawn that r,r,ay r,rrould makc the horse seem very fast.

Br-rt the art sts nrere certainiy not parntlng what they saw.

Nluybrrdqe ciemonstrated thrs by conducting ar experiment

whrch prodrrced data that everybody couLd see and agree

on This rlluslration mrght gu de ls n or-tr trqtr ry tn thts

chapter: What rs sc cnce?

I These Approaches to Learning (ATL)

skills will be useful ...

I Assessment opportunities in

this chapter:

O We will reflect on this learner
profile attribute ...

I [/hat s sc encr,?



r Figure 1.2 How well do you understand the devices you use?

The modern world is highly technological; technology is the application
of scientific understanding to solve real-life problems. Yet few people

understand the science behind many of the devices they use every day,

from microwave ovens to smartphones to aircraft to radios.

ACT:VITY:The
word is science

ln this activity you will work
collaboratively to collect ideas

about what scientists do.

Either use a shared online
document or small pieces of
paper to write down the first five
words that come into your mind
when you ask the question:

'What do scientists do?'

Now take all of your words and

enter them into a word-cloud
generator such as Wordle
(www.wordle.net)or Word it Out
(https://word itout.com/word-
cloud/create).

Generate your word cloud.

What does it show you?

As a class, discuss the results.

Are the largest words the ones

you think are most important?

Share your views with the class.

Display the word cloud in your

classroom and refer to it as you

progress through this inquiry.

r Collaboration skills:
Listen actively to other
perspectives and ideas; Give
and receive meaningful
feedback

ATL
ACTiVITY:Science or not?

1 Can you put the ideas in Table 1.1 in order of their'invention'(i.e. when
did people suggest them)?

2 Now categorize the ideas into three groups:
o ideas that were neyer considered to be 'science'

o ideas that usedto be considered'science'(but no longer are)
o ideas that are currently considered to be'science'.

3 Discuss how you decided on the different groups. What criteria did you use?

Wave-particle duality

All matter behaves like waves of energy in space;
conversely, all waves behave like particles of matter.
Light, for example, can behave like a wave travelling
through space, but it can also behave like tiny particles
of matter called 'photons'. Even though these two
properties can lead to completely contradictory results
in the same experiment. this is just because our
experiments are not adequate to represent what light
really is: both waves and particles.

Lamarckian evolution

Living creatures adapt to their environment. Thus, a

repeated need means that creatures develop a certain
ability, which is developed over each generation. The
giraffe has a long neck because over many generations
giraffes have stretched to reach the highest leaves in a

tree. The grandchild of blacksmiths is likely to be born
with strong arms and will pass this propensity to his or
her children.

■|  ●″

憮種

■ Tab:el.1

r Critical-thinking skills: Gather and organize relevant information to
formulate an argument

ATL

Sciencesforthe lB MYP 4&5:わ ツGOnceρ オ



What makes a claim 'scientific'?

Has science always been around?

To many people, science tells us the 'real' truth. To others, it is iust another point

of view. Where does your opinion lie? Perhaps one of the most important things

to realize about science is that it is (as the philosopher Karl Popper put it) 'open'

knowledge. Scientists should not be afraid of being proved wrong. ln some ways,

that is the whole point of science: to learn from our mistakes, in order to know

with greater certainty next time.

Big Bang theory

The Universe - not only space, but time itself - began in a single point around 15 billion years

ago. This point was called the'singularity'. After this all of space-time'unfolded'and cooled, so

that energy was turned into matter with different properties. The rate of unfolding of space-time
depends on the strength of forces in the Universe, most important of all gravitation.

Alchemy

All natural substances have properties related to their place in the Universe. They consist of a mixture
of the four principal elements - Earth, Air, Fire, Water - in different quantities. Thus, heavy elements
such as lead contain more Earth than Air. Each element is also responsible for a part of the human

body, and imbalances in the correct amounts of elements lead to illness.

The'perfect element' is the fifth element, or quintessence, also known as the'Philosophers Stone'.

This element can convert all elements into any other element.

Phrenology

Each part of our brain is responsible for a different aspect of our personality. The distinguishing
features of our personalities are caused by different growth rates in different parts of our brains.

We can therefore 'read' our personalities by looking for bumps on the cranium that indicate which
parts of the brain have developed the most.

Astrology

All events on Earth are determined to some extent by the motions and positions of the five planets:

N/ercury, Venus, lVars, Jupiter and Saturn. Our own lives are strongly determined by the positions of
these planets at the time of our birth, and subsequent events can be related to planetary motions.

Plate tectonics

The EarthS surface is in fact a very thin layer of hard rock that floats on a softer substrate of molten
lava. The surface is cracked into 'plates' which have moved over many billions of years. For this
reason, the continents as we see them today were different many millennia ago: originally, all land

on Earth was one huge continent which has been called 'Gondwanaland'.

1 What is science?



ACTIVITY: ABC of
scientific thinking

Look at the scientists in Figure 1.3

Research the work of an

important scientist or
mathematician who is from a

culture different to your own.

Summarize one of the important
contributions they made to our
understanding of the world.
Outline what problem of the
time this contribution solved or

what it enabled us to do.

Describe some of the challenges

your scientist faced, whether
scientif ic, political, economic,

social or otherwise.

Don't forget to document all your

sources using a recognized citation
standard and bibliography.

I lnformation literacy skills:
Access information to be
informed and inform others

ATL

Assessment
opportunities

o ln this activity you have
practised skills that are
assessed using Criterion D:

Reflecting on the impacts of
science.

Links to: Language and literature

The language of science

ATL

I Transfer skills: lnquire in different contexts to gain a different perspective

The word 'experiment' derives from the Latin experiri, meaning experience.
lf you study a Latinate language such as ltalian, French or Spanish, you may
know that the word for experiment is the same as the word for experience.

Use Google 'ngrams' to find out when the word experiment began to be used
more frequently in books and other texts: https://books.google.com/ngramsl

t Figure 1.3 Science has always been international, butwere allof these really
'scientists'? Were they always right? (a) lbn Sind, known as Avicenna (980-
1037 c); (b)Aristotle (384-22 ecr); (c) Galileo (1564-1642 cr); (d) Newton
(1642-1727); (e) George Washington Carver (c.1860-1943); (f) Lise Meitner
(1 878-1 968)

To Greek classical thinkers, the world of the senses - that which we observe - was

unreliable and uncertain, because the senses could be deceived. For many of them
(with notable exceptions. such as Aristotle) true knowledge could only be obtained

through thinking. This view of knowledge is sometimes called rationalism.

ln Europe it took a long time to change this view and a large number of writers
and thinkers contributed to the process, such as Thomas Aquinas. Francis Bacon

and Galileo Galilei. By around 1600, however, European thinkers were beginning

to reconsider the role of observation in making knowledge. Francis Bacon, for
example, asked: why should thinking be any more reliable or certain than what we,

ourselves, can experience? He proposed that we could be more certain about the
world if we made careful, controlled observations of the way things behaved in it.

The idea that knowledge can be gained from observation and experience is

sometimes called empiricism.

However, if our knowledge of the world is to be reliable, not just any experience

or observation will do. Our observations must be controlled carefully so that we
can determine the exact relationships between things; in other words, we must

do an experiment.

Sciences for the lB IVIYP 4&5: by Concept



How do we design a valid scientific inquiry?
How can we ensure that an experiment is reliable?

Galileo Galilei (Figure 1.3c) was one of the first people to
realize that reliable experiments required controlled variables.

A variable is any factor that can be controlled or measured

in order to investigate a relationship experimentally.

lmagine an experimental inquiry to be like a sort of machine.

The controls of the machine determine the outcomes that

we can measure (Figure 1.4). We feed in our questions and

out of the process - hopefully - come the answers!

While scientific inquiry may begin with wonder, scientific

questions need to be a little more focused than that.

As scientists, we have to make questions that can be

tested in some way, such that we can find an answer or

explanation for what we observed. Often a problem in

nature will turn out to be much more complicated than

it seems at first and we will only be able to answer a big

question by first identifying a number of smaller questions

and finding the answers to those.

Look again at Figure 1.4. What other variables might affect

the temperature of my lunch? lf we change any of these,

they might also affect the outcome - the final temperature

of my lunch.

We therefore have to divide the controlled variables into

those we will change and those we will keep the same.

The variable that we will be changing in the experiment is

called the independent variable (because it depends only

on us); the variable that is being measured is called the

dependent variable.

ACTIVITY: The right variable
for the job

For the different experimental inquiries below, choose

variables that it might be important:

o to control by changing

o to control by keeping the same

o to measure.

Experimental inquiries
o How long does an ice cube stay frozen?

o What size of parachute will save a dropped egg?

o What is the best colour to wear if you want to
keep cool?

o How long does an aircraft stay on the runway
before it can take off?

r Critical-thinking skills: Gather and organize
relevant information to formulate an argument

ATL

area

speed

colour

brightness

distance

Variables

temperature

time

height

Asking the right question
ln designing an experiment, the first thing we do is

select our variables and figure out which variables

we are going to change (independent variables) and

which we are going to measure (dependent variables).

To do this, we need to have an idea of the problem

we are trying to solve. This is why the first stage in

the scientific investigation cycle is to write an 'inquiry

question' for the experiment. A good inquiry question

should include the variables that you are going to
control, for example:

How does variable 1 affect variable 2?

What is the relationship between variable 1 and

variable 2?

or

1 What is science?



Once we have the question and the variables, we can

suggest what we think the answer might be. When
scientists suggest a theory as an explanatron for the way
something might work. it is called a hypothesis. tf we then

state exactly what we expect to see happening in a given

situation, it is called a prediction. For example, I might make

a hypothesis that whenever the temperature drops in wintel
it is more likely to snow; this might lead me to predrcf that
on Saturday it will be snowing.

Some scientific inqurry is carried out by looking at data

that others have already gathered; these are called

secondary data. Much science, however, requires

new or primary data. Scientists need to carry out their
experiments to gather data in a controlled environment: the
laboratory. A laboratory is a specially equipped room where
all the equrpment and apparatus the scientists require is

available. lt is kept very clean and tidy to ensure that nothing
can affect the experiments carried out, other than the effect
of the independent variable.

ln lvlYP Sciences by Concept 7, we explored the laboratory

as a working environment. All the experiments you will carry
out in this book require care and safe practice, so this is a

good time to review the laboratory codes again.

We follow safety rules in order to minimize risk. Before you

begin an experiment it is a good idea to carry out a risk
assessment. This involves reviewing in advance everything
you will do in the experiment and considering what possible

dangers this could present. You should then re-evaluate
your experiment design to reduce such risk. Search for risk
assessment template science lesson or use the example

shown in Table 1.3.

ACTIVITY: Making up the rules

Every laboratory needs a 'code'to make sure that all

experiments are carried out safely and scientifically.

ln pairs, discuss and complete a copy of Table 1.2

by explaining why it is important to take the safety

measures given in the first column,

As a class, brainstorm any other safety measures that you

think might be important in the laboratory.

When you have finished:
o design and make a poster illustrating any of the safety

measures so that other MYP students will understand
o design and make a 'safety checklist' to use before

you begin any experiment.

keep bags, coats and books in a safe
place out of the way

wear protective clothing and safety
glasses when instructed

walk, don't run

do not put anything in your mouth

do not listen to music while working

wash hands carefully after using
chemicals or organic substances

tie back long hair

r Table 1.2 Laboratory rules

r Collaboration skills: Take responsibility for one's
own actions

ATL Safety measure Reason

Sciences for the lB MYP 4&5: by Concept



Dat e assessmenL completed:

A = Trobabilif,y: 1 = Not likely

2 = Toseible

Z =Likely

A = 1everity :1 = ltlild

2 = \Aedium

3 = 1evere

r Table 1.3 Risk assessment

It is also important to consrder the effect of our actions on

the environment, both inside the laboratory and outside.

We should consider the way we dispose of waste materials,

especially if we are using chemicals or other 'special'

materials. Remember that in a laboratory, everything we

use is scientific apparatus, even if it is somethrng we might

consider quite usual at home. This is why we never put

anything in our mouths during experiments, we always

clean any apparatus and surfaces, and we always wash our

hands after we have finished,

Will your experiment involve living things or possibly affect

others? lf so. you should also consider whether or not your

actions will be ethical. ls anything you plan to do likely

to cause harm or upset to other living things? Thrs can be

difficult for scientists to judge and they must work closely

within ethical guidelines such as those provided by the

I nternationa I Baccalaureate O rganization (l BO) for students.

Find out about the ethical guidelines for the lB IMYP

and DP. Ask your teacher to find these documents and

discuss them in class:

. lB animal experimentation policy

. Ethical guidelines for extended essay research and

fieldwork
. Ethical guidelines for lB DP Psychology.

A useful preparatron is to write an environmental and

ethical impact assessment of your experiment, where

you consider the effect of your experiment on the living and

non-living environment.

Actionto
reduceriskHazard

ACTIVITY: Thinking about
environmental impact

ln pairs, brainstorm as many ways as possible that a

scientific experiment might affect the environment,

both in the laboratory and outside it. Consider how

your experiment might also affect the wellbeing of
other living things.

Share your ideas with the class and collect all the class

ideas together.

Discuss what action you should take to minimize the

impact of the factors you have identified.

Organize the impact factors and the actions in the

form of an easy-to-use checklist similar to the one you

wrote for the activity Making up the rules.

r Collaboration skills: Take responsibility for one's
own actions

ATL
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What measurement
units do scientists
agree to use?
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ln Chapter 1 of AIIYP Scrences by Concept 2. you may have

explored how humanity has created different ways to make

measurements of the natural world. The first recorded

forms of measurement were probably based on the size of
parts of the human body. Today, the two most common
forms of measurement in use are the metric system and

the imperial system. Scientists worldwide use the metric

system of measurement.

During the seventeenth and eighteenth centuries in Europe,

philosophers were influenced by the rediscovery of classical

thought from Greece and Rome. The revolution in France

from 1789 not only sought to change the way society was

organized or who was in charge, but also to reorganize

the way humanity thought about time and space. The

revolutionaries introduced a new calendar based on

10 months a year, rather than the 12 inherited from ancient
times, and in 1799 the revolutionary government created

new standards of measurement for length and mass, called

the metre and the kilogram. These in turn were divided

logically in units of 10, 100 or 1000 as the 'metric'system.

The measurements were standardized using a platinum

rod and a mass which were kept in Ihe Archives de la

Republique in Paris.

I Figure 1.5 A cabinet of international weights and
measures. Before standardization, different places all
used different measurements, making it very difficult to
trade fairly! (The cabinet can be found in the Winton
Gallery at the Science lt/useum, UK)

Just as the political changes in France were not popular

everywhere in Europe, the new 'rational' measures were not
immediately taken up elsewhere. ln France itself the 'new

calendar'of 10 months was abandoned when Napoleon

Bonaparte came to power. However in the nineteenth

century, physicists developed a system of units that aimed to
derive all measurements from a small number of basic metric

units. This was the basis of the metric Systdme International

d'Unit6s (or Sl unit system), although it wasn't given this

name until 1960.

length of the path travelled by

llghtin vacuum durinO a time

itteⅣ al of万 5ララ7壺 。ra second

the mass of the international
prototype of the kilogram

duration of 9192631770
periods of the radiation
corresponding to the transition
between the two hyperfine
levels of the ground state of
the caesium-133 atom

r Table 1.4 Definitions of the Sl base 'mechanical' units
(note that there are seven base units in total)

meter/metre

kilogram

secondUnit of tirne

Unit of mass

Unit of length

THINK-PAIR-SHARE
What do you notice about the definitions of the units
in Table 1.4?

What has changed since the first definitions of the
metre and kilogram in France in 1799?

Why do you think the definitions have been changed?

Sciencesforthe lB MYP 4&5:わ ヅGonceρ オ



x10-15 femi

×10-12 plco

Since scientrsts have to use large and small

numbers so often, it could be quite tedious

to have to write out the dimensions of

objects in metres all the time, along

with the powers of 10. For this

reason, the Sl system includes

a series of prefixes for different

scales. A new prefix is used

every time a multiple of 1000 .

×10-9 nano

×10-6 micro

×10-3 mi‖ |

x10-1 deci

x103 klo

×106 mega

x109 glga

×1012 tera

r Table 1.5 Common prefixes

A Sciences lnquiry 9cle (see Figure 1.6) can be used to
guide us whenever we design our own investigations for our

inquiry questions in this book.

Write a conclusion.
Were your predictions

correct?

Evaluate your

ヽ

Analyse your results
and present your data

in a way that clearly
demonstrates the

relationship
your va

Brainstorm a list
of all the variables that

might be important
to consider when

testing the
of your

or 103 occurs. You may

have encountered some of
these already in relation to

computer systems.
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Discuss your list
with your teacher, and

choose the property that
will be the most important

to measure to find the
strength of the
, dependent

Design an
to measure the

your property.
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How willthe

dependent variable
property change as you

change the independent
variable? Write a

hypothesis
about what

へヽ/hat vvili

you change in your
experiment to find the
strength of the egg?

Choose an independent
variable. What other

variables could affect
dependentwi‖

with

Accuracy and precision
When scientists make measurements, they need to be

sure that the measurements are reliable. This means

that whoever makes the measurement, wherever it
is made and under whatever conditions, the answer

obtained will always be the same.

lf a number of measurements are precise, they will be

in close agreement with each other.

lf a measurement is accurate, it will be close to an

expected value.

r Figure 1.6 A Sciences tnquiry Cycle for investigating the strength of eggs!

these as

1 What is science?



How do scientists
collaborate?

Sometimes in history, a person comes along who can do

everything themselves (see Azleet a scientist: Leonardo da

Vinci). However, in most cases, science is a collaboration

between a number of scientists; sometimes across the
world, sometimes between the different disciplines within
science, such as physics, chemistry and biology, sometimes
with technological disciplines such as computer science.

Scientists must make sure that their new knowledge is

as reliable as possible. When a new discovery is made,

scientists must publish their work in a recognized scientific
journal and may present it at a conference. To be included

in a lournal, the work undergoes peer review. This means

that the work is checked by other experts in the field and

the experiment may also be repeated by other scientists

to verify that the results are the same as those claimed.
ln doing so, scientists are checking to ensure that they all

work to the highest standards of academic integrity - just as

you must in your MYP studies.

Science is really one big debate that continues to throw up

new questions about the world.

DISCUSS

Find out about one of the following scientific projects:
o The Large Hadron Collider
o The Human Genome Project
o The ITER Fusion Reactor
o lntergovernmental Panel on Climate Change (IPCC)

Who is involved in each project? What kind of
experimental work do they do? Suggest why the
projects require collaboration.

Look at the table of scientif ic journals at the
fol lowin g I i nk: www.scimagojr.com/journalrank,
php?categorV=2701

ln order to 'rank' these journals, what do you
think is being measured?

EXTENSiON

Sciences for the lB N4YP 4&5: by Concept



MEET A SCIENTIST: LEONARDO DA VINCI
Leonardo da Vinci was an ltalian polymath who was born in April 1452.

He was hugely influential as an artist, with his famous paintings such as the

Mona [isa. Da Vinci's talents and knowledge went far beyond art, however.

He was expert in science, mathematics, engineering, music, architecture,

a rchaeology, I iterature, geology, a natomy, botany, physiology - the list

goes on! His famous drawing The Vitruvian Man, in which he studied the

proportions of the human body, is a marriage between art and science. He was

fascinated by the human body and was allowed to dissect corpses in hospitals

in ltaly. He also dissected animals and compared them to human bodies'

This is why his anatomical drawings of the human musculoskeletal system and

embryos are so detailed and accurate.

Leonardo was a talented engineer too. His engineering skills could be seen in

his sketches and designs of flying machines (Figure 1.8). He laid the foundation

for biomechanics with his studies on the mechanical

processes involved in human and animal movement.

ln modern times, his designs have been used to build

working models. Examples of his designs include a

parachute, a machine for testing tensile strength, an

adding machine, hydraulic pumps, a flapping ornithopter

and a machine with a helical rotor (a helicopter),

Leonardo da Vinci relied on detailed observations of
natural phenomena to drive his own experiments based

on patterns he identified. His scientific thinking process

had a great influence on his art. ln his most famous

painting, The Last Supper (Figure 1.9), he applied his

theories on the physics of light, shade and angles and

the rules of optics.
r Figure 1.8 Exhibition of da Vinci flying machines in

Venice, ltaly

r Figure 1.7 A portrait of Leonardo
da Vinci (1452-1519)

I Figure 1.9 Leonardo da Vinci's painting, The Last Supper. Da Vinci applied his theories on the rules of optics and

visual perception to draw the diners around the central figure of Jesus in the painting.

1 What is science?
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Reflection
ln this chapter we have outlined the way that scientists work to make new

knowledge. We have categorized ideas according to whether or not they are

'scientific' and so suggested some criteria for scientific ideas. We have designed

laboratory codes for safety and for environmental risk. We have identified

the measurement units that scientists use. We have discussed how scientists

collaborate across the world and between scientific disciplines.

Answers we found
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Description - what new skills

did you learn?

use this table to refiect on your ovVn learning in this chapter

Questions we asked

Factual

Conceptual

Debatable

Approaches to learning you used in this chapter

Learner prof ile attribute(s)

lnquirer

Any further questions

How well did you master the
skills?

Reflect on the importance of being inquirer for your learning

in thls

〕」Φ
Ｑ
Ｘ
Ш
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I These Approaches to
Learning (ATL) skills
will be useful ...

Factual: How are living organisms

structured? What building blocks

do scientists use to describe living
and non-living matter? What holds

matter together?

Conceptuat: How does changing
scale change our understanding of
nature?

Debatable: To what extent does

our everyday experience limit our
understanding of the very small

and the very large?

Now share and compare your

thoughts and ideas with your
partner or with the whole class.

O Assessment
opportunities in

this chapter:

O We will reflect
on this learner
profile attribute ...



SEE-THINK.WONDER
Look at the images in Figure 2.2. What is changing? What do you see?

What does this make you think? What does it make you wonder?

structu res

10-3m10-10m 10-9m

Proton
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p
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Oxygen nucleus Oxygen atom
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I Figure 2.2The scale of things
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ACTIVITY: Principal, I shrunk the
science class!

We must be careful not to confuse science fiction with

science fact. The idea of shrinking matter to a different

scale is not realistic, as we will see in this chapter. ln

reality, scientists have to make do with using instruments

and measurements to deduce how the Universe works at

different scales. Still, imagination also plays an important

part in science as we saw in Chapter 1; asking'what if ...?'

questions can lead to new hypotheses and so to new

science.

lmagine that you are working with a research scientist

who has somehow found a way to change size. Choose

three different scales and draft a newspaper report

describing what you see at those different scales.

Use diagrams and pictures to illustrate your discoveries!

There are many online simulations that allow you to

explore the Universe at different scales. Explore online

using one of these website to find out what the Universe

looks like at different scales:

http:/lapod. nasa. gov/apodlapl 203 1 2.htrnl (req u i res

Adobe Flash)

http:/lmicro.ma gnet.f su.edu/primer/java/

scienceopticsulpowersof 1 0/ (requires Java).

At the end of this chaptel we will return to your draft
report to see how it might be improved.

Figure 2.2 shows how changing our perspective can change

the informatron that we have about the world. Science deals

with the whole Universe, from the very large to the very

small indeed. ln this chapter we will explore how changing

the scale of our observations gives us a different perspective

and we will think about the connections between the

systems and processes we observe at different scales. Along

the way, we will encounter and use the tools of the different

science disciplines of physics, chemistry and biology and see

how they each work across different scales of observation.

2 How does scale matter?
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Emergent layer

Canopy layer

Understory layer

Forest floor

il Figure 2.3 (a) Rainforest layers, (b) canopy layer, (c) forest floor layer

We look at things with our eyes, have a certain perception of them and form a

mental image, but most of the time what we see is not what the things actually

are. lf we get closer or further from them we see them very differently. We walk

in our cities every day and see the houses, trees, parks, lakes ... but when we fly in

an aeroplane and look down at a famrliar place we see a whole different picture.

Our understanding of nature depends on observations and these observations

depend on the scale we use to look at oblects. The scale is determined by the

resolution of the rmage and the magnification of what we look at.

ln ecology, for example, changing the scale has a key role in understanding

ecosystems and interactions between organisms In a tropical rainforest, which

is characterized by its layers (Figure 2 3a), our understanding of its ecosystems

changes according to the scale we use. lf we are within the forest and look at

a specific layer, for example the predominant canopy layer (Figure 2.3b), we will

see the large trees and a hugely diverse number of fauna and flora. However,

at this scale we wrll not appreciate the complexity of other ecosystems and may

miss many dynamic biological processes that cannot be seen until one undertakes

deeper investigation. Looking at the forest floor layer (Figure 2.3c) will give a whole

different experience of the rainforest. This layer only receives a very small amount

of sunlight and therefore the fauna and flora found there are different from those

found in other layers, as they must be adapted to live in such conditions.

There are many other examples where we experience such changes of

understanding of nature depending on the scale we use to look at it.

The discovery of different microscopes has revolutionized our understanding of

many brological orocesses or organisms.

'')

2 How does scale matter?



Scientific discoveries depend on the avarlable tools
and technologies.

Light microscopes revolutionized science in enablirrg
us to see cells, for example, and many other things as

small as 500 nanometres (5 x 10 ?m). The later rnvention
of electron microscopes offered us a whole new
level of understanding. Cells can now be seen at a

higher magnif ication, showing different organelles and
enablrng us to understand the metabolic reactions that
happen insrde them. The discovery of the fluorescent
microscope has also helped scientists understand marry
processes by tagging different markers in cells with
fluorescent Iabels and allowing us to see their location
arrd follow their pathways through those cells.

Explore this website and meet a scientist who is

passionate a bout microscopy:
www.sciencelearn.l:rg.nrlresources/497-the-

microscopic-scale

Watch this video about 'the wacky history of the
cell theory' which looks at how natural scientists
collaborated with physicists to use microscopes
and make revolutionary discoveries:
www.youtube.eonr/watch?v=4OpByiwh{ gEU

EXTENSiON

ACTiViTY]Zoolγl inI

Look at the second column of Table 2.1 showing an image of some bedbugs
as you can see them on a bedsheet; they look like small black specks. lf you
get closer and look at one under a light microscope, you will see it looking
like the image in the third column, which has more visible features. tf you
zoom in further under a scanning electron microscope (sElv, last column),
you willsee even more details on the surface, making the little insect look
like a beast!

Copy and complete the examples in the table by finding how other things
look to the naked eye, then get closer and search how they look under a

light microscope and an electron microscope.

You may extend your research to other objects/organisms that are not listed
in the table.

A scawwLwg eLectrow vwLorosc o1e (se tt)
wLLL gLve gouthe detaLLs of the s.,,rface

strvtctv.re awd a trawswissLow eLectrow

r*i.croscoTe (rept) wLLL gtve you,the detaLLs

of the'vwsLde structure of thLwgs. tw A\Ay
search, w.ahe svre Ulw ewter the wavwe of
the orqawLsm awd the tg1e af v*LcroscoTe uw

a search ewgLwe; for exaw,lLe:

, : ,!, ..

I ATL

EXTENSION

Explore the history of the
electron microscope:
http://a utho rs. I i hra ry"

caitech.edui 545611 /hrst.rmit.

edui h rsi materia ls/puhliel
Electron M ie rcscope/8M..-

Hist0vervlew. htm

Scierrre: lor the iB i\4YP /4&5: by Concept



,,,r1, Links to: Design

SEE_THINK.WONDER
Look at Figure 2.4, and consider the questions below.

What do you see? What does it make you think?

What does it make you wonder?

How does the DNA that measures up to 2 m when

stretched fit inside a nucleus of 10 micrometres, inside

a cell of 20-30 micrometres diameter? I Figure 2.4 DNA inside the cell

bedbug

what's on your skin (skin bacteria):
staphylococcus epidermidis under
light microscope and under electron
microscope

coffee beans: coffee beans under
light microscope and under electron
microscope

□ Table 2.1

が
ヽ

砂

、
爵
″
一で

As seen by the naked
eye

As seen under a light
microscope

As seen under an
electron microscopeOblect/organism

i.. Assessment opportunities

2 How does scale matter?
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AcwlslwY:闇⑫Ⅵ∫馴Oes it fitt insider

Large natural structures can fit inside smaller ones

because of special adaptations: DNA supercoils
and folds around itself and around other proteins

to make chromatin which then folds again to make

chromosomes to f it inside the nucleus. The intestine
increases its surface by having villi and the intestine
itself folds tightly and is held together with mesenteric
tissue to fit inside the abdomen.

Explore the scale of things by searching

and using the following link:
http:/llearn "g*n*tie s. uta h. cd ulcci::ter:tlcc ils/sca ie/

lVove the slider in order to zoom in and see the things
that fit inside each structure until you reach the smallest

structure. ltlotice the scale box in the top left-hand corner;
see how it changes as thrngs get smaller. Record the
structures and their sizes and organize from large to small.

Move the slider and zoom to the level of a red blood
cell. lts actual size is B micrometres. ln the top left-
hand corner notice the scale shown as a square of
10 micrometre size. You could have figured out the real

diameter of the red blood cell by measuring it using a

ruler and plotting this measurement on the little squares

within the 10 micrometre highlighted square. You will
f ind that the red blood cell takes up eight small squares,

meaning it is B micrometres.

Now calculate the size of the following structures:
o the length of the text 'Times regular, 12 point'
e the diameter of the blue nucleus inside the pink

skin cell

o the length of the sperm cell (tail only).

―
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I Assessment opportunities

Scale is not only a question of measurement and magnification Scaling can also

refer to the increase of quantities whie maintainrng the proportions. Scalrng

production can mean that we elther increase the production of vaiuable products

at a larger scale (scaling up) or we mtnimize the amount of substances needed

to conduct tests (scaling down) Scaling up and down is key for many biologica

applications and processes such as the large-scale commercial production of
laboratory-scale products. However, any commerciaJ productron must be tested

on a small scale f irst before gotng to a large-scale production for commerciaJ

use. Smali-scale productions may start in test tubes but then are scaled up

in bioreactors to maximrze the yield and ncrease the speed of production.

For example, the production of lactose-free milk has helped many sufferers

overcome their lactose intolerance and enjoy darry products.

:ii:ri:rr:r...: i.r l.i'i";t iB ir,4\r'P 1\&\ by COnCept黎



r Figure 2.5b A bioreactor producing large-scale lactose-free milk

Column of immobilized lactase

Beads with lactase

Lactose-free milk

↓

milk

Skimmed

M‖ k

containing

iactose

I Figure 2.5a Laboratory-scale
production of lactose-free milk

爾 Plasmid

Uヽハ
BaCteriumV

Production of insulin happens in the same way by scaling

up from laboratory-scale products to commercial use.

Modified bacteria that have been genetically engineered

to produce human insulin are grown at large scale and the

insulin protein is purified and sold commercially to help

many diabetic patients worldwide.

Scaling down is just as important as scaling up. Sometimes

there are processes which cannot be explored at their natural

size and need to be looked at with a smaller scale to give

gene

Transgenic
bacterium

Human cell

an indication of what happens in the larger sample size.

ln ecology, for example, this concept is used very often to

estimate population size. This is called sampling, where small

samples of a whole are analysed as an indication of what

happens in the full population. lt would be nearly impossible

to count every single individual of a species rn the area of

interest, but taking random samples in different areas will

give a fair indication of the natural distribution of the species.

Sampling lnference

r Figure 2.7 Sampling

C ulture
nant

plasmid

r Figure 2.6a Production of human insulin

Fermentation tank

Extract
insulin

Recombinant
bacteria now
produce insulin

Recombinant
bacterium

I Figure 2.6b Growing these genetically modified
bacteria at large scale in fermenters for commercial
production

Population

00

Q0

r Figure 2.8 Quadrat sampling in ecology
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SEE-THINK-WONDER
Visit this website to see a diagram that shows the
relative scale of some biological molecules and

structu res: www. nature.comlscitable/content/the-
relative-scale-of-biological-molecules-and-1 4704956

What do you see? What does it make you think
about? What does it make you wonder?

Use scientific language to discuss the scale of the
biological molecules and structures in the image.

bundle

Phloem

N/ultrcellular livrng organisms are usually made of organ systems that comprise various

organs working together. Each organ is made of muitiple tissues which are

made of different smaller building blocks called specialized cells Everything

that is inside the cells is made of chemicals that in turn are made of atoms
Note, however, that not all living organisms are multicellular and not all

multicellular organisms have thrs structural organization

Waxy cut cle

Organism (e.9. human body)

Organ systems (e.9. digestive system)

Organs (e.9. stomach)

Tissues (e.9, tissues of the stomach)

Cells (e.9. some cells in the stomach)

Organelles

Complex molecules (e.9. protein)

Simple molecules (e.9. amino acids)

Atoms

r Figure 2.10 Structural organization in the human body
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E Figure 2.9 The structural organization in a Ieaf showing
various tissues

Plants have a comparable structural organization to that
of animals; they also have organs like roots, stems, leaves

and flowers which are responsible for many functions

like reproduction, food production and absorption

These organs are made of several tissue types like

vascular, epidermal, parenchymal and meristem tissues.

Just like in animals, these tissues are made up of numerous

specialized cells (like palisade cells, cells of the phloem

and xylem vessels and guard cells) that give them specific

properties A leaf, for example, is made of palisade tissue

to perform photosynthesis, mesophyll tissue to allow gas

exchange, vascular tissues consisting of phloem to transport
sucrose around the plant and xylem to transport water from
the roots to the leaves.

Dermal
tissue

Vascu ar
trssue

曇勿

=1■

―■た.

WHAT MAKES YOU SAY THAT?
Look at the structural organizatlon of a leaf
(Figure 2.9) and find corresponding organs or organ
systems in humans with similar f unctions (Figure 2.10).

Which organ in humans is comparable to the dermal
tissue? What makes you say that?

Which organ in humans is comparable to the
mesophyll tissue? What makes you say that?

Which organ in humans is comparable to the vascular
tissue? What makes you say that?

赳 S(lencesfor thelB MYP 4&5i by CiOρ ceρな



Neurons (brain)

Rod cells and
cone cells (retina)

Red blood ce‖ s

(b100d)

Connective
tissue cells

Smooth muscle cells
(muscles)

Bone cells

Adipose cells

Cartilage cells
Stomach
lining cells

I Figure 2.11 The location of some specialized cells in the body

ln humans, each organ system is made of a group of interacting organs that work

together to form complex functional physiological systems which allow the body

to perform specific functions. For example, the digestive system breaks down the

food into nutrients that our body needs. tVlost organ systems work in synergy with

other organ systems in order to fulfil their functions. The circulatory and nervous

systems, for instance, work with all other organ systems to help them complete

their actions. The organs of any organ system are fully differentiated parts of the

body which are responsible for a specific function. For example, the stomach is only

responsible for mechanical and chemical digestion of food and it cannot help the

body to breathe or load the blood with oxygen; this is a function of another organ,

the lung. Organs gain their functions from the various tissues that make them up.

To take one example, the stomach has various tissues that work together to allow

it to complete its digestive function: muscle tissue. epithelial tissue, secretory glands

and connective tissue. Each tissue is again made of different types of specialized

cells with a common origin, structure and function that work together to give the

tissue its properties. For example, specialized cells in the blood like macrophages,

lymphocytes and monocytes differentiate from hematopoietic stem cells to work

together and give the blood its properties. Cells in a healthy tissue divide to replace

dead ones and so maintain the function of the tissue. Sometimes cells start dividing

uncontrollably and this can cause overgrowth and may lead to tumours.

DrscuSs
ls each organ made of the same

cell type? Which organ system

has the largest number of organs

working together? Which organ

system has the fewest number of

organs working together? Which

organ has the greatest diversity

of cells? And which organ has the

least diversity of cell types? Can

you identify other organ systems

that must work together in order

to function?

2 How does scale matter?



ACTiVITY:HoⅥr are we strutttured tO functiOn as y画 」l as、ve dO?

Think of allthe functions you can do and find what organized structures
in your body are responsible forthe function. Find the organ system then
zoom in and f ind out what organs, tissues and specialized cells are involved
Conduct some research and complete Table 2.2 following the example row.

digestive system
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eat many
foods to
sustain
myself

ffi Table 2.2 What makes our organ systems?

alimentary canal organs: mouth,
oesophagus, stomach, small and
large intestines
accessory organs: salivary glands,
liver, pancreas, qallbladder

epithelial,
con nective,
muscle and
nervouS

various epitheiial celis,
including secretory cells for
glands, endothe'ial, hepat'c,
Kupffer, muscle and nerve
cells

■ ATL 機 Assessment

opportunlties

ACTiVITY:Equip a cdll

We can understand the way that organelles work
together to form a cell by thinking of a house analogy.

ln this activity you will build a model cell taking into
account what a cell needs to sustain itself. How would
you equip a newly built house? What facilities would
you have to source from the outside and how would
you divide the rooms for different functions? How does

this compare to a cell? Would a cell need to source

things from outside? Would it need compartments for
different functions?

One way to approach this task is to think of a problem
posed by a need for a function in the cell, then try to
solve it by finding the organelle that is responsible for it
Use the following search terms to guide you:

. Use the empty house analogy to
help you equip your cell. You can complete this activity
on a poster made by hand or using software, or by

making a 3D model using modelling clay or cardboard
boxes, for example. Write a short description of your
model including the type of cell and its functions then
present your model to the class and receive feedback
from your peers.
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What building blocks do scientists use to
describe living and non-living matter?

Rough endoplasmic
reticulum

Ribosome

Nuclear

Cytoplasm

Golgi body

Plasmamembrane Mitochondrion Centriole

I Figure 2.12 Organelles of an animal cell

in the cytoplasm. Prokaryotes package their DNA in a

designated location in the cytoplasm called a nucleoid, while

eukaryotes package it in a nucleus. Proteins, which perform

necessary functions in the cells, are made in the ribosomes

from the code received from the nucleus. These proteins are

sent inside secretory vesicles to the Golgi apparatus where

they are modified and packaged before being transported

or secreted outside the cell. The cell is always active and

therefore needs energy which it produces in the mitochondria
(in the form of ATP) by breaking down nutrients like glucose

through the process of cellular respiration. Such metabolic

reactions generate waste products which can be toxic to

the cell. Therefore they need to be secreted outside the

cell through the plasma membrane or get destroyed inside

lysosomes which contain digestive enzymes.

EXACTLY HOW SMALL IS
AN ATOM?
No doubt you will have realized by now that atoms are

extremely small. li/aybe you have even been presented

with statistics like'there are 500000 carbon atoms lined

up in the width of a hair' or that 'one sheet of paper is

about 500000 atoms thick' or'there are more atoms in

a glass of water than there are glasses of water in all the

world's oceans'.

But how small is small? To attempt to understand the

atomic scale it helps to put the size of an atom in a context

that we are better able to understand. How does that then

change our understanding of the objects and living things

around us?

Chromatin

Nuclear envelope

Nucleus

Smooth
endoplasmic
reticulum

Free ribosome

lf we zoom in further inside cells we find compartments

called organelles. However, the organelles alone would not

be able to build living organisms. They must work together

in an orchestrated manner to create a small sustainable

block that acquires new characteristics, which then can act

as a building block for more complex structures.

Each cell is isolated from the outside environment by a

flexible plasma membrane that contains areas for entry and

exit of materials to and from the cytoplasm. The cytoplasm

provides the water needed for metabolic reactions to

occur. The heritable genetic information that determines

the shape and functions of the cell is packed in DNA and

organized in chromosomes packaged in a designated area

2 How does scale matter?



SEEING IS BELIEVING
The tiny size of atoms has been the greatest obstacle to
discovering ways to 'see' them. As we saw earlier in this
chapter, this is impossible to do under even the most
powerful light microscopes, which are only able to magnify
objects that are larger than the wavelength of visible light;

a typical atom is more than 10000 times smaller. Our
understanding of atoms, molecules and compounds started
to change in the 1890s when X-rays were discovered.

This led to a technique called X-ray diffraction or X-ray

crystallography and. because of it, scientists were able

to measure the size of atoms, the length of bonds and

determine the structure of a huge range of materials.

I Figure 2.14 A scanning tunnelling microscope image of
the two-atom-thick lead film

Through both STIV, and more recently atomic force

microscopy (AFIV), scientists have been able see and

manipulate materials at their most fundamental scale: the
atomic scale. An STIV is able to pick up individual atoms one

at a time and move them to create some of the smallest

structures imaginable, which is necessary for the field of
nanotechnology which deals with oblects on a nanoscale.

The implications of being able to rearrange atoms on the
surface of substances reach far and wide. Can we rearrange
the atoms in charcoal to form diamonds? Can we use atoms
of carbon, hydrogen and oxygen to create food?

T>90°C
― ― →
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I Figure 2.13 An X-ray crystallography machine; a crystal
is held in place between a screen and a device which
gives out X-rays

Developments in technology led to the creation of electron

microscopes, in which a beam of electrons rather than a
beam of light is shone at the sample. ln the early 1980s,

scientists were finally able to study the structure of the
surface of an object, atom by atom, wrth the discovery of
the scanning tunnelling microscope (SIN/).

f Figure 2.15 ln 2013, scientists were able to capture
(A) 'before' and (B) 'after' rmages of chemical reactions
using non-contact atomic force microscopy

C26H14

Reactant l

CおH14

Product 2
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WHATIS AN ATOM?

ln this activity we will use a model to better understand the structure of

the atom. The scales we use in science range from the very, very small to

the very, very large, often making it impossible to physically see the objects

we are studying. Models are, therefore, an extremely useful tool, allowing

us to create a visual image of the object and making it easier to remember.

As our understanding of science changes, models can be adapted to reflect

changes in our theories.

Using models

ACTiVITY:Build an atoln

ln this activity you will be building your own atoms using

a simulation and exploring some of the features of the

different sub-atomic particles. Some of this may already

be familiar to you, some of it may be new but use the

activity to consolidate what you already know about

the atom and build on your existing knowledge. Start

by familiarizing yourself with the simulation you will be

using.

o Go to the following website:
http://phet.colorado.edulen/simulation/build-an-atom

o Press the 'Play' button to start the programme (you

may need to download it first).
o Select the simulation called 'Atom'.

o Press the '+' next to 'Net Charge'and 'Mass Number'

to maximize the two menus.

e Tick the box next to 'stable/unstable' in the 'Show'

section.

o Make sure your model is set to 'Orbits' not 'Cloud'.

o Become familiar with the controls and functions of
the simulation by dragging the sub-atomic particles

into and out of your atom. Observe what happens to

the stability of the atom and its charge as you add

and remove the different sub-atomic particles.

When you feel you are ready to start the exercise, press

the 'Reset All' button in the bottom right-hand corner.

Answer the following questions, using the simulation to

help you.

1 State which sub-atomic particles are present in the

nucleus and which are not. Where are the latter located?

2 State which particles have a charge and identify
their respective charges.

3 State which is the only sub-atomic particle that
determines the type of atom (the element it is).

4 State the maximum number of electrons that can exist

in the first'orbit' (this is the shell or energy level).

5 State the maximum number of electrons that can

exist in the second orbit.
6 Describe how you would create a neutral atom and

give an example of one that you have created, stating
how many of each sub-atomic particle is present.

7 Describe how you would create a stable atom and

give an example of one that you have created, as

well as an example of an unstable atom of the same

element, stating how many of each sub-atomic

particle is present in each.

8 Create three neutral, stable atoms, selecting any

elements from hydrogen to neon in the periodic table.

ln each case identify the following information:

number of protons, number of electrons and number

of neutrons, all of which are provided in the top left-
hand corner of the simulation screen. ldentify the

total mass of the atom (called the mass number and

given in the 'Mass Number' box).

9 Suggest a relationship between the number of
protons and number of electrons,

10 Suggest a mathematical equation for working out
the number of neutrons in an element.

11 Evaluate your suggestions by testing them with two
elements that cannot be created on the simulation.

Work out how many protons, electrons and neutrons

they should have and then check by researching it.

r Critical-thinking skills: Use models and simulations
to explore complex systems and issues

r Reflection skills: Develop new skills, strategies and

techniques for effective learning

ATL
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1.6726x10-27

1.6749x10つ フ

9.1094x10-31 0 (negligible)

5ub-atomic
particle

Mass
(relative

to proton)

Relative
electrical
chargeMass/kg

From individual molecules, to human beings, to stars, everything is made of atoms.
So what is an atom? Figure 2.16 shows the structure of an atom. An atom is a
particle that consists of a central nucleus, which contains protons and neutrons,
and electrons, which orbit the nucleus in shells (also known as orbits or energy
levels). Protons, neutrons and electrons are called sub-atomic particles. The
masses and charges of these sub-atomic particles are shown in Table 2.3.

The number of protons in an atom is called the proton number or atomic
number, and can be represented bythesymbolz.You will have noticed in the
Build an afom activity that, as you changed the number of protons, you changed
the type of substance or the element. This is because the number of protons in

the nucleus of an atom is unique to a particular element. The proton number or
atomic number of an element also represents its position in the periodic table; for
example an element with 13 protons will also be the 13th element in the periodic
table. There will be more about this in Chapter 3.

All atoms are neutral which means that they have no overall electric charge.
Protons and electrons carry the same quantity of electric charge:

e = 1.6 x 10-1e coulombs

but with an opposite sign; their relative charges are often denoted as +le and

-1e, respectively. For a neutral atom, the number of protons must be equal to
the number of electrons as the positive charge in the nucleus is cancelled out by
the negative charge of all the orbiting electrons. Neutrons do not contribute any
charge to the atom.

The mass of a proton and that of a neutron is very similar, and the average mass

of the nucleons is known as the unified atomic mass unit (z) where

u = 1.7 x 10-27 kg

Electrons are almost 2000 times lighter than these and are regarded as having
a negligible mass. This means that the effective total mass of an atom lies in
the nucleus and will be equal to the mass of the protons and the mass of the
neutrons. The total mass of an atom expressed in atomic mass units is known as

the mass number or nucleon number (and can be represented by the letter A)

mass number (A) = number of protons (Z) + number of neutrons (N)

proton +1

neutron 0

electron -1

r Table 2.3 Summary of the masses and charges of the
sub-atomic particles in an atom

Proton Neutron

Nucleus

Electron She‖

I Figure 2.16 The structure of an
atom

EXPLANATION
GAME
I notice that number of electrons

= number of protons. Why is it
that way?

I notice that mass number =
number of protons + number of
neutrons. Why is it that way?

I notice that number of neutrons

= hass number - proton number.

Why is it that way?

Sciences for the lB MYP 4&5: by Concept



ELECTRON ARRANGEMENTS AND ELECTRON SHELL DIAGRAMS
The distribution of the electrons in the shells is fundamental

to understanding the chemistry of the elements. Electrons

fill their shells in order, starting with the one closest to the

nucleus, because the energy of the shells increases with

increasing distance from the nucleus. However, depending

on how close to the nucleus a shell is, its size will vary, which

in turn affects the number of electrons that it can hold.

The electron arrangement (also known as electronic
structure or electronic configuration) describes the

arrangement of the electrons in the shells. This is a series

of numbers showing the total number of electrons in each

shell, with each number separated by a comma. You need

to be able to deduce the electron arrangement of the first

20 elements. The following tips will help you.

r You start by populating the shell closest to the nucleus.

r The first shell can hold up to two electrons.

r The second shell can hold eight electrons.

r The third and fourth shells can hold 18 and 32

electrons, respectively. However, at this level, you

can regard them as 'filled' when they contain eight

electrons (the reasoning for which you will discover

when you study lB Diploma Chemistry).

(a) Sodium 2,8,1 Points to note:
. The symbol of the element is placed

in a circle in the middle of the diagram
(representing the nucleus) and
concentric rings are drawn around the
nucleus to represent the shells.

. The electrons are then shown as dots
or crosses on these rings.

. The two electrons in the first shell are
placed opposite each other (top and
bottom of the ring). The electrons in
the remaining shells are placed

successively at the north, east, south
and west positions on the shells. lf
there are more than four electrons in
that shell, pairs are formed as shown
in Figure 2.18.

(b) Sulfur 2,8,6

Here are some examples of electron arrangements/

electronic conf ig urations:

r helium (Z = 2): 2

I carbon (l = $):2,4
r potassium (Z = 19): 2,8,8,1.

The electron arrangement of an atom can also be shown

diagrammatically. These are known as electron shell

diagrams. Figure 2.17 shows the electron shell diagram for

an atom of sodium and an atom of sulfur.

So how 'accurate' is our atomic model? We have already seen

that the number of electrons in the third shell onwards isn't

eight, but it is also worth noting that the shells are not always

completely filled before occupying the next energy level and

they are not really concentric rings at a fixed distance from

the nucleus. Further, this model does not represent accurately

how small the nucleus is compared to the rest of the atom

and that the atom consists mainly of empty space. Our model

is, therefore, an approximation that helps us explain the

way things are for the moment, but which we will need to

elaborate later as we learn more about atomic structure.

No■ h

West* ._East

sol,t,

I Figure 2.18 How to allocate
electrons to the second, third and
fourth shellsI Figure 2.17 Electron shell diagram for an atom of (a) sodium and (b) sulfur

2 How does scale matter?



ACTIVITY: Make an electron
shell diagram display

Materials
o A periodic table
o 20 A4 sheets of paper (white or coloured)
o Permanent pens

o Polystyrene balls (about 250, with a diameter of
1-2cm)

o Glue

Method

The aim of this activity is to create a display of the
electron arrangements and electron shell diagrams for
the first 20 elements of the periodic table.

1 ln your notes, list the names and corresponding
symbols of the first 20 elements in the order that
they appear in the periodic table,

2 Deduce the electron arrangement of each element.
3 Select one of the elements and on an A4 sheet of

paper in the landscape position state the element
name, symbol and electron arrangement in the top
right-hand corner.

4 Construct an electron shell diagram of the element,
using polystyrene balls to represent the electrons
and sticking them into their respective positions.
lnclude the element symbol and place the electrons
in the right positions by referring to Figure 2.18.

5 When you have finished, select a different element
until the class has created models for all 20 elements.

5 Peer assess each other's work, double checking
the symbol and electron arrangement, counting
the total number of electrons represented in
the electron shell diagram and ensuring that the
electrons have been placed in the correct positions.

7 Display your models in your classroom or on a wall
outside a science lab.

I Collaboration skills: Help others to succeed;
Take responsibility for one's own actions;
Give and receive meaningful feedback

ATL

Assessment opportu n ities

r ln this activity you have practised skills that
are assessed using Criterion A: Knowing and
understanding.

ACTIVITY: Scale it up!

You have been invited to give a TED Talk on the topic
of 'Using models in science'. For this task, you will
create a script of the talk as well as a short video.
You will be completing this task in groups of three and
your audience will be other students your age.

The aim of your talk, 'Using models in science', is to
explain the way in which science has been applied to
address the problem of not being able to see atoms.
Ensure your script makes reference to the following:
o Describe why we create and use models of objects

that are either too big or too small to see. Give
examples, other than the atom, of where you have
used models before in science.

o Analyse the advantages and disadvantages of
using models.

o Evaluate whether these models help or hinder your
understanding of scientific concepts.

The aim of your video is to provide a more realistic
model of the structure of an atom than that which
appears in textbooks, using the analogy in the TED Talk

video on page 33. This stated that if the nucleus was
the size of a marble, the atom would be the size of a

football stadium. You will need to select an area that is

large enough to achieve this, so the video may need to
be created in your own time at a park. Once you have

determined by calculation the exact size of your model
atom, have one member of your group represent the
nucleus and one member represent hydrogen's lone

electron in the first shell. The third member will be

responsible for filming. Consider different ways to
present the video; will you use a time-lapse of the
'electron' walking away from the 'nucleus'; will the
'nucleus' and the 'electron'try to communicate?

r Critical-thinking skills: Revise understanding based
on new information and evidence; Use models and
simulations to explore complex systems and issues;

ldentify obstacles and challenges

ATL

Assessment opportu n ities

r ln this activity you have practised skills that are
assessed using Criterion D: Reflecting on the
impacts of science.

Sciences for the lB MYP 4&5: by Concept
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As a class, brainstorm what a storyboard is. Come up

with ideas as to what it should look like and what

features would make a storyboard successful.

ln this task you will create a cartoon storyboard

explaining how scientists came to discover the

structure of the atom. Choose the information

that you want to include in the text box part of

the storyboard caref ully; it needs to be concise but

detailed enough to convey the key points. Annotate
your picture; this is how you can include extra

information other than what is in the text box. Your

storyboard will focus on the following scientists:

o Democritus

e Dalton
qe Thomson

* Rutherford
o Bohr

o Chadwick.

■ ATL

6 Assessment opportunities

The models created by scientists to understand the structure

of the atom required creativity and magination, as well as a

critical approach by the scientific community, who must not

accept scientific claims without adequate reason or evidence

(as we saw rn Chapter 1) The model of the atom that we

use today rs a great example of this; it ls the result of the

work of a number of scientists over hundreds of years,

whose theories were not necessarily accepted immediately.

You may have encountered some of these thrnkers and

their ideas n lt4YP Sciences by Concept 2, and in the

activity Unfolding the mystery of the atom you wrll have an

opportunity to rev ew and synthesize this informatron.

The focus of this chapter so far has been on ind vrdual

atoms. the structure of an atom; the atom of an element.

But why focus on understanding something so small

we cannot see it and that we will never come across in

our everyday lives? Nothrng we use and no living things

are made of a sing e atom. To connect the properties of

materials we encounter every day, we need to consider

the ways rn which atoms can form groups, such as those

that form the copper wire we need for the conduction of

electricity, or those that form the genetic material in our

cells. Understandrng the structure of an atom and the

properties of the sub-atomrc particles is f undamental to

explaining how and why atoms bond to each other and the

types of bonds they form. lt is these bonds, formed at the

atomic level, that a low structures to build up from single

individual atoms to the billions and billions of atoms that

comprse the everyday objects we use and that make up the

parts of living orqanisms.

1 2 How does scale matter? 鰊
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ffi Figure 2.19 Avogadro's constant

As atoms are so small, it means that even tiny bits of matter
are made up of a huge number of atoms Rather than deal

with these massive numbers, chemrsts use the term mole
as a count ng unit. One mole of a substance always has a

specific number of atoms or molecu es in it specifically

6.02 x 102r, known as Avogadro's constant (after the
Italian screntist Amedeo Avogadro) So 1 mole of hydrogen

atoms, for example, consists of 6.02 x 1O2r hydrogen atoms

BIIlions Mil1lons

Let's focus on a gold ring. An average gold rrng has a mass

of 109 One mole of gold has a mass of 191g, whrch means

that there are 6 02 x 102r atoms n 197 g of gold So how
many atoms are there rn a 109 gold rrng? Approximately
3 x 1022 atoms (or 30 sextil ion atoms). Nowthat's a big

number, but do we really understand how brg?

■ ATL

ACTiViTY:Getting rk褥 |

We've just worked out that there are approximately
3 x 1022 gold atoms in a gold ring. Now imaginethat
instead of having 3 x 1022 atoms, you have 3 x 1022

one-cent coins. Now imagine that you are going to
distribute these evenly to every person on Earth (assume

the Earth's population is 7 billion). How much money do
you think each person will end up with?

c Make an approximate prediction; will each person
get hundreds, thousands, millions, billions of dollars?
More or less than these numbers?

o Now calculate how much money each person
would get.

r Comment on how close your prediction was to the
calculated value.

o ldentify other contexts where you use very large or
very small numbers and discuss how this activity has

changed your perception of the size of these numbers
s Reflect on the extent to which your everyday

experience helps and/or hinders your understanding
of numbers such as Avogadro's constant.

There are many different contexts in which Avogadro's
constant can be presented to try to provide a better
understanding of its size. Search for

; find another analogy in a context that you

f ind useful and share this with a peer.

―

■

i Assessment opportunities
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2 How does scale matter?
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I Figure2.20(a)PhysrcistCarl D.Anderson'slg32photographof thetracemadebyapositronatCalifornialnstitutefor
Technology; (b) image of a meson decay from the Nevis (Columbia University)cyclotron, 1950s

Scientists place the chambers inside electromagnetic fields.

This means that any particle carrying an electric charge

which passes through the chamber will be affected; for

example, it will be attracted to and repelled by one or other

side of the chamber. The direction of the trail and the rate at

which the particle is def lected gives information about the

momentum the particle has (see Chapter 7).

Your reaction to the images in Figure 2.20 might have been

that they were works of abstract art; in fact, both these

images have been used as artworksl But to a scientist their

meaning is qu te specific

As you know it is barely possible to 'see' direct evidence

of whole atoms using scanning tunnelling microscopes.

ln Figure 2.20we are again observing only indirect

evidence of the existence of two very strange particles,

The images show the tracks produced in devices called

cloud chambers or bubble chambers. The chambers contain

gas or liquid that is at the very edge of a change of state.

The introduction of any impurity, such as a particle, results

in a trail of some kind. ln cloud chambers, the trail is made

from condensed vapour, like the con-trails left behind by jet

aircraft high in the atmosphere. ln bubble chambers, the

trails consist of vapour formed by the particles as they travel

through a superheated liquid - often liquid hydrogen.
r Figure 2.21 lonizalion or vapour trails produced in a

cloud chamber

WHAT MAKES YOU SAY THAT?
Look at the images in Figure 2.20 and read their captions.

lndividually, think:what is going on in these images?

ln pairs, discuss: what makes you say that?

E



ACTIVITY: Feel the force -
gravitation

I Figure 2.23 A force
meter or'Newton' meter
(sometimes called a

spring balance) uses a
spring adjusted to stretch
a known amount for a
given gravitational force

Method

You will need:

o masses of known quantity (for example 109, 509, 1009)
o a force meter.

Use the newton meter to find the gravitational force
produced by different masses. ln your experiment plan,

clearly identify the variables that are:

o controlled (changed, and kept the same)

o measured.

Record your results clearly in a table, showing the units
of measurement in the heading.

r Critical-thinking skills: lnterpret data;
Draw reasonable conclusions and generalizations

ATL

I Figure 2.22 AfLAS experiment at the Large Hadron
Collider, Geneva

ln Figure 2.20a, the partrcle trail can be seen as a curve
passing vertically across the chamber just to the left of
centre. ln 1932 US physicist Carl D. Anderson (1905-91)

deduced from the trail that it had all the properties
produced by a beta particle, which is an electron moving
very fast through space, except for one: it had a positive

electrical charge. ln 1928 British physicist Paul Dirac (1902-

84) had hypothesized using Einstein's theory of relativity that
all particles of matter might have associated antimatter
particles, with the same mass but the opposite electrical
charge. Anderson had shown that this strange idea was a

reality and in 1936 he was awarded the Nobel Prize for his

discovery of an antimatter particle, the positron.

The complicated tangle of trails in Figure 2.20b is produced

when a particle called a meson decays (changes) into

other particles. lVlesons were known at this point to have

many of the properties of nucleons such as protons and

neutrons, but the particles they changed into suggested that
they themselves consisted of smaller particles of matter and

antimatter joined together.

By the middle of the twentieth century, scientrsts felt that
experimental evidence meant they were confronted with a

'zoo' of particles, all with different properties of charge and

mass, and now even a whole new type of exotic antimatter.
ln this situation, scientists try to determine underlying
patterns that suggest relationships between the particles.

lf we are to make sense of this. we need to do a little

fundamental physics ourselves. You may wish to refer to
Chapter 4 of ltlYP Sciences by Concept 3 to refresh your

memories.

Sciences for the lB l\4YP 4&5: by Concept



Analysis

Show your results on a graph with
the rndepen dent variable on the

;r-axis and the depende nt variable

on the y-axis, (Unsure which

variable is which? See Chapter '1.)

The points on your graph should

appear to be in a straight line,

although the line might'wiggle'
somewhat due to scatter in the

points. What might have caused the

scatter in the measurements?

Since the points appear to be so close

to a straight line, we can probably

make the assumption that the

relationship between mass and force

is /rnear - that is, each mass gives

the same increase in force. We can

then draw a 'best-fit' line through as

many of the points as possible, or as

close to them as possible.

Conclusion

State the relationship between

mass and gravitational force.

Evaluation

Evaluate your results. How sure are

you that your experimental data

gave a reliable result (clue: what

about that 'wiggle' and 'scatter')?

How could you improve the
reliability of the data?

THINK.PAIR-SHARE
Think about everything you know about the fundamental forces of
gravitation, electricity and magnetism. Note the ideas down on a piece of

paper as they occur to you.

ln pairs, compare your ideas. Share with the class anything new you learnt

from your partner.

Assessment
opportunities

r ln this activity you have
practised skills that are
assessed using Criterion C:

Processing and evaluating.

Finding the rate of change
Finding the slope or gradient of a straight line is a key skill in mathematics

and enables us to deduce the equation of the line.

Using this straight line, we can now figure out the relationship between

the mass and the force - that is, how much the force increases for each

additional mass. We can do this by finding the gradient or slope of the line

on the graph:

, -,!, -r Ly change in / _ change in force
r'- - - Ar change in "r change in mass

One way to do this is to draw a right-angled triangle on the graph, as

large as possible so that it encompasses the greatest possible range of

resu lts:

Force in newtons for known masses
tb

1

（
Ｚ
）
ｏ
υ
』
ｏ
」

1000

Mass (g)

I Figure 2.24Force in newtons for known masses

Use your graph to calculate the gradient of your line
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Change in
y = change
in force
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ACTIVITY: Feel the force -
mag netisrn

ln this experiment you will measure the variation of force
with distance between two magnets.

Small neodymium magnets are very strong. They are

usually disc shaped. One side of the disc is the 'north, pole

of the magnet and the other is the 'south' pole.

Equipment

You will need:

r lab stand, boss and clamp
o a sensitive electronic top-pan balance
o two small neodymium magnets
o a block of non-magnetic material (wood, plastic or

similar)
o some sticky tack, double-sided sticky tape or similar
c a modified Vernier micrometer or a similar screw

assembly.

Method
'l The Vernier micrometer allows you to change the

distance between the 'bits' with great accuracy.
lf possible, for this experiment your teacher or lab
technician can remove the 'Clshaped part to leave
just one of the bits. lf not possible, you can use any
other kind of screw mechanism to position the magnet
accurately.

2 Set up the apparatus as shown. Stick one of the
magnets to the top of the block and the other to the
bottom of the micrometer or screw.

3 BEFORE placing the micrometer in position in the clamp,
press the 'TARE' or 'ZERO' button on the balance. This
resets the balance reading to zero, compensating for
the weight of the block and magnet.

zi Adjust the distance between the magnets using the
boss and clamp until you lust see a change in reading
on the top-pan balance. lf the reading increases, then
the magnets are oriented to repel. lf the reading
decreases, the magnets are attracting each other.

5 Now use the apparatus to make measurements of
the variation of the force between the magnets with
distance.
o What range of readings will you make?
o What interval between readings willyou use?

(See Reading a Vernier sca/e on page 39.)
6 After taking one set of readings, flip one of the

magnets around so that they are now interacting in
the opposite way to before. Repeat your experiment,
taking new readings.

Lab stand, boss and clamp

l\4od fied m crometer

Neodymium magnets

fuood" po.r, o,o, I ..

Electronrc balance

ffi Figure 2.25 Experiment set-up to measure magnetic
force

②
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Results

Organize your readings in a

suitable table, clearly showing the

units of measurement.

Present your readings using a

graph as before. Carefull Think

carefully about your independent

and dependent variables.

!nterpret your results, ldentify the
pattern in the results. (See Finding

the fit on page 42 to discover how

to use a spreadsheet program to
help with this.)

Conclusion

Summarize your results using this

starter sentence:

The force between two magnetic

poles varies with distance in this

way:

The newton gravitational force is properly known as the weight of an object.

weight = rndSS x gravitational field strength

W= mg

where g = 9.81 newtons per kilogram (N kgr) on Earth

Notice that the gravitational field strength , g, for the Earth is actually a little less

than 10 newtons for every kilogram of mass.

Of course, we are used to thinking of our 'weight' in kilograms, however this ts a

little misleading. To a physicist, kilograms are a measure of mass, the amount of

material in your body, and not of the gravitational force produced on it'

Reading a Vernier scale
A Vernier scale is a common method for reading quite precise measurements

of distance. On the micrometer you will see two different scales.

50+05+028:=578

I Figure 2.25 Vernier micrometer scale

The first (main) scale is on the barrel of the micrometer and measures in

millimetres above the line, with gradations for 0.5 mm below the line.

The second scale is on the rotating 'thimble' part and measures to an

accuracy of 0.01 mm.

ln the example shown in Figure 2.26, you would obtain the reading like this.

. Read the measurement on the barrel first. The edge of the thimble

indicates the first part of the measurement on this scale. We can see

the 5 mm mark, and we can also just see the next half-millimetre mark

below the line. So the first part of the reading is 5'0 + 0.5 = 5.5 mm'

. Read the measurement on the barrel by looking for the gradation which

is nearest to the centre line on the barrel, ln this case the centre line of

the barrel is closest to the line representing 0.28 mm.

. Add these measurements together for the total reading:

5.5+0.28=5.78mm.

Assessment
opportunities

o ln this activity you have
practised skills that are
assessed using Criterion C:

Processing and evaluating.

2 How does scale matter?



The drfferent fundamental forces we

experience do seem to behave in

srm lar ways. We know that electrical

and magnet c frelds are very simrlar

because magnetic fre ds are produced

by the arrangement of electrons rn

certain kinds of atom, so screntrsts

combine these into one force called

electromagnetic force l\4eanwhile,

gravitation seems to share some
properties of the other two (rt rs

produced by the interactron between

masses and its size depends on the
multiplicatron of the masses) and it has
,l

the sa-e 
r- 

re atio^ship w,th d sLance

as the force field fr ls the space around

the mass Yet gravitation does not

- as far as we know - ever repel.

Not ce too the drfference in the values

of the constants in the equations.

Electromagnetic forces tend to be

much slronger over short ranges and

gravrtational forces are relatively weak;
after all, rt requtres a mass the size of a

planet to keep us downl

These intriguLng s milaritres have led

scientists to suspect there may be

some other, underlying, mechan sm

which brrngs them all together; a

'un f red' theory of force.

However, as we reduce our scale

of measurement to the level of the
nucleus, somethtng goes wrong
Perhaps you noticed this prob em

a I ready?

I ATL

ACTIVITY: Comparing forces

1 Copy and complete the table to summarize the properties of the forces
you have explored. The column for electricaI forces has been completed
for you.

electric charge

Sl unrt of strength
for or gin

coulombs (C)

values pos trve (+) and
negative (-)

attracts ?

repels?

m Table 2.4 Properties of force fieids

2 lnterpret the information to compare and so evaluate the differences
between the forces. Present your ideas using a visual venn organizer with
three interlocking circles.

ln the circles, write the properties of the different forces from the tabre.
lf the forces share any properties, write those in the overlapping sections
of the Venn circles.

Figures 2.21 and 2.28 show graphs for the variation of gravitatronal and
electrical forces with distance.

Measured weight of a 1 kg mass with distance from Earth,s centre

origin (caused by ...1
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s Figure 2.27 \,Ne ght of a 1 kg mass with drstance from the Earth,s centre

Magnetic force
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Electric force (N) with distance between two charges of q = 10-s C
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The protons in the nucleus hold a

positive electrical charge, while the

neutrons have no charge. The protons

should be repelling each other and,

since they are very close together

indeed, this repulsion should be

huge. Scientists could not explain

why the nucleus of any atom bigger

than hydrogen does not fly apart

into its constituent nucleons. The

only hypothesis they could propose

was that there was another force

actrng rnsrde the nucleus which

was very strong, yet with very short

range. lmagrnatively, they named

this the 'strong force'. Furthermore,

investigation into the process of
radioactive decay suggested that

another force, less strong than the

first, was acting; scientists called this

the 'weak force'. Table 2.5 overleaf

summarizes the known properties of
all these fundamental forces.

（
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o
L 0.40

0.30
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0.10

00
0.

Distance r (m)

I Figure 2.28 Force between two charges with distance

3 Compare these graphs with your results from the activity: Feel the force

- magnetism. What do you notice about the way that all the forces vary

with distance? Summarize your conclusions.

The equations that describe the variation of gravitational and electrical forces

are given below.

Newton's law of universal gravitation

- ^fr'tffiz.iq=(r- r'

where F is the force between two masses, m., and r,2, separated by a distance

r, and G is the gravitational constant = 6.67 x 1011 m3 kgr s-2

Coulomb law of electrical force

- , QrQzl'= K-r'

where F is the force between two charges, ql and q2, separated by a distance

r, and k is the coulom b constant = 8.99 x 10e N m2 C' (in air)

4 Compare the equations to each other and to the graphs. What do you

notice?

5 Summarize your ideas about the forces produced by electrical,
gravitational and magnetic fields.

2 How does scale matter?



Finding the fit
You can use a spreadsheet to plot the graph for your
data (see Chapter 1 of MYP Scrences by Concept 2
to refresh your memory). One way to find out the
relationship between your variables is to use the
'trendline' function on the spreadsheet. The instructions
opposite show how to do this in Microsoft Excel, but all
spreadsheets will have a similar function. Alternatively,
use the graph-plotting software recommended by your
mathematics department!

Step 1: Once you have plotted the scatter graph, click on
any of its points so that the whole curve is highlighted.

Step 2: Right-click on any of the dots. A menu appears.

Select Add trendline'.

Step 3: In the right-hand panel, select the different
trendline types until you find one that seems to fit the
data well.

Step 4: To view the equation that describes this
trendline, select 'Display equation on chart'.
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r Figure 2.29 Screenshot of the spreadsheet in ttrlicrosoft Excel

force

strong nuclear

electromagnetic

Electrostatic weak
repulsion

gravity

<10-rs - less than size of a nucleus

infinite

10-r8 = approximate size of a proton

infinite

1/137=7.2x10-3

approximately 10 6

6x10-39

Relative strength (compared
to strong nuclear = 1) Distance of action/mForce

r Figure 2.30 Forces inside the nucleus r Table 2.5
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CLASSIFYING THE PARTiCLE Z00
1n1961∪ S physicist Murray Ge‖―Mann(1929→ derived a

classlfication systenl that used symmetry to su99est that

nucleons and mesons might′ in fact′ all share anc)ther

property.He suggested that the underlylng colmponent

vvas even tlnler particles′ vvhich he ca‖ ed′ quarks′ ,Ge‖―

4ヽann′s hypothesis was based on mathernatical mode‖ ing′

but ln 1968 sclentists at the Linear Accelerator at Stanford

Universlty′ ∪SA′ bornbarded nucleons vvlth very high― energy

eleCtr(DnS anCi the partiCle traCeS pr(DduCed SUggeSted that

protons and neutrons did indeed have′ structure′ ′
.nsI(メ

e

them.丁 hls vvas taken as evidence of Ge‖ ―N4ann′ s quarks.

Quarks are incredibly weird.ヽ 〃h‖ e we may conceptua‖ ze

thern as tlny partlcles′ they possess extraordlnar‖ y high

energies and are held lor′ contained′ inside the tiny space of

a slngle nucleon.They dc)not rea‖ y behave llke particles of

matter as we mightlmaglne them.Sim‖ ar experlments at the

HERA co‖ lderin Hamburg′ Germany by a team from⊂ orne‖

∪niversity estlmated that quark radillnust be no larger than

O.43× 10-18m.At flrstlt seemed that there vvere tИ Иc,kinds

Of quark′ which wett ca‖ ed′ up′ and′ downt With electrlc

ChargeS Of十 争 and―夕′reSpeCtiVelyJhiS meant that tO fOrm

protons and neutrons they had to combine in threes.

proton′ ρ υυσ

neutron, n υdd

r Table 2.6 Quark structure of nucleons

What was keeping the quarks in? Scientists realized that
the strong force was responsible for holding the quarks

together, but that this force field must be very different in

properties from the other fundamental forces because it

was confined to the scale of nuclei. lt does not diminish

with distance but rather increases with distance, similarly to
the way an elastic band exerts a greater force the more it is

stretched. Just as electromagnetic interactions are caused

by a property we call 'charge', strong force interactions

are given the attribute of 'colour'; nothing to do with the

colours we observe, this is just a label for the property.

VVhat other particles contaln quarks?lt turns out that mesons

―the particles detected in the 19501s― exhibit sim‖ ar structure

to nuCleOnS′ but thiS tirne they Only Seemed tO COntain iレ ツ0

quarkS.｀イiet meSOnS are nC)t deteCtedヽ Aノith Charge that haS

fractions of e.Hovv can this be vvhen vve knc)vv that up and

down quarks have charges that are multiple ofl?丁 his′ ln

turn′ led SClentiStS tO pOStulate the eXIStenCe Of an“ υarkS′

Ⅷ′hlch are antimatter quarksiⅣith the same propertles as thelr

matter cousins but、vlth the OρρOS′

`e charge.

・■

.■

I Figure 2.31 Nucleons are formed from quarks bound
together by the strong force, which behaves like an
elastic band I

Links to: Language and literature

Poetry, literature, faith and the scientific
imagination
Gell-Mann named his symmetrical particle scheme 'the
eightfold way' in analogy with the importance of the
number eight in the Buddhist faith. Similarly, he chose

the name 'quarks' in reference to a scene in Finnegans
Wake by James Joyce, when a barman makes a slip
of the tongue and calls out 'Three quarks for Muster
Mark!' instead of three quarts.ln fact, both these
discoveries were made almost simultaneously by others;
the eightfold way by Yuval Ne'eman in lsrael and
the particle postulate by US physicist George Zweig.
Zweig called his particles 'aces', but somehow Gell-
Mann's quarks caught on!What role do other kinds of
knowledge have as inspiration for new scientific ideas?

+lθ

Charge/rn u:tiples of

electron charge

′=1.6x10-19C
Quark structure
u=uP,d=downNucleon

2 How does scale matter?



ACTIViTY: Principal, I shrunk
the science class! (the sequel)

Now that you have explored the Universe at different
scales, return to the draft report you wrote at the
beginning of this chapter.

Review your observations, and use this thinking
routine to evaluate it:

I used to think ...

Now lthink...

What lwould like to know now is ...

Now finish your report, incorporating the new
discoveries you have made.

I ATL

+ pion r- +1e u d
pion ;r -1e d A

f, Table 2.7 Quark-antiquark structure of some mesons

What about electrons? Would they turn out to be made

from something even smaller, such as qlarks or antiquarks?

In fact, not as far as we know; electrons appear to be

fundamental and indivisrble They belong to a class of
particles known as the leptons which also includes some

other partic es cal ed muons and neutrinos.

Quarks enabled scientists to establsh a pattern to a lthe
members of the 'particle zoo'which became known as the

Standard Model

HADRONS

Consist of quarks and antiquarks

BARYONS

3 quarks

NI ESONS

2 quarks

n- K-ρ n ,ri many
lη ore

QUARKS and antiquarks

Exist in three'generattons' accordrng to energy state

LEPTONS and antileptons

Fundamental particles
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Strong force Weak force Electromagnetic force Gravity? I\4ass parttcle

Gluons gl W- \N Z' Photon 7 Graviton* G? Higgs Boson H

* note that the graviton is a hypothetical boson for gravitational force and has not been detected

w Table 2.8 The Standard N/odel organizes the partrcle zoo into categoles. The different categories of particle interact
using different fundamental forces and are broadJy classrfied according to a property named'sprn' The fundamental
forces are in turn transmitted by d fferent'force exchange' particles called Eraugre bosons

蒻
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I Figure 2.32

SOME REVIEW PROBLEMS
TO TRY
1 Organize the structures in Figure 2.32 on a size scale

from the smallest size to the largest size (the images are

not drawn to scale). Use scientific knowledge to support

your answer.

2 Describe the relationship between the different Ievels

of the structural organization in humans: cells, tissues,

organs, organ systems, organism.

3 a Deduce the electron arrangements of the following

elements:

i helium

ii oxygen

iii potassium.

b Draw the electron shell diagram for each of the

elements in part (a).

c Figure 2.33 shows the electron shell diagram a

student drew of a fluorine atom. Describe why the

diagram is incorrect.

r Figure 2.33

d Wherever you look, you will frnd very similar models

of the atom. Analyse and evaluate how accurate

this model is compared to the true structure of an

atom, and how useful it is as a model.

Reflection
ln this chapter we have looked at the scale of things

and organized different structures from their biggest

components to the smallest. We compared the scale

of living and non-living things and inquired about the

smallest particles that build them up. We outlined the

similarities between the structural organization of plants

and animals. We summarized the hrerarchy of this

structural organization and discussed the role of each

structure to ensure the sustainability of organisms. We have

described the structure of the atom, defining key terms

such as atomic number and mass number, and described

the sub-atomic particles in an atom and within nucleons.

We described the arrangement of the electrons and

summarized how forces act on matter of different types.

We have used models and simulations to better understand

the atom and outlined the work of key scientists in

unfolding the mystery of the structure of the atom. Finally

we have used analogies to comment on our understanding

of the scales involved when dealing with individual atoms.

Questions we asked Any further
questions
now?

Factual

Conceptual

Debatable

●
証
鏡

K.t. : ::r
ilI

Approaches to learning you

used in this chapter

Learner prof ile attribute(s)

How well did
you master the
skills?

ゼ

Φ
Ｑ
Ｘ
Ш

Reflect on the importance of
being open-minded for your
learning in this chapter

Answers we
found

Description -
what new skills

did you learn?

０
〕
一＞
Ｏ
Ｚ

」
Ｏ
Ｃ
」
ω
Φ
コ

」
Φ
⊂
〇
“
“
〕
ω
」
α

Use this table to reflect on your own learning in this
chapter

Open-minded

2 How does scale matter?



⊂()NSIDER THESE

Q∪ ES丁10NSi

Look at Frgure 3.1. What do you see? What does it
make you think? What does it make you wonder?

Find out hol'i ltaiterls tt foTr-tt erab e sciert sts to rd."r'tLfy r-e.riionshtps n
tire rat-rra i,ro. ci

Explore how tircst, p.:tterls artd r'e.tlronsnitrts lrave enabled sciert sts to
orqanize rv lq ancl noit v ng rtattel n cl ffereiri lvays

Take action to ext-r orc how r, assilrc,tt on s rnportartt tn tIre worlds ol
!'teCl t ne anri pharrnacclI cals

Factual: What is the periodic table?
How are characteristics of living
things used to classify them?

Conceptual: How do scientists use

trends and patterns?

Debatable: To what extent
does classification help or
restrict our understanding of
new information? How have

technological advances affected
our models of the world?

Now share and compare your

thoughts and ideas with your
partner or with the whole class.

I These Approaches to
Learning (ATL) skills
will be useful ...

I Assessment
opportunities in
this chapter:

by ( on(et)t



■I Figure 3.l Fractals show hovv patterns can help us understand complexity
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Did the image make you think of natural forms, perhaps

a seashell or a plant? ln fact Figure 3.1 is a computer-

generated image of a special kind of mathematical function

called a fractal. The image looks very complex, but is

produced by repeating the same mathematical operation

over and over again. The fact that fractals produce very

complex patterns from relatively simple but recurring

functions reflects the way in which the complexity of

the natural world can be understood more easily when

we identify underlyrng patterns and relationships. ln this

chapter, we will explore two very important scientific

patterns that have enabled us to understand the complexity

of living and non-living matter.

.― ■‐■|‐    ‐.・

3 How do we organize the natural world?



Ag silver Lalin argentums

Au gold Latin aurum

Cu copper

lro n

mercury

potassium

sodium

lead

antimony

ti n

tu n gste nTHE MODERN PERIODIC TABLE
The modern periodic table is a tabular arrangement of the
elements from which all matter is created, organized by

increasing atomic number, Z. Each element is represented by
a chemical symbol; rows of elements are called periods, while
columns are called groups.

Using symbols

John Dalton was the first scientist to use symbols to
represent the elements (Figure 3.3), although earlier

mystical thinkers. now called alchemists, used a system of
astrological symbols to describe the few substances they
knew. Dalton understood that atoms could combine only
in whole number ratios. By using symbols to represent
the individual atoms in a substance, he could represent
compounds as combinations of the symbols of the elements
that comprised them, essentially coming up with what we
now call 'chemical formulae'.

lalin cuprum, from'Cyprus

lalin ferrum

Greek hydrargyrurn meaning 'silver water'

Arabicqalay, which in Latin is kalrtim

Na LaIin natrium

Pb Latin plumbum

Sb Lalin stibium

Sn Latin stannum

W German wolfram

I Table 3.1 Elements with symbols that are not consistent
with their English names

The main disadvantage of Dalton's symbols was that there
was no logical order to them, which made them very hard to
remember. ln 1813-14, a new set of symbols was published

by the Swedish scientist Jdns Jakob Berzelius. lnspired by Carl
Linnaeus' classification system for living things, Berzelius gave

each of lhe 4l elements known at the time a symbol based

on the element's Latin name. He also went on to derive

symbols for compounds. The system was hated by Dalton

and initially rejected by the scientific community but was
accepted by the mid-1800s and is still largely in use today.

An element's symbol may consist of one uppercase letter
or two letters, uppercase for the frrst and lowercase for the
second. While the symbols are based on the element's Latin

name, it is not unusual for the symbol to also represent the
English name as the English language has roots in Latin.

There are, however, a few exceptions, as shown in Table 3.1.

I Figure 3.2 The modern
periodic table (* and ** La and
Ac are displayed in group 3 but
belong to the lanthanoid and
actinoid groups at the bottom
of the table, respectively)
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ln this activrty you will familiarize yourself with some of

the elements in the periodic table and their symbols.

I ldentify elements that have been named after:
a parts of the Solar System

b countries or continents
c places

d scientists.

2 Usethefo‖ owing website to identify three elenlents

whOse names are from mythical beings:爾 爾爾2.ucdsb.
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菫 use the salTle website to find the meanings of the

nanles bronline′ dysprosiunl and technetiunl,and

then find out a little about each element tO leXplain

vvhy they were given these i〕 articular nanles.

4 inJune 2016′ the last four elements in the periOdiC

table vvere assigned nanles.Research the Origin of

their narnes and explain hOw they confornl to lUPAC

guidelines for narning new elenlents,set out in the

blue box below.

5 く:hallenge yOurself to write a small sentence or

phrase with element symbOIS′ for example:te‖ urium′

actinium′ hydrogen′ erbium,sulfurr potassium′

nobeliumi tungsten′ nitrogen,oxygenf thoriunl,iodiner

nitrogen=TeAcHErS KNoW NOThlN.

■ ATL

I Assessment opportunities

V Links to: Language and literature IUPAC guidelines
The guidelines for the naming of

elements can be found at:

https:' / tu pa(.a r g/ iu pac-is- naminE'
th e -f a u r - n ew - el e m e nts - n ih a ni uw'
mosrouiurn-le n n e ssi n e - a n d - og an ess on /
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ln Chapter 2 we discussed how elements are made up
of identical atoms and that atoms themselves consist of
protons, neutrons and electrons. The number of each sub-
atomic particle present in the atom of any element can be

determined simply by looking at the periodic table.

Select any element in the periodic table and have a look at
the information provided for it more closely. you will notice
its symbol, its name and two numbers, which are different
except in the case of hydrogen where they are both 1.

The smaller of the two numbers is always the atomic
number, or proton number; this is also equal to the number
of electrons present in an atom. The larger number
represents the mass of the atom (protons + neutrons).

You have learnt that to calculate the number of neutrons,
you subtract the proton number from the mass number;
but hang on a minute, most of the larger numbers in the
periodic table are decimals! That means that we would have
'bits' of neutrons, which can't be possible.

17 Atomic
number

Exploring the periodic table
You can explore the elements of the periodic table
further using the many interactive periodic tables
available online: search royal society chemistry
periodic table, TED periodic videos and interactive
periodic table to further explore its properties.

element chlorine. lsotopes are atoms of the same element
(so with the same proton number)with a different number

of neutrons, hence different mass number. ln order to
account for the natural existence of a mixture of isotopes of
an element, the larger number in the periodic table is the
average mass of all of the isotopes of the element, taking
their natural abundance into consideration. lt is called the
relative atomic mass (RAM), shown by the symbol A,.

The mass of each element is compared to a standard -
the mass of one-twelfth of the mass of an atom of the
carbon-'I2 isotope. So if helium has a mass of 4, its mass is

$ of the mass of a carbon-12 isotope.

The first 92 elements in the periodic table are known as

natural elements. This is because all of the elements up to
and including uranium were created in stars in a process

called nucleosynthesis. This process will be explored
further in Chapter '10. The remaining elements. referred to
as transuranic elements, are all extremely unstable as they
decay radioactively and are usually synthesized in a laboratory.

HOW IS THE PERIODIC TABLE
ORGANIZED?
Creating our modern periodic table
The periodic table you will most likely see displayed in your

school laboratory is not the only periodic table that exists.

No matter what the particular arrangement of elements
chosen for a particular periodic table, they all have one thing
in common. The clue is in the name ...

ln this section we will look at how we arrived at the
structure we are familiar with today and why it is significant.

- 

symbol

Chlorine
35.45 

-5,"jXlii:.,.,,
I Figure 3.4 Chlorine, as shown in the periodic table

Atoms of a particular element can exist with different
numbers of neutrons. Chlorine (element 17), f or example,

can exist with 17 protons. 'i7 electrons and 18 neutrons,
giving it a mass number of 35, or with 17 protons, 17

electrons and 20 neutrons, giving it a mass number of 37

The atoms with a mass of 35 and 37 are isotopes of the

cl
EXTENS!ON

Find out more about how and why scientists
came to choose carbon-12 as their reference atom
for relative atomic mass.

Sciences for the lB MYP 4&5: by Concept



ACTIVITY: Re-enacting the development of the periodic table

Your task today is to work in groups to create a 3-minute

TV programme about the development of the periodic

table that is suitable for an audience of students who are

one year younger than yourselves.

The roles

Each member of the group will take on a role.

The roles are:

1 lnterviewer
2 John Dalton ('1766-1844)

3 Johann Dcibereiner (1780-1849)

4 John Newlands (1837-98)

5 Dmitri Mendeleev (1834-1907)

5 Paul-Emile Lecoq de Boisbaudran (1838-1912)

How to begin

o Decide which role each group member will take on.

o Research the interviewees together to find out how

their work contributed to the development of the
periodic table. ldentify key points that should come

across in the interview and turn these into one or

two questions that the interviewer can ask. Create

flashcards with the answers that each scientist would
provide to these questions.

o Work with the interviewer so that they understand what

they need to ask each interviewee, making sure you

explain the significance of the question with regards to

the development of the structure of the periodic table'

o Think about how you can make your presentation

resemble an actual TV programme as closely as possible

and about how you can make it interesting to watch.

o After each presentation, give meaningful feedback

to the group that presented, identifying two aspects

of their presentation that you enioyed and one that
could be improved.

r Transfer skills: lnquire in different contexts to gain
a different perspective

r Communication skills: Use a variety of media to
communicate with a range of audiences; Read

critically and for comprehension; Paraphrase

accurately and concisely

r Collaboration skills: Delegate and share

responsibility for decision-making; Help others to
succeed; Encourage others to contribute; Give and

receive meaningful feedback

ATL

MEET A SCIENTIST: DMITRI MENDELEEV
Mendeleev is the most celebrated scientist when it comes to the periodic

table, He excelled at the university of 5t Petersburg; he also worked in Paris

and Heidelberg (the latter under Bunsen - of the Bunsen burner), where

his work on the elements really took off and led to the development of the

periodic table. But it is worth mentioning that in 1869 when Mendeleev

published his periodic table, another chemist, Julius Lothar Meyer (who had

also worked under Bunsen), published his own independently; in fact, the

two scientists shared a prestigious prize called the Davy Medal in 1882'

There was no doubt how knowledgeable Mendeleev was when it came to

the elements, which fuelled the self-confidence and self-belief needed to not

only predict the existence of undiscovered elements, but even to predict their

properties. On the other hand, his work did not lack mistakes and a huge

amount of work took place between Mendeleev's 1859 periodic table and

the one we have today. Later on in his life, Mendeleev's arrogance led to his

refusal to believe in atoms, as well as other things that couldn't be seen like

electrons and radioactivity.

{r'rri:,:al 1 !:

I Figure 3.5 A monument to Dmitri
Iv'lendeleev. with his 1869 periodic

table on the wall behind, in

St Petersburg, Russia

3 How do we organize the natural world?
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r Figure 3.6 The long form periodic table. lt is worth notrng that the final resting place of La and Ac is currently
under debate; while traditionally displayed in group 3, under Sc and Y, more recent debate has stipulated thai the
whole lanthanoid and actinoid group should come before group 3, and that this actually consists of the elements
Sc, Y Lu and Lr.

The modern periodic table is based on the 1869 periodic

table of Dmitri tVendeleev. While Mendeleev's table
arranged the elements in order of their atomic mass, the
modern periodic table is based on increasing atomic number.
Arranged in this way, elements in the same group have similar
general properties and, moving from left to right across the
periodic table, changes in the properties of the elements can

be seen. The names of the key groups in the periodic table in

Figure 3.2 are:

r group 1 - alkali metals

r group 2 - alkaline earth metals

r group 17 - halogens

r group 1B - noble gases

r the elements in the rectangular block that sits between
group 2 and group 13 are called the transition metals

r the two rows at the bottom of the periodic table are

called the lanthanoids and actinoids, respectively. These

should sit in the top part of the periodic table but this
would make the table long and less easy to use so

they tend to be removed and kept separate. A 'long'
periodic table is shown in Figure 3.6.

The majority of elements are metals (found on the left and
in the centre of the periodic table). Other elements are

classified as non-metals (on the right, with the exception of
hydrogen, which is either placed on the left or separate to
the other elements in the centre) and metalloids (forming

a staircase between the metals and non-metals). lr/etals

can be distinguished from non-metals by their physical

properties. These are summarized in Table 3.2.

The metalloids show physical properties of both the metals
and non-metals.

malleable (can be hammered
into shape without breaking)

ductile (can be drawn into
long thin wires)

usually hard but can vary solids are soft

hard metals are sonorous
(make a ringing sound when
struck)

usually high melting and
boiling points but can vary

solids (except for mercury
which is a liquid at room
temperature)

sh iny

good conductors of heat and
electricity

solids or gases (except for
bromine which is a liquid at
room temperature)

solids are dull

non-conductors of heat and
electricity

solids are brittle

low melting and boiling
points

r Table 3.2 Summary of the differences in the physical
properties of metals and non-metals

涎ヾ鰹
ヽグ多

こDIド

:ン

f Figure 3.7 Some common metals

Physical properties of
metals

Physical properties of non-
metals
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EXTENSION: GOING FURTHER

As we saw in Table 3.2, non-metals exist in either
the gaseous or solid state at standard ambient
temperature and pressure (SATP) (25'C and
100kPa). Hydrogen is a gas at SATP and a gas in

space, so can you imagine the existence of a black

flowing river of liquid hydrogen? While hydrogen

exists in the gaseous form here on Earth, in the
extreme conditions on Jupiter, there is evidence

that it could exist in an entirely different state.

Find out more here:

https://science. nasa.gov/science-news/science-at-nasa/

201 1/09aug_juno3

Periodic table alter egos - what other information are they hiding?

I Figure 3.8 Copper has

antiseptic properties and
was used by the ancient
Egyptians and Greeks to
store water. lt is now the
metal of choice to create
air conditioning wires.

I Figure 3.10 Tantalum
is a metalthat is mined
and used to make
mobile phones. ln
Chapter 12, you will find
out more about how it is

linked to the civil war in
the Democratic Republic
of the Congo.

r Figure 3.12 Read about
Graham Frederick Young,
a British serial killer who
used thallium to kill his

victims, by searching for
Bismuth: A gentleman
among scoundrels.

r Figure 3.9 Titanium is used to make the parts for hip

replacements because it bonds to our cells as if it were

bone and our immune system does not attack or reject it.

r Figure 3.11 Cadmium is

found underneath zinc in the
periodic table and therefore
displays similar properties.
Our bodies are unable to
distinguish between the
elements and happily mop
it up. But cadmium softens
the bones to such a degree
that they can snap when
touched, leading to a disease

called'itai-itai' or'ouch
ouch'drsease.

I Figure 3.13 Alexander Litvinenko lost all his hair and
his organs started to fail days after being poisoned by

the element polonium. which led to his death a few
days later.

3 How do we organize the natural world?



EXPLANATION GAME
I notice that the atomic radius of group 1 metals

increases going down the group.

Why is it this way?

sonn of the Vrn* that w cn wtd to d.xoibe the ohawge Lw

atowlo radits aoyoss A ltywd uLLL be wef,tL hcre.

How do scientists use
trends and patterns?

Periodicity

ln this section we are going to look more closely at our
periodic table, in order to gain a better understanding of the
significance of the arrangement of the elements and how
this leads to periodic trends (trends that occur at regular
intervals). Periodicity is the study of these trends and
patterns arising from the arrangement of the elements in

the periodic table.

Across a period

As we move across the periodic table from left to right,

there is a clear change from metallic to non-metallic

character in the elements. This is best seen in period 3,

sodium to argon. The metals, sodium, magnesium and
aluminium, are separated from the non-metals, phosphorus,

sulfur, chlorine and argon, by the element silicon. Silicon is a

metalloid, showing the properties of both metals and non-
metals.

A further change going across the periodic table is a

decrease in atomic radius. The radius of an atom depends

on two competing factors. one attractive and one repulsive.

r The nuclear charge is the attraction between the
positively charged protons and the negatively charged
electrons. The greater the number of positive protons
present in the nucleus of an atom, the greater the
attraction, so the valence electrons are drawn inwards.

r The shielding/screening effect is the repulsion

between the negatively charged electrons. The greater

the number of completed shells of electrons, the
more the attractive charge of the protons is reduced,
allowing the valence electrons to move further away
from the nucleus.

r The effective nuclear charge is the difference
between the attractive force (nuclear charge) and the
repulsive force (shielding effect).

As you move from left to right across a period, the
attractive force (nuclear charge) increases as a proton is

being added to the nucleus each time. However, because

each additional electron is being added to the same shell

as the previous one, there is no increase in the repulsion or
shielding effect of the valence electrons. The result is that
the effective nuclear charge increases, drawing the valence

electrons closer to the nucleus and reducing the size of the
atomic radius,

Group chemistry

When talking about elements in the periodic table, we
usually refer to elements of a particular group. You can

almost imagine that the elements within a group are close

relatives of each other, like siblings in one big family. They

share similar traits that make it clear they belong to the
same family, but each sibling has their own character.

Let's find out more about these 'families'.

Sciences for the lB MYP 4&5: by Concept



ACTIVITY: Alkali metals and
ha logens (demonstrations)

Demonstration: reaction of alkali metals with air

and water
You will be observing the reactions of the alkali metals

lithium, sodium and potassium with air (oxygen) and

water in order to identify similarities in their physical

and chemical properties, and highlight some trends and

patterns within the group.

Safety: The demonstrator must wear safety goggles or

a face shield and students must be at least 2 m away and

wear safety goggles. Lithium, sodium and potassium are

all corrosive and highly flammable, so the demonstrator

must wear gloves and only very small pieces of the

metals should be added to water. A scalpel should be

used to cut pieces approximately 5mm,4mm and 3mm

for lithium, sodium and potassium, respectively, from

the larger pieces in the jars of oil, and any remaining

metal returned to the jar immediately. Universal

indicator can also include flammable substances.

Alternatively, you can watch this video:

https:l/youtu.be/0Kon Bvfnzdo

1 Draw a suitable table into which you can record
your observations.

2 Describe the appearance of the alkali metals and the

ease with which they can be cut with a knife.

3 Observe what happens when the alkali metals are

left exposed to air and describe your observations in
your table.

4 Deduce a general word equation for the reaction of
alkali metals with oxygen.

5 Observe what happens when the alkali metals are

added to water and describe your observations in

your table. What happens when universal indicator is

added to the resulting solution?
6 Deduce a general word equation for the reaction of

alkali metals with water.
7 Outline the similarities in the metals lithium, sodium

and potassium.

8 Describe how the reactivity of the metals changes

going down the group.

9 Use your observations to suggest how you would

expect rubidium and caesium to react with water.

Demonstration: displacement reactions of
the halogens

You will be observing the reactions of chlorine water,

bromine water and iodine, with solutions of the halogen

salts, sodium chloride, sodium bromide and sodium

iodide, in order to identify trends and patterns within
the group.

Safety: Safety goggles should be worn by the

demonstrator and students. Chlorine water and

bromine water are harmful; chlorine gas, which

can escape during the demonstration, is toxic. The

solutions of chlorine water and bromine water should

be diluted to 0.1 per cent to minimize the production

of chlorine and bromine fumes but still achieve a

colour change; a 0.1 M iodine solution can be used.

Stoppered test tubes should be used.

Alternatively you can watch this video of the reactions of

the halogens with the halogen salts:

https://youtu.be/HW2jRyQ3dzo

1 Draw a suitable table into which you can record

your observations.
2 State the initial colours of the halogens in your table.

3 Observe what happens when the halogens are added

to the salt solutions of the other halogens and

describe your observations in your table.
4 Where a reaction was observed, deduce a

word equation.
5 Describe how the reactivity of the halogens changes

going down the group.

6 Fluorine is extremely reactive so cannot be used

in the lab and astatine is a dangerous and highly
radioactive rare element so is not well explored.

However, we can use observations and patterns to
make assumptions about some of their properties.

Suggest what the colours of fluorine and astatine
might be. Suggest how you would expect each of
them to react with a solution of sodium chloride,
sodium bromide and sodium iodide.

r lnformation literacy skills: Collect, record and
verify data

r Critical-thinking skills: Draw reasonable conclusions
and generalizations; ldentify trends and forecast
possibilities

ATL
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ALKALT METALS (GROUP 1)
The naturally occurring group 1 metals are all light-grey or
silvery but do not share all the typical physical properties

of metals; they are soft (can be cut with a knife), are not
dense (they float on water) and also have relatively low
melting and boiling points, which decrease going down
the group. However, it is these common characteristics that
result in them being grouped together. Chemically, they
are highly reactive and have to be stored in oil to prevent

them from reacting with the oxygen or water vapour in

the air, therefore they are never found as pure elements in

nature. They also react with the element sulfur and with the
halogens. Adding them to water makes hydrogen and an

alkaline solution (the metal hydroxide) which is where they
get their group name from. Their reactivity increases going
down the group. The final element in the group, francium,

barely exists in nature and is extremely radioactive, so is only
found in laboratories where it can be made.

r Figure 3.14 The alkali metals need to be stored in oil to
prevent them from reacting with the oxygen in the air

I Figure 3.15 The halogens in gas jars: fluorine, chlorine,
bromine and iodine

Hydrogen gas is one of the products of the reaction of
the alkali metals with water. The test for hydrogen gas is

called the 'squeaky pop' test; if a lighted splint burns with
a squeaky pop, it confirms the production of hydrogen gas.

Can you write a word equation for this reaction?

Alkali metal compounds are used widely in manufacturing
and industry. Sodium chloride is table salt, sodium
bicarbonate is used in baking, and one of the main

ingredients in gunpowder is sodium nitrite. Other
compounds of sodium are used in the paper and pulp

industry, while sodium carbonate removes sulfur dioxide
from emission stacks. Compounds of potassium are found
in the manufacturing of fertilizers as well as in detergents,
explosives and in the photographic industry.

HALOGENS
The group 17 non-metals are all coloured substances (getting
progressively darker from pale yellow to yellow-green to
red-brown to deep purple), poisonous and have a very strong

smell. They have low boiling points and show a change of
state from gases (fluorine and chlorine)to liquid (bromine)

to solid (iodine) going down the group. The halogens exist

as diatomic molecules and dissolve in water to form strong
acids. They are extremely reactive, with reactivity decreasing

down the group. The earlier demonstration proved this,

showing that a more reactive halogen was able to displace

a less reactive halogen from its solution. This is called a

displacement reaction. As discussed above, the halogens

react directly with metals, in particular alkali metals, to form
salts called halides.

Halogens are used as bleaching agents as they can remove

colour; chlorine, for example, is used to make white paper.

They are also disinfectants; chlorine is added to drinking
water and to swimming pools to kill bacteria. When chlorine
is dissolved in sodium hydroxide it forms sodium chlorate
(l)which is found in domestic bleach. Fluorides are added
to water and toothpaste to reduce tooth decay. Bromine is

used to to make plastics and pesticides, as well as sedatives.

Sciences for the lB MYP 4&5: by Concept



DIS⊂USS
VVhy do the noble gases exist as nlonatonlic atoms?

vvhy vvas the grOup previ()usly called group Oフ

D:S⊂USS
vvhat vvill happen tO the atOmic radius of group 17

elements g()ing dovvn the 9roup'

lodine is used in antiseptics (it is less strong than a d sinfectant

and can be added to the skin)for sterilizing wounds lt s

also a vital ion in our diet as it is used to make the hormone

thyroxine which controls the body's metabolic rate

The final group rn the periodrc table, the noble gases

(group I B), are al present in the Earth's atmosphere w th

argon occurring rn the greatest proportion (about 0.9

per cent). Helium is the second most abundant gas n our

Universe, after hydrogen. The noble gases are colourless,

odourless, tasteless and non-flammable Their full shells

and resistance to bond ng make them extremely unreactive

or inert (though more recently it has been shown that,

on occasion, they can form compounds under extreme

conditions) Thrs is the reason why they are the most recently

discovered group of elements and why this whole group of

elements was left out of lVendeleev's periodic table.

The uses of the noble gases are centred around thetr

propert es. Helium is used in balloons because it is less

dense than air and in spacecraft as t s unreactive. lt is

also used in deep-sea diving to reduce the proportions of

oxygen and nitrogen to below those in arr, which reduces

the narcos s effect of n trogen A I of the noble gases glow

when an electric charge is passed through them, so they are

commonly used in advertising signs. Argon is the gas used to

flll tradit onal hot filarNent light bulbs; the hot filament (thin

metal wire) wou d norma ly react with any gas present but

by surrounding it with an unreact ve gas this is prevented.

Krypton, along wtth neon and xenon, is used in asers.

ffi Figure 3.16 (a) Noble gas elements are used in

advertising, (b) he um ls used n balloons

3 How do we organ ze the natura world?

V Links to: Language and literature

V Links to: lndividuals and societies

TI.IIN K-PAIR-SHARE
lndividually, consider whether it is a coincidence that
the least reactive group, the noble gases, is found

between the two most reactive groups, the alkali

metals and the halogens.

With a partner, compare and contrast the physical

and chemical properties of group 1, group 17 and

group 18 elements.

As a class, discuss which group you feel is the most

useful, making reference to the use of the elements in

your everyday lives.

躙



The transition metals srt in a block in the middle of the
perrodrc table. IVost of the important metals that we rely on

are found wrthin this section of the pelodic table, includrng

iron, copper, s lver and go d

The transrtron metals are different from the metals of group

1 and group 2 n two main ways they are nowhere near as

reactive, which is what makes them so much more useful,
and they form coloured compounds. Th s property can be

used decorat vely; for example the colours in stained glass

are often created using transition metals F gure 3.17 shows
images of some transition metal compounds. Transition

metals also have high denslties and hrgh melting and borlrng
po nts and are often used as catalysts (Chapter l0) to speed

up chemical reactions.

(b)

Frgure 3.18 summarizes key trends going down groups and

across periods in the per odic table.

We have seen that there rs a direct lrnk between the
chemica properties of an element and its position in the
periodic table. Why do elements n the same group react

similarly? Why does the reactivtty of metals increase going

down the group? How would the reactrvrty change from
group 1 to group 2? Why does the reactivity of the non-

metals decrease going down the group? All of these clear
patterns can be explained by understandrng the drrvrng

force behind reactions, and to do this we need to revisit

electron arrangements

(C)

Scierlce5 i:orTho13 Mヽ ′P`&5,by Gο nceρ古

璽 Figure 3.17丁 ransitlon metal compoundsi(a)copper(H)sulfate′ (b)potassium permanganate′ (c)cObalt(‖ )chlo「 lde

EXTENSION: GOING FURTHER

Zinc is not actually classif ied as a transition metal.
Understanding the reason behind this is beyond
the scope of this book, however if you can't wait
until DP Chemistry, carry out some research to try
to find out why. lt will require you to rethink the
electron arrangements of the elements.D]緻《∪SS

丁he general properties of metals that vve described

earller()n in this chapter are very typical prOperties

Of the transition metals.Make a list of these key

properties or revleぃ ノyourlearning frOm earllerif you

need a reminder.

鼈
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l  List the syrnbc)ls(of the metals lithium.sodiurn and

potassiurn and state their electron arrangenlents.

を List the symbols of the metals bery‖ iumi magnesium

and calciurn and state their electron arrangenlents.

1』  Describe any patterns you observe in the electron

arrangenlents(of the nletals in the tvvlo groups.

』 AccOrding to the octet ruler atoms of elenlents 6-20

tend to combine in a way that results in their atorns

having eight electrons in their ValenCe(Outer)Shell′

thereby achieving a full outer shell.This is because full

she!ls nlake the atom electronically stable.Su99est

hour the electron arrangement of the elenlent vvill

change when each of the nletals above reactS.

5 Suggest reasons why the reactivity of metals

increases 90ing dovvn the group.

蛾 suggest hOvv the reactivity of the rnetals changes

mOving from group l to group 2′ justifying your anSWer.

|(10ド!昨 |.|ン ill嘲 ヒ1・ erids itt the reactivity of nolt¨ rVttetalS

l  List the synlbo:s ofthe non‐ nletals fluOrine and

chlorine and state their electron arrangements.

2  Listthe symbois ofthe non‐ nletals oxygen and sulfur

and state their electron arrangements.

‖  I)escribe any patterns yOu ObServe in the electron

arrangernents of the non― ■letals in the two groups.

均  Suggest how the electron arrangement of the

elenlent VVili Changeヽ A′ hen eaCh Ofthe nOn‐ metalS

above reactsi taking the octet rule into consideration,

ル Suggest reasons why the reactivity of non‐ metals

decreases 90ing dovvn the group.

ф Su99est how the reactivity changes mOving frorn

group 16 to group 17.

ま  Explain why the noble gases are conlpletely unreactive.

* Assessment opportunities

The activity Patterns tn reactivity has shown that elements in

the same group of the periodic table have the same number

of valence electrons. Further, for the e ements in groups

1-2 and 13-18 (the main group elements), the number of

valence electrons can be linked to the element's positton in

the periodic table to the group number

for the metals. number of valence electrons =
group number

for the non-metals: number of valence electrons =

group number '10

The number of shells of electrons an atom has can also be

linked to its position in the perrodic table as the number of

shells rs the element's period number.

‐.    ―            Atomlc radius

饉: Figure 3.18~「 rends in the perlodlc table
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FORMING IONS
When metals react, they lose electrons in order to have complete shells.

When electrons are lost, the resulting particle, an ion, has a positive charge and is

known as a cation. The number of electrons lost is equal to the positive charge
on the ion.

When non-metals react, they gain electrons in order to complete their shells.

When electrons are gained, the resulting particle, an ion, has a negative charge
and is known as an anion. The number of electrons gained is equal to the
negative charge on the ion.

The chemical properties of an element depend on the number of valence

electrons it has. As elements in the same group have the same number of valence

electrons, they will have similar chemical properties.

For metals, the ease with which the valence electrons are lost is what determines
the reactivity; the more easily they are lost, the more reactive the metal. For non-
metals, the ease with which electrons are gained to complete the valence shell

is what determines reactivity; the more easily electrons can be gained, the more
reactive the non-metal.

The ease with which the valence electrons can be lost or gained depends on
the two competing factors: attraction between the protons and electrons
(nuclear charge) and repulsion between the negatively charged electrons (the

shielding effect).

I Figure 3.19 Remember CATions
are PAWsitively charged

EXTENSION: GOING FURTHER
Return to the Build an atom simulation (Chapter 2, page 29). Use the
information on your periodic table to create a neutral atom for all of
the elements from hydrogen to neon, each time experimenting by
adding or removing electrons until an ion is formed with full shells.
Record the overall charge on each of the ions formed. Compare this
to the element's group number. Does this agree with the rule on
page 59?

EXPLANATION
GAME
I notice that the reactivity of
group 1 metals increases going

down the group. Why is it
this way?

I notice that the reactivity of
group 17 non-metals decreases

going down the group. Why is it
this way?

Sciences for the lB MYP 4&5: by Concept



I Figure 3.20 The electron
shell diagrams of (a) lithium,
(b) sodium, (c) potassium

(a)

(b)

(0

Lithium

2′ 1

Sodium
2,8,1

Potassium

2,8′ 8′ 1

As you go down a group, there are more protons in the nucleus which increases

the nuclear charge and therefore the attraction of the valence electrons.

However, each time you go down the group, you add a full shell of electrons

which increases the repulsion between the electrons and thus the shielding effect

between the nucleus and the valence electrons. The increasing shielding effect

has a greater impact than the increase in the nuclear charge, which means that

the further down the group you go. the attraction between the nucleus and the

valence electrons is weaker. ln the case of metals, it means the valence electrons

are more easily lost and the metals are more reactive. ln the case of non-metals,

the pattern is reversed as further down the group, weaker attraction means it is

harder to gain electrons, so the non-metals become less reactive.

The trend in reactivity of both the metals and non-metals can be linked to the

trend in atomic radius, which also depends on the competing effect of nuclear

charge and shielding. The further away from the nucleus that the valence

electrons are, the more easily they are lost, or the less easily they are gained.

So as you go down a group and the atom gets larger, the more reactive it is if it is

a metal and the less reactive it is if it is a non-metal.

CONNECT― EXTEND―CHALLENGE
Figure 3.21 shovvs the electron shell diagrarns for sodiurn′ magnesium and alurninium.

Place the metals in lorder olf reactivityf explaining why you have decided lon this particular order

(a) (b) (C)

Sodium
2,8,1

Magnesium
2,8,2 Aluminium

2,8,3

I Figure 3.21 The electron shell diagrams of (a) sodium, (b) magnesium, (c) aluminium

How are the ideas and information presented connected to what you already knew?

What new ideas did you come up with that extended or pushed your thinking in new directions?

What is still challenging or confusing for you to get your mind around?

What questions, wonderings or puzzles do you now have?

3 How do we organize the natural world?



THE PERIODIC TABLE
IVendeleev's periodic table opened a door to a new level of understanding of the
elements and of chemistry. lt made links which were previously unknown and
allowed predictions to be made about both the physical and chemical properties
of undiscovered elements. Accurate predictions about the properties of elements
can be made just by looking at their position in the periodic table and we use our
knowledge of these properties for new inventions (for example rare earth metals
are used in alternative technologies for new ways to make energy).

So why was lVendeleev's classification system more successful than the attempts
of other scientistsT A classification system needs to have some flexibility so as not
to restrict our understanding of new information. Newlands and Dobereiner had
failed in their attempts to classify the elements, as they did not possess the open-
mindedness of vlendeleev, who acknowledged that he might not have all of the
information that he needed to create a complete periodic table at the time.

But is this version of the periodic table the best there is? Consider the following
questions:

r where should hydrogen be placed in the periodic table? should it be placed
above the group 1 alkali metals as it is in many periodic tables?

r Does helium deserve to be in group 18, as it only has two electrons in its
outer shell while the rest have eight?

r Does the removal of the lanthanoids and actinoids aid or inhibit our
understanding of the changing properties of the heavier elements?

There has been much controversy concerning the placement of lanthanum,
the first of the lanthanoid elements, and actinium, the first of the actinoid
elements. Typically, they have been placed in group 3, underneath scandium and
yttrium, but, as mentioned earlier on in this chapter, more recently, lutetium and
lawrencium have taken their place in the bottom of group 3 and lanthanum and
actinium have been moved to the two rows that sit beneath the periodic table
with the rest of the lanthanoids and actinoids.

There have been hundreds of alternative periodic tables suggested. (tvendeleev
alone put forward about 30.) Figures 3.22-3.24 show just a few.

We have seen how identification of pattern and of form has enabled scientists to
classify non-living matter in terms of the relatio nships between elements. Now we
will consider how the same concept can be applied to living matter.

I Figure 3.22 Charles Janet's
Ieft-step periodic table in a spiral
version (1929)

I Figure 3.23 Theodor Benfey's
spiral periodic table (1964)

r Figure 3.24 A circular periodic table

Sciences for the lB t\rYP 4&5: by Concept



Kingdom

Minerals

Kingdom

Class

0rder

Family

Genus

Species

WHAT MAKES YOU SAY THAT?
Look for pictures of a great grey owl, a red fox and

a long-nosed bat. Which of these animals is the odd

one out? What makes you say that? Discuss your

answer with the rest of your class.

lmagine you are asked to tidy a room full of clothes and

objects in no particular order. lnstinctively, you would

probably start to group these items into categories based

on their simrlarities and differences. While you may choose

a certain way of organizing these items, such as by type of

material or colour, someone else might decide to organize

them by size or usefulness. There is a huge amount of

diversity in nature; no one knows the exact number of

different living things that ever existed on Earth. Organizing

them is what scientists tried to do using observations of

similarities and differences in key charactertstics. The science

of classifying living things is called taxonomy. As in our

room example, scientists do not always agree on certain

details when grouping living things. The most influential

scientist whose classification system and ideas are still

being used nowadays is Carl Linnaeus (1707-78). He is

called the 'father of modern taxonomy'. ln his publications,

he described his system of naming living things and

organizing them into hierarchical groups.

Let's use the example of the teachrng groups in a particular

school. Your school might include three smaller schools (e.g:

primary, secondary and college). Each of these will be divided

into further sections. for example the secondary school might

be divided into upper and lower school, then each will be

subdivided into classes and so on until you reach the level of

individual students! Similarly, Linnaeus classified nature by first

splitting it into three kingdoms: animals, plants and minerals.

He then introduced lower-level categories such as class, order,

genus and species to group living things. These categories

enabled Linnaeus to create a nomenclature for naming each

individual species. His system is called the binomial system

since it gives each living organism a name composed of two
parts. As many people have a forename and a family name,

so the lion will be called Panthera leo, for example.

r Figure 3.25 Linnaeus' classification of nature (right).

Further lower level categories were introduced (left).
'lVinerals Kingdom' has since been abandoned.

This universal system allows scientists, regardless of their

language, to avoid any confusion when talking about a

particular organism. The first part of the name indicates the

genus and the second part indicates the species. A genus is

a group of similar species; a species is a group of organisms

that share similar characteristics and can mate to make fertile

organisms of the same species. Humans who currently live

on Earth all belong to the same species, Homo sapiens, bul
other species of humans such as Homo neanderthalensis

have existed and there is evidence that they interbred with

modern humans but became extinct.

Latin or ancient Greek names are used to describe taxonomic

groups or species. lt is an international convention that the

genus starts with an uppercase letter and the species with a

lower case letter. They should both be written in falrc when

prrnted or underlined when handwritten.

As mentioned, two individuals belonging to different species

cannot normally interbreed. lf they do, their offspring are

usually infertile and unable to reproduce. For example animals

called mules are the offspring of a male donkey and a female

horse. Because horses and donkeys are different species,

mules are infertile and acquire a number of chromosomes

that does not allow them to reproduce. Table 3.3 on page

65 shows how humans and onions are classified following a

Linnaeus-inspired system of classification.

3 How do we organize the natural world?



How have technological
advances affected our
models of the world?

Traditional classifying methods rely largely on observations

of morphological, functional and anatomical characteristics

of living things. Advances in technology meant that
taxonomists had more powerfultools to enable them to
look at living thrngs in a different way. DNA sequencing

techniques allow scientists to map out and compare the
genomes of living organisms to find relationships between

species that may have been considered distant relatives

in the past. These findings have resulted in many changes

in the traditional classification systems. Some species

have been moved from one group to another and some

categories or levels of classification have been introduced or
changed. For example. we moved from the three kingdoms

suggested by Linnaeus to five then six kingdoms. Higher

classification groups called domains or superkingdoms
have been created. The two superkingdoms are Prokaryota
(which include bacteria) that have cells with no defined

nucleus and Eukaryota which include all organisms that
have cells with a defined nucleus and more complex

structures. Eukaryota were then divided into four kingdoms:
plants, animals, fungi and protista. ln the 1990s, based

on bacterial DNA studies and analysis, a scientist called

Carl Woese suggested that there should be a third group

separated from Prokaryota called Archaea because

of the significant differences between archaebacteria

and eubacteria" This resulted in what is now known as

the three-domain system (Bacteria, Archaebacteria and

Eukaryota). However, many scientists disagreed with this

new rearrangement and continued to use the two domain
system with Archaebacteria becoming a new kingdom
separated from Bacteria.

These new scientific and technical developments mean that
in addition to morphological and anatomical differences or
similarities between living things, scientists now take into
account the evolutionary history of the species they study.

This approach is called phylogenetics. Therefore, when
grouping species, we should not only look at analogous
features, such as the presence of wings in birds and insects

or the body shape of sharks and dolphins (which could
simply be related to function rather than anatomy or origin),
but also consrder homologous features which indrcate

a common evolutionary origin. These considerations have

given rise to cladistic classification. Cladistic classification

traces the characteristics of organisms back to the most
recent ancestor and scientists sometimes use clades rather
than the traditional Linnaean divisions of class or phylum to
describe groups of organisms.

It is now relatively easy to access online information about
the latest agreed classification of all known species on
Earth. Numerous databases are available to the public such

as the lTlS (lntegrated Taxonomic lnformation System) and
'Catalogue of Life' (CoL). As of April 2017,Lhe CoL had
'1.7 million species classified out of the 1.9 million species

known to science (including extinct species). Can you

imagine how Linnaeus would feel having such information
at the tips of hrs fingers?

Sciences for the lB MYP 4&5: by Concept



r lnformation literacy skills: Access information to be

informed and inform others

r Media literacy skills: Locate, organize and use

information from a variety of sources and media

ATL

ACTiVITY:1側
「
ho alm i?

ln this activity, you willwork in groups of 4-5 students

and access various online sources to find the classification

of organisms of your choice. You will then use the

information to construct a quiz for the rest of the class.

o As a group, select five living organisms (preferably

belonging to different kingdoms such as animals,

plants, etc.) then search for their classification. Enter

the search term catalogue of life then input the name

of the organism you are searching for. lf you don't find
the classification, it could be because the database

does not recognize the common name you used. ln that
case enter the common name in your browser followed

by scientific name. When you find the scientific name

of your organism, enter it in the database to find its full

classification from domain to species. Use the empty

column labelled 'Mystery organism' in Table 3.3 to
classify your chosen organism.

o Add more columns for all of your chosen organisms

as needed. 0nce done, use the classification of these

organisms to create a quiz called 'Who am l?'. For

example, state 'l belong to the superkingdom of
Eukaryota, I am from the kingdom Animalia, I belong

to the class of Mammalia ...' and so on until you

reach the genus and the species. Take turns with the

rest of the groups, scoring points for each group that
gets the correct answer then reveal the answers at
the end.

o To make this activity even more interesting, you could

add more hints in the form of unique characteristics
about the organism in question to help your

classmates in their guess.

PHYLUM

CLASS

ORDER

SPECiES

r Table 3.3 Classification of humans and onions using the Catalogue of Life database

|や1叩■■|
Chordata

tvlammaliaLiliopsida

PrimatesAspa■ leS

Amaryllidaceae

″。ふ811‐   ‐■|

sapienscepa

ONTON Allium cepa HUMAN Homo sapiens Mystery organism

Traditional taxonomy techniques are time consuming and diff icult

to use when scientists wish to quickly identify the species living
in a particular habitat. Find out more about the exciting work
of the scientists in the British Natural History Museum, who are

using cutting edge technology to help them overcome what they

called'the taxonomic barrier': www.nhm.ac.uk/our-science/our-work/

biod iversity/breaking-the-taxonomic-barrier.html

EXTENSION

3 How do we organize the natural world?



r Communication skills: Use and
interpret a range of discipline-
specific terms and symbols;
Organize and depict information
logically; Make inferences and
draw conclusions

r Creative-thinking skills: Apply
existing knowledge to generate
new ideas, products or processes

r Collaboration skills: Give and
receive meaningf ul feedback

I lnformation literacy skills: Collect
and analyse data to identify
solutions and make informed
decisions

ATL

ACTiViTYI Piant detectives:

lmagine that you and your friend are nature explorers
and your adventure landed you on an island with a

variety of plants that you have never seen before. ln your
adventure bag you only have a camera, a magnifying
glass, a pen and some paper. How would you identify
these plants?

Scientists use what is called a key, more specifically a

dichotomous key, to identify living things.

Look at the example given in Figure 3.26. This shows

a very simple dichotomous key to identify household
appliances. The same key can be written in a different
way as shown in Table 3.4.

l. Does it use natural gas? Yes - Go to Question 2
No - Go to Question 3

Yes No

Yes No Yes No

I Figure 3.26 A simple dichotomous key to help identify household
appliances

3. Does it have a screen? Yes-lt'saTV
No - lts a fridge/freezer

I Table 3.4 Simple dichotomous key to identify
household appliances

You can learn more by looking at other examples. Search

examples of dichotomous keys of plants, animals,
insects in your browser.

Work in groups of two to three students.

Part 1

Use the characteristics of some groups of plants to design
a simple dichotomous key that will help you classify them
into the suggested phyla and classes. (According to the
Catalogue of Life, the plant kingdom contains eight phyla

in total but we chose two for simplicity.)

Use this information to construct one type of key as

suggested in Table 3.4 or Figure 3.26:
o Phylum Bryophyta (mosses): plants with simple leaves

and stems; small in size; no roots; have hairy structures
called rhizoids instead; reproduce by spores stored in
capsules

o Phylum Tracheophyta (vascular plants): land plants
which contain transport systems with phloem to
conduct products of photosynthesis throughout the
plant and xylem containing lignin to transport water
and minerals

We will consider the following classes in the phylum
Tracheophyta:

o Class of Liliopsida: flowering plants; seeds only contain
one embryonic leaf or cotyledon; leaves are narrow
and linear with parallel veins; the leaves usually form a
sheathing around the plant stem at its base; examples
are rice, wheat, maize, sugar cane, onions and grasses

o Class ol Pinopsida: most are evergreen, cone-bearing
trees; they can grow very tall, up to 100 metres or
more; leaves can be !ong, thin and resemble needles
or can have a scaly structure; examples are pine trees,
cedars and yew trees

2. ls it the same height as a
kitchen worktop?

Yes - lt's a gas cooker
No - lt's a gas boiler

It's a gas boilerItb a gas cooker ltゝ aW

Does it use natural gas?

It's a fridge/freezer

Does it have a

screen ?

ls it the same height
as a kitchen worktop?

Description/question Answers
|

Sciences for the lB MYP 4&5: by Concept
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l

, Class of Magnotiopsida:
flowering plants; seeds contain
two embryonic leaves; leaves

are f lat and vary in size but have

reticulate veins branching from

a central vein; examples include

geranium plants, apple trees,

lettuce and nettle plants

,i

Once you have constructed your

key, swap it with that of another

group of students. Collect

some plants from your school

environment and bring them

back to the classroom. Use the

borrowed key to classify the plants

you collected by examining them

carefully using a magnifying glass

if necessary.

Organize the data into a suitable

form, perhaps as a table with a

specimen or a picture glued next

to the classif ication. Evaluate the

efficiency of your key and that of

your friends in classifyrng plants.

Suggest improvements to your

f riends' key. Ask for their feedback

to improve your own key.

Describe what information you

would need to identify which lower

ranking groups the plants belong

to, such as the family, the genus

and the species.

7

! Take action: Why classify?

I ATL

O Assessment
opportunities

I Assessment opportunities
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(a) Siberian tiger, Panthera tigris altaica (b) Domestic cat, Felis catus

(e) European gray wolf, Canis lupus(d) Bengali liger, Panthera tigris tigris

r Figure 3.28 Animals with their common and scientific names

SOME REVIEW PROBLEMS TO TRY
1 The scientifrc and the common names of some animals are

shown in Figure 3.28.

a State how many species of animals there are in the
pictures and indicate which animals belong to the
same species. Justify your answer.

b State which of these animals belong to the same
genus. Justify your answer.

c Suggest how many families of animals are

represented by the anrmals in these pictures.

Which animals belong to the same family?

Justify your answer.

2 Using the pictures of animals from Figure 3.28:

a State which animals' names are composed of three
parts rather than the usual two in the binomial system.

b Suggest a reason for the need to add a third part to
the scientific name of the animals you mentioned in

the prevrous question.

c Suggest a name for the taxonomic group that comes
at a lower rank than the taxonomic group of species.

d Apply your understanding of the definition of a

species to suggest which of these animals could mate
and produce fertile offspring. Justify your answer.

e The animal kingdom is divided into 34 phyla

according to the CoL. One of these is the phylum of
Chordata (known as vertebrates). Traditionally we
know that vertebrates are made up of five groups

(c) Lion, Panthera leo

(f) Dog, Canis lupus familiaris

(mammals, birds, reptiles, amphibians and fish). tn the
CoL classification, these five groups only make up five
of 14 classes in the phylum of Chordata. Suggest
which class the animals in Figure 3.28 belong to and
outline the characteristics that you relied on in your

classification,

3 a Consider the following pairs: potassium and
rubrdium, magnesium and sulfur, argon and chlorine,
oxygen and selenium. State which pairs will undergo
similar reactions.

b Outline why this is the case.

c The element astatine (At), which sits below iodine

in the periodic table, has very little currently known
about it. Using your knowledge of periodic trends,
predict some of its physical properties (state at
room temperature, colour, atomic size), whether it is

monatomic or diatomic and how you would expect it
to react compared to the other elements rn its group.

d Figure 3.29 shows a graph of atomic number against
first ionization energy. The ionization energy tells us

how much energy is needed to remove an electron

from an atom in order to form an ion with a charge

of 1+. Use your periodic table to identify which
elements are at the peaks (shown by a star) and

which are at the troughs (shown by a circle) and
suggest an explanation as to why this is the case.

Sciences for the lB MYP 4&5: by Concept
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Reflection
ln this chapter we have explored the ways in which patterns in form can be used

to identify relationships in nature, and used those relationships to invent new ways

to organize and understand nature. We have described what the periodic table

is and how each element is represented. We have outlined the work of different

scientists who contributed to its development and identified trends and patterns

that result from this. We have described the way metallic properties change across

the table and described the main properties and uses of group 1, 17 and 18

elements. We observed the chemical reactions of alkali metals and halogens and

used these observations and the electron arrangements of the elements to explain

how reactivity changes going down groups. We have defined isotopes and ions

and explained the relationship between the electron arrangement of an atom and

the periodic table. We have compared the arrangement of the modern periodic

table against alternative versions. Finally, we have analysed how living things are

classified and discussed how traditional classifications have changed because of

new technological advances.

Answers we found

Description - what new skills

did you learn?
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Use this table to reflect on your own learning in this chapter

Questions we asked

Factual

Conceptual

Debatable

Approaches to learning you used in this chapter

Learner profile attribute(s)

Thinkers

Any further questions now?

How well did you master the
skills?

Reflect on the importance of being a good thinker for your

learning in this chapter
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3 How do we organize the natural world?


